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NOTICE 

The attached document 1s a DRAFT cor~TRACTOR Is REPORT. It h\cludes tec:,
nical information and reconnendations submitted by the Contractor to the 
United States Envfromental Protect1on Agercy ( 11 EPA 11

) ·regarding the sub
ject industry. It is being distributed for review and COlll!lent only. The 
report f s not an official EPA publication and ft has not been reviewed by 
the Agency. 

The report, including the recommendations, will be undergoing extensive 
review by EPA, Federal and State agencies, public interest organizations 
and other interested groups and persons during the coming weeks. The 
report and in particular the contractor's recolllTlended effluent guidelines 
and standards of perfonnance ts subject to change fn any and all respects. 

The regulatfor1s to ue published by EPA under Sections 304(b) and 306 of 
the Federal Water Pollution Control Act, as amended, will be ~ased to a 
large extent on the r·eport and the commen:s received on it. However, 
pursuant ~o Sections 304(b) and 306 of the A~t. EPA will also consider 
additional pertinent technical and economic information which is developed 
1n the course of review of this report by the public and within EPA. EPA 
is currently performing an economic impact analysis regarding the subject 
industry, which w111 ~e taken into account as part of the review of the 
report. Upon completion of the review process. and prior to final pro
mulgatfo~ of regulations. an EPA report will be issued settir.g forth EPA's 
conclusion~ regarding the subject industry, effluent limitations guide
lines and standards of perfonnance applicable to sucl1 industry. Judgements 
necessary to promulgation of regulations under Sections 304(b) and 306 of 
the Act. of course. remain the responsibility of EPA. Subject to these 
limitations. EPA is making this draft contr~ctor's report avai'lable in 
order to encourage the widest possible part1c1pat1on of interested per
sons in the dec1s1on maktng process at the earliest possible time. 

The report shall have standing fn any CPA proceeding or court proceeding 
only to the extent that it represents the views of the Contractor who 
studied the subject industry and prepared the infonnation and recomnenda· 
tions. It cannot be cited. referenced, or represented in any respect in 
any such proceedings as a statement of EPA's views regarding the subject 
. industry. 

U. S. Environmental Protection Agency 
Office of Hater and tiazaraous 11aterials 
Effluent Gu1de11nes Division 
Washington, D. C. 20460 
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DRAFT 

ABHRACT 

This document presents the findings of an extensive study of the 
Miscellaneous Foods a~d Beveraqes Point Source Category by Environ
mental Science and Engineering, Inc .• SCS Engineers, Inc., and Environ
mental Associates, Inc., for the purpose of presenting reco!Tlilendations 
to the llnited States Environl'lental Protection Ager.cy for Ef~luent 
Limitations Guidelines, Standards of Performance, ~nd Pretreatm£nt 
Standards for the industry for the purpose of implementing Sections 
304, 306. and 307 of ~he Federal Water Pollution Control Act, as 
anmended. 

Effluent Limitation Guidelines reconrnended herein set forth the degree 
of effluent reduction attainable th~ough the application of the Best 
Practicable Control- Technology Currently Available (BPCTCA} and .the 
degree of effluent reduction attainable through the application of th~ 
Best Available Technology Economically Achievable (BATEA) wh~c.h must 
be achieved by exi5ting point sources by July 1, ·1977, and July l, 19G3, 
respectively. The Standards of Performance for New Sources (NSPS) re
corm.ended herein set forth the ciegree of eff'l uent reduction wh·ich 1 s 
achievable through the application of the Best Available Demonstrated 
Control Technology, Processes, Operating Method~. or other alternatives. 

Supportive data and rationale for subcategorization of the Miscellaneous 
Foods and Beverages Industry and for development of reco1m1ended Effluent 
Limitatio~s Guidelines and Standards of Performance a~e contained in 
this document. 

NOTICE: THl"SE ARE TENT~TlVE nECO~ltlnlDATJOtlS BASED UPON 
llJt()RHfl T l(JN lN TH rs REPORT Mm ARE SUDJC CT TO CllflNG£ OAS ED 
UPON COMtl£NiS RECEIVED ANO FURTHER WT£RNAL R£V1EW BY EPA. 
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SECTION I 

CONCt~SIONS 

For the purpose of developing reconmended Effluent Limitations Guide
lines, this study subcategorizes the industry as follows: 

VEGETABLE OIL PROCESSING ANO REFINING 

Al Establishments primarily engaged in the production of 
unrefined vegetable oils and by-product cake and meal 
from soybeans, cottonseed, flaxseed, peanuts, safflower 
seed. sesame seed, sunflower seed by mechanical screw 
press operations. 

A2. Esta~lfshments primarily engaged in the production of 
unrefined vegetable oils and by-product cake and meal 
from soybeans, cottonseed, flaxseed. peanuts, safflower 
seed, sesame seed, sunflower seed by direct solvent 
e~traction or prepress solvent extraction techniques. 

A3 Establf sNrlents primarily engaged in the production of 
olive oil and by-product cake or meal from raw olives 
by hydraulic press and solvent extraction methods. 

A4 Establishments primarily engaged in the production of 
olive oil and by-product cake or meal from raw olives 
by mechanical screw press methods. 

AS Establishments pr1rrar;1y engaged in the proces~ing of 
edible oils by the use of caustic refining methods 
only. 

A6 Establishments primarily engaged in the processing of 
edible of ls by the use of caustic refining and acidu
lat1on refining methods. 

A7 Establishments primarily engaged in the processing of 
edible oils utilizing the following refining methods: 
caustic refining, acidulation, bleaching, deodorization, 
winterizing, and hydrogenation. 

Ai!J Establishments primarily engaged in the processing of 
edible oils utilizing the following refining methods: 
caustic refining, bleaching, deodorization, winterizing, 
and hydroqenat1on. 

NOTICE: THESE ARE TENTA1IVE RECOMMENDATIONS BASED UPON 
INFORMATION IN THIS Rf PORT AND ARE SUBJECT TO CHANGE BASED 
UPON COMMENTS RECEIVED ANO FURTHER INTERNAL REVIEW BY EPA. 
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A9 Establishments primarily engaged in the processing of 
edible of ls utilizing the following refining methods: 
caustic refining, acidulation, bleaching, deodorization, 
and the production of shortening and table o;ls. 

AlO Establishments primarily engaged 1n the processing 
of edible oils ut111z1ng the following refinery 
methods: caustic refining, bleaching, deodorization, 
winterizing, hydrogenation, and the plasticizing and 
packaging of shortening and table oils. 

All Establishments primarily engaged in the processing of 
edible oils ut111z1ng the following refinin~ methoJs: 
caustic refining, acidulatfon, bleachir.g, deodorizatiun, 
winterizing, hydrogenation, and the plasticizing and 
packaging of shortening, table oils, a~d margarine. 

A12 Establishments primarily eng~ged in the processing of 
edible oils utilizing the following refining methocs: 
caustic refining, bleaching, deodorization, w'interizing, 
hydrogenation, and the plasticizing ar.d packaging of 
shortening, table oils, and margarine. 

A13 Estab11stments primarily Pngaged in the pr~cessing of 
edible oils 1nto margarine. 

Al4 Establistvnents primarily engaged 1n the processing of 
edible oils into shortening and table oils. 

AlS Establishments primarily engaged in the refining of 
olive of 1. 

BEVERAGES 

A16 Production cf malt be'lerages by b'rewerfes constructed 
since January 1, 1950,and with a production capacity 
in excess of 800 cubic meters per day. In addition, 
this subcategory includes plant 82A16. 

A17 Production of malt beverages by breweries constructed 
~efore January 1, 1900,and with a production capacity 
1n excess of 2000 cubic met2rs per day. 

A18 P:-oduct1on of malt beverage~ by breweries not included 
in subcategories A16 and Al7. 

A19 Installations primarily engaged in the production of 
llllllt and malt by-products. 

A20 Wineries primarily engaged in the production of wine, 
brandy, or brandy spirits, and not operating stills. 

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON 
TN'FORMATIDN IN THIS REPORT ANO ARE SUBJECT TO CHANGE BASED 
UPON COMMENTS RECEIVED AND FU~THER INTERNAL REVIEW ev EPA. 
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A21 Wineries primarily engaged in the production of wine. 
brandy. or brandy spirits, and operating stills. 

A22 01st111eries pri1111rfly engaged in the production of 
beverage alcohol from grains and operatfn<J stillage 
recovery systems. 

A23 Distilleries primarily engaged in the production of 
beverage alcohol from grains and not operating stillage 
recovery systems. · 

A24 Distilleries primarily engaged in the production of 
beve~age alcohol by distillation of molasses. 

A2S Installations primarily engaged in the blending and 
bottling of purchased wines of spirits. 

A26 Installations prirnarfly engaged in the production of 
soft drinksi and which package exclusively in cans. 

A27 Installations primarily engaged in the production of 
soft drinksi and whi~h are not included in Subcategory A26. 

A28 Installations primarily engaged in the production of 
beverage base syrups. all types 

AJO Insta11at1ons primarily engaged. in the production of 
1nstant tea. 

CB Installations primarily engaged in the p~oduction of 
roasted coffee. 

C~ Installations primarily engaged ;n the decaffeination 
of coffee. 

C10 Installations primarily engaged in the production of 
so1uble coffee. 

Fl Installations primarily engaged in the blending of tea. 

BAKERY AND CONFECTIONERY PRO~UCTS 

Cl Production of cakes, pies. doughnuts, or sweet yeast 
goods, sP.parately or fn any combination, by facilities 
using pan washing. 

CZ Production of cakes, pies, doughnuts. or sweet yeast 
goods separately or in any combination by facilities 
not using pan washing. 

NOTICE: THESE ARE TENTATIVE RECOMMENDATIONS BASED UPON 
1NrmmATION IN THIS REPORT ANO ARE SUBJECT TO CHANGE BASED 
UPON cort1ENTS RECEIVED 'ANO FURTHER INTERNAL REVIEW BY EPA. 
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C3 Installations primarily engaged in the production of 
bread related products 

C7 Installations pri1111rily engaged in the production of 
cookies or crackers separately or tn any combination. 

Cll Installations primarily engaged in the production of 
bread and buns in any combination. 

Cl4 Installations primarily engaged in the production of 
bread and snack items, in any combination. 

01 Installations primarily engaged in the production of 
candy or confectionery product~ separately or in any 
combination, except glazed fruits. 

D2 Installations primarily ~ngaged in the production of 
chewing gum. 

03 Installations primarily engaged in the production of 
chewing gum base. 

OS Installations primarily engaged in the production of 
milk chocolate with condensory processing. 

06 Installations primarily engaged in the proauction of 
milk chocolate without condensory processing. 

PET FOODS 

85 Installations primarily engaged in the product~on of 
canned pet food, 1 cw 1nea t. 

86 Installations primarily engaged in the production of 
canned pet food, high meat. 

B7 Installatio~s primarily engaged fn the production of 
pet food, dry. 

88 Installations primarily engaged in the production of 
pet food, soft moist. 

MISCELLANEOUS AND SPECIALTY PRODUCTS 

A29 Installations primari 1y engaged in the production of 
flavorings, or extracts, sep~rately or 1n any combination. 

A31 Installations primarily engaged in th~ prcduction of 
bouillo~ products. 

NOTICE: THESE AnE TENTATIVE RECQf.t.MENDATJONS BASED IJPON 
· TNFORMATION IN THIS REPORT AND ARE SUBJECT TO CHANGE BASED 

UPON CO,.,ENTS RECEIVED AND FURTHER I NTER~lAL REVIEW BY EPA. 
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A32 

All 

A34 

AJS 

A36 

A37 

Bl 

82 

Installations primarily engaged ;n the production of 
non-dairy creamer. 

Installations pr1mar1ly engaged 1n the production of 
yeast and by-product molasses. if recovered. 

The production of peanut butter by facil~ties using 
jar washing. 

The production of peanut butter by facilities not 
using jar washing. 

Installations primarily engaged in the production of 
pectin and peel ~y-products, if recovered. 

Installations primar;ly engaged in the production of 
almond paste. 

Installations primarily engaged in the production of 
frozen prepared dinners. 

Installations primarily engaged in the production of 
frozen breaded or battered specialty it.ems. separately 
or 1n any combination. 

83 Installations primarily engaged in the pr~duction of 
frozen bakery products. 

84 Installations primarily engaged in the production of 
tanato-cheese-starch products. 

89 Installations primarily engaged in the production of 
chili pepper and paparika, in ccmbin~tion. 

C4 Installations pr1marily engaged in the processing of 
eggs. 

cs lnsta11at1ons primarily engaged in the production of 
shell eggs. 

C6 Installat1ons primarily engaged in the production of 
manufijctured ice. 

C12 Installations primarily engaged in the production of 
prepared sandw7ches. 

D~ Installations primarily engaged 
vinegar. 

1 n the produc::t 1 on of 

NOTICE: THESE ARE TENTATIVE RECOMMnlOATIONS SAS ED UPON 
INFORMATION !N THIS REPORT AND ARE SUBJECT TO CHANGE BASED 
UPOrl COMMENTS RECEIVED ANO FURTHER INTERNAL. REVIEW BY EPA. 
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SECTION I II 

INTRODUCTION 

PURPOSE AND AUTHORITY 

Section 30l(b) of the Act requires the achievement by not later than 
July 1, 1977, of effluent limitations for point sources, other than 
publicly owned treatment works, which are based on the application of 
the best practicable control technology currently available as defined 
by the Administ~ator pursuant to Secti~n 304(b) of the Act. Section 301 
(b) also requires the achievement bt not later than July 1, 1983, of 
effluent l imi ta ti ons for point sources, other than oub l i cl y owi1ed 
treatment works, which are based on the applicatior of th~ best available 
technology e~onomically achievable which will result in r~~sonable 
further progress towards the national goal of eliminating ~r.e discharge 
of all pollutants. and which reflect the greatest degree of effluent 
reduction which the Administrator determines to be ilhievable through 
the a?plication of the best available demonstrated control technology, 
processes. operating methods. or other alternatives, including where 
practica~le a standard p!rmitting no discharge of po11utants. 

Section 304 (b) of the Act req~ires the Administrator to publish regula
tions providin~ guidelines for effluent limitations setting fort1; the 
degree of effluent reduction attainable throi;gh t~1e application of ··1e 
best practicable cortroi technology ~urrently available and the de~:~~ 
of effluent reduction attainaole through the application of the be~t 
cantrol and proce~ure innovations. op~ration methods, and ether alter· 
natives. The regu·1ations proposed hPrein set forth effluent 11mi tac ir;ns 
guidelines pursuant to Section 204(b) of the Act for the Miscellaneous 
Food and Beverages Industry. Section 305 of the Act r~quire~ the Admin
~strator to propose regulations esta~lishing Federal Standards of per
fo;mances for new sour~es. 

SUMMARY OF "'ETHOOS USED FOR DEVEL.OPMfNT OF THE EFFLUENT LIMITATIONS 
GliJDELI:·lES ----· -

The eff1uent limitations and standards of performar.ce ~ec~nmended 
in this document were developed in the following manner: 

1. An exhaustive review of available lit~rature was conducted. 
This includ~d search~s at the University of Florida, Oregon 
State University. University of Tennessee, University of 
ea·11fornia, University of Nebraska, and California State 
University lii:iraries; the iri·house 11braries of Environmental 
Science and Engineering, Inc., SCS Engineers, Inc •• and 
Environmental A~sociates, Inc.; and the libraries of the 
Oepartmt:nt of till! Interior and the En·1ironmenta 1 Protection 
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Agency in Washington. Additional literature was obtained 
from the California. Wine Institute, the National Association 
of Chewil"lg Gum Manufacturers, The wnliam Wrigley, Jr. 
Campany, and from ''trfous individuals throughout the mis
cellaneous foods and beverages industry. Literature searches 
-.ere also conducted through the following Federal systems: 
Coinpendex 1 Envtron/Pr~g. SWIRS, WRSIC, MTIS/GRA, and SSIE. 
A list of references 1s contained in Section XIII of this 
document. 

2. Telephone s~rveys were conducted for 839 plants, and in
formation concerning production, wastewater characteristics, 
and control and treatment technology was obtained. A copy 
of the telephone survey form is contained in Appendix A. 

J. Infol"mAtfon was obi:ained from questionnaire~ submitted to 
336 plants by varic-.us trade associations. 

4. On-site inspections were conducted at 264 plants and de
tailed information concerning process flows, related water 
usage, water management practices, and control a~d treatment 
technoiogy was obtained. A copy of the visitation question
naire form is contained in Appendix B. 

5. Sampling programs were conducted at 104 plants to verify the 
accumulated data. Sampling procedures wer"! gP.nerally con
ducted in accordance with the methods set forth in the 
Handbook For Monitoring Industrial Wastewater ( 1 }. 

6. The data base was handled and SU111T1arized on a computerized 
system. A discussion of the data handling and reduction 
system and a detailed explanation of the algorithms used are 
presented 1n Appendix C. 

The reviews, analyses, and evaluations were coordinated and applied to 
the fol 1ciwi ng: 

l. An identification of distinguishing features that could 
potentially provide a basis fnr subcategorization of the 
in~ustry. These features included the nature of raw mater
fal s uti11;ed, plant size and age, the nature of processes, 
and ~thers as discussed in Section IV. 

2, A detennination of the water usage and wastewater character· 
istics for each s~bcategory, as discussed in Section v, 
including volulll'! of water used, sources of pollution. and 
the type and quantity of constituents in the wastewater. 

3. An identification of those wastewater constituents, as dis
cussed in Section VI, which are characteristic of the industry 
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and were deteM11ined to be pollutant~ subject to effluent 
limitations guidelines and standards of performance. 

4. All identification of the control and treatment technologies 
presently employed or capable of being employed by the 
industry. as discussed in Section VII. including the effluent 
level attainable and associated treatment efficiency related 
to e~ch technology. 

S. An evaluation of the cost associated with the application 
of each contrcl and treatment technology, as discussed in 
Section VIII. 

This document is the result of intensive. data collection and analysis 
conducted over a s1x month period. It is probably the most compre
hensive coverage of wastewater and wastewater control and treatment 
technology existing for the miscellaneous foods and beverages industry. 
But it must be note1 that the conclusions and reco111T1endations presented 
herein are based on the information available to the study. and in man; 
inst~nr.es on infonnatio~ made available by industry. The amount of 
fnfonnation available was found to be extensive for sev2ral of the sub-

- categories defined iri Section IV and less extensive for others. In all 
cases strong P.fforts were made to obtain the cooperation of and input 
b.v industry and other interested parties. 

OEFINiiJON OF THE INDUSTRY 

Tht! Miscellaneous Foods and Beverages Industry includes establisl';'Tlents 
engaged int.he processing of distilled, fermented beverages .. nonalcoholic 
beverages, confectioner products, vegetable oils, and foou preparations. 
Hore specifically, the industry may be defined as that listed in Table l. 
It can be seen that the industry includes an extremely wide ran~e of 
products from bagels to beer, from chocolate candy and popcorn balls 
to soybean oil. Early in the study several products w~re eliminated 
frOll' further considerat;on for various reasons. These included the 
following: 

1. Cdstor oil and pomace. It was established that cast~r oil 
is not manufactured as a vegetable oil or by-product cake 
and meal in the United States. 

2. Coconut, oiticica, palm and palm kernel oil. It ~as estab
lizhed that these oils are not produced in the United State~. 

3. Tung oil and walnut oil. These oils are neither foods nor 
beverages, and no processing plants could be located in the 
United States. 

13 
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TABLE 1 

MISCELLANEOUS FOODS AND BEVERAGES INDUSTRY DEFINED BY SIC CODE 

SIC 2017 Egg processing 

~ Establishments primarily engaged iri the drying, freeztng. 
and. bre,,king 0$ eggs. 

Egg albumen 
Eggs: canned, dehydrated, desiccated. frozen, processed 
Eggs: drying, freezing, and breaking 

SIC 5144 Egg Packing 

'.1 •,(C Establishments primar;1y er.gaged in the cleaning, oil 
' treating, packing, and grading of eggs. 

SIC ZC34 Oehyd!"'ated Soups, 
' .. ' \.."' ........ - --

SIC 2038 Frozen Specialities· 

I 
. l' 

I 

EstiJbl ishments primar'ily engaged in freezing and cold pack
ing (freezing) food soec1al ities, such a5 frozen dinners and 
frozen pizza. 

Baked goods, frozen: 
except bread .3nd 
bread-type rolls 

Dinners, frozen: Dackaged 
Food specialities, frozen 
Frozen dinners. packaged 
Mea 1 s, frozen 

"Native" foods, frozen 
Pies, frozen 
P1zza, frozen 
Soups, froze~: except 

seafood soups 
Spaghetti and :neat balls, 

frozen 
lilaffl es, frozen 

SIC 2047 Dog, Cat and Other Pet Food 

Establishments primarily engaged in manufacturing dog, cat 
and other pet food from cereal, meat, and other ingredients. 
These preparat;ons md/ be canned. froze''• or dry. This indus
t.ry also 1ncludes estab1ishmer.ts siaughtering animals for pet 
food. Establ1shrnents primarily engaged in manufacturing feed 
for animals, other than pets, are classifiej in Industry 2048. 

Bird food, prepa1·ed 
Dog and cat food 
Horse meat: canned, fresh, 

or frozen 
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Pet food: canned, fro7.en, 
dry 

Slaughtering of nonfood 
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TABLE 1 'CONT' 0) 

SIC 2051 Bread and Other Bakery Products. Except Cookies and Crackers 

Establishments prfmar11y engaged fn manufacturing bread. cakes, 
and other "perishable" baker products. EstabHshments manufac
turing bakery products for sale primarily for hotn! service oe-
1 ivery. or through one or more non-baking retail outlets. are 
included in this industry. Establishments primarily enqaged 
fn producing "dry" baker products, such as biscuits, crackers, 
and cookies are classified in Industry 2052. Establishments 

/ producing bakery products primarily for direct sale on the 
premises to household consumers are classified in Retail Trade, 
Industry 5462. 

1' : . Bagels 
Bakeries, manufacturing for 

home-service delivery 
Bakery products "perishaL>le": 

bread, cakes doughnuts, 
pastries. etc. 

Biscuits baked: baking 
powder an~ raised 

Bread. Drown: Boston and 
other--canned 

Charlotte Russe (bakery 
product) 

Bakeries: wholesale, 
wholesale and retail 
combined 

Bakery products, partially 
cooked (not frozen) 

Cri.!llers 
Knishes 
Pastries: Danish, French, 

etc. 
Pies. except meat pies 
Rolls (baker produc~s) 
Sponge goods (bakery 

products) 
Sweet yeast goods 

SIC 2052 Cookies and Crackers 

Establishments primarily engaged in manufactur1ng cookies, 
crackers. pretzeh, and similar "dry" bakery products. Estab
lishments primaril.,' engaged in producing "perishable" bakery 
products are classified in Industry 2051. 

Bake;· products. "dry": 
~1scutts~ crackers. 
pretzels. etc. 

B~scuits, baked: dry. except 
baking powder and raised 
biscuit 

Corrmunion wafers 
Cones, ice cream 
Cook;es 

Cracker meal and crunt>s 
Crackers: graham, ~oda, etc. 
Matzoths 
Rusk. machine-made 
Saltines 
Zwieback. machine-mJde 

SIC 2065 Candy and Other Confectionery Products 

Establishments pr~marily en9aged in manufacturing candy, includ
ing chocolate candy, salted nuts, other confections and related 
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TABLE 1 (CONT'D) 

products. Establishments primarily engaged fn manufacturing 
solid chocolate bars are classified in Industry 2066 and chew
ing gum in Industry 2067. Establishments prfmarfly engaged in 
manufacturing confectionery for direct sale on the premises 
are classified in Industry 5441, and those primarily engaged 
fn shelling and roasting nuts are classified in Industry 5145. 

Bars, candy: including choc-
olate covered bars 

Cake ornaments, confectionery 
Candy, except solid chocolate 
Chewing candy (not chewing 

gum) 
Chocolate candy, except solid 
c~ocolate 

Confectionery 
Cough drops, except phanna

ceutical preparations 
Dates: chocolate covered, 

sugared, and stuffed 
Fruit peel products: candied, 

glazed, glace, and crystal
lized 

Fruits: candied, glazed 
and crystallized 

Fudge (candy) 
Ha 1 vah 
Licorice candy 
Lozenges, candy: non-

medicated 
Ma rshma 11 ows 
Marzipan 
Nuts, qlace 
Nt!ts. salted or candy

covered: packaged 
Popcorn balls and other 

treated popco m prodi:c t~. 
packaged 

SIC 2066 Chocolate ~nd Cocoa Products 

Establishments primarily engaged in shelling, roasting, and 
grinding cacao beans for the purpose of making chocolate 
liquor, from which cocoa powder and cocoa butt~r are derived, 
and in the further manufacture of solia chocolate bars and choco
late coatings. Establfshments primarily engaged ~n manufactur
ing products. except candy, from purchased chocolate and cocoa 
are classified i~ Industry 2099, and chocolate candy in Industrv 
2065. 

Baking chocolate 
Bars, candy: solid choco

late 
ca,ao bean prod11cts: choco

late. cocoa butter, and 
cocoa 

Cacao beans: shelling, 
roasting and grindi"g 
for making chocolate 
liquor 

Candy, solid chocolate 
Choco 1 ate bars 
Chocolate coatings and syrup~. 

made in chocolate piants 
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Chocolate liquor 
Chocolate, sweetened or 

unsweetened 
Cocoa butter 
Cocoa, powdered: mixed 

with other substa1ces-
made in chocolate plants 
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TABLE 1 (CONT'D) 

SIC 2067 Chewing Gum 

I ·) 
Establishments primarily engaged fn manufacturing chewing 9"" 
or chewing gum base. 

Chewing gum Chewing gum base 

SIC 2074 Cottonseed Oil Hills 

Establishments primarily engaged in manufacturing cottonseed 
or:. andby-productcake, meal. and linters. Estdbli!il'lllents 
primarily engaged in refining cottonseed oil into edible cooK
fng oils are classified in Industry 2079. 

Cottonseed oil, cake and 
meal: made in cottonseed 
oil mills 

SIC 207~ Soybean Oil Mills 

Establishments primarily engaged in manufacturing soybean oil. 
and by-product cake and meal. E'itablfshments primarily engaged 
in n:fining soybean oil into edible cooking oils are classified 
1n Industry 2079. 

Lecithin Soybean oil. cake and r.ieal 

SIC 2076 Vegetable Oil Mills, E~cept Corn, Cottonseed, and Soybean 

Establishments primarily engaged in manufacturing vegetable 
oils and by-product cake and meal , except corn, cottonseed, and 
soybean. Establishments primar11y engaged in manufacturing 
com oil and its by-products are classified in Industry 2046, 
those which are r~fininT vegetable oils into ediblP. cooking 
oils are classified inndustry 2079, and those refining these 
oils for medicinal purposes in Industry 2833. . 

Castor 011 and pomace 
Coconut oil 
Linseed oil. cake and 

meal 
011 s, vegetab 1 e: except 

corn, cottonseed, and 
soybean 

Oiticii.:a oil 
Palm kernel c11 

-. 
Peanut 011. cake and meal: 

made 1n peanut oil mills 
Safflower oil 
Tallow vegetable 
Tung 011 
Walnut oil, except artists' 

materials 

SIC 2079 ~~ortening, Table Oils, Margarine and Other Edible Fats and 
Oils, Not Elsewhere Classified 

17 



DRAFT 

TABLE 1 (CONT'D) 

Establishments primarily engaged in manufacturfn9 shortening, 
table oils, margarine, and other edible fats and oils, not else
where classified, by further processing of purchased animal 
and vegetable oils. Estabiishments primarily engaged in produc
ing corn oil are classified in Industry 2046. 

Butterine 
Cottonseed oil, refined: 

not made in cottonseed 
oil mil 1 s 

~rgarine 
Nut margarine 
Oleomargarine 

Olive oil 
Peanut oil, refined: not 

made in p~anJt oil mills 
Shortenings, compound and 

vegetable 
Vegetable cooking and sala1 

oils, except corn oil:· 
refined 

SIC 2082 Malt Beverages 

Establishment~ primarily engaged ~n ~nufacturing all kinds 
of malt beverages. Establishments primarily engaged in bottl
ing purchasP.d malt beverages are classified in Industry 5181. 

~le 
oeer (alcoholic beverage) 
Breweries 
Brewers' grain 
Li quo rs, ma 1 t 

SIC 2083 Malt 

Halt extract, l;quors and 
syrups 

Near b@er 
Porter (alcoholic beverage) 
Stout (alcoholic beverage) 

Establishments prima~ily engaged in manufacturing malt or malt 
by-productsfrom barley or other grains. 

Malt: barley, rye, wheat, 
and com 

Halt by-products 

SIC 2084 Wines, Brandy, and Brandy Spirits 

Mal thouses 
Sprouts. made in malthouses 

Establishments primarily engaged in manufacturing wines, brandy. 
and brandy spirits. This industry also includes bonded store
rooms which are engaged in blending wines. Establishments pri
~~rily bottling purchased wines, brandy, and bra~dy spirits, 
but which do not manufacture wines and brandy. are classified 
1n Industry 5182. 
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TABLE l (CON'!''O) 

Brandy 
.Brandy spirits 
Sto"'rooms, be,,ded: 

engaged in blending 
wines 

Wines: stfli sparkling and 
art1ffca11y carb~natea 

SIC ?.085 Distilled, Rectified, and Blended Liquors 

Establfshments primarily eng~ged in 1Mnufacturing alcoholic 
liquors by distillation and rectification, and in manufacturing 
cordials. and alcoholic cockta;ls by blending processes or by 
mixing liquors and other ingredients. Establ is'hments primarily 
engaged in manufacturing industrial alcohol are classified in 
Industry 2869, and those only bottling purchased liquors in 
Industry 5182. 

Applejack 
Cocktails {alcoholic beverages) 
Cordials, alco~olic 
Distillers dried grains 

and solubles 
Ethyl alcohol for medicinal 

and beverage purposes 
Gfn (alcoholic beverage) 
Grain alcohol for medicinal 

and beverage purpos~~ 

Li quo rs: Dist fl l ect, 
rectified, and blended
except brandy 

Rum 
Spirits, neutral except 

fruit: for beverage 
purposes 

wodka 
Whiskey: Bourbon, rye, 

scotch type, and corn 

SIC 5182 Bottling Purchased Win~s. Brandy, Brandy Spirits, and Liquors 

SIC 2086 Bottled and Canned Soft Drinks and Carbonated Waters 

Establishments primarily engaged in manufacturing soft drinks 
(nonalcoholic beverages) and carbonated waters. Establishments 
primarily engag~d in manufactur;ng fruit and vegetable juices 
are classified in Group 203, fruit syrups for flavoring fn 
Industry 20e7, and cider in Industry 2099. Establishments primarily 
engaged in bottling 11atural spring water~ are classified in 
Industry 5149. 

Beer, birch and root: bottled 
or canned 

Beverages, non-alcoholic: bot
tled or canned 

Carbonated beverages, non-alcoho-
1 ic: bottled or canned 

Drinks, fresh fruit: bottled 
or canned 

Ginger ale, bottled or canned 
Mineral water, carbonated: 

bottled or canned 
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Non-alctholic beverages, 
bottled or canned 

Soft drinks, bottled or 
canned 

Still beverages, non-dl~~ho
hr~ ic: bottlr. d :·r ..:dnrifd 

Water, pdsteurized: 
bottled or canned 
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TABLE l (CONT'D) 

SIC 2087 Flavoring Extracts and Flavoring Syrups, Not Elsewhere Classified 

Establf~hments primarily engaged in manufacturing flavoring 
extracts, syrups, and fruit juices, not elsewhere classified, 

.-,.... 

for soda fountain use or for the manufacture of soft drinks, 
and colors for bakers' and confectioners' use. Establishments 
primarily engaged in manufacturing chocolate syrup are classified 
in Industry 2066 if from cacao beans and in Industry 2099 if from 
purchased chocolate. 

· Beverage bases 
Bitters (flavoring concen · 

trates) 
Burnt sugar (food color) 
Coffee flavorings and syrups 
Colors for bakers, and 

confectioners; use. except 
synthetic 

Cordials, nnn-alcoholic 
Drink powders and c~ncen

trates 

Flavoring concentrates 
Flavoring extracts, pastes, 

powders, and syrups 
Food colorings, except 

synthetic 
Food glace for glazing 

foods (cozeen) 
Fruit juices, concentrated: 

for fountain u~e 
Fruits, crushed: for 

soda fountain use 

SIC 2095 Roasted Coffee 

:( 

Establ f shr~nts primarily engaged in roasting coffee, and in 
manufacturing coffee concentrates and extracts in powdered, 
liquid or frozen fonn, including freeze-dried. 

Coffee extracts 
Coffee roasting, except by· 

wholesale grocers 

Coffee, instant and freeze
dried 

SIC 2097 Manufactured Ice 

Establishments primarily engaged in rnanufarturing fee for sale. 
ice plants.operated by public utility companies are included 
in this industry when separate reports are available. When 
separate reports are not avai"lable, they should be classified 
tr. Major Group 49. Establishments primarily enqaqed in manu
facturing dry ice are classified in Industry 2813.· 

SIC 2098 Macaroni, Spaghetti, Vermicelli, and Noodles 

\ ' 
~stabl1shments primarily engaged in manufacturing dry macaroni, 
spaghetti, vennicel 1 i, and noodles. Establishments primarily 
engaged in manufacturing canned macaroni, spaghetti, etc .• are 
classified in lndustry 2032. 
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TABLE 1 (CONCLUDED) 

Mlcaror11 and products, dry: 
1ncludtng alphabets, rings, 
seashr 11 s , t tc. 

Noodles: egg, plain, and 
water 

Spaghetti, except canned 
venn1ce111 

SlC 209S rood Preparations, Not Elsewhere Classified 

Establishments primarily engaged in manufacturing prepared foods 
and miscellaneous food specialties, not elsewhere classified, 
such as baking powder, yee1st and other leavening compounds• 
chocolate and co~r:1" r~ducts except confectionery, made from • 
purchase materials; peanut butter; packaged tea including instant; 
ground spices• potato, corn and other chips; and vinegar and 
cider. 

Almond pastes 
Bakers' malt 
Baking powder 
Beans, baked: except 

Ci\nned 
Bouillon cubes 
Box lunches, for sale off 

premises 
Bread cruni>s, not made in 

bakeries 
Butter, ladle 
Butte•·, renovated and 

process"'ti 
Chicory r~ot, dried 
Chili pepper or powder 
Chocolate, instant, mfpm 
Chocolate syrup; mfpm 
Cider 
Cocoa, instint; mfpm 
Coconut, desiccated and 

shredded 
Cole slaw, in bu'k 
Desserts, ready-to-mix 
Emulsifiers food 
Fillings, cake or pie: except 

fruits, vegetables and meat 
Gelatin dessert preparations 
Honey, strafned and bottled 
Jelly corncob (gelatin) 
.eavening compouno~, prepared 
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l'i\arshmallow creme 
Meat seasonings, except 

sauces 
tit>lasses, mixed or blended; 

mf pm 
P.~ncake syrup, b 1 ended and 

mixed 
Peanut butter 
Pectin 
Pepp ... r, ch111 
Pizza, refrigerated: not 

frozen 
PopcoM'I, packaged but not 

popped 
Pork and beans, except canned 
Potato chips 
Sandwiches, assembled and 

packaged: for wholesale 
market 

Syrups, sweetening: honey, 
maple syrup, sorghum 

Sorghum, including custom 
refining 

Spices, in~luding grinding 
Sugai" grinding 
Sugar, industrial maple: 

made in plants producing 
1111ple syrup 

Sugar, powdered: mfpm 
Tea blending 
Tortillas, in bulk 
Vegetables, ?&eled 1~r the trade 
Vinegar 
Yeast 
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4. Non-synthetic food co1orings. It was established that guide~ 
lines for the manufacture of food ~olor1ngs had been developed 
1n the organic chemicals guidelines, Phase II. 

5. Baker's Malt. The only known producer of Baker's Malt dis
continued manufacturing the oroduct several years ago. 

6. Food emulsifiers processed by organic chemical plants. 
Guidelines for these facilities were developed by the 
Organic Chemical Industry, ~uideline , Phase II. Th!refore, 
this document will develop reco11111ended guidelines only for 
food emulsifiers processed by edible oil refining fac111ties. 

7. · Butter (ladle. renovated and processed). These products were 
determined to have been the subject of effluent guidelines 
previously developed f~r the dairy industry. 

8. Baked beans, cole slaw, vegetables peeled fer the trade, 
corn and potato chips, cider, and pork and beans. These 
products were established to have been the subject of effluent 
guidelines previously developed for the fr~it and vegetable 
industry. 

9. Je11y corncob (gelatin) ar.d box lunches. These products 
could not be establ1shr:d as active industries in th"! 
United States. 

10. Sugar grinding. Other than in svgar refineries which were 
subject to previously established guidelines, sugar grinding 
could not be defined as an industry in the United State~. 

To the original industry scope as defined by the Environmental Protection 
Agency were added several products considered closely related to the 
miscellaneous foods and beverages industry. These add1t~ona1 products 
were the fo11ow1ng: 

1. SIC 5144 Egg Packing. Establishments primarily engaged in 
the washing, inspectin~. grading, and packaging of eggs 
purchased frOlll laying farms or independent farmers. 

2. SIC 2034 Dehydrated soups. The blending and packaging of 
dehydra-teG soups, and the combining at previously de~1ydratQd 
vegetables with various flavcrings and protein bases. 

3. SIC 2099 Non-Dairy Coffe~ Creamer. 

4. SIC SloZ Bottl1r.g pu~chased wines, brandy, brandy spirits, and 
liquors. 
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A~ the r.o~clusion of the current study it is tentatively planned to 
dpu~iop ~P~onmended effluent limitations guidelines for the pro
d1:c+iJn of blended flour and hydrolyzed plant protein (hydrolysate) 
as tt1 1odde.1dum to this document. 

SIC 2~1' - Egg Processing 

General - According to the U.S. Department of Conmerce C 2 ), about 
12 to 15 percent of this country's total egg output is processed 
tnto egg products, a~d the demand is increasing as the use of specialty 
and convenience foods increases. These products are whole eggs, whites, 
or yolks and are in liquid, dried, or frozen form. These egg products 
are used directly or in lhe production of other foods such as in 
bakeries. Egg breaking and subsequent processing occurs in approxi~ately 
150 pl~nts in 41 states. Nearly one-half of the total annual production 
of 393,000 ~kg (433,000 tons) occurs in th~ north c~ntral states. 

Egg processing occurs in a variety of scales. Plants have from 1 to 
at least 13 breaker lines and produce from 5 kkg (6 tons) to 140 kkg 
(154 tons) of liquid e~g per day. Some processing plants also produce 
shell eggs (graded) and some plants receive only liquid egg for further 
processing. In plants which break a~d grade e~gs, the mgjority of th~ 
waste toad from the ~lants is from breakin~. In ,1ant~ which receive 
liquid egg for processing, the waste load is significantly lower than 
in the plants where the breaking is done. 

USDA inspectors are present on a full-time basis of egg breaking plant~ 
to inspect the sanit!tion practices of the ~roduction. It should be 
noted that sor.ie USDA health regulations, such as frequent cleaning 
requirements, add to the waste load of the ~lant. 

Egg processing operations usually operate on an S or 24 h~ur per day 
work schedule, 5 or 6 days a week. Egg processinQ cr,.•1rs year-round, 
but more eggs are broken during the spring .:ind sun.~er n;onths when the 
wholesale prices are the lowest. 

Table 2(3) shows the dist.rfbutfon among frozer, drf Pd, and liquid product 
produced of tlte tota I of s!'IP.11 eggs brokf'r' ·rhE: large major1 ty of the 
dried product is oroduced by a fe~ plant~ \n the n~rth central region. 
The lfquid and froz~11 ~roducts are produced by the rnajor1 ty of producers 
in all geographical re~ions. 

O'i'SCr-iftion of Process - E'ggs for r1rocessing (b,.ea~ing stod) come frt'l'l 
se·vera sources. Tho~:~ noted at ~t.ell egg handtin'J operations with 
cracked, ch~cked, t~i~. stained, or roug~ shells are sold to egg 
processors, or are tr~nsferred to the breaking line if the plant does 
both operations. Anot~er ~cur1;e oi breaking stock is supermarkets. 
f:resh eggs can onl;• be hel:.' for sale for a limited t1me; unsold eggs 
ere often s~ld to e99 ~rocc;~ors as breakin~ stock. Some breaking 
stock 1s pur·c:hased directly from egg hying farms. The s .... eps in egg 
processing nre outlined below and illustrateu In Figure 1 
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TABLE 2 

Egg Products under Federal Inspection ( 3 ) 

Period 

6/1/72- 6/1/73-
Item 5h30/73 5/30/74 

(1. oo (1 .ooo {1,000 (l .ooo 
'klciL tons~ ___!SL tons) 

Total shell eggs broken 393 433 433 477 

Edible liquid from shell eggs JOG 337 341 37G 
broken 

Inedible liquid from shell eggs i6.6 18.3 17.7 19. 5 
broken 

Liquid egg used in processing * 

Whole 187 206 211 233 
White 117 129 131 144 
Yolk 68 75 7'l. 79 

,, 
T~tal 373 411 414 456 r 

I 

Liquid prcduct produced llB 131 137 151 

Frozen product produced 153 169 166 183 

Or1ed product produced 30 33 33 36 

* Includes frozen egg~ used for ~rocessfng. 
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Del iver·1 and Storage: Delivery of breaking stock and outgoing shipments 
of processed eggs are nonnally mac/e by trur.:k. Since the quality and 
product ltfe of eqqs is quite temperature depende~t. the trucks used 
for ;ncomtng as well as outgoing shipments are usually refrigerated and 
the storage areas are always refrigerated (10° to 13°C). Relative 
humidity is control led at 70 to 80 percent in some plants. Iii many 
plants, the loading areas are also refrigerated. Incoming ne~t run 
eggs are usually in :ases containing 30 dozen eggs. The cases are 
stored on pallets, altho~gh some contract shipments utilize steel racks 
for shtpme~t and storage of eggs. 

loading and Washing: Flats holding 30 eggs are unpacked from tne JO 
dozen cases inanually. The eggs are inspected as they are unpacked and 
cracked or leaking e9gs are put in buckets to be sold as inedib1es. 
In most plants, U1e eggs are then automatically vacuum loaded onto a 
conveyor which passes t~rough washing machiner~, Some small plants 
transfer the eggs manually onto a conveyor. but this method results in 
increased egg breakage. In the washer, the eggs are sprayed. and 
sometimes scrubbed by brushes, with a recirculating disinfectant and 
detergent solution, the concentration of which is ~utor.iatically maintained. 
Candling fol lo\·ts washing. The eggs are passed over a 1 ight sourer:, arid 
visually inspected. Blood spotted or other inedible eggs are manuall:• 
rernoved. It should be noted that one plant visit<:d did not candle th~ir 
eggs before breaking. Some plarits reverse these processes, conten~in~ 
that candling can result in the removal of cracked eggs that would 
~reak in the washer. 

Sources of wa~tewater prior to the breaking of th~ eggs are: 

l. Cleaning of egg handli~g equipment 

~. Cleaning of floors 

3. Overflow and dumping of the egg washwater 

Since the sh~lls of breaking stock are less sound than those Jt shell 
e9g handling pla~ts, eggs are sometimes broke~ during unloading, washin9, 
and c~ndling. Unloading and candling eQuit)ITient is normally eQuipped 
to catch these broken eggs which then may be sold as ~nedtbles. However, 
~ome eggs fall to the floor where they must be scraped or mopped up or 
hl)Sed into a floor drafn. A significant nu:iber of eggs are broken d1Jring 
washing and these go 1r.to the washw~ter, and sub~equently into the s~wer. 
Eqg washing equipment is !"lormally of the recirculating t>r>P.. The same 
1·1ashwater is used over end over with a smc1l l quantity of constant over· 
flow and make-up. This makt-up comes frorr. the water used to rinse the 
cJetergent from the washed eggs. 

Breaking and Pasteurizing: Egg breaking ts usually accomplished auto· 
mat\ca11y by machines, nonnally capable of breaking 0.64 kkg (0.7 tons) 
per hour. The eggs are transferred mechanically from candling to the 
bre~kers where the liquid yolks and whites are collected separately or 
the whole egg ts c~llecttd. Visual inspection of the broken eggs is 
also done to elf"1in~te fnedibles. The broken shell~ are conveyed fro~ 
tht br11k1ng roam to 1 d11po1a1 vth1cle by a conveyor such 11 an 1yg1r. 
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The lfqufd egg is conveyed from the breakers into an in~nection tank 
where odor is periodically checked. Next, the liquid is pumped through 
a chiller and then into refrigerated holding tanks. l!hen a holding tank 
has been filled with egg yolk or whole egg, the contents are pasteurized. 
Condttfons used in pasteurizing vary according to the product. For 
example, 11quid whole eggs are heated for at least 3.S minutes at not 
less than 60°C (140°F) and then rechilled. Due to the heat sensitive 
nature of egg whfte~. they must be pasteuriz~d at about 56°C (134°F) or 
52°C (126°F) u:;ing hydrogen peroxide injection. ( 4) 

The sources of.most of the waste load from egg proces~ing plants is the 
clear.in<J of the liquid egg handling equipment. Egg breaking machines 
are continually washed with a fi"~ spray. The pumps, piping, pasteurizer, 
ar.d tanks used in conveying and ?rocessing the liquid product are 
completely flushed and cleaned every 4 hours. Similarly, equipment used 
for the canni~g. freezing, and drying of eggs is water cleaned and 
thus contributes tc the waste stream. Effluent from these cleaning 
operations contains the liquid egg product in varying concentrations 
plus d~tergents and disinfectants. 

Snme egg proces~ing plants receive liquid egg in tank trucks for blendin~. 
freezing, canning, or drying. The wastewater generation in tnis type 
of plant comes only from r.leaning the blP.nding equipment, the tank 
trucks, and the holding tanks. 

Blending: Som~ indu~trial consumers of processed e~gs prefer to 
purchase blericed frozen or dried '·J products. Blending occurs before 
pasteurization and rechilling. The liquid whole egg or egg yolk, or 
both, a~~ transferred to blending vats where the percent solids is 
adjusted. Sugar, corn syrup, occasionally salt, and various other 
additives are combined with the liquid egg in assorted combinations 
and quantities. After completion of the blending, the produc~ is 
transferred to a holding tank and then to the pasteurizer. 

Canntng and Freezing: tf the f1na1 product 1s to be in lfqu1d or 
fro7.en form, the pasteurized liquid yolk, whole egg, or ble~d is 
rechi11ed and packaged mechanically in 2.3 kg (5 lb) or 4.6 kg (10 1b) 
milk-type cartons or 14 kg (JO lb) cans. The packaging room is equipped 
with positive flow filt~red ventilation to prevent contamination of 
tl'\e pasteurized pMduct. After packaging, the liquid egg rnay be stc.red 
at Z to 5°C for up to 1 month before use. !4astewater from the canning 
process is nonnally only generated by thP. cleanu~ of the egg dispensing 
equipment. 

About one half of the total liquid egg production h frozen. Eg9 whites, 
yolks, whole eg9, and blends are frozen, nonnally in 14 kg (30 lb) ca"s 
or 2.3 kg (5 lb} cartons. Freezing c3uses major changes in the texture 
of 5om1 egg products and some reduction in bacterial count. How9ver, 
the functional characterist1cs are only slightly affected. Some egg 
products are adversely affer.ted by slow rates of freezing; therefore 
tome producers of Frozen products utilize air blast. freezing at 
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temperatures as low as -40°C (-40°F). Subsequent storage of the frozen 
product fs usually at -18° to -23°C (0° to -10°F), 

Egg Dryfng: Dehydrated albumdn (egg whites) ~st be prepared from 
desugared liquid egg to -~event loss of· solubflfty. fonnat1on of off· 
color and objectionable f1avor. and decreased vers..tf lity of the dried 
product during storage. Bact!rfal fennentation is the most widely 
employed method of glucose ~emoval from eggs, Controlled bacterial 
fennentation f s a process 1r. which a tank of liquid egg white is 
inoculated with a culture. After 12 to 24 hours. the albumen is 
completely desugared ana is transferred to the dri~r. Other methods 
of desugarfng include tne use of glucose oxidase enzyme or yeast 
fennentat1on. Since th~ product is to be dried. almost all of the 
liquid e~g white can be rinsed from the tJnk fnto the drier. As a 
result. the wast~ load from this process fs qufte low. 

Egg whites ~an be either pan or spray dried. Pan drying fs a procedure· 
fn wtiich 0. 15 sq m (1.5 :;q ft) alumi11um trays are covered with a -chin 
layer of liquid egg white, placed on racks, and run through a hea~ed 
tu~nel f~r 24 hours or longer. The resulting egg white solids are 
packaged as a flake or granular product or ground and packaged as a 
powder. Pasteurizati~n is accomplished by storage of the dried and 
packaged product for at least one we!k at 60°C (140°F). 

The majority of all dried egg products are produced by spray drying. 
In thfs process, the liquid egg is atomized into a stream of hot air. 
The a1r l1sed for drying ~s fiitered and heated to between 120° and la9°C 
(250° and 375°F). Because atomization creates a great deal of surface 
area, water evaporation is very rapid. The powder formed separates 
from the air in the drying ~~amber and in a separating device. The 
dried product is removed me~nanica1;y from the dryer, sometimes cooled, 
and nonnally sifted before packaging in 2 or S kg boxes. or 45, 70 or 
90 kg drums. Dried egg white need·s no temper11ture control du!"ing 
storage, but other dried egg products are nonnftlly refrigerated during 
storage. Egq drying equipment is normally cleaned semi-annually or 
when required by a change in product (for evamµle, egg yolk to egg white 
production). 

Inedible Eggs: Eggs classed as fnedibles such as blood spots, cracks, 
leakl. 1nd stained 199' &re processed separately. Eggs which bre~~ on 
the floor or grading machinery are nonnally r~covered a"d also classed 
as 1nedibles. Egg albumen is SOITlt!times recoverd by centrifuging from 
the shells and is included in the product sold as inedible eg9. Inedible 
eggs are 'lorme11y frozen in 14 kg cans or dried at plants speci4'1izing 
in inedible egg processing. lnedibles are nonnally sold to pet food 
processors to be used as ingredients in thP.1r products. 

Egg Shells: EQg shell' are a signific~nt source of solfd waste from 
egg breaking pia,1ts. These shells are nomally spread on fields as 
fertilizer, ff the locatfon is such that odors do not cause a problem • 
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or in a landfill. Experi1nents have been conducted in the utilization 
of t'J!J shel 1 ~:astes as feed for chickens. Despite the high protein 
content, a satisfactory method of processi~g egg shells into feed has 
not been developed. 

SIC 5144 ~ Shell Eggs 

General • The fresh eggs available at the wholesale ~nd retail level hove 
been washed, inspected, graded and packaged b.Y shell egg handling ffrms. 
Eggs from processor's laying fanns or purchased from independent fanners 
are the raw materials for this industry. 

In lS72, the total volume of shell egg r.roduction \·1as 50 mill 1on kkg 
(70 billion eggs). The gross income of the industry was $1.8 billion. 

According to the Bureau of the Census ( 2), an estimated 9,SOO shel1 
egg producers are currently operating. They range in size from family. 
businesses to automated operations producing 20 to ~O kkg (several 
thousand 30~dozen cases) daily. The top ten egg producing states account 
for slightly over one-half of the total shell egg production. California 
is the largest producing state with 12 percent of the national total, 
and Georgia is second with 8 percent. Six of the top ten states are 
located i~ the south and twr are in the midwest. 

Description of the Process - Shell egg gradin~ plants are nonnally not 
1ocated at egg 1ayin9 farms, 

Since cool temperatu~es improve egg life, the trucks used for hauling 
incoming and outgoing eggs are nonnally refri9erated. Storage area! are 
Jlways refriqerated (10° to 13°C, 50° to 55°F) and sometimes humidity 
controlled. In some plants, loading areas are also refrigerated. 

Eggs de11vered to a gradfng plant are usually packed in reu,eab1e 
corrugated cases whith hold 30 dozen eggs. ln some plants which have 
contracted suppliers, the eggs are shipped and stored on steel racks. 

The eggs fn storage are transported on pallets to the loadfn9 area of 
the process r~om. The flats of eggs are unpacked manually from the 
~orrugated cases and inspect!d. Broken and obviously damage~ eggs are 
removed and the sound eggs are 11orma l?y automat ic:ally vacuum loaded 
onto a roller :onveyor (see Figure 2 ). On the conveyor, the eggs are 
moved through the washer in which tney are sprayed, and sometimes 
scr:Jbbed by brushes, with a warm (~O"C) recirculating d~tergent and 
d1si~~ectant solution, the ~oncentration of whic" is automatically 
maintained. As the eggs leave the washer they are dried, given a light 
ofl snray to strengthen and pr~v~nt drying of the shell during'stor~ge, 
and ca~d 1 Ld. The eggs are ~assed over a high intensity liqht source 
and visually tnspec;ted. Blood spots or other f nedible eggs arP. removt1 
l'!anua !ly. 

Sources nf wastt~at~r prior to the grading of Lhe t~as are as follo~s: 

1. Cleaning of the fgg handling equipment 

2. C1e1nin9 of floors 
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3. Overflow and dumpf ng of the egg washwater 

Eggs are sometimes broken during unloadtng, washing, and candling. Un· 
loadtng and candling equipment is nonnally equipped to catch these 
broken eggs which then may be sold as inedfbles. However, some eggs 
fa 11 to the floor where tht:y must be scrap~ or mopped up or hosed 
tnto a floor drain Eggs b~oken durfng wa~hfng ~o fnto the washwater. 
and subsequently, 1~to the sewer. ~gg washing equipment fs nonnally 
of the recfrculatfng type. The same washwater ~s used over and over 
wfth a sma)l quantity of constont overflow and make-up. Thfs make-up 
comes from the water used to rinse the detergent from the washed eggs. 

A'fter candlf ng, the eggs are graded by wetght and packvd, usua 1 ly 
mechanfcally, 1nto cartons containin9 one dozen eggs. The cartons 
are ma~ually closed and loaded 1nto a shipping container (usually 
a 24 or 30 dozen case or a 15 dozen wire basket) and stacked on 
pallets. The pallets are transferred to the outgoing refrigerated 
storage area dnd from there are loaded onto trucks. 

Wa\tewat.er geuerated durfng grading and p11ckfng comes from cleaning up 
broken eggs .ind equ·ipment cleaning. Some eggs fall to the floor where 
they must be scraped or mopped up or washed fnto d floor orain. ~laste
water is also g~nerated from the cle~ning of the equipment. 

So11d wa~te ~t shell egg plants 1s primarily inedible eggs. Eggs classed 
as 1ned1bles such as blood spots, cracks, leaks, and stafned eggs are 
µrocessed separately. Eggs whith break on the floor or in grading 
mar.hinery are nonnully recovered and also classed as fnedibles. Inedible 
eggs are nonnally put in covered plastic buckets, dyed with~ food color 
to fdent1fy them as fnedfble e~gs, and sold to processors. Inedible 
eggs are also frozen 1n 14 kg (30 lb) cans and sold directly to pet food 
processors to be used as 1nqredients in their products, or drt~d at 
plants SP!C1al1zfng tn inedible egg processing And sold for general animal 
fe~d applications. 

SIC Code £Q.!i - DehyJra ted Souris 

Dehydrated soups ari • mtnor but f mportant part of tht dehydrated 
vegetable industry. Typ1r.ally, they are e combtnatfon of previously 
dehydrated vegetables with various flavorings a,,d protein "buts" 
added. 

The industry 1s dominated ~~ two large cor~oratfons which account 
for the bulk of all production. Additionally, there are son~ small 
operations which blend and packa?e regional bra~ds. 

Dehydrated soup 1111nufactur1r1 ~se as pr1nc1pa1 1ngred••nts various 
vegetables that have been ptev1ously dehydrated. Typically, these 
are potatoes. carrots, onions, qarlic, bell P•P~ers, celery, and parsley, 
but sptnac~. grten onton tops, green beans, etc •• may also be included. 
various fl avart ngs 1r1 used and nor1110 n y 1 ncorporated 1,, 1 1ug1r or 
silt carrier. Sugar ind/or S!lt 1tse1f may be a significant ingredient. 
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Also incorporated into niOSt blends are various types of soup bases; 
e.g., hydrolyzed vegetable protein. One processor was obser·Jed to 
manufacture tts own soup base and also to dehydrate from fresh vegetables 
a small portion of its vegetable needs. All other processors contacted 
used only ingredients preprocessed elsewhere. 

Process Descrtptfon. Figure 3 shows a process flow diagram for 
1 typica1 dthydrated soup operation. The manufactur1n~ of dry soups 
is essentially a dry ingredients blending and packagfn~ operation. 
All the v1r1ous dehydrated 1ngred1•nts (preprocessed elsewhere) are 
taken from dry storage and carefully weighed es per specf ffc formulati~n. 
The ingredients are dumped directly into a blen~er (typically a ribbon 
type) end mixed until the dry blend ts homog•neous. Alternately, 
same soup:;, such as on ion soup, prernh thP dehydra t.ed rri1on s and so1.•p 
base separately to prevent breakage of the on1on flakes. 

The premixed soup fomulatfon or base m1x 1s transferred to a f 111 fng 
hopper on a packaging machine. The soup mix (other than onion soup; 
i~ automati~ally filled (by weight) into pouches, sea1ed, cased, lnd 
sent to storage. Onfon soup, however, is filled in two steps: b~s~ 
and onion flakes are filled ~eparately to m1n1m1z-. breaking of tne 
dr1ed onion piect> and to assure a consistent ratio of onion to base. 
The packages are then sealed, cased, and stored. 

C1ean-up throughout an op,rating ~hfft cons1sts of dry methods--sweepi~g. 
brushing, vacuuming. ~t the end ~f daily uperat~ons. the ribbon blenders 
are noM.a·11y rfnseJ clean. 

The daily e•f1uent fs of a lo~ volume, typically less than several 
hundred gallons. Packaging equipment may be steam-cleaned, vacuumed, 
or both, but never washed with water. No other water is u~ed 1n any 
aspe,ts of dehydrated soup lf'lnufa,turini· 

~ ~ 1Q1! Frozen S_pec1alties 

Fr~z~n specialties include such specialt1es as fruzen baked goods, 
frozen dinners, frozen pizzas, and other fr~zen sp1ctalttes. It does 
not include frozen meats, fish, vegetables and fru1t tACIPt 11 thly 
appear as ingredients to p~epared d~nners or other frozen specialties. 
~ince p~oduction value of frozen specialties has increased 214 percent 
s1nce 1967 and currently con~t:tutes 4Q percent of the 1974 valu' 
of all frozen food production, these product:. -iere removed frOlll SIC 
2037 and given a new 1ndustr¥ 1dentificat1on, ~!C 2038. The va1ut 
of production of frozen food specialties in l974 rose to over two 
billion dollars. In 197S, frozen specialties are forecast to 1ncrees~ 
16 percent over the 1974 productiN1 as illustrated 1n Table 3 . 

The Department o' Commerce Census of Manufactures, 1972, estfmates 
there are 43t> ph11ts r.atlonw1de tnat vrocess frozen spec~a1t1es. 
The North Centr;il states lead the r1at1un with 140 ei;tablishments. 
Th1 Hort.h1as t 1s n1xt with 11 O p 1 anu, fo 11 owed by i4 plants 1 n the 
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South and 92 in the West. This location pattern is due to the fact 
that frozen specialty plants desire convenient distribution to major 
consumer populations. The major producing states are California, 
I111nofs, Pennsylvania, New York, Arkansas, and Ohio. 

For simplicity, frozen T.V. dinners, meat pies, and other frozen dinners 
and main courses may be designated as 11 Frozen Prepared Dinners." 
Frozen prepared dinners represent a substantial sales volume in America's 
supennarkets. Specific sales information is lacking. but the American 
Frozen Food Institute (1974). informally estimates that at least three 
million T.V. dir.ners and other frozen main course specialties are 
sold daily. The number of processing plants is estimated to be betwe~n 
40 and 60. This number was derived through analysis of industry organiza
tion directories and the Standard and Poor index. 

The in1ustry is dominated oy about six large corporations. Geographical. 
distribution of plants is generally in accordance with population 
distribution; e.g .• plants tend to be located in small communitiP.s 
because a large force of cheap labor is required to do the hand work 
needed in the preparation of ingredients and assembly of the prepared 
dinners. 

Ingredients usually include meat. fowl. or fish; vegetables; gravies; 
and ~inor additives. In addition, there may be added starches (such 
as noodles), grains (such as rice), ~nd _a_.yariety of smal 1 dessert 
dishes. These ingredients are usually pr~-prepared elsewhere and ore 
then further processed, cooked, assembled, packaged, and frozen at the 
prepared dinner plant. The bulk of the wastes generated originates 
from preparation of the ingredients. 

"Frozen Bakery Desserts~ is defined to include frozen cakes, pies, 
brownies, cookies, waffles, breakfast coffee cakes, turnovers. and 
other desserts. This segment does not include bread or bread-like 
rolls. The plants are generally large-scale kitchens and most have 
national distribution. The magnitude of this industry in tenns of 
sales and number of plants 1s not known with exactness. It is estimated 
that there are between five and ten million frozen bakery desserts 
sold daily in the United States, and that there are approximately 
SO to 70 plants r11an'ufacturing the bulk of these products. The latter 
figure is derivPd primarily from an analysis of industry organi~otior. 
yearbooks and Standard and Poor's index. The ind~stry is dominated 
by six to eight large corporations ~hose brand names are household 
word~. 

Frozen "Tomato-Cheese-Starch Combinations" include frozen piz:a. lasagna, 
ravioli. and other "Italian" spec;e.lties made with a tomato, starch, 
and cneese base. The magn1tu~e of this segment of the 1ndustry 1s 
not known in terms of total production or sales. It fs bel ·i,ved that 
there may be over 100 plants of various sizes manufacturing frozen 
pizza. All those identified discharge wastewater into municipal systems . 
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11 Battered and Breaded Frozen Spec1alt1es" include many frozen meats, 
f1sh, chicken, and vegetables which are battered and/or breaded. 
Onion r1ngs are the nost coinnon vegetable item in this segment. Shrimp 
and other seafood are also conwnonly prepared fn thfs fashion, as is 
chicken. Generally, the seafood is thawed, ~ashed, dried, dipped 
fn batter, and frozen without pre-cooking. Vegetables and chicken 
follow the same procedure but are cooked befor~ freezing. 

As w1th the other ·individual segments of frozen specialty items, there 
are no accurate data available defining production volumes and number 
of plant's manufacturing these items. Battered and breaded frozen 
specialties do, however, occupy a prominent place in the freezer section 
of the average supermarket, an,: it is likely that at least severa1 
million pounds a day are sold. All plants identified in this study 
that manufacture these items discharge into municipal systems. Two 
plants were investigated, one processing primarily shrimp, and the 
other processing primarily onion rings. 

Process Description for Frozen Prepared ~~· In many ways, the 
unit processes of a prepared dinner plant can be compared to the activities 
of an ordinary housewife as she prepares the evP.ning meal for her 
family. the only difference being one of scale. Just as the housewife 
goes through different steps with each of her ingredients, of cutting, 
thawing, cooking. adding spices, etc., and finally assembling them 
on the plate to forni a complete dinner, the p1·epared dinner plant 
goes through similar steps and finally assembles the dinner on an 
aluminum tray for packaging and freezing. The housewife generates 
the majority of her wastewater when she discards cooking liquids and 
cleans her pots and pan5, Similarly, the majority of the wastes from 
a prepared dinner plant or1g1nates from clean-up of ·~e vats, kettles, 
fryers, mi~ers, piping, etc •• which are used during preparation of 
the various components of the final dinner. The major processes as 
they are conducted in a typical prepared dinner plant are described 
1n the following paragraphs. 

Turkeys and chickens arrive plucked, viscerated, and washed. The 
btrds are placed on verhead meat hooks which travel down a dismantling 
line operation. Thi jeskfnr.ing of the birds is accomplished by the 
manual hypoden11ic injection of air and subsequent expansion and separation 
of the skin away from the flesh. The skin is then peeled off, 11nd 
various pieces are cut from the bird as it continues down the lin~. 
The pieces are placed 1n movable vats and either frozen and stored 
fo~ later processing, or moved directly to the inspection. sorting, 
and deboning operation. The chicken is then floured and fried es 
whole pieces for later use in prepared chicken dinners or cooked. 
If cooked, the cooking operation (for both chicken and turkey) is 
followed by hand tril!ITling from the bone and slicing for later addition 
to meat pies or dinners. 

Following the hand trirmiing operation. the bones with adherir1!; flesh 
are run through a rotating drum that 5crapes and tumbles the meat 
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from the bones. The meat is collected. stuffed into skin \sausage 
like), cooked, frozen, and then sliced, making a unifonn section of 
meat. 

Beef and other meat nonnol ly arrive at the plant in frozen chunks 
and are air thawed, sliced (for dinners) or diced (for Pfes). cooked, 
and then moved directly to the assembly area, or they are frozen for 
later use. An alternate preparation involves the grinding of the 
beef and pressing into hamburger or sal1sbury steak patties. Veal 
patties are floured. The partial cooking of ~he meat is usually 
accomplished by passing the slices or patties through a long line 
of infra-red lamps installed in the roof of the cooking tunnels. 
Both sides are cooked by inverting the meat seoment half way through 
the tunnel. As the pieces emerge from the bro·lers, tney fall cff 
the belt into trays and are carried to the assLmbly area. 

The juices from the meat cooking operations are combfnej wit11 flour 
and milk to produce the various types of gravies. The gravy is then 
pumped to the assembly area, where it is held ready to be sprayed 
onto the appropriate section of the T.V. dinner tray as the tray passes 
uiderneath the nozzle. 

~egetables, other than potatoes, usually arrive frozen in bulk, ':e 
thawed. run through cluster busters, and are then brought to the assembly 
area. The vegetables are placed in "hand pocket fillers" whirh rotate-
keeping the individual pieces from sticking together--and he1d unt~l 
needed for addition to the tray. Exceptions to the above are those 
vegetables which require longer cooking times. e.g .• carrots, \'lhich 
may be partially precooked prior to being brought to the assembly 
area. Potatoes are usually prepared from dehydrated potato products. 
Water is added to the potato flakes.which are then cooked in steam 
Jacketed kettles, mashed, pumped to stainless steel movable carts, 
and wheeled to the assembly area. Other potato varieties, such as 
French fries. normally arrive frozen and partially precooked··-ready 
to assemble without further processing at the frozen prepared dinner 
f'lant. 

"Mexican" prepared dinners utilize tortillas. which are normally made 
at the plant. The rendering of corn into flat, ?liable sheets involves 
pumping whole kernels from a storage silo to a grinder which reduces 
the corn to the consistency of paste. The paste is then extruded 
and rolled into flat sheets, mechanically cut to size and cooked in 
vegetable oil. The tortillas are then rolled. stuffed with meat, 
and transferred to the assembly area. 

Assembly ;f the connod1t1es that make up the finished product 1s perform
ed along a moving belt assembly line. A hopper, placed at the start 
of the line, holds the aluminum trays and drops them one at 1 time 
onto the moving beit. Meat pieces. such as hot dogs, veal patties, 
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ch1c~en pieces, etc., are placed on the tray by hand counting the 
number of pieces r:~cessary to make up the correct weight. Portions 
such as slices or smaller pieces are first hand weighed on scales 
placed next to the moving belt and then placed on the tray by hand. 
The tortilla products. e.g., tacos, are similarly added to t~e trays. 

Vegetables are added by hand packed ff llers which are mechanically 
cued to drop a measured portion onto the moving trays. Mashed potatoes 
are pumped from their movable carts and are gun injected, from overhead 
extruders, onto the proper section of the tray. The addition of gravies 
and butter to the tray 1 s performed by overhead ''guns" which spray 
a preset volume of the liquid ont~ the vegetables, meat, and potato 
portions. 

When the complete dinner has been assembled. the trays are mechanically • 
covered with foil, sealed, packaged, and transferred to the freezers. 
The dinners are then frozen, cased. and stored in refrigerated warehouses· 
for shipment to c~stomers. 

Figure 4 schematfca11y illustrates the processes described in manufac
turing frozen prepared dinners. Of course, there are many kinds of 
frozen prepared dinner products 'n the market, and ~ndoubtedly, some 
are prepared and assembled differently than the foregoing description. 
The reader, however, should have g!ined a general feel for how most 
prepared dinners are processed. 

Process Description for Frozen Bakery Dessert~. Under the process 
d~scription for frozen prepared dinners, the analo~y was made between 
the housewife cooking and baking 1n her kitchen and the activities 
of the large manufacturing plant. The analogy 1s equally valid for 
the frozen bakery dessert industry. Rich ingred1ents, e.g., butter, 
sugar, cream, etc., are purchased in bulk, received, blended under 
controlled conditions, further assembted fn the final product fonn, 
sD111etimes baked, packaged, and frozen. All this is accomplished using 
large equipment under sanitory conditions with a high degree of quality 
contr~i exercised. Just as the housewife may use and ''dirty" many 
bowls, pans. and utensils on her baking day. so also the frozen bakery 
dessert plant must thoroughly clean with hot water all the many mfxing 
vbts, cooking kettles, measuring devices, pu~ps, p1p1ng, etc .• which 
have come in contact with the ingredients and product. This clean-
up is continuous during the stiift as different products are manufactured; 
e.g., a section of the pla"t may run several different kir1d! of pies 
during a shift, and reach~s a peak during the massive final clean-
up at the end of each day's operations. 

The process wastewaters thus consist of a mf xture of water and the 
prod1Jct ingredients. In this industry thP. 1ngredfents are very "rich," 
e.g., high 1n carbohydrates, fats. etc., and the resulting waste is 
h1gh 1n BOO, grease and 011, etc. 
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Since health standards are strictly enforced, there appears to be 
no alternative to the extensive clean-up requirements of these plants 
or the resulting strong wastes. 

In· plant waste generation can be reduced, however, by separate d1sposa1 
Ii solid waste of spilled material and sub-standard ingred;ents. 
Employees must be educated to refrain fr·om discharging such wastes 
to the sewer. Figure 5 shows a simplified diagram of unit process 
st~r~ in a frozen bakery dessert plant. 

Process Oescr1etion for Frozen Tomato-Cheese-Stare~ Combinations -
~11 major ingredients are preprocessed elsewhere and arrive at the 
manufacturing plant in bulk containers. These ingredients include 
tomato paste, cheese, flour, milk, oil, noodles, seasonin~s. and meat. 
Onions and green pepper may be peeled and sliced at the plant. but 
the processi~g of these vegetables is a negligible wastewater g~nerator. • 

Manufacturing processes consist bas·ically of blending ingredients, 
assembling the end product, and packaging and freezing it. Occasionally, 
the product may be precooked or baked prior to freezing. Differences 
between plants are mainly a function of degree of automation used 
versus hand labor. As might be expected, the larger the plant production, 
generally ~n~ greater the degree of automation. 

In pizza manufacturing, the dough is mixed separately by combining 
flour, baking powder, salt, and suff;, ient water 1n large mfxing vats 
to make an elastic dough. The dough is allowed to sit for several 
minutes, and then repeatedly machine kneaded. Finally, the dough 
is extruded flat on a belt to uniform thickness, and mechanically 
cut 1nto the typical round shape. Meanwhile, the tomato sauce and 
spices are being heated and mixed in ~ s~parate vat, end the cheese 
sauce heated in still another vat. The 4ngred1ents are then combined 
mechanically on a moving belt assembly line by use of automatic spra1 
dispensers which place a measured quAntity of tomato and cheese sauce 
on each circular dou~n segment. Topping ingredients such as meat, 
onions, green pt~pers, etc., are then added by hand or machine. The 
assembled pizza is wrapped, packaged, ond frozen. 

Wastewater is generated primar11y by clean-up of equipment and spills. 
Refrigeration water is generally recycled, but, if not recycled, contributes 
a significant volume of clean water to the wastewater. Because process 
wastewater is primarily gene: ated by clean-up, it fo11ows that the 
wastewater contents consist of the major ingredients used. 
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An efficient plant can hold 1ts waste of ingredients to under one 
percent of the incoming ingredient weight, e.g., loss of le~s than 
one pound of tomato paste for every hundred pounds of tomato paste 
"Hd. 

Process 0Pscr1ption for Battered and Breaded Frozen Seecialtf~ 
Generally, the fo~d item to be battered and breaded has been pre
processed to some extent prior to arrival at the plant. Typical 
preprocessing is as follows: 

Shrimp - washed and frozen 
Fish - eviscerated, heads and tails removed, 

washed and frozen 
Meat - slau9h~ered, dressed, and frozen 
Chicken - dressed and frozen 
Onions and Mushrooms - washed 

Since shrimp fs the "worst case" for non-vegetable items, processing 
of shrimp is descri~ed below and illustrated in Figure 6. 

Frozen shrimp are bought in bulk, thawed overnight, and processed 
the next day. Thawing produces a substantial waste volume since it 
is followed by thorough washing. The shrimp is then shelled, ends 
removed, deveined, and washed again. There is equipment to automatically 
perform these steps, but in smaller plants they are done manually 
by skilled workers. The shr1mp are ther. dried, "butterfiyed" ..,Y machine, 
spread on a belt, and conveyed through egg batter. Following battering, 
the shrimp are tumbled through a breading machine whith coats the 
exteriors w1th bread crumbs and flour. Finally the shrimp 1s boxed 
and Guick frozen. 

Waste generation results from the thaw1ng water, subsequent washings, 
and clean-11p of ~quipment and spills. If the shells, heads, and ta;ls · 
are included in the wastewater, they constitute a major organic load 
and should be removed as solid waste. 

Frozon onion r1ngs are by far the major lttm in battered and ~readed 
vegetable specialties. A typical produ~tion hds the onions arriving 
washed fn 23-46 kg (SC or 100 lb) ba~s. They are then mach~ne p2eled 
with the peels handled dry, e.g., air conveyed from the peeler. Next, 
the onions are machine sliced, automatically arranged on a ~esh belt, 
and conveyed through 199 batter. Following the batter, the onion 
rings are l'lli!Ch1ne dipped in bread crumbs and flour, packaged, and 
frozen. They are ~ometfmes precooked before being frozen. 

Wastewater generation results from clean-up of equipment and spills, 
and juices from the ~nion slicing operation. The hatter is very high 
in organic ~trength, and the clean-up wa:;tes ;ire correspondingly strong. 
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SlC Code 2047 - Dog and Cat Foods 

General - Food products for dogs and cats represent virtually all 
of what 1~ generally referred to as t.he pet food 1r.dustry. Of the 
two major pet foods, cat food represents approximately 20 percent 
of tl1e fndustry tonnage and 30 percent of the retail do11ars. Dog 
food contributes the remaining eo ~ercent of tonnage and ~O percent 
of retail dollars. 

The 1972 Census of Manufacture (2) counts 204 pet food manufacturing 
establishments na~ionwide. California leads the nation with 26 pet 
food plants. The ltidwest also manufactures a good porticn of the 
nation's pet food. 

At least 90 percent of the d~llar sAles of pet foods are produced 
by plants owned by a few major corporations; many sm111, fam,ily-oW"led 
pet food operations make up the remaining 10 percent of tne industry. 

Tabla 4 shows pet food production by sales dollars, and pounds so~ci 
from 1969 through 1974 (estimated). This table shows the trend toward 
greater production of dry pet food for both cats and dogs and 4 general 
trend toward increa)ed production of all pet fooo. 

Raw Ingredients - P~t foods are generally made up 'f meat and meat 
by-products, fish and fis~ by-products. cereals, and other nutritional 
ingredients which may be received at the plant in the form of wet, 
dry, or semi-dry products. Proteins and carbohydrates ore principal 
constituents, and other diet balancing componP.nts are present in varying 
concentrations and ratios. The ffnal produr.t 1s markete~ 1n three 
major ~ty1es: canned, dry. and semi-moist. 

Tl1e varic~y. st.)'·le, and form of raw ingredients used fn pet foods 
"9re numerous. 

Meat~ are de11vered to the plants fre~h in barrels or frozen, typ!:ally 
in 23 to 46. kg (SO to 100 1b) blocks. The meat may be whole cuts, chopped, 
or conminut~d to a partfc~lar desired piece size. The meats commonly 
used are beef, pork, sheep, horse, poultry, Jnd various types of ff sh. 
These ~uts can be either striated muscl..? tissue or "by-products" (lungs, 
tripe, ·esuphagus, gullets, etc.). Poultry products normally are 
either finely ground whole carcbsses or by-products. Fish may be 
fresh whole, frozen whole, fresh by-products, or frozer. by-products. 

OthP.r f ngredfenls usPd by pet food procesior~ are typicolly derived 
frOITI 5oyue1ns, corn. wheat, bar1ey, ond oats. Stor1;e 1s normally 
1n silos for the larger processors but may also be accomplished in 
23 to 46 kg (SO to 100 lb) paper or cloth ba~s. S1ze reduction is norll'ally 
performed prior to delivery, but grains may also be milled or screened 
by the pet food plants. Particle sizes utilized include whole grains, 
cracked grains, grits, mids, flakes, and flour. 



TABLE 4 

PET FOOD VOLUME 

RETAIL DOLLAR SA!..ES (MILLICNS) THROUGH U.S. FOOD STORES 

TYPE 1974* 1973 1972 1971 1970 1969 ---
Doq food. dry $ 675 $ 531 ie 397 ... 355 $ 297 $ 259 ... ~ 

Doq food, vet (canned) 565 523 471 458 421 3QS 
Doq food. semi-moist 265 214 174 152 128 108 
Cat food,dry 160 129 101 90 75 61 
Cat: food, wet (canned) 400 343 :SOB 296 270 237 
Cat food, semi-r.ioist 70 44 JO 14 l ---A --

UI 
TOTALS $2 ,135 Sl,784 $1,481 $1, 365 $1,192 $1,050 

RETAIL POUND 5ALES (MILLIONS) THROUGH U.S. FOOD STORES 

TYPE 1974* 1973 1972 H71 1970 1969 ---· 
Doq food, dry 3,220 2.902 2, 591 2,JJ2 2,065 1, 848 
Dog food, wet (can."led) 2, 120 2,254 2 '216 2,254 2,254 2,155 
DoCJ food, semi-moist s~o 477 407 356 310 265 
Cat fovd, dry 44'.0 390 34 7 309 265 217 
Cat food, wet: (canned) 960 96] 907 909 873 81J 
Cat food, semi-moist 90 58 40 17 1 --- ---
TOTALS fin lbs) 7, HO 7,0H 6. 508 6, 177 5,768 S,298 
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Formulations dfctat~ what style, type, and amount of raw ingredients 
are used. Other additives used in these formulations cover a wide 
anJ descriptive field; for example, fresh onions, frozen carrots, 
dried vegetables. guns and food starches, colors, flavorings. milk
base products. priservatives, hurnectants, emulsifiers, sugars and 
syrups, vitamins and minerals, and yeasts are often added. In most 
ca~es. these additives are prepared elsewhere, but in certain circum
stances some degree of processing may be needed to prepare ingredients 
for a partic~lar formulation. 

Process Oescriptfon for Soft-Moist Pet rood - There are two styles 
~soft-moist pet food, extruded and expanded, each one requ;ring 
a different processing approach. Figures 7 and 8 show typical 
suft-moist pet food proce~s flow diagrams for both of the above styles. 

The extruded chunk and patty forms can be of similar or ider.tical 
formulatio11. Each contc'lins from ten to thirty percent meat and medt 
by-products. Only the package size, shape, and individual proouct 
form are different among the differe~t brands. 

The six ba~ic ingredients in extruded chunk and patty-formed products 
are soyb~an meal (and other grains), sugar, fresh meat by-products, 
animal fat, preserv!tives, dnd hurllf!ctants. Additionaliy, minor ingre
d1ents such as vitamins, minerals, flavorings, and colorings are normally 
used for varfou~ reasons (nutritional balance, fina1 product identity, 
etc.). All of these materials are typically handled through automatic 
mix cycles. 

~oybean mul, sugar, fat, propylene glycol, and sorbitol are -.sua11y 
stor~d in bulk. Each of the bulk-stored ingred'ents is located ~o 
that conventional conveying and pumping equipmer.t are used to convey 
the ingredients to 1 weighscale hopper iocated above the batch mixer. 

E>1truded soft-moist can be made in t...,o ways. These are shown as A. 
and B. on Figure 7, fhe ff rst method involves pre-cooking a meat
preservatives•additfves slurry, m1111ng and subsequent addition and 
mixing of grains, cooking of the mixture, extruding, further cooling, 
and packaging. The secon~ method involves the m1x1ng of all ingredient~, 
a comb1nat1on cook1ng-expand1r.g-extruding step, cooling, and packaging. 

Jn th! first method, ~nown as the meat-slurry method, a selection 
of meats ~nd meat by-products {fresh or frozen) fs ground through 

, a .635 c:m (~ in) ol' smaller plate and conveyed to a cooking tar1k where 
a measured amount of water, sugar, and other additives are brought 
together in a specific formulation. The entire slurry is heated with 
191 tetion ~'.:,. a predetern111~Qd length of time and et a predetermined 
tempera turr: The heated meat slurry 1s usually run through a mill 
to further reduce particle size and is introduced 1nto a continuou~
type mf~er. Weighed and blend~d grains are then added to the continuous 
mixer. Following thorough mixing, the mass 1s conveyed through a 
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heat exchanger (for cooling) and e~truded into the desired size, shape, 
and length. Additional forming (patties, burgers, etc.) is accomplished 
after e~truding but prior to further cooling. 

The extruded and fonned product 1s cooled ;n a continuous cooler, 
wrapped, and packaged. 

The second method. shown as B. on Figure 7 , uses a continuous batchi'19 
system. This system is considered the most desirable for soft-moist 
processing because less labor is used, and the interlocking systems 
reduce human error. A typical .45 kkg (one-ton) bat~h makeup system 
for soft-moist consists of: 

1. A hopper bin scale which is equ1pped with a gate 
for weighing and collecting all dry ingredients. 

2. Hopper bin scale especially designed for weighing 
and discharging ground meats. 

3. 0.45 kkg {one-ton) stainless steel paddle-type 
batch mixer designed for proper mixing of soft··moist 
ingredients. · 

4. An agitated holdin~ bin below the bater. mrxer ·to 
serve as a surge b~~ and assure a constant and 
uninterrupted fl~w ~?material to the extruder 
feeder screw. 

A typical batch cycle is as follows: soybean meal, sugar, flavorings, 
color, and micro-ingredients are fed into the hopper scale, each to 
the desired weight, and transferred into the batch mixer below. Pro
pylene glycol, sorb1tol, and fat from storage are then pumped through 
meters into the batch mixer. The meters are ~reset for the desired 
volume and stop the pump when the desired voluMes in pounds have been 
reached. The ~eat products are then pumped or ~crew conveyed to the 
meai hopper s~ale above the mixer, where they are weighed and dropped 
slowly into the batch mixer. 

The mixture becomes very doughy and somewhat sticky. The mixture 
is continuously fed into the extruder barrel where live steam is 
injected into the mix. The heated mixture is forced tt.rough the ex
truder head under pressure, resulting in: 

1. Ge1atfn1zat1on of ra~ starch. 

2. Further reduction of coarse meat f~bers, improving 
product appearance and texture. 

3. Production of a well-blended, homogeneous chunk 
with a meaty appearance. 
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4. Cooking and pasteurization of the products. 

5. F1nal formation of desired piece s1ze and shape. 
S1nce soft·mof st becomes quite soft when heated 
and extruded, various techniques fn die design must 
be used to produce smooth, uniform product shapes. 

Product temperature varies from 52°C to 163°C (125°F to 325°F). 
The extruded product may be further shaped fnto patties, burgers, 
etc., as desired. The ff~al product is cooled in a continuous 
cooler, wrapped, and packaged. 

The second type is an expanded soft-moist which contains little or 
no meat, but instead is high in cereals (soy, wheat, corn, oats, etc.) 
which have been cooked during the processing cycle. After cooking, 
extruding, and expanding, the product is coated with fat in a revolving. 
reel prior to the cooler. This finished product will vary in density 
and weight, depending upon ingredients used and formulat~on. 

Figure 8 shows a typical expand!d soft-moist manufacturing process. 
The ingredients are weighed and mixed in a batch mixer in a ma~ner 
simi1ar to that described previously for extruded soft-moist. Prooy
lene glycol and sorbitol can either be injected into the mix at the 
batch mixer or can be pumped continuously at a prescribed percentage 
into a mixing cylinder which 1s a part of the extruder-expander. 
From the mixer, the product is typically fed into an extruder barrel 
with live steam injection. The steam under pressure moistens and 
pasteurizes the product which is in turn expanded while being ex· 
truded. No drying of the extruded product is necessary since the 
final moisture content is governed by the amount of water added 
in the extruder. 

Since fat is not added to the mix prior to extrusion, fat and other 
liquids are applied to the product externally in a rotary fat appli
cation reel prior to the cooling process. 

When the hot extruded product leaves the extruder/expander and f s 
in the atmosphere a few minutes, 1ts te~perature will drop to approx
imately 56°C (150°F). Frr.im this temperature the product is further 
reduced to approxim~tely 27°C (80°F) or lower for optimum pacr.aging 
anci handling qualitie~. This final cooling is typically accomplished 
fn a horizontal continuous cooler. The product enters the cooler 
and is spread uniformly to the desired depth over the entire width 
of a wire mesh belt. Air drawn into the cooler flows up and around 
the chunks or pattft,, cooling them. Product retention tfme within 
the cooler ts reg111~ted by changing the speed of the wire mesh belt. 
After proper cooling the product is ready for packagi~~. 
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The preservation of both extruded and expanded semi-moist pet food 
is basically accomplished through a reduction of water activity. 
Water activity (Aw) is defined as the ratio of the vapor pressure 
(P) of water in the food to the vapor pressure of pure water (Po} 
at the same temperature. That is, Aw • P/Po. Within the range-favor
able to the growth of mesoph111fc mfcro-organfsms A! fs practically 
1nde~endent of temperature. By incorporat;ng an effective anti-micotic, 
heat1ng to destroy vegetative organ1sms, ana aaJust1ng to an Aw level 
of 0.85 or lower, pet food packdged in various types of plastic wrapping 
has proved to have excellent stability. 

Process Description for Canned Pet Food - Canned dog and cat food 
covers a large variety of sty1es. Essentially, however, there are 
three major styles of canned pet foods--ration, gounnet, and high 
meat/fish. Typically, canned ration pet food is characterized by 
its "meat-loaf" appearance. It is usually a blend of meats, meat 
by-products, and cereals. Additionally, vegetables and various vitamins. 
and minerals are added to provide desired levels of animal nutrition. 

Figure 9 shows a typical process flow diagram for canned ration 
pet food. Meat (fish) and meat (fish) by-products, fresh or frozen, 
are taken from storage and ground to a desired piece size. Fresh 
bones (usually beef) are run through a disintegrator. The~e are weighed 
and conveyed to large agitating cooker-blenders. Additionally, freshly 
ground vegetables (onions. carrots, etc.) and other minor ingredients 
may be added to the blender. A measured quantity of water is added, 
and the entire mixture is agitated while being heated by steam (indirect 
or "live" injection). Measured quantities of various grains including 
soybean meal. ground corn, wheat, barley, milo, or oats are added 
to the cooker-blender, and the mixture 1s heated. The product 1s 
pumped to fillers, and the cans are filled, seamed, washed, retorted, 
cooled, and packaged. 

Canned g0urmet pet food is characterized by the presence of "pre-formed" 
chunks, p, tties, or meatballs mixed with varying types of gravies 
or sauces. Additionally, in some cases, vegetables, "biscuits," or 
specialized "bits'' may be incorporated. The mh 1s formulated to 
provide a nutritionally balanced diet for dogs or cats, or ford particu
lar subgrouping by age or condition; e.g., puppies, adult dogs, lactating 
bitches, etc. Figure 10 shows a typical process flew diagram for 
c1: ned gounnet pet foc1. Meat (fish) and meat (fish) by-products, 
fr~sh or frozen, are taken from cold stordge and ground to the desired 
piece size. These are conveyed to a iarge mixer. Pre-weighed amounts 
of grains and minor ingredients are similarly conveyed into the mixer. 
The mass is mixed for 3 predetermined length of time resulting in 
a product cons1stency closely resembling "dough. 11 This "dough" fs 
dumped into an extruder storage bin and the "dough" is extruded as 
per specific product requirements. Alternately, steam may be ~njected 
into the extruder head, and the product may be "expanded." The resultant 
pieces a1e conveyed directly through drying ovens (drying temperature 
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may be es high as 316°C (600°F). The dried chunks are tumble-filled 
into cans, frozen or dehydrated vegetables may be added. and the 
cont•1ners are topped with hot gravy (starch-water-flavoring-color
ing mistures). The cans are seamed. washed, retorted, cooled, ~nd 
packaged. 

Meat (t·i~h) and meat (fish) by-products, fresh or frozen, are taken 
from co'ld ~torage and ground to the desired piece size and conveyE~d 
to a mixer-blender. Similarly, fresh bone may be disintegrated and 
added to the blender. Mfnor ingredients su:h as vitamins, minerals, 
and flavorings are added as well as any desired slurries of starches 
or gums (for thickening) or grains (textured soy products). Typic.:tlly, 
at least 50 percent of the weight is meat and/or fish. The entire 
meat mixture may t:e filled cold at this point or it may be heated 
with steam to produce different product characteristics. If the products 
are filled "cold," steam-flow must be used on the seamers to achiev~ · 
ad~Quate package vacuum. The product is pumped to the filler, and 
the cans are filled, seamed, washed, retorted. cooled, and packaged. 

All of the canned styles described above are typically pre-cooked 
to some extent before being filled, and they are consequently filled 
into cans at temperatures above 66°C (150°F). 5tew products, how
ever, are sometimes "cold-filled" so that cook1r.g and 5ter11 izat1on 
are both achieved in the retorting cycle. 

The lethal effect of heat on bacteria is a function of the time and 
temperJture of heating an~ the bacterial population of the product. 
To design or evaluate an in-package heat process, ft is necessary 
to know the heating characteristics of the slowest heating portion 
of the container (normally called the cold zone), the spo~lage organism 
present, and the thermal resistance character1stfc of the spo11ag& 
organisms. The various methods of retorting, cooking, and subseQuent 
cooling ;;!.111ze various principles to ac:hieve commercially st.er1le 
products. One of the simplest applications of heating food in containers 
is ster111zat1on cf cans in a still retort~ that is. the cans remain 
still while they are bein~ heated. In thfs type of retort, 
temp&ratures above 121°C (Z50°F) generally m~) ~ut be ~sed or foods 
cook against the can walls. This is espP.cially true of solid-type 
products which do not circulate w;thin the cans by convect1vn, but 
1l also can be a problem with 1;quid products. Because of the temperature 
1im1t and because there is relatively 11ttle movement 1n the cans, 
the hP.atfng time to bring the cold point to sterilizing temperature 
is relatively longi for a small can it is about 40 minutes. The cooling 
cycle may be accomplished by either carefully flooding the chambers 
~1th cool water or air or by placing the cans in cooling canals. 

The sterilization t·ime can be markedly ·educed by shaking or agitating 
the cans during heating. especially w~~n ~iqu1d or sem1-11qu1d type 
products. Not only 1s processing time shortened, but product quality 
1s improved. lhis 1s eccomp11shed with various kinds of ag1toting 
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retorts. The cans rest in reels which rotate and thereby stfr the 
contents. Forced convection within cans also depends upon degree 
of can filling, since some free headspace within can~ is necessary 
for opt1~um food turnover within the can~. In addition to faster 
heating, since the can contents are in motion, there is less chance 
for the product to cook onto the can walls. This permits the use 
of higher temperatures than the 121~c (250°F) upper limit for a still 
retort and decreases heating times. 

Agitation may be of more than one type~ for example, cans may be made 
to turn end over end or to spin 1n an axial fashion with their length. 
Depending upon the physical properties of the product, one or another 
method may be more effective. These sub~tantial reductions in time 
wfth associated quality advantages are not realized in foods that 
heat primarily by conduction. These cookers all nave as a last step 
a cooling chamber which slowly exposes the container to either cool 
water or air or both until desired final temperature is achieved. 

Continuous retorts (usually of the agitating type) are pressure-t1ght 
and built with special valves and locks for admitting and removing 
cans from the sterilizing chamber. Without these, pressure conditions 
would not be held constant, and sterilizing temperatures could not 
be closely controiled. An~ther type of continuous pressure retort 
which is open to the atmosphere at the inlet and outlet ends is the 
hydrostatic pressure cooker. 

This type of heating equipment consists essentially of a "U" tube 
with an enlarged 1ower section. Steam is admitted to the enlarged 
section, and hot water fills one of the legs of the "U" wn11e cool 
water fi11s the other leg .. Cans are carr1ed by chain conveyor down 
the hot water leg, through the steam zone which may involve an undulating 
path to inci·ease residence time, and up tM cool water leg. These 
legs are sufficiently h1gh to produce a hydrostatic head pressure 
to balance the steam pressure in the steri11%1ng zone. If a 
t~perature of 127°C (26a 0 ~) is used in the steril1z1nQ zone, 
this would be equ111 .to a pressure of about 1.36 atmospher~s. whi~h 
would be balanced by water heights of !bout 16.77 meters (46 ft) in 
the hot and cold legs. 

As cans descend the not water leg and enter the steam zone, their 
internal pressure 1nereases as food mcisture begins to boil. But 
this 1s balanced by the increasing e~ternal hydrostatic pressure. 
Sfmflarlt. as high pressur~ cans pa~s through the water seal and ascend 
the ~col wat~r 1e9. their gradually reduced interna~ pressure is balanced 
~I the decreasing hydrostatic head 1n this cool leg. In this way, 
cans are not subjected to sudden changes in pressure. 
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Process Description for Ory Pet Food - As shown ;n Table 4 , dry 
~t food has rapidly 1ncreesed its s.hne of the pet food market in 
recent year~ and now represents approximately half the total pet food 
sold by weight. 

Figure 12 shows a typical flow diagram for dry pet food manufacture. 
Various grains such as soybean meal, corn, wheat, barley, mi lo, and 
oats are measured from storage silos into a large mixer/blender. 
Other items such as poultry meal, meat meal, liver meal, etc., may 
also be added as per specific formula. In dddit1on, micro-ingredient~ 
such as calcium and potassium additives are introduced into the blender. 
Agitation is sufficient to produce a homogeneous blend. The entire 
mixture is sent through a halTl!lermill. Oversized particles are removed • 
by screening and recycled to ~ storage tank where they become an initial 
;ngredient and are remilled. The ground fraction of acceptable particle_ 
size is conveyed directly to a surge tank. 

The mixture at this point may be fed directly into an extruder/expande~ 
or it may be preconditioned with steam. Preconditioning softens the 
product and raises its moisture level from a dry range of 12 to 14 
percent, to approximately 20 percent. Thi~ also aids in gel~tiniza~ion 
durinq the extrusion process. Additional steam is injected into the 
mix at the extruder/expander to raise the moisture level to 22 to 
30 percent. 

The moist meal is fed into the extruder 'hamber, which is a stainless 
steel tube ~ontaining a stainless steel scr~w. Water jackets around 
the outside of the extruder maintain proper temperature. Tem
peratures in the extruder range up to 148.9°C (300°F). and the 
product can be in the un1t from 30 to 60 seconds. Ourfng this time, 
the grains and starches are cooked, and all of the ingredients are 
~P.11 blended. The product is forced throu9h the extruder die and 
cut by a series of whirling knives. Moi~ture of the product leaving 
the extruder fs 19 to 27 percent. 

The mofst~ned and expanded product is conveyed to a drying oven, whP.re 
the moisture level is reduced to approxi~ately 10 percent. Aft~r 
the product leaves the oven, it goes ovr.r a series of screens and 
then flows tnrough the fat and coating drum. Additional ingredients 
such as flavorinys ind fat soluble vitamins may be added to tne animal 
fat. 

The finished product 1s either stored in bulk for several days or 
directly packaged into desired container sizes. 

Because of 1ts low roo1stur~ ~ontent. dry pet food has excellent shelf 
1 lft without further preservation. Antioxidants and mold·;nhib1tors 
are sometimes auaed to the final coating. 
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SIC 2051 - Bread and Other Bakery Products, Except Cookies and Crackers 

Background of the fndustry - The bread, cake and r~lated p~oducts industry 
includes establisfiiients pr1mar11y engaged ~n manufacturing bread, cakes, 
and other perishable bakery products. Th1s industry also includes Cj
tablishments producing bakery products for sale by ~cme-service delivery 
or through one ~r more non-baking retail outlets. 

Dakerfes tend to sprcia112~ fn the products the¥ make w;th the major 
~ivisions along the lines cf the following: (a) bread ~ypes and items 
such as donuts, snack cakes, snack pies, and sweet yeast goods~ and 
(b) bakeries which produce primarily full size cakes or pies. 

:.1os~ bakeries, 1-1hen baking specialty items such as snack cakes and snack 
pies, do not ba~e larger c~xes or pies. Lar~er cakes and pies are 
produced by bakeries enga9e~ only in the production of these items. 
Such bakeries normally do not also manufacture bread and buns. 

Raw materials used in bakeries differ little from mat~rials used by ho::ie
makers. Flour is the principai ingredient and is purchased in larger 
quantitie~ than any other raw material. Sugar, salt, shortening, pre
servatives, and other additives are also used in the production 0f bakery 
products. 

Present Magnitude of the Industry - The baking industry represents a 
$10 billion annual business, including smaller, retail bakeries. The 
U.S. Department of :om~erce ( 5 ) reports that a tot~l of 3,302 bakeries 
were operating in 1972 with nearly half of them with 20 or more emplo:1ee5. 
Bakeries tend to be locited near their market. They are concentrated in 
the eastern portion of the country and are usually situated in urban 
areas. Nearly two-thirds of all bakeries are in the northeastern states. 

Bakeries are generally owned by large corporat1ons which have bak~ries 
throughout the United States. Many of these bakeries at one time were 
independent or owned by smaller corporations and have subsequently bee~ 
acquired by l11rger companies. (6). 

Future Outlook - Most bakeries are located 1n older buildings which h~vp 
beeii"°built onto over the years. Generally, these buildings are located 
in urban areas, ar.d additional exp~nsion is limited because of neighborin1 
buildings or street locations. 1~1ere appears to be little construction 
of new buildings in the industry. If additional floor space is needPd, 
neighboring buildings 1'/ill be purchased wr1en possible 1:1nd equipment in
stalled. If neighborin!J buildings are not available, remote building~ 
ar~ purchased. New buildings repre~ent about 10 perc~nt of new bakery 
construe ti on, ~:~ i1 e 90 percent represents the ase .and :-enova t ion of 
existing buildings for expansion of bakeries. 

Description of the Conventional Mix Bread Process - The conventional or 
batch mix metnod of producing bread 1s the r.io~t elltensively used proce>si.,J 



method, accounting for more than 60 perce~t of 411 br~ad m~de 1r. this 
country. This method yield~ a sonewhat coarse and unevenlt textured 
bread compared to the continuous mix process. Tile conventio:ial 11ietho·J 
is described below. Figure 13 presents a typical rrccess flow dio9ram. 

Raw materials used in the baking uf bread are purchased in bulk an~ ~tore~ 
in bins, vats, or bags. Flou~ req~ires larger storage facilities thar. does 
shortening, yeast, su~ar, salt, and other lesser in~redients. Fruits 
used ;n snack pies or reg~lar pies are purchased frozen and with additio~ 
of sugars and syrups are used a~ pi~ fillings. Cth~r ingredients which 
are used in lesser quantitie!., H•ch as raisins, sesa1r.<? seed, and rye 
meal, are purchased in paper sacks and stored 1,1 rooms with tempera:..ure and 
humidity control. 

rrom its 18,000 to 50,000 kg (1C,OOO to 110,000 lb) storage bins, the 
flour is pumped or scre1., conveyed to a sifter which rer:ioves unde<:irF:~bl~ 
foreign matter. From the sifter, the flour 1c: tr;;r.~fe1rl'd c.Jitei;tl./ to 
the mixer where ingredients are either addP.d autcm"t!cally or moot.ally 
depending on the type bread being made. ;his mi~ is raferred tu JS ~ 
"sponge mix" and contains flour, st.ortening., \~ater, and yeast. 

The mixing equipment i~ cleaned each doy by scrapinq the walis of the 
mixers to remove dr.y dough which m.Jy adhert:. Materia 1 removed from t~e 
mixers is either used for animal feed or is taken to a sanitarv landfill 
for dispos~l. No water is used dur~ng the da~ly cleaning proc~ss unless 
mixing has l'een completed for ti"e day because t!1e actiori -Jf 1~dter and f1ol"· 
tosether Ct)•J!d impede any mh.ing which would O~l:Ur !>Oor. at"ter ::le11nup. 
Water is u~ed tc clean mi~ers after all mixing has been tompl~te~ for ~he 
d~y or during a down day when~ major clean1µ of the plant occurs. This 
allows the mixers t.o dry sufficiently betore the next day's C';>enstio". 

Once the sponge mix i~ completed, the doug~ i~ pl~ccd into l~rge greased 
troughs. The trcuqhs arl'! rolled into a ferm~ntation rr:illin w1iere thP 
fermenting act1or· of the ye~st produces ci\rhon dioxide ·.vi"1ch c.auses 
the d')u']h to rise. Tne fennentation room has contr1'lled tt!:TI;>er.,tu:-e and 
hur.1it.lity for optim!..!m result!>. The do11gh .-emains in this room for .. bnut 
five hour~ ur until it h·~S riseri fully. 

\.lren fer.:ientatfcir. Is completed, the troi."gho; are re!'!11)\led from the room 
and the do•igh beaten down by hand. l he tr1Jur h ; s i"a i sed aiJC'""' the ~.erc-n::f 
m1xt?r, where it< 1s ti~ped, and the sponge mix falls into the ho;:>per of 
the m;~er uelow. . 

Th~ greased trcughs are not Llea~~d ~~cept f~r the oc~~sional r~~~\I~· 
of dough whith may stick t~ the tr,ugh. Ge~~rally. the trough~ ~re wipe~ 
out with ra~s when rece~sary and re9rcased to ~ccept the next bitch of 
dough. 

:n the ser.ond mixer, additional wctt·er, flcJOJ:". suq~r and :>the• minor 
ingred1ents ara addeo, a:1~ ·~tie 'dough is ciiveri its firal mh1nq par;od. 
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of about 20 minutes. After the second mix, the dough is emptied back 
into a greased trough where it remains for an additional 20 minutes. 
This is referred to as "floor time" and allows the dough a second risirg. 
The second mixer is cleant>d in a manner similar to the sponge mixer. 

When floor time fs complete, the dough is emptied into the divider, which 
divides the dough into prescribed porti~ns by weight for one loaf of 
bread. At the end of each production day, the divider is dry cleaned 
to r~nove excess flour and ·dough. Useable dough is returned to the 
divider hopper for further use. Dough which cannot ~e used is handled 
as sol id waste. 

Once divided, the dough is conveyed a short distance to the rounder. The 
rounder is a centrifoge which fonns the dough into round shapes dnd dis
charges it. The r~under generates a considerable amount of solid waste 
which is normally removed by dry cleaning. 

The next processing step is called "dry proofing." The rounded dough is. 
dropped into pans or into a dry proofer which has capti~e trays where 
it rer:iairs at room temperature from 8 to 20 minutes for further rising. 
Again, t 11e pans or trays used for dry proofing are usually dry cleaned. 

After completing the dry proof-ing, dough ; s conveyed to the sheeter. 
In the sheeter, the dough is first rclled i~to a pizza-lik2 shape and 
then through a molder to fonn it into the familiar blunt cigar shape of 
a loaf of bredd. 

After shaping, the dough is put into pregreased pans. If a pullman or 
sandwich loaf is to be made, a pan lid will be placed over the pans. 
Thi~ creates the familiar square sandwich 'jaf by preventing the dough 
fro~ rising to form a rounded top. The pans are then conveyed into a wet 
proof box and remains there for about 40 to 70 minutP.s. The we~ proof, 
box is heated considerably above the room t~nperature (up to 53 C, 125~F) 
and the humidity is increased. This causes the dough to rise and fill the 
pans before baking. \.!hen removed from the \-1et proof box, the panned dough 
is conveyed to ovens. The bread moves slowly through the ovens where it 
bakes for about 20 minutes. 

The pans of Dread are then conveyed to a depanner 1·1hich removes the bread 
fron the pans. This is accomplished by hlo1-1ing air into the pans to free 
the bread. Tne pans then pass under a series of suction c~ps which lift 
the bread out of the pans. The bread is deposited onto ~ ~onveyor and the 
pans go to a separate conveyor where they are retur~~d to the production 
line for further use. Bread pans are seldo1'1 washed. Generally they 
~re regreased and used c~~tinuously until the glaze inside the pans begin~ 
to show wear. Hhen this occurs, the pan~ are sent to a contractor to be 
thoroughly cleaned and reglazed. 

The loaves of ~read are air cooled while being conveyed to the packaging 
area whtre they are fed through high speed knife bands which slice the 
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bread. After slicing, the bread is automatically baggec and placed on racks 
for distribution to the loading and shipping areas. The slicing generates 
substantial amounts of crumbs. These, along with raisins from ra1s1n 
bread. are swept from the equipment and floor and handled as a solid 
waste. 

Wet cleanup methods are used infrequently in most bakeries. During special 
cleanup shifts or when a production line is shutdown. equipment and floors 
are dry cleaned as thoroughly as possible using air to blow residues 
from equipment and brooms and vacuum cleaners to clean the floors. This 
i~ followed by wet cleaning the floors and the mixing equipment. The 
floors are cleaned using mops and buckets or scrubbers which vacuu~s 
the water from tl"1e floor as it is used. Mops, buckets, and scrubbers are 
then cleaned and emptied as needed. Mixers are cleaned using a mixture 
of water ar.d mild detergents followed by a thorough flushing with fresh 
water. 

Descriptio11 of the Continuous Mix Bread Process - The cont"inuous mil( 
method of ~aking bread is used at some bakeries. It produces bread in 
lers time than the conventional process; however, the finished product 
has an extremely fine texture and is considered le5s flavorful then tread 
made using the conventicnal process. Figure 14 is a process flew diagra~ 
for this method. 

In the continuous method, a slurry of ingredients is produced. The slurry 
is much less viscous than the dough produced in the sponge mix for t~e 
conventional process. This slurry is pumped into a refrigerated hoidi~g 
tank in which it is slowly agitated and some fermentation t~kes pla::e. 
The slurry is then transfl'!rred to a :ireniixer where additional flciur and 
other ingredients are added. 

From the premixer, the dough is then pumped through a developer and the 
dough is extruded and divided into ir.dividual lodf size portions and 
deposited directly into pregreased pans. After being deposited in the 
baking pans the dough is processed in the same manner as in the convent1~nol 
method. 

The continuous mix.method eliminates the fementation time, second mixing, 
floor time, dividing, rounding, and dry proof operations of the cor1vent iGr.! l 
mix method. 

Mixing equipment is c 1 P.aned daily bP.cause everything up to H:e mi.xer is 
liquid in form. The slurry and holding tanks are flushi:d 1-1ith fresh 
water each day and small utensils are washed con:inuously. Floors are 
cleaned with brooms or vacuum cleaners throughout the area except for th1> 
mixing room which is generally mopped. Because continuous mixing is 
primarily liquid, the mixing area is wet and requires frequent mopping. 

Description of the Snack Cakes Process - Snack cakes, which are widely 
produced by bakeries, are productJ requiring special equipment for its 
manufacture and handling. The eQuipment is designed to make a specific 
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product. A typical process flow diagram is shown in Figure 15 . 

Raw materials for snack cakes include the basics of flour, shortening, 
and sugar, plus minor ingredients such as leavening agents, preservat~ves, 
artificial flavorings and colors, and ingredients for ffllings. Storage 
of raw materials involves bulk tanks, drums, and bags. 

Some ingredients are premixed fn vats or tanks prior to transfer to 
a mixer. In the mixer, other ingredients are added and blended into the 
batter. The batter is then pumped to a depo$1tor which releases the proper 
amount into pregreased baking pans. Snack cakes require a ldrge number 
of smaller utensils such as small tubs and beaters for the mixing and 
are cleaned frequently. Each time a different line of snack cak~ is made, 
a11 related mixing equipment must be thoroughly cleane1 in the wash room. 
This is done using a high pressure spray. Solid waste is in the form of 
flour, pape~ sacks, and other ingredient containers which are discarded 
when emptied. 

The pans are then .conveyed through an oven for ~a king. In some plants. · 
air is bubbled into the batter to aid in the rising process. When baking 
is complete, the cakes may be dumped out of the pans for further processing 
or may be filled with creme. This filling is accomplished by injecting 
the creme usir.g a series of needles. Filled cakes are then dumped from 
the baking pans for further finishing or packaging. 

Most of the equipment used in producing snack cakes is wate1· cleaned. The 
mixing vats, mixers, piping, and depositors are normally washed daily, 
or when the cake variety is changed. The washing of cake pans is the 
source of the stron~est wastewater in most bakeries and occurs due to pans 
being washed after each use. In-plant studies ( 'l ) at one bakery noted 
a BOD of 54.000 mg/l inttie pan wash water. Pans are wash"1 as infreQuentiy 
as possible. At least one bakery has completely eliminated pan washing 
with a r~sultant decrease in waste load. 

After being dumped from their baking pans. snack cakes pass through a 
series of finishing operations. These incl1Jde slicing, king, filling, 
dusting, and enrobing. These operations generate large amounts of solid 
waste and require wet cleaning. [n particular, ~he enrobing machine, 
which coats the entire cake with icing, must be water cle~ned and yields 
a strnng waste stream; however, it may require only infrequent cle~ning 
depending on its degree of usage. The solid waste generated at these and 
other steps in cake baY.ing are often sold as additives for animal feed. 

Packa9ing follows finishing. Snack cakes are automatically wrapped ~ingly, 
in pairs, or in larger groups in plastic wr~oping material. They then 
pass through a metal detector which remove~ packages cor.taining mP.tal. 

Description of Process • C~kes - The production of fu11-s1ze cakes is 
similar to th~t of snack cakes, except for the lack of finishing steps 
other than icing. Figure l6 illustr~tes the process flow for cake bakin~. 
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Manufacturers of full sized cakes normally produce a greater variety of 
product than do snack cake bakers. This large product variety results 
in a frequent (every few hours) change of productior. from one item to 
another. The c1eanup of the equipment between products results i~ larger 
volumes (estimate: two to three times) than in snack cake plants which 
produce a single product on a given produc~ion line. Wastewater is also 
gP.nerated during daily mechanical scrubbing of the floors and occasional 
mopping of accidental spillages. Cake pans are washed with high pressure 
spray in a tunnel type washer with a recirculating reservoir which is 
nonnally emptied and refilled every eight hours. 

Soli~ wastes result from the disposal of in~redient shipping containers, 
br'!akage of the baked cakes, malfunctions of the packaging 111achinery, 
incorrect baking and mixing fonnulation errors. 

Description of Process - Snack Pies - Snack pies are made from refrigerated 
dough and contain one or more fruits or other fillings. Snack pies can· 
be either baked or fried but are generally baked. The two major elements 
of pies are the dough and the filling. Figure 17 illustrates a typica1 
process flow. 

Flour, shortening, sugar, preservatives, flavorings, and additional 
ingredients are mixed tog~ther. After thorough mixing, the dough is 
dumped into a hopper which feeds the dough through an extruder to form sheets 
of dough. This is referred to as sheeting. 

~hen s~eeted, the dough is placed on racks and then into a refrigeration 
unit for approximately 20 minutes. When refrigeration is ccmplete, the 
dough is removed and ~iaced into a second hopper located at the production 
line. When the dough is extruded or sheeted a second time. it is the 
proper thickness and width and is a continuous ribbon of dough. 

~ixers and extruders are cleaned daily by scraping exc-ess dough from their 
surfaces. Excess dough which cannot be used further is used as animal 
feed or is dispo~ed of as a solid waste. If the production iine is 
shutdown for ~n extended period of time, the equipment ts thoroughly 
washed with water. The production area is dry cleaned then mopped with 
mops and buckets as a part of the daily cleanup program. 

Fruit used in these pies h purchased frozen in 14 kg (30 lb) containers. 
The fruit is first cooked in a vat t~en conveyed to a mixer where additiondl 
ingredients are added for sweetners a~d fer substance to prevent the fruit 
from bleeding through the crust. When thoroughly mixed, the fruit is 
pumped to the depositor located at a point where the fruit i~ added to 
the pies. 

All related fruit processing ~quipmtnt is washed each time a different 
variety of fruit is used. Wastewater from this process 1s from cleanup 
water with some soli~ waste goinq into the sewer or on the floor. 

As the dough is extruded and the ribbon of dough proceeds to the depositor 
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for fruit filling, it is cut to the proper length to include the top 
of the pie. When cut, the dough rests on a forming machine which folds 
and crimps the pie after it is filled with the fruit filling. Once 
fonned, the pie ts then inspected for quality before being conveyed 
to the oven or fryer. After baking or frying, the pie passes through 
a spray of sugar glare for finishing and is conveyed to the final 
inspection and packaging area. Pies are individually packed in cellophane 
or glasene wrappers for distribution. 

Cleanup of the production equipment 1s generally dry unless the line is 
shutdown for an extended period of time. Daily cleanup consists of dry 
cleaning the f~oors an~ equipment with brushes and brooms. Water is 
used for cleaning fruit filling mixer, cooker. and depositor. During down 
day~. floors may be wet mopped or cleaned with scrubbers. Wasted dough 
is substantial where the pies are cut,_ formed, and crimped. Rejected 
pies, doughs, and other solid wastes are 11i;ed as animal feed or go to 
sanitary landfills. 

Description of the Pie ~aking Process - Pie making is very similar to the 
process of ~aking sr.ack pies in that dough is mixed, refrigeroted, sheeted, 
formed, filled, and baked. After the dough is mixed it is sheeted and 
refrigerated once or twice to produce a flaky crust. The dough is put 
into a hopper located above the sheeter and then is extruded in contiruous 
ribbons which are placed on racks and then refrigerated. After cooling, 
the· dough may be pu~ through a second sheeter. See Figure 10 . 

The dough is then conveyed to a point w~~re it is placed over an aluminun 
pie pan and is pressed and fonned into the pan. Immediately following 
the forming of the dough, the dough-lined pan is tri1111T1ed of excess dough 
which fs reused. AftP.r the pie ts trirrmed, it is moved to the filler 
where the fruit or other filling is deposited. If a top crust is desired, 
the unbaked pie is conveyed to a second extruder which extrudes a sheet 
of dough over ttie i:i e, fonns it to the des 1 :·ed shape. and crimps the e~~es. 
The trimmings of dough from both lower and upper crusts arc rt?c;cl-?1 ~nc 
used r;gafn for pie crusts. Th~ pies are then placed on a conti11uous 
conveyor which conveys them through an oven where they are baked. A:ter 
baking, the pies are placed on racks and permit t!!d to cool sufficiently 
befure packaging. Jf a finish on~e pie crust is desired, a mixture of 
sugar and egg wMte is sprayed on the crust irrtPPdiately after baking to 
produce a glaze. The pie is then inspected, packaged, and bOAed for 
distribution. 

Fruit used in pie fillings are purchased frozen in 14 ~g (30 lb) contdiners 
and cooked 1n a vat. From the cookin9 vat. the fruit is pumped to a large 
hopper where additional ingredient~ are added for sweetness and to give 
the fruit filling more substance. After being thoroughly mixed, the 
f'ru it is pumped to the f il 1 er wt.ere it is der>os i ted into the pie she 11 s. 
When pies are made with no top crust. the f11ling, as in creme or le111on 
p1es, fs deposited after the pie shell has been baked. Additional finishes 
or toppings may be applied. The pies are then inspected and packaged i~ bo~es . 
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Cleanup of the p;e product;on area generally follows a daily dry cleanup 
rout;ne. The fruit cooking and mixing utensils are. cleaned with water 
each t1me a different fruit filling is desired. The fruit mixing area 
fs generally clean except where spillage may occur and this is removed 
by shovels with water being used where needed. 

During down d~ys or days when the linP. is not in production. a major 
cleanup of all equipr~ent is done by washing th,,roughly wHh water. The 
bulk of solid waste is generated by containers such as cans. cardboard 
boxes. and cardboard containers which contained frozen egg whites, frozP.n 
fruit fillings, or minor ingredients. A small amount of dough. flour, anrl 
fruit fillings also contribute to the solid waste. 

Description of the Cake Doughnut Proces~ • The ingredients for doughnut~ 
are similar to those for yeast doughnuts and are stored a11d handled in 
nearly the same manner. The princir:>al :try ingredif!nts are, in SOITle cases, 
purchased premixed. Water is added to ti1e premix in a lar9e vertical 
mixer with ~econdary ingredients mixed separat".?ly and added manually. 
Figure 19 illustrates a typical process flow. 

Doughnut 1iatter is transfel'red to an e)'tt·uder. This machine fonn:; the 
doughnuts and deposits them into the cooking oil. Eoth the mixer and 
the extruder are dry cleaned to the extent possible and then cleaned with 
water. 

Doughnuts are fried 1n a hot oil bath. They are conveyed through the oil 
cooking on one ~ide. Midway through the oil bath, the doughnuts are 
turned over in order to cook the other side. Upon completion of frying, 
the doughnuts are removed from the oil and conveyed through a spray screen 
of sugar glaze. If any f;nish is required other than sugar 9laie. the 
doughnuts are reheated by infra-red lights located above the conveyor 
belt while a s~rJy of any one of sPv~ral finishes is applied to the 
doughnut. They are then coole~ Jnd conveyed to the packaging area where 
they ,;re insoected iind Pilckaged. Packaging is Mrrnill ly in bags or boxe<:. 
containing a dozen doughnuts, 

Wastewater from ·.he mix1nQ, finishing, and packaging ope~ations is generatcrl 
by the washin~ or re]atP.d utensil•; such as mix bOl~ls and oeater blades. 
Floor cleaning is done dJily using brooms or vaccum tleaners with occasional 
w~t mopping for sp111s. During down days or when time permits, the n oors 
are thoroughly washed with wet mops or with scrubbers, which pick u~ 
th'.! dirty water. 

Oescr;ption of th' ~~!.!.t Dou~hnut Proc~ss - Yeas! type doughnuts are made 
using yedst, rat~er than baking powde~. as in the cake type, for leavrnin9. 
Generally, the mix is purchased in bags w1th all the needed dry iny1·edients 
blended tog~ther a~ an altern~tive and primary method to ~ak1ng doughnuts 
from scratch and mixed with only water to complete the doJghnut do~;h. See 
F1~ure 20. 
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The dough is tl1t:11 scaled to verify that the pr-oper amount of water has 
been add~d. After scaling, the dough is fed into a hopper which extrudes 
the dough in sheets and the doughnuts are st~mped out. Excess dough 
is returned to the hopper for further use. 

The doughnuts are tnen pl, trays which are conveyed to a wet proof 
room for about one I-our to ,te rising. After completing the \'Jet 
proof cyc~e. the trays are tipped, a~d the doughnuts fall into the hot 
oil bath. Midway through the hot oil bath, the doughnuts are turned over 
in order co cook the other side. 

Upon completing the frying period, the doughnuts are removed from the oil 
and conveyed for finishing with any one of several finishes, such as 
glazing or powdered sugar. Finish and filling equipment is cleaned each 
day to prevent clogging of the equipment. Creme fillers generate sub-. 
stantial amounts of ~olid waste and must be cleaned frequently. 

When the doughnut has been finished and cooled, fillings may be injected 
by needle. After finishing and filling, the doughnuts are then inspected 
and packaged in consumer size packages of 6 or 12 douqhnuts. 

Floors are dry cleaned by S\'leeping or swept with brooms during normal 
daily cleanups. Relatec equipment for mixing doughnuts i~ washen at the 
end of .:-:a:h shift to prevent clogging of equipment. Exc£·ss dough i:; 
constantly being scraped free of equipment and is handled as solid waste. 

SIC 2052 - Cookies and Crackers 

General - The cookie and cracker industry is 9rimarily en~dged in producing 
crackers, cookies, pretzels, and other "dry" bakery products. In 1972, 
the induttry consumed 1.10 million kkg (1.21 million tons) of flour, 
0.32 milli~n kkg (0.35 million tons) of sugar, 0.27 million kkg (0 ·~ 
million tons)o~ fats and oils, and 0.05 mi11ion kkg (0.055 million ~Jns) 
of other ingredients. There are a total of 311 plants, 40 percent of 
which are located in the northeast. The total employment for the industry 
is .111 ,000. According to the Biscuit anj Cracker Manufacturers' Associa~i'in 
{ S ), of the total Sl.69 billion value of cookies and crackers shipped 
in 1974, large national and regional corporations were responsible for 
approximately 70 percent. 

According to the Bureau of tt:e Censu~ ( 2 ) , the trends in the cookie 
and cracker industry are a decrease in the number cf plants and employees, 
and an increase in the q~antity and val~e of products produced. Thus. 
the industry is appar~ntly becoming mere automated and con~olidated. ~ 
few new cookie and cracker plants are being constructed. These will 
rely alrnost entirely on computer-controlled processing, thus decreasing 
the manpower requirements and waste due to human error. 
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Description of the Cookie and Cracker Process • Process flow diagrams 
for coo~ies and crackers are shown in Figure 21 • Ingredients used in 
large amounts for the manufacture of cookies and crackers are received 
an~ stored in bulk. These include flour. sugar, shortening. invert syrup, 
and corn syrup. The flour is sifted before these dry ingredients are 
weighed and pneumatically conveyed into the mixers. The liquid ingredients 
are metered and conveyed to the mixer~. 

Ingredients which are used in small quantities are received and stored 
on pallets in their shipping containers. These materials are measured, 
sometimes premixed, and added to the mixers manually. Nonnally, the 
only source of wa~tewater generation from raw materials storage is the 
periodic cleaning of the liquid storage tanks. 

The mixing operation is nonnally performed in batches in one or two 
stages, or continuously by either a vertical or horizonta: mixer. The • 
ve~tical mixer has a series of mixing blades attached to three vertical 
arms. The e~tire mixer can b~ raised and lowered and is desi~ned for 
use with a dough trough which is wheeled unaer the mixer. This mixer is 
preferred for use in two-stage mixing processes since the t1ough from the 
first mixing does not have to be added at the second mixing stage. 

Horizontal mixers are more cOITJTlon and have a single mixing blade which is 
horizontally positioned. The mixing chamber is rectangular with a concave 
bottom to allow the mixing blade to incorporate all the i~~redients. In 
this type of mixer, shortening and sugar are normally added fi,.st, followed 
by the liquids, ar.d then the flour. The temoerature of the dough is 
regu1ated by adjusting the temperature of the ingredient water. 

Batches of dough range from 135 to 450 kg (300 to 1000 lb), primarily 
depending on the capacity of t~e mixer. Jn the case of dough which 
tends to dry out while standing, batches of less than maxi1num capacity 
are used. According to the Biscuit and Cracker Manufacturers' Association 
( 9 ), mixing time ranges from four minute!'. to one hour, depending on 
the product. 

rn thP plants of the major producP.rs of cookies and crackers, mixiog 
equipment usually operat~s continuously five or six days a week. Mixer: 
are cleaned out on varying schedules. In near-continuous operations, they 
are cleaned on down days. In other situations, mixers are cleaned dailv 
or between varieties of product. Cleaning consists of scraping the ~ixers 
as clean as possible and then rinsing with hot water. The in9redie~ts 
that are scraped out are handled as solid waste, which minimizes the 
wastewater load from thi~ cleaning process. 

After m~xing, the dough is emptied into a dough trough mounted on casters. 
From th1s trough, the ~ough is transferred to the forming machinery. There 
are five basic types of forming machines ~s follows: 

1. The stiffest dough is fonned by a rotary machine. The forming 
is ~cco~plish~d by forciny the 1ough against an en9raved 
cyl1ndr1cal die and ~craping away the e~cess with a knife edqe. 
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The top surface of the cookie retains the cesign on the cylinder, 
as examination of a sandwich or butter cookie will show. 

2. Fairly stiff and extensible (stretchable) dough is formed into 
sheets and cut into cookies by a cutting machine. All crackers 
and some cookies, such as ginge< ~naps, are made using this 
machine. 

3. Bar fanning machines use dough which is considerably softer. 
These machines extrude.the dough from a die (with a number 
of different openings) onto a moving belt which carries them 
through the oven. The strips of dough are cut into bars either 
before or after baking. · 

4. The wire cutting machines operate in a manner similar to the bar 
fonni ng machines except that as the dough is extruded from the -
die, it is cut into individual coo~ies with a taut wire. For 
most products :oll'lllonly formed with this machine, such as oatmeal 
cookies anrl vanilla wafers, the cookies drop onto the baking 
surface. 

5. Deposit forming macnin"?s deposit the dough as individual cookies 
without the use of a wir@. This method is similar to the cookie 
press used by homemakers. These machines are similar enough to 
wire cutting machines that a slight modific3tion in fonnula 
permits, for example, oatmeal cookies to be made by the deposit 
method. 

Pretzels, sugar wafers and ice cream cones utilize specialized fonning 
equipm~nt. Pretzels are extruded and cut into sticks or tied by mechanical 
equip~ent. Batter is injected onto plates or matching dies for baking 
sugar wafers and ice cream cones. 

Wastewater is generated in the fanning process during the cleanu~ of 
the mar.hinery. Rotary formers and the nozzles from extruding machines 
are c~llTIOnly water·or steam cleaned in a wash room. Other forming machin~s 
are wet cleaned or dry cleaned in pluce with cocipressed air. 

The standard oven in the industry is a long (normally 90 m) tunnel oven. 
The baking surface is a continuous metal belt. In cracker production, 
wire mesh belts are often used in the ovens. Bak ir1g time varies frc.•m 2 
to 15 minutP.s depending ~n the type of product. Saltines and snack 
crackers nonnally have the shortest baking ti~e. Cookies such as fig 
bars and chocolate chip are baked from seven to eight minutes. No 
wastewater is generated as a result of the baking process since the ovens 
Jre dry cleaned and wiped down with an organic solvent. 
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After baking, the product is protected from cold drafts to prevent checking. 
Sandwich cookie bas~s are applied wann thereby reducing product breakage. 
For most other cookie and cracker products, ambient air cooling is all that 
is required. These temperature control processes do not produce a waste
water load since the equipment is dry cleaned. 

Cracker products are salted and/or sprayed with oil. The salting machinery 
is dry cleaned. The oil spraying equipment recirculates the oil it uses 
and d0es not nonnally require cleaning. 

Sandwich cookie bases, marshmallow cookies, sugar wafers and similar 
products are iced and/or enrobed (coated) after baking. The icings 
and coating are mixed in stainless steel vats and carted or piped to 
the appropriate machines. In large more modern plants, the vats and 
piping are usually ~leaned by a "clean-in-place" (CIP) system which 
utilizes pre-rinse, wash, and final rinse cycles. In older plants, the 
smaller mixers and other equipment are wet cleaned manually with hoses. 
The mixing vats, pipes, ~d enrobing equipment are scraped and not 
cleaned at the end of each product run, which may occur several times a 
day for each line. This is a significant source of waste load within 
the cookie production process. 

Packaging of the final cookie and cracker products is designed to minirni2e 
breakage and maximize shelf life. According to the Biscuit and Cracker 
Manufacturer's' Asso~iatfon ( 8 ), both cookies and crackers may be tumble 
packed or shingle stacked for packaging. Packaging containers include 
bags, overwrapped plastic tr~ys. and cartons. Moisture proof materials 
are used to seal the ~~ckaged product. The packaging is perfonned 
mechanically. The equipment is dry cleaned with compressed air weekly. 

The ste~m rccrn and the CIP system are the largest contributors to a 
plant's waste load. All equipment associated with icing and enrobing 
is cleaned by these methods, and these materials have high concentrations 
of sugar and other organic materials. 

General cleanuo is a dry process. ~ooden floors may be found in some 
sections of cookie and cracker plants, evidence that the cleanup processes 
in those areas are dry (vacuum and s1veeoing). Areas which arP. subjected 
to liquid and semi-liquid spillage are ~et clean~d using hoses, mops, 
and vacuum-type wet scrubbers. 
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SIC 2065 Confectionery Products 

Background of the Industry - Included in this classification are those 
establishments primarily engaged in manufacturing candy, including choco
late candy, salted nuts, other confections and related products. Confec
tions have been produced since pre-historic times, however, the extensive 
production of refined sugar based candies did not occur until the late 
18th century. Candy-making machines were invented dur1ng this period and 
the industry has grown steadf ly since then. Today there are over 2,000 
different varieties of confections and an average per capita consumption 
of 8.5 kg (18.7 lb). 

The confectionery industry marketed $2,472 million in products in 1972, 
a~ increase of 32 percent compared with 1967. The growth of the industry 
wfll likely continue in the future, but probably at a reduced rate due 
to increased raw material costs and a leveling of consumer demand. 

In 1972 there were 993 establishments processing confectionery prod~r.ts -
(2); however, of this number only ~lightly more than one third employed 
more than 20 persons. Most of the larger plants are concentrated in 
the north central and northeast region, the smaller establishments being 
more widely distributed. The following process descriptions concentrate 
on the basic production techniques which are corrrnon to most of these 
varieties. 

Description of the Ca~dy Bar Process - Figure 22 shows a typical flow 
diagram of a candy bar process. Although the range of cancy bar types 
is diverse, the manufacture Qf all bars is basically a single process, 
in which there are two stages. In the first stage, the cand)' nougat or 
center is prepared by coo~1ng together varying quantities of sugar, corn 
syrup, water, starch, c~coa, m1lk and other ingredients.· The type of 
ingredients ut111zed depends on the variety of nougat desired. The amount 
of moisture removed 1~ cooking of the various constituents deterffiines 
the density of the finished nougat. One of two types of cooking is generally 
employed: 1) Pre-cooking, which is usually accomplished in ope~ batch or 
continuous- type cooke~s. and 2) vacu~m cookers, which evaporate off excess 
moisture from the mixture under vacuum. A combination of both types of 
cook.ing can b•.! utilf.Zf:d in a two step operation. 

After cooking, the nougat is either cooled and atrated, or blended with 
other ingredients. In the first r.i'se, the nou94t mass is cooled, then 
subjected to physic~l working. Fo~ lighter, soft nougats, this ~hysical 
work;ng is called aeration and is Jccomplished by some form of pulling 
or whipping action, while for hard nougats, kneading is used to work the 
mass. Jn the second case. numerous ingredients of various kinds may be 
added to the nougat to modify its flavor, texture, and appearance. Such 
ingredients include vegetable oil, coconut, milk powder, peanuts, and 
caramel. 
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The cooled nougat, or "base bar", is then either molded or fanned and 
cut to size. Two types of molding are utilized for the base bar: 
l) A compressed corn starch mold or 2) metal molds, some of which may 
be teflon coated. Formed candy nougats may be extruded or passed through 
rotating spinners to form candy ropes before cooling and cutting to bar 
size. Some candy bar producers utilize various types of nuts in the 
base bar production. 

Nuts can be added to the nougat before or after fonning the base bar. 
The nuts, if not previously prepared, are first cleaned of stones, 
lnose skins and extraneous materials. The nuts are then roasted, 
cnoled, and sorted or graded. The good nuts are used in the product, 
an~ culls are removed as solid waste material. Peanuts, which are used 
mo~.t 1~xtensively 1n base bar production, are either sent to grinders for. 
pean~t butter type bars, or added directly to candy bars in whole or 
broken form. If the nuts are processed at the plant, solids resulting 
from the cleaning and sorting operations are the primary source of wastes. 

The second step, which i~ not utilized for a11 candy bars, is to coat 
the base bar, normally w;th chocolate. The coating process is termed 
"enrob;ng 11

• Enrobing is usually a totally automated recirculating 
system wnich coats both the top and bottom of the base bar. 

Milk chocolate, which is usually used for enrobing, is prepared by blending 
cocoa powder, powdered milk and sugar. After blending these ingredients, 
vegetable oils are added to produce liquid chocolate. The mixture is 
cooked and then cooled prior to being transferred to heated storage tanks. 
Chocolate coatings may be purchased and stored in heated tanks prior to 
bei~g pumped to the enrobers. Enrobers use warm water jackets to keep 
the chocolate flu1d. This water 1s continually recirculated in most 
instances. 

Whether the candy bars are enrobed or come directly from the base bar 
formers, they pass through cooling tunnels. The cooling tunnels utilize 
recirculated chill water systems. from the cooling tunnels. the finisned 
bars are 1nsp!cted and individually wrapped and packaged. . ' 

The ;,1ajor waste water flows originate during washdown operations. Wash· 
downs may be in the form of C.J.P. (r.lean-in-pl~ce) units, which are 
used on conveyors. cookers, etc., or from minor cleaning and major wash· 
down operations at the end of a processing day. The wastewater from such 
washdown operations is high in dissolved solids. detergents, and carbohydrate. 

Most plant~ recycle the majority of the chill and cooling waters used in 
their operations. Nevertheless, some plants do d1scharge some or all of 
this non-contact cooling watP.r. These streams contribute significantly to 
flow volumes but not to waste loading~. Other small periodic wastewater 
discharge result from cleanup of spills, pump seal leakages, steam conaen
sates and other minor sources. Flows varied sign;ficantly between plants 
depending on plant size, type of product. recirculation technique, and 
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washdown procedures from 3.800 1/shift (1.000 gal/shift) to well over 
1.3 cum/shift (350.000 gal/shift}. This large range of flows gives 
some indication of the diversity encountered in the candy bar inciustry. 

Descrfption of the Soft and ChewT Candy Process • figure 23 shows the 
process flow diagram of a typ1ca soft candy plant. Corn syrup, sugar, 
and water are the three major raw materials used in the ~anJfacturir.q 
of chewy candies. Dry ingredients, such as cooking starches, cerelose, 
and cocoa, can be added to the syrup base. Various blends of the above 
constituents are either pre·mixed in slurry tanks prior to cooking, or 
in the cooking kettles themstlves. After mixing, the syrup is cooked 
between ll7°C (243°F) and l55°C (34°F). The cooking and mixing area 
is termed the "kitchen," and is the location where most of the clean-up 
wastewater is generated. The cooking kettles, either bat~h or continuous, 
utilize steam for cook}ng from which the condensate is generally recir-· 
culated back to the boiler. Cookin9 takes from five to ten minutes, . 
depending on the percentage of moisture desired. Following cooking, which 
is closely regulated, the processing steps change somewhat dependinJ 
on whether the finished candy is to be a fondant creme, soft or hard 
gum, pastille, or jelly. 

Fondant cremes, after cooking, are cooled continuously by taking them 
from the cooker to a large slowly rotating m~tal drum cooled internally 
by water sprays. The syrup is cooled from l17°C (243°F) to approxirriilte1y 
38°C (100°F) and by means of a scraper knife the syrup is removed from 
the drum and discharged into a beater. The quality of the fondant is 
largely controlled by the efficiency of the beater which, in addition 
to bringing about rapid crystallization, mu£t remove the latent heat by 
sufficient flow of water through a cooling jacket. If the fondant is 
allowed to sit, the result is normally a rather dense product; a lighter 
texture is obtained by the 1nc1usion of "Frappe." Frappe, or whip, is 
prepared by dissolving egg albumen or a substitute in water and then 
mixing with sugar/glucose syrup. This mixture is then beaten to a foam 
by mear.s of a high speed whisk, either under nonnal or increased pressure. 
Fraµpe M~y be used in fondant base in varying quantities d~pending on the 
ultim~te density desired. 

Lozenges are a combination of corn syrup, sugar, and sta1·ch. This com
bination is heated and mixed or lightly kneaded. Next, rollers are used 
to roll out the candy into a sheet a~proximately 1.3 cm (0.5 i~.) thick. 
The sheet i~ fed into lozenge plungers whir.h shape the lozenges to their 
cHcular configurat;on. During the s•1bsequent ;nspection, broken and mi$
shaped lozenges are removed and reused in the process. The accepted 
lozenges are placed on drying boards and air dried unt11 hard. 

Gurrrs, pastilles, and Jellies com~rise ~large group of soft and chewy 
confections. The prime differ·erces between individual products are 
tt;e gelatinizir.g agents used and the mo;~t:.ire content. Most recipes for 
gums rely on gum arabic or gelatin as the gelatinizing agent, but certain 
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modified starches a··e also used. The syrup mixture ;s poured in 
the gum solution and gently mixed. Flours and coloring are then added 
to the mixture prior to deposition in starch molds. With the softer 
gums and pasiilles, it is usual to include gelatin as well as gum 
arabic, and the glucose syrup content is therefore higher. 

Jellies may be made with the use of agar, gelatin, or pectin as the 
gelling agent. Different textures are obtained. Agar produces short 
textures, gelatin is inclined to produce toughness, and pectin gives 
soft tender jellies with ~ood keeping properties. Refractometers 
are generally utilized for determination of the soluble solids enc point 
during cooking. The flavors and coloring are added to the setup kettle~ 
after the cooking process. From the set-up kettles the candy is trans
ported from the kit~hen area to the candy hepper where it is discharg~d 
in measured amounts into starch molds. 

The starcn molds are used to form the confection into desired shapes 
The starch employed is usually the finest dry corn or maize starch, 
which takes the mold imprint in detail and is quick to absorb mois~ure 
from the semi-liquid confectionery. Most !>hnts util;ze a fully 
mechanized machine known as a "mogul" or N.I.O. ThP. mogu1 automatically 
prints a tray of starch, which is then moved by conveyor to a multiple 
depositer which in turn is fed by a hopper. The depositer works o~ Che 
piston principle, supplying precise volumes of liquid candy to each 
starch impression. The stare~ trays are fed into one end of the machine 
and, after filling, are removed at the other end and o11ow~a to cool a~d 
set in the conditioning room. After setting, the .confectionery is re
moved ~nd brushed free of loose starch. Excess starch is then cleaned 
and recycJe,j along with makeuµ starch back through the machine to reLll 
the starch trays. 

The drying (conditioning} room may or may not be heate~. Fondants are 
usually held for 5 to 16 hr, depending on moisture content, 1n the 
ccnditi~·ing room at 13 to 16°C (55 to 61°F). The r~lative humidity is 
maintai:1P.d between 55 and 60 percent. Hard gums are ge11erally dried for 
6 to 10 days at 49°C (120°F). Soft gum and rast111c drying tfmes vary 
between one and seven days. Jellies have higher moi~ture contents, so 
dry1ng times are reduced and vary with desired mo1st~re :ontent. At 
six to eight percent moisture a 5 to a hr storage i~ required, while 
at 9 to 11 percent moisturP. a ln to 24 hr storage is necessary. 

After de-roo 1 c i ng and c 1 eani rig of iJdheri 119 stare hes, the candy proceeds 
to the i:oating process. Fondants are generally en·obed with chor.ola~.e, 
whereas gums and jellies are "sanded." !:.andin? is a proc~ss wherf'by 
the candy is slightly steAmed to make the surfaces sticky thus holding 
the crystai-sugar dusting. The sugar coat~d candy 1s then s.ubjected 
to a slig~1t dry~119 in a warm room prior to packaging. 

The ma in wastewa";er source r:mandting from the ~tarch molding/packaging 
area is washdown water. Lubricating watP.r and steam condensate from 
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the sanding machine are also two minor sources of wastewater or1ginabr,g 
in thi ~ area. 

Washdown from the "kitchen" or cooking area h the pdmary source 
of waste effluent; however, many pla!'lts save the ;n'it1a1 washdown 
of cooking kettle$ and hopp~rs to be recycled, after clP.aning wit~ 
carbon filters. 

Des~ription of the Hard Ca~dy Process - There is a wide variety of 
hard-boiled sug.sr confections, e 11 having a basic formulation of suga:
and glucose syrup with color, flavor, and a number of other added 
ingredients. Figure 24 shows the flo~ diagram for a typical hard candy 
process. The fir~t step in t~e hard-boiled sugar opP.ration is pre
cooking of 1iquified s•jgar and glucose until all traces of sugar crystal 
are dissolved completely. The candy then goes to a vacuum cooker. 
Vacuum ccor.ing takes approximately 10 minutes, depending on the cooking 
temperature, which varies between 137° and 143°C (250° anrl ?.90~F). When
the desired consistency is reached, ~he syrup m~y be deposited in 
starch board mo1ds analogous to soft and chewy candies, but more 
commonly the syrup is taken to the kneading mach;ne (3urk's mixer). 
At this point citric acid, colors ann flavoring are added, also scrap 
candy is sometimes added to form a seed. The kneadin~ p~ocess incorpor
ates air into the candy and cools it to the desired texture. Chill 
water is used to keep th~ kneading table cold ~o the syrup will solidify. 
This wa!er is nonnally recirculated. After the candy has been kneaded 
to the desired texture, it is fed into machines, known as drop rolls, 
which press the p11able sugar into shapes. Alternatively, the pliabie 
sugar is supplied to a "spinner," (parallel rollers) which forms it 
into a "rope" which is then fed into a candy forming machir.e. This 
n~chine cuts the rope 1nto small sections and forms the candy 1nto desired 
shapes. An~ther cont~nuous plant f~r the production of fruit drops and 
s1milar products Yses the principle of pouring the high bodied syrup into 
multiple metal molds where they pass t~rough coolers and then are demolded 
on bel u. 

After the candy has been formed, it is cooled either by a series 
of cooling tunnels or by direct air cooling. The candy is then cleaned 
and inspected. Somi candies Jo not require ~ cleaning operation 
and are ~imply sized and inspecteJ prior to packaging. 

The major wastewater tlow associated with the hard candy pro~e:s 
comes from washr1owns. Another sourc~ of wastewater i:; the vacu,•m cooker!'. 
~):1ich ut11ize water to draw off tile condc-nsate from th~ cookers ;,1hen 
forming a vacuum. Additionally, wilter is used tc cool compressor~, 
condensers and Jther mach1ner1. This non-contact cooling water is 
9enerally rerirculated. 
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Description of the Cold Pan Candy Process - Figure 25 shows the flow 
diagram for a typical cold pan candy process. A large variety of 
ccnfectionery cores can be used for this process. Some of the various 
types of cores utilized are jellies, marstvnallows. caramels. nuts, and 
licorice. 

Cold P•nning is essentially a cold process in which the cores are 
rotated in a pan coated ·internally with a sugar layer. The cores 
may be in any ~hapc ar.d are dumped into t~e pans in measured amounts. 
Glucose syrups (60 to 65 percent concentration) are applied alternately 
with caster sugar and flavors until the correct size and shape is 
obtained. The circular motion of the tu~ning pan causes the cores to 
become evenly coated with a ~etting agent (gluc~se syrup) prior to 
t~e addition of sug~rs. Tne final sugar dustings are with icing 
~u1ar which gives a smooth surface. Follo~ing dusting, the candy 
is put into trays and allowed to set for 16 to 24 hr in a dry (but 
not hot) atmosphere. The candy h then given a luster us.i.11ly by 
the additian of beeswax, car~auba wax, or soermoc~t. T~e wax is 
usually app"lied in a molten form, in suffici.::nt quantities to co;it 
thP. candy with a thin 1ayer. The candy is then tumbled unti1 a gloss 
is obtain~d. 

The rr.ajor waste source from this process is was:idown water. Flo1·1s 
from washdown operations have a wide range with obs~rved values from 
2000 1/day (~00 ga1/day) to 40~0 1/day llOOO qal/day). Very little 
water is utilized in the 3Ctual production of the product. 

Description of the Hot ~~n CaJldY Process - Hot panning is done in 
rotating copper or stainless steel ~ans which are provided with so~e 
form of heating, such as steam jac:•.ets, direct heating, or injection 
of hot air into the pan. Figure 26 shows the flow diagram for ~ typical 
hot pan candy process. 

:~.?riy types of cores are 1Jti1 i zed for this process but m11in1 y th~y 
cons;~t of hard candies and nuts. Various types of coatings may be 
utilized, 1.e. 11uts use a gum/syrup Cir chocolate coating aft~r a 
preglaze of gum arab1c. The coatings are poured onto the cores 
while the pan is rotating a~d a slight heat is being applied. As the 
roated core~ approach dryness, icing sugar is dusted on and furtner 
applications of syru~ and star~n Jre made. The rotating cores enlarge 
gradually with each application of syrup and suqar. The operation 
continues unt11 the Ges1red size is obtained. Between wettings, the 
corifections ar~ continually rolling and rubbing again~t one another 
and the sides of the pdn. This aids in grinding of the high spot~ 
and s:noothing the surface. During the 1ast stages of tumbling, colors 
and flavorings may be added. Sometimes these auditivas are dissolved 
in the syrup prior to additior. tn the c~nters. 
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After the candy has been ouilt up to the desired weight or thickness 
it is transferred to holding trays and taken to conditioning rooms. 
The candy remains in the room for approximately 24 hr at a relative 
humid~ty of 45 percent. The candy is then polished with a coating 
of wax, gener3lly beeswax. carnauba or paraffin, and packaged. Waste
water flows ar~ the same as the cold candy operations described prev
iously. 

Description of the Marshma17ow Process - Figure 27 shows the flow 
diagram for the typical marshmallow process. There are many varied 
recipes for marshmallow products; however, all contain sugar/glucose 
syrups which are aerated with gelatin, egg albumen, Hyforam, or ~ther 
whipping agents. The texture and density of marshmallows can be varied 
by adjusting the quantity of sucll constituents as egg albumen and 
gelatin or by the inclusion of various gelatinizing agents or gums. 

The ffrst step in manufacturing is the weighing out of the various 
ingredients before blending. Sugar and glucose are first dissolved 
in water and ooiled at approximately ll2°C (233° F) to the proper 
consistency. After cooking, dissoived gelatin and egg albumen ar·e 
then added to the syrup which has been cooled to about 71°C (160°F). 

This mixture is then beaten to a thick foa~. Many types of beaters 
are utilized, with the main purpose bein~ to incor~orate air into 
the product. Beating can sometimes be done under pressure t' better 
control the density of the product. 

The marshn~llow form is then augered through a scraped surface heat 
exchanger wh~ch cools the product to appro~imately 6l°C (ll0°f). 
Sometimes water cooled surge tanks are utilized for this operation. 
The cooling operation generally uses recycled chill water that does 
not contact the product. Some. wastewater may be derived from this 
operation in the form of make up water> however, the waste loadings 
are insignificant. 

After cooling, the product is formed by pouring into starch molds, by 
piping through n•ntles, or by extrusion. The last two methods are used 
most extensively in the industry. Extrusion of the cooled foam directly 
into jars yields marsh~dllow rream, whereas for marshmallows, extrusion 
is into long "ropes" onto corn starch covered conveyors. 

The ma1·shmallow ropes, which may vary in diameter from 1.3 to 2.5 cm 
(0.5 to 1 in.), then receive an overhead application of corn starch. 
Tre ~tarch must be dried to a moisture content of 4 to 6 percent and th~ 
temperature should be below 55°C (100°F). If these conditions are not 
met, the marshmallow foam may partially soak into the starch and cause 
a starch crust to form. After extrusion the marshrrallo~ ropes are 
conveyed through automatic choppers and cut to designated lengths. 
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The starch covered marshma 11 ows are then convey':>1 to a humi di fled 
rotating drum. Tl'lis drum "sets" the marshmallows and helps to preve:it 
sticking. From this operation the product is conveyed to a starch 
removal drum. The removed starch is circulated back through the 
process after screening and refining. The product may then 90 through 
a cooling drum where a light application of powdered sugar is applied. 
If enrobing w'th chocolate or other coatings is to be done a sugar 
application is not employed. MarshmallQws then proceed to the packaging 
area. 

The major wastewater flow originates in the "kitchen" area where 
washdowns occur. Virtually no water is used past the cooling steps, 
since water in the drying and forming areas would inhibit the quality 
of the final product. Dry sweeping, cleaning, and vacuuming is done 
in the drying and forming areas. 

Most plants have a "cleaning room" which is an additional source of waste 
water. This room is used periodically for cleaning equipment and 
machinery. Many plants utilize dust collectors in the drying areas 
to remove starch and sugars which are suspended in the air. The 
collectors are usually dry collection systems, utilized to recover pro
ducts for recirculation, but wet scrubbers are incorporated for dust 
collect.ion in some plants. Effluents from the scrubbers are high in 
dissolved solids and add significant short term waste loads. 

Description of the Candy Tablets Process - Tablets are a mixture of 
flavorings, lubricant, binding, and loose material which have been 
stamped or compressed so as to form a hard, cohesive confection which 
contains very l~ttle moisture. Stamped, or "cut" tablets are termed 
"lozenges." A lozenge is a sugar dough which has been flavored, cut 
to shape, and subsequently dried to remove most of the added water 
(see Figure 28 ). Lozenge dough is prepared by mixing together a solution 
of gum arabic, gelatin, icing sugar, and flavoring. According to Lees, 
( 10 ), efficient mixing is the key to satisfactory production of lozenges. 
Mixing times must be standardized to produce homogenized paste without 
excessive flavor loss. 

When the ingredients are thoroughly mixed, the dough is removed and sent 
to the sheeting machine where it is rolled into a continuous smooth 
sheet. This sheet is delivered directly to the lozenge-cutting 
machine. 

The tendency of the lozenges to stick to the conveyor or stamping 
machine can be reduced by sprinkling the dough surface with a food 
grade dusting powder. Stamped lozenges are then removed and deposited 
in one layer on drying trays. The lozenges are then either put into 
circulating hot air drying rooms or allowed to air dry until they 
are sufficiently hardened. Glazing the lozenges can be achieved by ~ight 
steaming and drying. 
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The scrap paste which is left after stamping is then recycled back 
to the sheeting machine before excess hardening can occur. 

Washdowns are the primary sources of waste effluents, and are derived 
pr;marily from the blending and mixing areas. 

Figure 29 depicts a typical candy tableting operation. Tableting 
is essentially a dry process in that ingredients such as powdered 
sugar, corn syrup, gelatin, and requisite flavorings are compressed. 

The actual pro1uction of tablets begins with mixing corn syrup, sugar, 
and gelatine in a "masticator." This material is then dri~d and 
transferred to a blender where flavorincs ~"d a small amount of water 
is added, such that the dry particles will adhere better after passing 
through the tablet forming machine. The tablet forming machine molds 
the candies under pressure~ of about 1.9 atm (14 psi) into the desired 
configurati~ns. Tablets are then inspected and conveyed to the 
packaging area. Rejects are recycled back to the blender to be repro
cessed. 

Any water used in the forming areas would ciffect tht! handling of U·e dry 
materials. If machinary ~s to be cleansad, it is removed from the 
area and taken to a separate cleaning room. The masticator is the 
major piece of machinery that is washed on a daily basis. Cleaning of 
floors in the processing area is generally done by vac1Jur.iing or sweeping. 

Description of the Popcorn Ball and Treated Popcorn Products Process -
There are several varieties of glazed popcorn products. Figure 30 depicts 
a typical flow diagram of a glazed popcorn operati~n. Corn is brought 
in from the field in kernel fonn, c·eaned, and fed into gas fired corn 
poppers. After popping, the corn is passed over shaker screens to remove 
to m"ixers where it is combined with some type of coating. 

Popcorn coatings are derived from the cook';ng of various combinations 
of corn syrup, sugar, r.1 1 .lasses, and vegetable oil. These ingredients 
are first pre-cooked toyether to blend and !iquify the constituents and 
the mixture is then cooked to a viscous syrup. Other ingredients, such as, 
coconut, margarine Or butter, honey, and corn or vi?getable oils, may be 
added to the syrup. 

When the final cooking step is accomplished, the syrup is mixed with 
the popcorn in either a continuous or batch process. After mixing the 
glazed popcorn is either formed into oopcorn balls or sent to cooling 
drums. Two major types of cooling drums are utilized. One type consists 
of a rotating wheel which uses baffles to break up the adhering popcorn 
as it cools; the other type 1s a large rotating wire mesh screen. Both 
kinds of drums employ air injection systems to cool the glazed popcorn. 
The glazed popcorn is then separated from clumps and chaff by shaker 
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screens located at th~ end of each cooling drum. The finished product 
goes into hoppers where it is stored until packaged. Other ingredients, 
such as peanuts, may be added to the popcorn at the packaging area. 

Wastewaters from the gl~zed popcorn operation at·e primarily derived from 
washdown operations. The volume of wastewater from washdowri comprises 
approximately 35 percent of the total flow, with the remainder being 
comprised of v!rious cooling wattr and other non-contact flows. This 
percentage ~:ill be much higher for washdown flows if coolit1g waters 
are not discharged. With the use of corn and vegetable oils, either 
for coating containers to prevent product stickage or in the product 
itself, some spillage results. This spillage creates grease and oil 
in the washdown waters. 

Steam rooms are employed in mJst plants to clean ~quipment and container~ 
of adhering syrups and solids. Therefore, the steam room~ are a primary 
source of waste effluents which are comprised of detergent, germicide 
solutions, corn ci1 and kernels, peanuts, and molasses and syrups. 

Most solid wastes are removed by sweeping p~ior to washdowns and 
separated into edible and non-edible wastes. Edible wastes are scld 
for anima1 feed while non-edible materials are taken to land fill areas 
by contractors. 

The majority of plants visited during this study recirculate the cooling 
and chill waters usec in processing. Any water ·,ost from CO'.)l ing oper
ations would be in the form of overflow or make-up waters. 

Description of the Candied, Glazed and Crtstallized Fruit Process -
Glazed (candied) fruits and peeis are con ections which 'have had the 
water in the product replaced wit~ a high sugar content syrup. Figu;e 
31 show~ the flow diagram for a typical glazed fruit ~l"Ocess. 

Many makers of glazed fruits first bleach the fresh fruit in a "brino;" 
solution prior to blanching and addition of flavor and color. Although 
processors use various components in somewhat differing ratios, accord·· 
ing to Soderquist (11 ), a typical brine contdins 1.5 percent sulfur 
diOAide, 1.5 percent calcium chloride, and l.C percent slaked lime in 
a water solution. Fruits may also be stored in brine solutions for 
extended periods to insure a continuous production. 

Next, the fruits and peeis, whether frec;h or brined, are "blanched" 
or cooked. This is necessary to break down the f~uit tissues and to 
1mprove the penetration of syrups into the product. Futhennore, blanch
ing help~ to remove chemicals from the fruits which have been brined. 
Blanching may be accomplished with the use of steam or bo;1;n9 water. 
Times allowed for blanciling vary from 2 to 15 minutes depending on the 
softness of the fruit. 
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After blanching, fresh fruits are cooled, wheraas brined fruit is 
generally leached in water. Water leaching serves the purpos~s of 
removing additior.al chefllicals and cooling the product. The fruit 
is then ready to be inmersed in hot sugar syrup in con.centrations 
between 70 and 80 percent. The amount of suga~ tran$ferred into the 
fruit is of particular significance in connection with the product's 
keeping qualities. As reported by Lees ( 10 ) candied fruit should 
conta~n at lea~t 75 percent sugar and candied peel around 65 percent. 
Some los:; C'f culoration and flavoring rr.ay occur during brining. This 
is Qrtificia11y restored during the syrup diffusion stage. 

The syrup application phase may b~ repeated several times, foliowing 
short drying times, to bring the cand;t!d fruits up to desired sugar 
concentration levels. The glazed fruits are then so~ted and dryed 
prior to packaging. 

The majo, wastP loadings are derived from W·JShdowns and dlimping of 
blanching tanks. If leaching is employed, signi~icant waste loadings 
occur in the form of t~ace min~rals such as S02. Brine solutions dre 
generally reused, but periodically must be dumµec res~~ting in low flow, 
high concentration surges. 

SIC 2066 - Chc.colate and Coe.ca Product~ 

Background of the Iridu~try - This classification includes establist1mer.ts 
primarily ~ngaged in ~helling, roasting, a~d grinding cor.oa beans 
for the purpose of making chocJ1ate 1iquor from which cocoa powder 
and cocoa butter are derived, and in the further production of solid 
chocolate bars and chocolate coatings. The value of ~n·fpments from 
this industry reached $735 million in 1972, an increase of 41 per~ent 
compared with 1967. 

The present technology for the manufacture of chocolate has e11olved 
over the 1ast 200 ye~rs, starting with the defat'ing of the cocoa 
bean oy Frenr.h and Dutch processors during the late 18th Century. 
This and other innovatior.s lead to the pr~paration of a more palatabl~ 
cocoa powder and the first sol id eating chocolate. The preserit 
consumption of chocolate and coco' in the United States is approx;mately 
300,000 kkg/year, i:iquivalent to abo~t 1.6 kg per person. Tl1is consump
tion represents the processin~ of over 1.5 million tons of cocoa beans. 

The industry is concentrated in the northeilstern states arid primarily 
in the state of Pennsylvania. Of the 48 plants located throughout 
the United States, 30 employ more than 20 persons; hcwever, the majority 
of the production is done by ~ few large manufacturers. 
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Description of the Cocoa and Chocolate Process - Bulk cocoa is 
received in tMs co1.1ntry in a relatively clean and also pre-processed 
condition. Tnis pre-proc~ssir.g consists of initial fermentation drying, 
and preliminary cleaning of the cocoa bean~. The first step of chocolate 
manufacture is the further cleaning of this "raw" mater"hl .. The beans 
are passed through screens, brushes, airlifts, and magr.etiL separ"ators 
t~ insure the removal of any extraneous material swch as grit, sand, 
meial, jute fibers, and bean cluster which may interfere with later 
processing. 

As shown on Figure 32 the next step i~ the roasting of the beans. 
Roasting helps develop the characteristic flavor, cclor and aroma, 
reduce the moisture content, and loosen the shell from the c~tyledons 
~r nibs. The ~caster may be of either the batch or continuous type 
and depending upo~ the ~rimary dispo~ition of the beans, i.e., for 
t:eicoa pC1wder, chocolate, or cocoa butter, the temperatures and t.imes 
of the ro~st may vary considerably. 

The beans, the shell now loosen~d by roasting, are crushed in breaking 
rolls so that mainly large pieces of nib and shell arL prnduced wi~h 
a mi~~mu~ of dust. The mixture of nib and sheli is subjected to an air 
flow which carries away the shell and dust discliargi119 two main S'Ze 
c·lasses of nibs, large and small. The large nibs yield th~ highest 
qua1ity choco1 ate due to the proportions of cocoa butter, mcisture, 
shell anc germ (Table 5 ). Small nibs may be u;ied in blends or 
exclusively for the expeller pressing of cocoa butter. The sher! is 
rl!covered for use primarily as cattle feed supplement or garden ,11ulch. 

The reduction of the r.ib to a fluid state ("liquor" or "paste") 1s 
the ne~t step in the process. Grinding of the nibs in any of a 
variety cf mills liquefie~ the fat portion of the nib suspending 
the solid cocoa particles in a fluid paste. The nib may be subjected 
to the "Dutch Process" which is the alk1n·ization and subsequer,t 
dt"yfog of the nib to give a desired color and flavor. The 1 iquor 
may be directed to milk chocolate processing or to the pressing 
operation. The latter route will be considered first. 

As not.ed in Table S • approx·imate1y 55 percent of the nib ',s made 
up of cocoa butter.· Separation of the particles of cocoa ~atter 
and the cocoa butter is effected by subjecting the liquor ~o a 
pressing ~pcration. Hydraulic pressing of the liquor yields liquid 
cocoa butter and also a press cake of cocoa with a fat co~tent 
ranging frc,11 12 to 25 percent depending on how the cocoa is to be 
used. The cptration of the presses is completely automci. tic wherein 
the ultimate fat content cf the cocoa cake is contro11~~ by adj~stment 
of the pressure/time cycle. At the completion of each cycle the 
ram travel direction is reversed and the solid cocoa ~ake is dropped 
1nto a bin or onto a conveyor for transport to the gri~ding operation, 
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MoisturE> 

Cocoa Butter 

Shell 

Germ 

Moisture 

Cocoa Butter 

TABLE S 

CONSTITUENTS OF COCOA rHBS 

511-.ALL NIB 

·\03 

2.0 ~ 3.5 {depending on degree 
of roast) 

52.5 - 55.5 

0.2 - L 5 

0.1 - 1.5 (d~pending on winnow 
::;etting) 

J.8 - 7.5 

35 - 36 
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The cocoa butter expelled from the press may be directed either to the 
milk chocolate lin~ or into solid liquid storage. 

The reduction of the coct~ press cake to a fine, high quality powder 
1s accomplished by the cocoa mill which incorporates several processes 
in a single unit. Pulverizing of the press cake to a powder begins 
by first passing the hard, compacted cake through breaker rollers 
and subsequently through haliUl1er mi?ls or peg disintegrato1·s in con
junction with sifters. The final particle size. however. is dependent 
on that achieved during the liquor grinding process. During the 
pulverizing of the press cake, set temperature limits are maintained 
by cooling air to avoid liquefication of the cocoa butter fraction. 
The powder is delivered by an air stream through cooling pipes and 
subsequently to a cyclone for separation of the cocoa from the air. 

Cocoa powder may be marketed in a pure form or mixed with other in
gredients to make drinking chocolates. The latter are usually prepared 
by mixing with sugar, corn syrup, and flavors under controlled conai
tions to achieve desired particle characteristics which impart the 
qualities necessary for quick dispersion in hot or co~d liquids. 

In addition to the production of cocoa powder and cocoa butter, 
the chocolate liquor may be molded into blocks of unsweetened choLo
late, or processed into milk and sweetened chocolate. 

As noted on Figure 32 the production of sweetened chocolate begins with 
canbining the liquor with additional cocoa butter and sugar. Milk 
chocolate is produced by mixing sweetened condensed or dry milk 
with the liquor and, in the case of c~nde~sed milk, subjecting the mix
ture to a drying process to drive off the moisture. Chccolate must 
be relatively moisture free in that a trace of water can cause stale
ness and if more than one percent moisture is present it may become 
moldy. In addition the presence of moisture renders the product stiff 
and difficult to work. 

In order to achieve a homogeneous mixture and aid in the development 
of a fine texture, the chocolate is passed through a series of water 
cooled refining rolJs before being subjected to period of agitation 
in a process known as conching. Conches of various design function to 
produce the final flavor and texture characteristics of the product. 
The chocolate is agitated from a few hours up to several days before 
removal to liquid storage or molding. 

The final step in the manufacture of chocolate is that of moldin3 
it into ~he desireo size and shape f~r distribution. Because of cocoa 
butter bloom, air bubbles, and other problem5 which may occur, molding 
is a carefully controlled pro~~~s. First the chocolate is brought 
to the proper ternperature durinq tempering anc injected into metal 
molding pans. The filled pans are then passed onto a shaker belt 
which functions to distribute the chocolate evenly in the pans and 
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liberate air bubb1es. After or during the shaking process, 
the pans are passed through a refrigerated chamber to reduce the 
temperature of the chocolate under controlled conditions. Once set, 
the chocolate is knocked out of the pans and proceeds to some form 
of storage or packing. 

As previously mentioned t.f'le presence of water is not compatible with 
the production of cccoa products; therefore, the open use of water is 
contr~lled so as to avoid entrainment in the product. Fortunately 
the characteristics of chocolate and the high production temperatures 
are not conducive to spoilage of the product. This eliminates the 
need for continuous use of clean-up or sanitizing water. A variable 
amount of wastewater is gener~~o.c during the periodic cleaning of 
holding or mixing tanks, transfer bug9ies, and ~Olding pans. The 
production area floors are also cleaned on a period~c basts, usually 
preceeded by dry collection and then mopping, and/or using industria~ 
floor sweepers. C~coa butter may often be used as a cleaning solvent 
with the later recovery of tne cocoa butter and chocolate ma~erial. 

The primary source of water is that used for cooling. Cooling w~ter 
d1scharge is quite variable in that it may be recirculated through 
a cooling tower for reuse. The cooling water is non-contact and 
therefore does net cnntribute to the strength of the total plant 
effluent. 

Most large chocolate manufacturers also have a milk condensing plant 
for the preparation of sweetened condensed milk for the preparation 
of milk chocolate. 

SIC 2067 - Chewing Gum 

Background of the Industry·- Th1.> industrial class-ification includes 
those establishments primarily engaged in the manufacturing of chewing 
gu~ and/or chewing gum base. According to the United States Department 
of Commerce Census of Manuf~~turers (2), there were 19 establishments 
processing gum in 1972. The major:ty of these plants are located in 
the eastern area of.the United St3tes. The value of products shipped 
in 1972 totalled $383 million, an increase of 26 percent over 1967. 

The manufacture of chewing gum is most conveniently considered as b~o 
separate industries: 1) the processing of ra~ latex and additives 
fr.to gum base, and 2) tht? processing of gum base into various styles 
of chewing gum. Both processes may occur at a ~ingle pla~t locati~n; 
however, they dre inore cc~nonly ~eparated with a single gum base 
plant supplying several chewing gum processors. 
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Descdption of the Gum Oase Process - Conventional chewing gum base 
consists of a combination of natural gum latex, synthetic resins and 
rubbers, and p1astic~~!rs. The highest quality natural gum, 
chicle, possesses the ideal charact~ri:itio::s for chewing gum but, 
due to fluctuating price and supply. it is most often "extended" 
by addition of other natural gums and/or synthetic gums. Various 
plasticisers, e.g., lanolin, oils, waxes, and glycerine may be added 
to the gum blend to achieve the desired softness. 

As noted on Figure 33, the production of gum base begins with the 
grinding cf the crude gums and subsequent filling of the gums inta 
steam jacketed kettles. Water is added and the gums are preheated 
to a state soft enough to allow mixing with agitator blades. After 
the gums are mixed to form a homogeneous mass, the mixture i~ bleached 
with a weak solution of sodium hydrr,xide for sµve~al hour~. The 
gum is then subjected to a succession of hot ~~ter washes for two to 
six hours. The wash cycles serve to remove ex:raneous material as 
well as the caustic bleaching solutior.. The excess water is drained 
and the gum is subjected to another cycle of mastication. 

After the gum is dried to a three to five percent moi~ture content, 
it is mixed with other natural and synthetic gum$ and softeners in 
heated mixing kettles. The hot mixture is pumped thro~gh fine scr~ens 
and then through a centrifugal separator to effect a thorougn re~vai cf 
all extraneous material. The gum is subsequently pourt:>d into rr.clds 
and, when .ool, tha blocki of gum base are re~oved from the molds and 
stored for later processing into various chewing gum products. 

Wastewater of significant volume and loading i~ generated by thre! 
phases of the process: 1) hot water washing of the gums, 2) contact 
cooling water, and 3) daily clean-up of floors and equipme~t. In 
addition, there are wastewater sources of low waste loading (but of 
relatively high volume) which include non-contact cooli~g water and 
air scr~bber water. 

Description of the Chewino Gum Process - The manufacture of chewing 
gum is generally quite sirr.ihr <;h;-oughout the industry with sliqht 
variationt employed in processing to achieve product differ~ntiatio~. 
A typical process is shown in ~igure 34 . In the first step of manu
facturing the groun'd gum b~se s placed in mixers, vats capable of holding 
up to 900 kg (2000 pounds) ea~n. equipped with slowly revolving blades. 
These mixers blend together gum base, powdered sugar, corn syrup or 
glucose, seed gum, plasticisers, and flavorings. Corn syrup or glucose 
addition:; he'!'p sugar and flavorings to amalgamate with the gum basP. 
while keeping the gum moi~t and pleasant to chew. oowdered sugar is 
used as a thickening agent which ha~ an eff~ct on the brittieness or 
flexibility of thr. final product. As reported by Cou~ (12 ), plasticisers 
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such as glycerin are extensiveiy used to help reduce the viscosity 
of the gum base to a desirable consistency and to improve texture. 

When the blending is completed. the gum base is "tempered" or pre-cooled 
to reduce its temperature. After pre-cooling. the gum is mechanically 
kneaded to a smoother and finer texture. The gum tr.en passes to a series 
of rollers that produce a sheet of varying thickness; the final thick
ness of the gum sheet de~~rmining the type of gum to be made. Stick gum 
comes from the thinnest sr.eets, canCly··coated gum from a thicker sheet, 
and bubble or ball gum from t~~ thickest sheets or ropes. 

Stick gum, after expulsion from the extruder, then moves to the sheeting 
machine. This machine is made up of a series of rollers, each pair 
of rollers set closer togethe1· to reduce the thickness of the gum 
in stages. A light coating of finely-powdered sugar is used as an 
adhesion agent to prevent the gum from sticking to the rollers as 
well as to enhance the flavor. After passing througn the sheeting 
machine, the gum is cut into rectangular sheets, approximately 43 by 
43 cm (17 by 17 in.), and scored in a single stick pattern. The guM 
is then stacked auto:naticall/ on trays ar.d allowed to "set" in an air 
condition2d room for at least 48 hr. Fro- the conditioning room the. 
gum is taken to spcciall; designed packaging machines which individually 
wrap and seal the gum. The individually wrapped gum is then packaged 
;n multi~le-stick packs. 

The candy coating process for gums starts with sheets of scored and 
flavored gum which are broke~ into small squares or oblong pellets. 
Alternately, ball gum is extended in per.cil shape and passed through 
specialized forming ~achines. The$e different types cf gu~ pieces 
are then placed in ~anning machines which are simply rotating drums 
equipped with blowers so designed as to deliver low humidity air. 
A solution of corn syrup and sugar syr~p fs added and the drum is 
set in motion until the pieces receive a uniform coating. A small 
quantity of flavor is then added and thoroughly distributed. An 
addition of finely powdered sugar is mad~ at intervals and partially 
coated gum is removed and allowed to season. 

A coatin; is gradual)y built up ~~th sugar syrups, stdrch, and gu~ 
Arabic and dried rapidly by means of the blowers after each application. 
A final polish is giv~n to the coated gum by rotating the pieces in 
a~ums lined with beesw~x impregndted canvas. 

Bubble gum is essentially a plastic base which dllows for considerable 
expansion when a volume o~ air is introduced. The gum base used for 
bubble gum is made with various combi~ations of Jetutong rubber, resins, 
and plasticisers. This gum bas~ is then mixed with icing sugar and 
glucose syrup in steam jacketed mixing kettles. After mixing, the gum 
loaf is fed into an extruder hepper. From the hopper, the loaves are 
picked up by two auger-type screws comprising the knea~er and forced 
under pressure through round holes. These cont~nuous ropes of gum dre 
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ther1 cnnveyed by ro1 lers to cutters where they are cut into uni form 
lengths. Bubble gum may also be formeo in sheets and cut to size. 
The gum i~ then put into racks and tempered from one to seven days. 
After tempering, the gum is formed ;nto a v~riety of shapes such as 
penc;1, kiss, ball, or square. The gurn is then lightly coated with pow
dered sugar, individually wrapped and boxed. 

Wastew~ters from chewing gum manufacturing are derived from three 
primary ~ources: washdown, cooling waters, and (if used) air scr~~b~~s. 
Washdowns are the primary so~rce of waste loading, averaging less than 
7~00 1/daj (2000 gal/day) for stick-gum processing and siightli more 
for candy-coated gum. Daily clean-up operations consist mainly of dry 
sweeping or scraping and wet mopping with solvent, disinfectant and 
water. Very littl~ actual •..iott!r flushing is done in the plant, except 
in certain specified area~. Many p·1ants also utilize automatic 
scrubbers for cleaning flocr areas. 

Non-contact cooling water is generally recirculated; however, some 
plants do discharge some or ail of their water. This water, if 
dis:h~rged, has a negligib~e ~aste loading, but may contribute signi
ficantly to the total flow. 

Many plants utilize air scn.i::;bers to clean and humidify the air. 
The water used in these sc,·ubbe,..s, aue to sugar dust in the air, 
may be re1atively high in BOD and s•ispe1;ded so1 ids. The flow and 
strength of loading will vary witr. the n•Jmber and size of air scrubber 
and the frequen~y of discharge. 

SIC 2074, 207S, 2076 Vegetable O~l Mills 

Mechanical extraction of vegetable oil from seeds originated ~iith the 
"stump press" utilized by the Egyptians, Pt.oenicians, and Chinese. 
Dunning ( 13 ) rep~rts that the process consisted of a burned-out stump 
with a heavy pole driven by oxen that rotated upon the seed, thus 
crushing the seed and extracting the free oil. Tne industrial revo
lutio~ brought many mechanical improvements, 1ncl~ding the invention 
of the hydraulic press in 179G. The hydraulic nress remained the major 
oil extraction device until the beginning of the present century, at 
which time the development of the mechanical screw-press allowed con· 
tinuous extraction of oil. 

Today in the United States, the oilseed crushing industry represents a 
major industry utilizing a variety of mechanical and ch~mical extraction 
methods for the removal o. vegetable oils from oi1~eeds such as soybeans, 
cottonseed, flaxseed, peanuts, safflower, and other inisc:ellaneous oilbearing 
seeds. 

A U. S.O. A. Marketing Research Report (14 ) states that the marketing 
and processing of oilseeds and vege~able oil has been significantly 
afiected by increases in pro~uction and an expanding export market o~er 
the past two decades. As a result, the industry ~as witnessed changes 
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in organizational structure, processing technology, anJ the size and 
number of prt>cessing mills. As indicated in Table G • vegetable oil 
production in tenns of plant numbers has shown a mixed pattern of growth. 
This is best illustrated by the 62 percent increase in the number of 
soybean crushing facilities in the ~ast two decades, while c~ttonseed ~ills 
decredsed by 64 percent during the same period. 

Approximately 67 percent of vegetable oil p~oduction is used in the 
manufa~ture of shortening, salad and cooking oils, salad dressings, 
mayonnaise, and margarine. Refining is usually separated from crushing, 
the former prefering proximity to farm lands and the latt~r to marketing 
areas, an~ over 70 percent of the final product man~fa~ture occurs at 
or ~ear the refineries. 

Since ~Jrld War !I, more efficient solvent extraction methods have for _ 
the mosc part, replaced hydraulic and mechanical screw press methods. 
During the same period, other striking tPchnological developments have 
included hydrog~nation, deodorizing, nnd piasticizing of oils. These 
processes have substantially incredsed the range of use~ of vegetable 
oils. 

Other impvrtant developments in rP.cent years have included a~ incr~ased 
use of ~afflower and sunflovier oils in food products and the developme~t 
of meat analogs from oilseed products. The meat anzlogs, which compete 
with lower cast meats such as hamburger, are expacted to exert an 
increasing demand on vegetable oil production. 

The United States Department of Commerce reports ( 15) that approxi
mately 19.4 million KKg (21.3 million ton) of soybeans were crushed 
at 142 oil mills throughout the country during 1974. Soybean oil wills 
are located principally in areas of heavy soybean production or meal 
use with the greatest concentration of plants in the Eastern Corn 
Belt states of Illinois, Iowa, Minnesota, Miss~uri, Indiana, and O~io. 
Arkansas and Mississippi represent the other major areas of soybean 
crushing in the lower ~ississippi Valley. Production data provided 
by the National Soybean Processor's Association from 15 plants shows 
production ranging from 62 to 2,310 KKg (68 to 2,550 ton) per day 
with an average production of 1000 KKg (1100 ton) per day. 

The vegetable oil industry is expected to continue the steadt growth 
shown over the past two decades. rurther development of new tech
nologies are expected and the worldwide demand for oilseed products 
continue; to increase. 

Soybean Oil - Smith (16} reports that during the past 40 years soybeans 
have made ~ore rapid progress in the feed and edible oils industries 
than other oilseeds because of their {l) low cost of production (less 
tharr 10 man-minutes of labor ?!r bushel); (2) adaptability to solvent 
extraction processing; (3) ecor.omic importance to the feed and edible 
oils industriesi and (4) dem1nd by foreign markets. The United States 
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TABLE f; 

THE NUMBER OF COMPATUES AND ESTABLISHMENTS 
PROCESSING OILSEEDS FROM 1954 1-0 1974 

Industrl and Year Comeanies Establishments 

Number Number 

Cottonsee:l oil mill!:: 

1954 145 :?86 
1958 125 214 
195:> 115 188 
1967 91 150 
1974 74 102 

Soybean oil mn 1 s: 

1954 55 83 
1958 fi6 117 
196.3 6S 102 
1967 oO 102 
1974 36 142 

Other vegetable oil mi 11 s: 

1954 N.A. 6::1 
1958 38 46 
1963 39 47 
1967 34 41 
1974 N.A. N.A. 
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Department of Commerce reports (14 ) that the crushing ~nd solvent 
extraction of soybeans a lone representP.d America' :i m•mber one cash crop 
in 1971, producing mere revenue than corn, wheat, or cotton. In addition, 
soybeans were the largest single fann e~port from the United States with 
sales abroad in excess of 1.3 bil1ion dollars a year. 

Protein rich soybean meal. a by-product in the product1o" cf soybean oil, 
is a key ingredient in the nation's expanding livestock and poultry 
industries. S11pplies of soybean meal were more than adequate "for 
domestic consumption until mid-1972 wh~n the United States entP.red an un
paralleled soybean and soybean meal supply demand situation. Winner 
( li) rei;iorts that develooments SLi-. as 0) unusual"1y large purchases 
by Russia; (2) a poor 1972 harvest; (3) curtailment of Peruvian fish 
meal production, a protein sou:·ce for f~ed grains; (4) reduced peanut 
meal exports by India and Senegal because of drought and~ (5) increasing 
~orldwide consumption, placed a heavy burden on Americdn farmers and 
consumers as prices for these products were propelled from $118/KKg 
($130/ton) in mid-December· 1972 to more :nan $36~/KKg ($400/ton) by 
early June 1973. 

Production data provided by the Natior.a1 Soybean Processors A5~ociation 
(NSPA) from 14 soybean oil mills found typical plants operating in the 
range of 450 to 2300 KKg (~00 to 2,500 ton) per day. Today 95 percent 
of the industry pr-ocesses s..,ybear•s by use of prepress solvent and direct 
solvent eA~ra~t;on metho~s. 

Cottunseed Oil - Cottonseed ranks second in total oilseed production 
in the ~nited States with appr~xi~ate1y 4.4 million KKg (4.8 million 
tons) crushed in 1973. The Nation'l Cottonseed Proces~or's Associ~tion 
(NCPA/ indicates tnat there are 102 active cottoriseed cr-ushing ~lants 
in the United States witn the major concentration of production occurring 
in the states of Texas (28 plants); Mississippi (18 plants); Arkansas 
(9 plants); California (7 plants); and Alabama (6 plants). Production 
data provided by the NCPA for five crushing facilitie~ rangtd from 230 
KKg (250 ton) to 700 KKg (750 ton) per day and averaging about 390 KKg 
(430 fo:i) per day. Table 7 provides l surnary cf the cottonseed 
industr) listing total numbers Jf plants per state and the typ~ of 
extraction methods used. 

Linseed Oil - The crushing of flax~eed to produce inedibie lin~eed oil 
was th2 third largest oil b~a1 ing crori produced in 1973 with 0.53 millic:irr 
KKg (0.58 million ton) produc~d (about 2 percent of the toLal oil seed 
crushing production). Flaxse~d production is ce~tered in the states of 
North Da~ota, South O~kot", and Minnesota wh~ch produce about 95 percent 
of the nation's crop, with North Jakota Jlone accounting for ab0ut half. 
According to t~e N~ti0nal Flax~eed Producers Associdtion (NFPA), there 
are presently a total of six actiJe crushing plants ranging in production 
from ~SO to 800 KKg (600 to 900 ton) per day. The four largest f1axseed 
c:r•Jshinq facilitie'> uti~ize the prepress solvent ext.ractiGn process. 
Fl~Y.seed crushers also process ~oybeans periodica11y depend~ng on the 
mar~et value of soybeans. 
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TABLE 7 

COTTONSEED MILLING OPERATIONS BY STATE AND TYPES 
OF EXTPACTOR METHODS UTILIZED 1974 

Extraction 
Methods Prerress Direct 

Numf\er Mechnical Solvent Solvent 
State of Plants Hydrau.1.if Screw~ress Extraction Extract;'Jn 

A1abama 6 6 

Arizona 3 3 

Arkanszis 9 3 3 ) 

California 7 2 5 

Georgi a 7 4 2 

Louisiana 4 3 

Mississippi 18 7 2 9 

Missouri 2 2 

New Me:r:'co 2 2 

North Carolina 4 3 

Okiahoma 4 3 

South Carolina 5 4 

Tennessee 3 3 

Texas 28 .?.IL 4 ~ 

TOTAL. 1')~ '3 60 19 20 

PERCENT 1 oo::-; 2.9% 58.83 18.6% 19. 6"' 

Source: Natfonal Cottonseed Producer5 Association. 
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Peanut Oil - Peanuts ranke~ fourth in total oilseeo crushing ir. 1973 
and totaled n.284 million KKg (0.313 million ton). This represents 
less than one percent of the total oilseed crushing production. Infor
mation provided by the So•Jtheaster11 Peanut Association indicates that 
there are presently eight active peanut crushers located in the States 
of Virginia, Alabama, Georgia, and Flor~da. Daily production at these 
facilities ranges from about 100 to 180 KKg (l?O to 200 ton) per day. 
Sixty-two percent of the tndustry processes peanu~s using prepress 
solvent extraction methods with the remaind~r. ~sually sn~ller capacity 
operations, using mechanical screw press methads. 

Olive Oil - Olives u'~ilized for prod1Jctior. of oliv~ oil in the United 
States are grown exclusively in California. Of the ~pproximately 
12,900 hectares (32,000 acres) of olives harvest~d annually, about ten 
percent are proces~ed fer recovery of ol~ve oil. 

The production of ol~v~ oil can be divided into two product segments-
virgir. and refined oil. Virgin oil, the finer qualay oil, is producea -
by mechanical pressin9 of whole, ripe olives. The poorer quality re
fined oil is ootainea by the soivent extraction of olive ~annery pits, 
culls, and from the ~ressing of low quality. whole, rip~ oli~es. The ex
tracted oil is then refined an:l blended with virgin oi1. Currently, ther·e 
are two major prcdL;cers of olive oi 1 in the ~nited States. However, there 
are numerous "backyard" producers who press out the valuable virgin oil 
by any means avai1able. 

Virgin oil is in great demand but short ~upply due to the fact that 
roughly 0.9 ~Kg (one ton) of raw oli~es is required to produce 100 liters 
(30 gallons) of virgin ol1ve oil. The low oil yield is attributacle to 
the materi~1 makeup of the olive. A goo~ quality ripe olive is comµo~ed 
ot' abo:.it 55 percent water, 2~ percent pomace, and 20 percent oil. 

Generally, olive oil is produced between the months of October and J~~e 
and continu~us production during that period is dependent on the avail
~bility of laborers to narvest the fruit. Although demand for oli~e ail 
exceeds supply, it i~ unlikely that the number of major produrers will 
increase since uncertainty of crop yield will continue to cause a reluc .. 
tance to invest in equipment thereby hindering the production of olive 
oil on a large scale. 

Miscellaneoys Oils - The demand for a variety of other miscellaneous 
vesetable oils such as safflower, sunf1ower, and seasame seed ~:ls has 
been increasing in the Uniteo States since 1960. The cten.and for these 
fooo materials has been ffiJSt evident in the margarine industry where 
food nutritionists and technolo~i~ts have been vtilizing safflower oil 
as a source of polyunsaturated vegetable oils, important in contr~lling 
plasma cholesterol levels in the diet. Doty and Lawler ( 18) teport 
that food use of safflower oil in 1970 totaled 36,000 KKg (40,000 tons) 
and industrial use totaled about 9000 ~Kg (10,00C ton). Results of a 
telephone survey durin~ tnis study indicated that there presently exist~ 
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two safflower-sunflower seed crushing plants in the United Stat2s with one 
other under construction. All three facilities are located in California 
and utilize both prepress solvent extraction and screw press extraction 
techniques. 

Description of Oilseed Crushino - The extraction of oil and thP ~roduction 
of meal or cake from oil bearing seeds may be perfonned by direct solvent 
extraction, prepress solvent extraction, mechanical screw press or hydraulic 
press operations. As indicated in Table 3 direct solvent extraction is 
used primarily in the soybean industry; while prepress solvent extraction 
and sc~ew press operations are utilized primarily in the cotto~seed, flax
seed, and miscellaneous industries; ~nd hydraulic press operations in a 
small number of old, small capacity plants. 

The crushing cf oilseeds by !'.'.llvent extraci:i:'n, prepress solvent extract.ion, 
or mechanical screw press, with minor variat1ons in seP.d preparation, are 
generally similar operations regardless of the seed bein3 crushed with 
one exception--the crushing of raw olives. Therefore, the following 
process descriptions will discuss oilseed crus~ing in reference to the 
extraction methods utilized by the major oilsee~ industries, while a 
separate discussion will be provided for the crushing of raw olives. 

Direct Solvent Extraction: Soybeans are commonly processed in the 
United States today by the direct so1ven~ extraction method. The manu
facturing of crude soybean oil involves the .rus~;ng and solvent extrac
tion of th~ crude oil from dehulled, conditioned soybean meats. The 
important by-products of the precess are soybean meal and cakes which 
are sold commercially as a protein supplement in feed grains. Other oil
bearing seeds, such as cottonseeo, present problems in that the seeds 
tend to disintegrate into fine partic,es, called "fines," which interfere 
with the op~ration of the solvent reL :ery system. Modern technology, 
however, has develop~d solvent extra,~ion processes applicable to almost 
any type of oilseed. During 1974, 20 percent of all cottonseed processors 
utilized the direct solvent extraction process. 

Cofield ( 19 ) reports that 1n general, the ini!ial and operating costs of 
a solvent P.xtract1on plant are higher than mechanical screw press operations. 
More skilled labor 1s required in a solvent extraction plant and a several 
hundred metric ton capacity is required for economical operation. Skilled 
labor is often difficult to obtain and a large capacity requires large 
storage facilities due to the seasonal production of oilseeds. Another 
disadvantage of solvent extract~on is the nigh cost of the solvent (usually 
hexane) and its explosive potential. 

The disadvantages and problems of solvent extraction are generally more 
than offset by its primary advantage--increased oil yield. Curren~1y, 
95 ~ercent of the soybean industry and 38 percent of the cottonseed 
industry use either solvent extraction directly or in combination with 
mechanic<;·. Jress ing. 
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TABLE 8 

EXTRACTION OF OIL FROM OILSEEDS BY VARIOUS PROCESSES 

011 Extraction Process 

Direct Solvent Extraction 

Solvent Extraction ~ith 
P1·epre s sing 

Mechanical Screwpress 

Hydraulic 
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Most Corrmon Applications 

Soybean 
Cottonseed 

Cottonseed 
Flaxseed 
Peanuts 
Sun fl uwer Seed 
Corn GP.mi (wet process) 
SafflowP.r 
Sea same 

Cottonseed 
Peanuts 

011vu 
Flaxseed 

Cottonseed 
01 ives 
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As sr1own in Figure 35, raw materials arrive at the plant by rai1 or 
trt·ci.. d,,J are irTJnediately dried and cleaned before storage to eliminate: 
any fure1Qn matter that could cause combustion, affect oil quaiity, or 
dec,.ric.rrte equipment. Cleanfog is accomplished by a combination of 
s~r~~n~. air separators, and magnets. 

A pret.'Ciltment step unique t& cottonseed is that of delinting. Brennan 
( 20 ) reports that any cotton fiber still on the cottonseed after cleaning 
1s normally removed in two delinting steps, first-cut and second-cut. The 
first-cut is a short, high grade fiber used in cotton-felt manufacturing. 
The second-cut is usually sold to cellulose manufacturers. The motes, or 
remaining fibers, and foreign matter are removed by shaking and are sold 
for their cotton content. Cottonseed delinting is also required in prepreS$ 
solvent extri~tion and screw press operations. 

All oilseeds must be dehulled to increase the efficiency and capacity of 
the s0lvent extr~ction operation, and to reduce abrasion of equipment. 
Dehulling is normally accomplished in bar or disc hullers or corrugated -
cracking rollers, while screening and air separation are used to isolate 
the hulls from the meat. In modern, efficient plants, this operation 
creates little if any dust problem. However, in older installations, 
particulariy in those processing cottonseed, a considerable amount of 
dust is created with a resulting lnss in product quality and deterioratic~ 
of working conditions. Rock~ell ( 21 ) reports a number of plants have in
stalled wet scrubber systems, bag filters, and "cycl"nes" to reduce air
borne particulate matter in oilseed preparation areas. 

[n most cases the hulls are reccvered for ani~~l feed or fertilizer. 
In some plants, particularly ir. the peanut industry, the hulls are 
incineratea or used as boiler fuel. 

Hutchins ( 22 ) reports that the null-free disintegrated meats are sent 
to the "conditioner", usually a vertical stack cooker, where the meats 
are he4ted to 7o~c (1589 F) maintaining a moisture content of 10 to 11 
percent for 15 to 20 minutes. Cooking ruptures oil cells, provides dis
infection, and stabilizes tne enzyme activity of the meats. ConditionP.d 
meats are then processed througn flaking rollers where the meats are 
pressed into a f1at. flake. Pl"es~ed soybe.in flakes range in thickness 
from 0.02 to 0.03 cm (0.008 to 0.012 in.). 

The flakes are conveyed from the milling pr~r.aration area to the solvent 
extractfon building hOusing one of sever·al .ypes of extractor u·nit:;. 
Although near1y a11 of the soybear1 extraction plants in the United States 
now have percol-1 ti.011 or basket-t_:pe extractors, a few immersion types 
are still being operated on a small scr1e. It is not necessary to in
clude a full description of all commercial extractor units available in 
this document; however, adequate descriptions are available from oubl i~h~d 
references: Cofie1d ( 19 ), En~yclopedia of Chem;cal Processing ~en: 
{ 23 ) , and Langhurst ( 24 T. - -
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The oil bearing pressed flak~s are deposited into steel baskets within 
the extractor unit and an organic solvent. usually hexane. is allowed to 
percolate through the flakes J !: a ten·perature of 48° to 54°C (1Z0° to 
130°F) from 25 to 45 minutes. 

Solvent extraction removes oil. from the meat of oilseeds by the diffusion 
of solvent and oil through the ruptured cell walls. Replacing the solvent 
outside the cell walls with solvent of lesser oil content prevents the 
process from reaching equilibrium, and the process becomes continuous. 
The hexane solvent reduces the oil content of the m~ats to about one percent 
or iess with the flakes retaining 35 percent of the solvent. 

Solvent extraction is accomplished either as a batch or a continuous opera
t1on. Batch methods have the advantages of low initial investment and the 
capability of processing relatively small Quantities, thus being practical 
for the small processor. However, batch processing involves high labor"costs 
and presents danger of flammable and toxic solvent vapor. The latter di~ad
vantage has been overcome in recent years by the use of nonflammable tri
chioroethvlene, and there are some small operations 22 to 27 t;Ko (25 to 30 
ton capacity) which use batch operations. Most commercial operations 
use hexan~ in a continuous operation. 

A number of continuous solvent extraction syste.ns are er.iployed by the 
oils~ed industry, but all use the same basic operations of (1) passing 
the solvent over the conditioned, pressed meats to produce the oil
solvent mix~ure called miscella; and (2) recc1ering the solvent fr~m 
the miscella anc the extracted meats. A typical flow diagram of con
tinuous solvent extraction is presented in Figur€ 36 

Kingsbaker ( 25 ) reported that severa1 desolventization methods are used 
for recovery of the solvent from the miscella and the extracted meats, with 
all having the object of removing the solvent at the 10~1est possible temper
ature and recovering the solvent with a minimum of loss. In cottonseed 
crushing particular care must be taken to qu1ckly remove the oil from the 
miscella to prevent oil damage. This problem is not typ1ca1 of other oil
seeds. The recovery of the solvent from the m1sceila is usually acco~~ 
plished in a long tube evaporator followed by a stripp1ng column. Each 
un1t evaporator removes approximately 90 percent of the solvent. 

The first method of desolventization of ~eats, developed in Germany, is 
still used by perhaps a third of the solv~nt e~traction plants in tne 
United States. The method involves passing the meats via a ribbon conveyc.r 
through a series of steam jacketer! t.;~ie!> calir:d "schneckens.··. The s<:hnec· ., 
are expensive. diffir.uit to clean, ~nd less efficient than more modern me• 

The next method of desolventization of meats that appeared in the industry 
was the solvent vapor-desolventizi119 system. About 99 percent of the 
solvent is removed from the meats by passing superheat'd hexane vapor over 
them. Tile heat from the vapor vaporizes the solvent. A final steam strippin9 
remove~ the last of the solvent from the meats. 
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The desolventizer toaster is perhaps the most widely used method of de
solventizing meats, particularly in the soybean industry. It consists of 
a vert1cal vessel with steam heated tray sections. The upper trays provide 
desolventization by steam sparging while the lower trays provide toasting 
by heating the flakes to about 106°C (222°F). The desolventized meats are 
then cooled, ground, screened and processed as f1n1shed meal for animal 
feed. 

Solvent recovery in every phase or niethod of solvent extraction is of 
great importance to processors because of the high cost of hexane and its 
flammability. Solvent recovery is involved in all of the extraction equip
ment but is a special problem in the recovery of solvent from the final ver.t 
gas discharge. Various methods employed for this purpose include all adsorp
tion systems, activated carbon, and refrigerated vent condensers. with the 
last be1ng most extensively used. 

Modern plants ··an expect a total loss of hexane of 2 liters (0.5 gal) 
or less per KKg (1.1 ton) of seeds processed and a concentration in 
the vent of less than 0.9 volume percent air. The total losses in 
some plants are considerably higher, as muc:i as 4 to 6 l/KKg 
(1 to 1.4 gal/ton). These less efficient plants, besides having the 
danger of fire and explosions, will usually face economic problems. 

ihe final product, crude soybean oil, i~ stored in oil storage tanks 
for later shipment via railway tank cars to area edible oil refineries. 

Soybean Oil Degumming: Trere are a _rge number of solvent extraction 
plants in the United States which al50 ~recess soybean oil for the re
covery and refining of phcsphatides. This process is generally known 
as degurm-.ing. 

8ioomber9 ( 26 ) reports that a typical soybedn oil will yield a 3.S 
percent gum-like material which i~ JS percent water and 65 percent 
011 soluble• the 011 soluble portion will be about one-th1rd 011 and two• 
thirds acetone-insoluble (lecithin). Lecithin is a complex mixture of 
phosphatides which consists chiefly of phosphatidyl ethanolamine, phos
phatidyl serine, and phosphatidyl inositol, combined with various 
amounts of other substances such as triglycerides, fatty acids, and 
carbohydrates. · 

A typical plant for degumming soybean oil, operating at lJ.6 metric 
tons (1.5 ton) per hour, is illu!>trated in figure ~7 . Oil, containing 
3.5 to 4.0 percent gums, is pumped from the crude oil storage tank througn 
heating coils where it is heated to 59 to 6S°C (138 to 149~F)~ then 
through an in-line mix~r. about one and one half percent on a weight 
basis, of water is added to the crude oil. The oil-water mixture re
n~ins in tne hydrdtion tank under continuous mixing for about 45 minutes. 
From the hydrat1on tank, the oil-water mhture is pumped to a degumming 
centrifuge. The two products ar~ discharged from the centrifuge. De
gurm1ed oil, containing about 0.2 to O.J per·cent moisture, goes to a 
refining process and lecithin, containing about 35 perc~nt moisture. 
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is pumped to a vacuum dryer. Dry lecithin, containing about 0.5 per
cent moisture is discharged from the vacuum dryer. The moisture re
moved from the wet lecithin amounts to about 227 liters (60 gallons) 
per hour, and is discharged to a sewer or waste treatment system. 

Mechanical Screw Press Operations: The primary emphasis of this de
scription will focus on the cottonseed industry as 77 percent of the 
processing facilities in the United States ~till use mechanical screw 
presses, eith·er for preprcssing or complete extraction. 

Cottonseed arrives at the plant by rail or truck and is stored in large 
warehouses. Cottonseed is prepared for pressin~ by cleaning and sub
sequent proces~ing through the first and second cut linters (Figure 35 ). 
Brennan ( ZO) reports that the first-cut recovered lint is baled and sold 
to cotton-felt manufacturers and the second-cut is sold to cellulose • 
manufacturers. The delinted cottonseed 1s then dehulled by c~tting 
the seeds in bar hullers with the meats being separated from the hulls 
by a series of shakers, beaters, and separators. Cottonseed meats are 
passed through a crushing roller to flatten t.he meats into flake form 
and to rupture a large number of oil cells. More importantly, crusning 
puts the meats into a form that ~ennits uniform treatment of heat and 
moisture necessary for preserving good quality oil. Hutchins ( 22 ) 
reports that after crushing, the meats (30 to 34 percent oil content) 
are conveved into a vertical stack cooker at a temperature of 84°C 
(l38°F) a~d a moisture content of 12 percent. Cooked meats are then 
discharged into the mechanical screw press or Lxpeller where about two
thirds of the oil content is removed and sent to a sump. 

Figure 7~ shows 3 simplified flow diagram for mechanical screw press 
extraction. Dunning ( 13) reports that the screw press extractor con· 
tains a nain worm shaft that exerts a pressure of 700 to 2,000 atm 
(10,000 to 30.000 ps1) on the meats be1ng processed; the snaft is 
selected for the tyre of seed being processed and the pressure required 
by the sPed. · Thd particular shaft select!o, however, can have its prps
sure adjusted for variations in the seeds. 

A drainage barrel 1 consisting of rectangular bars set in a frame, perm1t~ 
drainage of oil from the pressing operation as well as acting as a 
filtering media. The spacing of the bars will vary along the length of 
the extractor and also accor~ing to the type of seed being processed. 

'!"he oil from the mechanical extractor 1:s settled in a r.ed1inentat1on 
basin to r-=move the settleable veoetable solids or "foots". which are 
normally about two percent by weight of the meats being processed. The 
final unit operation before stor3ge is filtration. 

The meat from the mechanical press is in the form of a ca~e. It may 
undergo au~itional oil removal by solvent ~xtraction, or, if the plant 
1s strictly mechanical, it h groi.ind in the meal room. The grinding 
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operation presents a pot~ntial dust problem, particularly 1n the grindin~ 
of cottonseed meal. At this point, ground hulls may be mixed with the 
meal for protein adjustment. 

Prepress Solvent Extraction Operations: About 19 percent of the cotton
seed, 50 percent of the peanut, and 50 percent of the flaxseed crush~ 
ing industries utilize the prepress solvent ext~actor method, Typically, 
011 seeds are cleaned, cook~d. and screw pressed 1n the same manner as 
normal screw press ope.-at1ons where two-thirds of the oil content of the 
mec:its are ·rel'1oved. However, the cooled granulated cake from the screw 
press contains about 10 percent oil .(one-third of the oil content of the 
seed). This oil is recovered by the same cont1nuou~ solv@nt extraction 
process described above. Solvent extraction reduces the oil ccntent of 
the cakP. to less than 0.5 percent and the crude oil is sent to storage. 

Olive Oil Process!Jl9. ·Crude olive oil may be produced from whole 
ripe olives by the mechanical screw press operation or by hydraulic 
press. Cannery crushed whole olives are processed for oil by direct 
solvent extraction. The screw press and hydraulic pr~s~ produce bot~ 
virgin and low grade oils while solvant e~traction produces only low 
grade oil. 

Mechanical Screw Press: Figure :s illustrat~s the strew prezi procuss 
r~r olive oil ~rodurt1on. The ~nole ripe olives are hepper-fed into 
a transport pumc ~asher for pr~w~~hin9 before pass!ng into an air per
colation washer for f~nal was~1~g. The clean olives ar~ thtn trans
f:rret.1 in to a harrl'lier· mi 11 1.Jy ~ec.ns of a bucket e levat.')r. 

In the halllfller mill the olive~ fall onto a metal sere~~· and are struck 
by a rotatin~ dr~m fitted with 'teel bars. The pulverized fruit falls 
tnrougn the screen into an opP.r. trough which 1~ sloped s11ght1y towar~ 
the discharge end. A rotat1nu bar wit~ inter$~ersed. fan-11ke bl)d~5 
blends th2 crushed fruit into"a ~eal and convey~ it along the trough. 
The ~eal is then transferred int~ a screw pre~s with th~ rP.5u1t1ng 
pomac~ be1~g hauled away for fertilizer, while the slurry. composed of 
011 1 water and f1n1·p1rticl~s of ~11Y~!, 1~ e~~tr1fuged. Ce~tr1'1guati~n 
separates the slurry 1nto sludgt', oil and riater, and fruit water frdctinw,. 
The fruit water i5 retyclPd into :he cen~rifuge to aid in 5epar~ticn 
of the slurry. The !.luC::ge ha:; ii lo..i r:11 wd i~; nor11'.dlly IJ~·E'G for neu
tralizing ah.aline ~or~s. 
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The oil-water mixture is separated in a polishing centrifuge with the 
water being recycled back to the screw press slurry and the oil collected 
in storage tanks. Finished oil is tested for taste, odor, and free fatty 
acid content to determine if refining is necessary. If the oil p.·oves to 
be of high qualit_v, it is retained for blending with refined oil, :)ottled 
as virgin olive oil, or sold in bulk. 

Wastewater generated in the screw pressing process consists of periodic 
dumr J of wash tanks, centrifuge effiuent, and occasional equipment 
cle" .. ..ip. 

Hydraulic ?ress Operations: Fi<;1;l'e 40 illustrates the recovery of 
olive oil by hydraulic. pressing. After crushing in the hamr:ier mill, 
the ripe o1 ives are placed in burlap "press bags" which dre subzequentl.v 
layered into the hydraulic press. 

Press)ng is carried out in two or more stages, with ~he first press 
(at press 1Jrc of oPiJroxi:..ately 20 atrn) (300 psi) yieldi:ig high grade, 
virgin oil. Successive pres~es at higher pressures yield a lower grade 
oil which must be r~fined. The extr~cted oil is tnen centrifuced 
to separate fruit water from the oil. Low grade oil goes dire~tly to 
refining wnile the virgin oil is bleached by processing the oil tnrougr 
a pressure clay filter. The bleached virgin oil is then pumped :o 
storage tanks. 

The poma~e rema1n1ng in the burlap filter bags contains about ten 
percent oil and is mix~d with ~rusned cannery pits and culls for 
solvent extraction. 

Wastewater generated in the hydraulic pressing precess consists of 
occasional wasning of the olives ~rior to pres~ing ana centrifuge eff1~~~:. 

The Solvent Extract1on Process: Fig;.ire 41 illustrates the solvent 
Pxtraction for olive oil production. Cannery olive pits and culls and 
deteriorated, bruised whole oli.,,es are illanually placed into a tianmer m•ll 
and pulverized into wet meal. At this µoir1t pomace from the pressing cf 
the olive oil may be aJded to tne rreal. The meal is dried in a rotary~.'.·,, 
to prepare it for extraction. The dried meal is placed into the extract~r 
where the oil is extracted by a haxane solvent. The hexane is recovered. 
the pomace sold for cattle feed, ana the oil recovered for refining. The 
only source of wastewater in this process consists of water which drains 
out of the fruit during storage. 
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SIC 2079 Shortenin , Table Oils, Mar arine ~nd Other Edible Fats And 
ils, Not E se~here Classifiea 

The refining and production of edible oil products from both animal 
fats and vegetable oils derived from oilseed products constitutes a 
major industry in the United States. The Institute of Shortening and 
Edible Oils (ISEO) (27) reports that fats and oils provide about 40 percent 
of caloric nutri~ional needs for the Vnited States. Fats and oils com
monly us~d for table use and cooking purposes are predominately trifatty 
acid esters of glycerol, commonly called "triglycerides". Triglycerides 
make up approximately 95 percent of the constituents present in crude 
vegetable oil. Other principal constituents present include nior.o- and 
diglycerides, free fatty acids, phosphatides, sterols, fatty alcchols, 
tocopherols, carotenoids and chlorophyll (color bodies), and vita~ins E 
and K. 

The USDA Foreign Agricultural Service Statistics (28) indicate that 
wor1d production of edible oils has been a growing industry for many 
years. Prior to World War II, cottonseed wa~ the major oilseed crushed 
in the industr}', but soybean oil has dominated the American market for 
the last thirty years due to its relatively high protein yield. Soybean 
oil has been largely responsible for the last decade's increa~e in 
annual world production of vegetable oil from 12.3 to 22 million 
metric tons. Table 9 show~ the growth 1n demand for major vegetable 
oils and dnimal fats in the United States over the last two deC"c:...;es. 
Table 10 presents the annual production of the major crude vegetable 
oils produced in the un~ted States from 1959 to 1973. 

The lSEO (29) reports that there are currentl) 121 active edible oil 
refineries in the United States µrecessing more than 8.2 million metric 
tons (g million tons) of edible fats and oils annually. The largest 
concentration of edible oil refineries is in California which as 20 
plants; Illinois is second with 15 plants, and Texas is thira with 10 
plants. Table 11 provides a summary table listing the geographical 
distribution of edible oil refining facilities throughout the United 
States. 

The following proce~s descriµtion covers the refining of animal fats 
(tallow and lards) ~d crude vegetable oiis such as soybean, ~ottonseed, 
peanut, palm, palm ~rnal, olive, safflower, and sunflower oils. 

Description of Pr0ce_g - A typical, full scale edible cils refinery 
usually purchases crude vegetable oils from a variety of oilseed crushing 
operations and reffnes the oil into a number of finished products such 
as shortening, margdrine, salad and cooking oils, salad dressings and 
mayonnaise. The principal steps involved in refining edible oj Is include 
{l) storage and handling, including tank car cleaning; (2) caustic 
ref1n1ng; (3) acidulation; (4) bleaching; (5) hydrogenation; 
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T/IBLE 9 rooo FATS ANO Oil END PRODUCTS 

U.S. OOKESTIC DISAPPEARANCE OF FATS Arrn OILS IN FOOD PRODUCTS. 
BY TYPE OF FAT OR OIL, 1950-72 1/ (MILLION METRIC TONS) 0 

::0 
~ 

YEAR Soybean Cottonseed Corn Coconut Peanut Palm Palm Kernel Safnower Olive Sesame Total ...... 
--i 

1950 o.~56 0.655 O. lOl 0.059 0.047 0.012 0.036 0.002 1. 567 
1951 0.697 0.473 0.096 0.064 0.052 O.fl05 0.018 2/ 1.405 
1952 0.867 0.552 f). 091 IJ.087 O.OJB 0.0005 0.01)5 0.021 21 l.662 
lCJSJ 0.965 0.521 0. Hl7 o.mn 0.021 o.nno5 0.009 0.020 21 1. 727 
1954 (i. !JOR 0.732 0.105 0.093 0.026 O.OOi 0.015 0.028 1.964 
1955 J.0117 0.600 0.106 o.onn 0.022 0.016 0.024 0.0005 1.911 
1956 0.918 0.568 0. 115 0. IOJ 0.030 0.019 0.020 21 1.833 
1957 1 • 0'11 0.555 0.121 ll.106 0.010 0. '12 l 0.022 0.0005 l .899 
1958 1. 7.131 0.'166 0. 122 o. 115 n.07A 0.021 0.024 0.0005 2.058 
lC159 1.'131 0.481 0.140 0.0fll 0.017 0.001 0.022 0.24 21 2.110 
1%0 1.366 0.556 0. 141 0.078 0.028 0.0005 0.024 0.023 0.0005 2.216 
1%1· 1.27CJ 0.'">79 o. l ~n 0.093 O.o.13 0.014 0.07.7 0.027 0.0005 2. 310 

w 
1%2 1.4R6 'L Sf,2 0.156 0. 121 0. 0211 0.011 0.01!3 0.018 0.026 0.0005 2. 442 N 

106) 1.47q n.S30 0. l :;9 0. l 02 O.Olll O.OOK 0.0)1 0.07.4 0.015 0.0005 2.378 
1964 1.696 0.611 0. lfJ7 (). 115 0.026 0.005 0.030 0.017 0.030 0.0005 2. 719 
1965 1. 7fl 1 f). 640 0.194 r.. 123 0.01?. 0.006 0.036 0.07.3 0.020 0.0005 2. 775 
1966 1 . 91!9 lJ.552 0. 1 HO 0.157 0.065 0.024 0.029 0.038 0.022 0.0005 3.016 
1967 1.981) 11 ... rna 0. 1 ll3 0. lfi4 0.07P, o.02n 0.049 0.072 ·0.025 0.001 3.068 
1968 2.1-17 0.445 o. lRJ rJ.167 0.091 0.035 0.044 0.031 0.029 0.0005 3. \73 
1969 2.480 0.435 0. 177 fJ. 182 0.067 0.058 0.042 0.056 0.026 0.001 3.533 
l«HO 2.6Sfl n.~47. 0. 1Ke 0.156 0.069 fl. 05 l 0.035 0.036 0.028 0.001 3.657 
1971 2.618 0.327 o. 177 0.207 o.mn o.r.ea 0.035 0.052 0.028 0.001 J.637 
19723/ 2.811 0.319 0.210 0. 227. 0.076 0. E~ 0.031 0.015 0.030 0.001 3.067 

1/ Includes disappearance into products for both civilian and military consumption. 
Data not adjusted for char.ges 1n finished product stocks and excludes exports. 

2/ less than 225 metric tons. 

J/ Preliminarv, U. S. Department of AQriculture. 
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TABLE 10 

PROOUCT~ON OF MAJOR CRUDE VEGETABLE OIL HI THE UiHTED STATES FROM 1959-1973* 

MlltlON MET~lC TONS 
(Mi 11 ion Paunds) 

~ 1960 1961 1961 .!fil 12§! 196S .!ill. 1967 1969 1969 .!fil 1971 197Z 1913 

~·" Crude on 1.97 1.9') 2.01 2 .21 2.2CJ i.24 2.31 2.61 2.80 2. :a 1.09 3.76 3.74 3.58 3.40 
CM Pnldu<"Uon (043) (4384) {44Z8) (4A'H) (SOS7) (4948) (5211) (5806) (6171) (fl27' (6818) (830()) (8265) (7892) (/509) 

""' Cotton\ted 
Cnid~ Ml 0.7) 0.8\ C.8Ct 0.9l 0.81 0.88 0.9( 0.11 o.so 0.47 0.67 0.59 0.56 0.59 O.H 
Pn1clu1. ! ion (1615) (1790t (1765) (ZOOI J (19Zll {1936} (2028) (169Z) (109S} ( 1041) (1480) (lJOO) (1135) (1308} ( 156E) 

Pp•nut 
Cnllk OH 0.047 0.038 J.042 o.oz8 \) .\l,'.i 0.0'36 0.061 0.011 0.0R2 0.096 0.084 0.'2'.i 0.\21 0.120 0.124 
Prwduc l I e11 ( l()fj (81) (91) (61) (100) {Ill) ( 1 ::s) ,, 10) (182) (211) ( 186) (2JS) (266) (265) (213) 

ton 
Crw* on C. IC6. 0.108 0.152 0.166 0.111 0. 188 0. 202 O.ZOJ 0.201 0. 20'5 0.211 0.215 o.no 0.226 O.ZJ7 
Production (321) (ZJ9} (JJ5) (366) (J9D) (41&) (445) (447) (4U) (452) (466) (47S) (485) (499) (521) 

Lhaffd on 0.179 0.209 0.185 0.206 0.164 0.138 0.13] 0.127 0.119 0.202 0.11) 
•r8'1K ti Oft ltA oiA '" 

,.. (1941 (462) (,09, (455) (JciJ) (3iJ5) {294) (280) '395) (4C5) (J81) 

S.fflowr 0.023 0.069 0.047 0.050 0.061 0.01; 0.063 0.045 0.014 O.OQS 
Otl llA "" (51) (152} (i~l (Hl) (130) ( 170) (139) (100) (15) (100) llA llA lfA 

• •ro•f .. te Vil~ 

.. - llat ~Ylt11ble 

Sourte: Fits and 011• Sltuatfon, 1959-197]. 
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TABLE 1 , 

A SUMMARY OF THE NUMBER OF EDIBLE OIL REFINERIES 
IN THE UNITED STATES LISTED BY STATE 

Alabama 2 ~ebraska 2 

Arizona 2 New Jersey 8 

Arkansas 2 New Yor~ 2 

California 20 North Carolina 2 

Colorado Ohio 5 

Georgh 4 Oklahoma 

Illinois 15 Oregon 2 

Indiana 3 Pennsylvania 

Iowa 8 Rhode Is land 

Kansas 3 South C~rolina 2 

Kentucky South Dakota 2 

Louisiana 3 ienne$See 6 

Maryland Texas 10 

Michigan Vi rg1nia 3 

M1nnesnta 2 ~l~sh1ngton 3 

M1~sour1 2 Wisconsin 

TOTAL 121 
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(6) winterization; (7) deodorization; and (8) plasticizing and packaging. 
Figure 42 illustrates a process flow diagram of a typical, full scale 
edible oils refining operation. 

Storage and Handling: Crude fat~ and oi1s arrive at the refinery 
receiving area by tank truck or rail car and are pumped toe tank 
farm storage area. After use, the tank trucks and rail cars are systema
tically cleaned with steam or detergents. Tank car cleaning and the 
cleanup operations associated with the storage and hand1ing areas c~n
stitute a major wastewater discharge from edible oil r~fineries. 

Caus~ic Refining: There are in use to1ay several edible oil pl~nts 
which use the older methods of bate• w ''kettle" refining of crude 
vegetable oils. Sanders (30) re~orts that economics currently dictates 
the use of the continuous caustic refinery process which utilizes 
centrifuge separators for the maximum recovery of neutral oils. Figure 43 
presents a simplified flow diagram of the caustic refinery process. 
The caustic refining process (also ~ermed "saponification") is carriL>d 
out by the che~ical reactions of a triglyceride (fat) with sodium 
hydroxide at a temperature of 60°C (140°F) from one to five minutes. 
This chemical reaction is illustrated in FiQure 44. Products of the 
reaction are alkali salts of the fatty acids whose esters formed gly
cerides and glycerine. 

When the reaction is complete, the caustic solution is centrifuged 
to remove the neutral oils from the water sohl ·· sludue or sodium 
soaps containing free fatty acicrs, proteins, c: bodies, and 
phospholipids. These extraneous m~ter1als arf 0n;y known as 
"foots" or "soapstoc~. The neutral, rci'1,-ed Jre further processec 
by a water washing stet-1 to remo·,ie residuet soei. .at could cause deteri-
or:ti,, during later stordge or croc~ssing. Wa.;r usage for ojJ washin9 
is about 10 to 15 percent by wei;nt of oi1. 

The washed oil ~~st be vacuum dried b~fore storage. This operation 
contr1butes approximately two percent ~dditional water by weight to the 
waste load. In addition, clean up op~rations such as wash-dcwns )r 
tan;.. clea11:ng ;i··oduce p~nodic ..... ater waste loadings. 

Soapstock Acidulation: The cc 
solut1on ts cycled t6 an acid1. 
added to yield free fatty acic· 
purposes for the manufacture o 
follows the general equation s1 

~ely ~aponif1ed foots ~r soapstuck 
n tank where excess sulfuric acid is 
tare recovrrable for distillation 
~tv acid jerjvatives. The reactio~ 

.. ·1 i i1 F i y u re 4 4 . 

During the processing of soapstock for fatty aci~ conte~t, waste 
water is generated directly from the pro:ess itself. Acidulation of a 
basic soapstoc~·water mixture products wastewater not only by neutrali
zatjon but also frees water from the SC\~ostock mi.><ture. The end result 
with respect to waste load is an acid wat~r with a pH of approximately 

· 135 



-01\. 

. 
, .. c;.all -·~ 

a.r•1..nlflL 

~l'E ... : __ =r-
f fMl•_-40 

OIL 

~'Ula.GI" 

FIGURE 42 

PL•'5>11Cf11JrrC; 

""' PAC.•ac.ING 

I 
~CJID&ll 

'.)t'(.ATU.I~ 

......,,,_,.r-1...-
~-. AO Ull ~ 

1"8.l 0\\. s 

PROCESS FLOW DIAGRAM OF A TYPICAL 
EOIBLE OIL REFINE~Y 

~v1n 

5EP&IHTIOt 

lo \lll,..IJC. 

q[CC1.tt.t\l:O 

1...:01R.r 
OILS 

IEIA , -- 01 !loOtlllQ! 



DRAFT 

18 PERCENT 
SOOIUM 

HYDROXIDE 
1. 5 KG/HR 

CRUDE 
'IEGETABLE 

OIL..S 
50 KG/H'l 

St..LFURIC 
ACID 

PROPORTIONING 
F>•.Jf>'PS 

PROPORTIONING 
PUMPS 

1-ClT WATER 

4.7 KG/HR 

MIXER 
zi; 0 c 

1-S MINUTES 

CENTRIFL.GE 
60°C 

NEUT~AL. OIL..S 
TO 

WAS~HNG 

47 i<.G/t-~ 

+ 

SOAPS TOCK 
OR 

11
FC'.OTS

11 

3 KG/~ 

SOAPS TOCK 
ACIOU..ATION 

ACI Ol.A..A TED 
SOA~STOCX 

I 
I 
I 
I 
I 
I 
I 

WATE~ WAS~TN~.,. 

I 
I 
I ---------+ (MIXE~) 70°C 

CENTi=ilrUGE 

VACUUM 
DRYING 

I 
I 
I 
I 
I 
I 

.1 
$OAP'' WATER I -... --------~ 

10:11: F°l\T I 
I 
I 
I 
I ----------
' 

WASTE WATER 

Pt-t l • 5 - Z, CJ 

~ WASTE WATER 

AEFH£0 OIL. TC STORAGE 

FIGURE r1.J 

A SCl-IEMATIC DIAGR.\'~ OF A cc~ITINl::JuS PFlOCESS 
FOR CAUSTIC REFINlf'G AN~ RE~~\Eqy OF AClOULATlON SOAPSTOCK 

13? 



DRAFT 

R-C-0-012 
6o•c 

R1-C-0-CHz 
NAOH + 3 

Rz-C-0-CHz 

A TRIGL YCERlDE 
(CRUDE VEGETABLE OIL l 

- + Rz-C-00 NA 

SOAPSTO:K 

HzO 

CAUSTIC BEf lNlNG 

C-Hz-OH 

C-H 

CHz-OH 

GLYCERINE 
( A NF.UTF:!AL 0 IL 
50.UABLE IN HzJ l 

R-C-OOH 

FATTY ACID 

+ 

R-C-00-NA+ 

e1 -c-oo-l'JA + 

-N + R2-C-00 A 

SOAPSTOCK OR FOOTS 
(A PO....AR ALKALI S~LT 

SOL..UA8'..E IN HzO l 

(AC IOU..~TEO SOAPS TOO< l 

FIGURE 411 

GENERAL CHEMICAL HEACTIONS AS~:.J::.:.1D I/ITH THE CAUSTIC RE:F'INING Al'ID 
AClDUL·\"' !C~~ FR2C.ESSE$ 

i3s 



DP.AFT 

1.5 to 2.0. The total volume of water will amount to 65 to 75 percent, 
or less, of the soapstnck treated. Water from cleanup produces periodic 
waste loading. 

Bleaching: Bleaching of edible oils is us~ally accomplished by the 
adsorption process which consists primarily of the use of bleaching 
earth, both natural and activated. A number of refineries use 
activated carbon as a substitute adsorbent in place of bleaching earths. 

Unf ted States refiners usually determine the colors of the lighter 
bleached oils and shortenings by ma~ching a 13.3 cm (5.25 in.) column 
of the melted fat or ofl against red and yellow Lovibond color glasses. 
For the darker colored oils a spectrophotometric method has been developeo 
for the evaluation of oil colors. At the present time both methods are 
widely used. 

The three bleaching methods commonly used are batch bleaching, continuoui 
vacuum bleaching, and a newer development described as countercurrent 
vacuum bleaching. All bleaching processes are conducted under vacuu~ to 
protect the oil against oxidation. Some operators add the adsorbent, a 
bleaching clay such as Fuller's or diatomaceous earth, at the Deginning 
of the heating period; others prefer to have tn~ oil at the bleaching 
temperature (us.;a1ly !03 to l34°C) before the adsorbent' is added to 
facilitata denydra:ion. In bleaching most oils, the cost of the adsorbent 
is exceECed by that of the oil lost by retention in the soent adsoroe~t. 
hf~er filtration, the oil i~ usually cooled to a temperature of 54 to 
' ~ (100 to l40cF) oe~ore being transferred to storage. Figure 45 

3tra:es a si~plified flow diJgram of the bledching ~rocess. Af:er 
·ation, tne s~ent filter ca~e material contilining 25 :o 4G percent 
is usually di~caroed in either a dry or slurry form. It has not been 

.nomit;ally feasible in the industry to attempt recovery of the entraini:~ 
~·1 present in the sp~nt filt~r cake. However, ~ractices for the recov~r; 
of th1s oil have been developed ~Ya few ~Qmpunies. Th~ procedure calls 
for the ~pent filter cake to be subjected to a pressurized air flow fer 
a few r.dni.tes until 1:~ost of the free 011 i~ displr:ced. Ory stea:ii is thr:r
introduc~~ into a press chamber from 30 to 45 ~inutes to renove·t~e r~
mainin~ :Jii. In :r.ome olants nitrooen i~ .ised in piact: of pre::.~ur;ze-J a~·-. 
Acid-trea:ed ;l~ys dnd activated c~rbon have a greater retention tnat 
neutral earth Mater1als. 

In the final analysis, the choice of an absorbe"t depends upon cost, 
activity, and oil retention. 8leachin9 dos.:iges usually rJr,ge frcm .i :01·1 

of 0.2 percent for lighter oil~ to a ;na.\i111um of about i.O percent for 
darker oils. 
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Waste 1oadings from the bleachin~ process are identified as follows: 
(1) contact coolin9 watt"'' from baro111etric condenser systems; (2) liquid 
waste from the filter cake ail recovery operation; and (3) cleanup 
operations. 

Hydrogenation: Hardenin9, or hydrogenation, of an edible fat 
consists of the d~rer~ ~ddition of hydrogen to the cdrbon doYble 
bond of an unsaturated f'dtty acid c.ha1n. ?rimarily, hydroger.ation i~ 
a means of converting J'q~~J Lils to semi~olid, plastic fat5 suitable 
for shortening or m~rgarine man~facture. It also enhances ~he stability 
as we11 as improving ~clor. F~gure 46 illustr~te~ a simplified diagram 
of the hydrogenation ~rocess. The reaction requires a catalyst wnicn 
consists of nickel in a fi11ely divided form, prepared by special mE:thcd~. 
and often supported on a highly porous, inert material, such as 
diatomaceous earth. 7ne ~~atalyst is s·.Jspencec in the 011 during 
hydrogEnation, a.id at the conclusion ;s ri:!m~ved by fi ltrc..tion. Alth:iugh 
catalysts dccrea::e in activity with repeated use, a sinp"1r charge 111ey 
be used a number of times. 

In the u:;ua1 type r,f eqrJipmerit, ~ne hydroqenation reai::tion is brol,gtit 
about by agitating the suspensior, of 'a~alyst a11d oil ·ir, a clos~d 
pr•.::ssure vessel in an <7tmosrhere r,f ti_vdr'.>gen. Agi;::\tion serve> thP. 
dovble p~rposc of increa~in~ tne solubility a~ hyd~~~en in oil anG 
renewing the oil at the cacalyst ~urface. Th~ rate of hyd~ogenation 
irrcreases with 1ncreasirig tern~er.:ii:1.1re and ;,re!;sure. The romposit1on 
and characte• of the hydrogenate:; product n:ay vary a~co1·:j'. ,1g :c. t11e 
positions of the double bo~as w~:cn are hydrogena:ed, as well as cer:~in 
~someriz~n; i~fluences act~mpa~y1ng the reaction, 3nd are 11ig~ly d~
penoe~t ~µon t~e conditions of n1~rogenation. 

The hydroge11'1tion process conver:s liquid l.)iis to hai·a or "plastii::" 
fat:;, it a1so irr.proves the resis:11r:c:e of fats and oils to deteiiorat·on 
thr~ugh o~idation or flavor reu~rs1on. Tne interch~ngea~1lity among J 

wide var1ety of fats and oils is la~gely a ~esulc ~f the contrioution 
of the hydrogenation process. 

The only 1vastewater yene"'ated ft"om r1ydro9enat1c.r1 proc~ss wolild be 
from per;cnic cleanur operations. 

W1nter1zation: The process called ''Winterization", iJ term orig;natln·~ 
from the fact that initially the p;-oe,ess '"as unde .. t<",b~n in out'.;ide 
stonge tanr.s dllring clle winter rr·_;r,tr1'.;, involves re.noving l1ighcr-melt~ra1 
glyceddes from vegetilble oil~ ~,.::n as cJrn oil, soybean oi;, ano 
cottonseed oil. At tne present time mecnan!cdl refrigeration is ~~ed to 
crystallize? the higher-mei:ing g1yr.:erides into ii filterable mass, Oil 
is either batch or continuously ~1·es!ed or certrifJged to remove the 
cry~talline solids fron the ojl, ~rnt~rized oi~s are proce,$ed into 
a variety of finished products sucn as sal~d oi~s. and edible o1ls used 
in mayonnaise. Wastewater generat:cn is primarily from general 
housekeeping cleanu~. Figure 47 pre~ents a flow diagram of the winter
ization process. 
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Deodorization: Edible oils are usually subjected to a steam distillation 
process known as deodorization. The purpose of this process is to remove 
odoriferous compounds and free fatty acids in order to produce an oil 
bland tn flavor. Three types of deodorizing equipment are used: batch, 
semi-continuous, and continuous. In each, the principles are the same with the 
otl held in a vessel under vacuum using stripping steam to affect steam 
distillation of the volatiles. A vacuum is generally produced by condensing 
steam with water after the steam has been forced through a venturi. The 
condensing water is recirculated back to a cooling tower where heat is 
removed and returned to the condensing equipment for further use. Figure 
48 presents a simplified flow diagram of the deodorization process. During 
the process, certain fatty materials are concentrated within the stripping 
steam and are removed by the barometric condenser water, where they are 
eventually deposited on the contact cooling tower grillage and in the tower 
basin. Therefore, the contact cooling tow:r presents periodic cleaning 
problems which are generally handled manu·:slly. 

Distillate recovery systems in common use today reduce the rate cf fatty' 
material deposition at the cooling tower basin. Distillate recovery is 
based on a liquiJ oil spray condensing the fatty materials before they 
reach the barometric condenser. Recovery is on the order of 90 to 95 
percent. ·rhe recovered distil late is collected in dry fonn and may be used 
or sold as a by-product. The reduction of distillate concentrations of 
organic matter to the contact cooling tower has several advanatages: 
(1) periods of manual cleanings are reduced~ (2) cooling tower waste loadings 
are reduced; and (3) odor control is enhanced. 

Food Emulsifier Operations: In addition to the previously described pro
cesses, several manufacturers also produce a variety of food emulsifier 
compounds. Production of edible food stuffs requires the use of an emul
sifying agent in edible form. Items such as dressings, cakes, icings, 
etc. are improved by the ability of an emulsifier to hold an oil phase 
and a water phase in suspension. In the edible oils industry the production 
of food emulsifiers such as mono-and diglyceride compounds fulfills this 
need. 

The pr9duct1on of mono-and d1g1ycerides is a result of a ch~mical reaction 
in wh:~h excess free glycerine in the presence of a catalyst such as sodium 
hydroxide is ~dded into a reaction vessel containing a suitable base oil 
(triglyceride). Under proper temperature and pressure conditions the fatty 
acids of the triglycerides and the hydrohyls of the glycerine exchange 
positions to produce a mixture of glycerine, monoglycerides, diglyceride~. 
and triglycerides. At the end of the reaction, excess free glycerine 
is "stripped" off using a vacuum system ernpioying an intercondenser to 
prevent contamination and loss of glycerine into the barometric condenser 
water. In many cases, however, some glycerine escapes fnto the condenser 
water posing a problem with waste loading ~t the contact water cooling tower. 
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Plasti~izing and Packaging: The plasticizing and packaging of refined, 
hydrogenated (hardened) edible oils into finished products such as 
shortening. margarine, or salad dressing are generally processed in 
the following manner. Sanders (30) summarizes the plasticfzfng process 
for shortening where the melted blend of refined edible oils are de
livered from a feed tank through a high-pressure pump where nitrogen 
is added. The blend is then cooled to 1a0 r. (64~FJ in about 30 seconds and 
fs worked gently from one to four minutes during which crystallization 
occurs. After crystallization is complete, the blend is allowed to 
undergo a sudden decrease in pressure to remove the free nitrogen. 
The blend (now shortening) 1s filled into either number 10 cans or 23 kg 
(50 lb) plastic lined boxes and is allowed to "set up" by storage at room 
temperature for 24 to 48 hours. Figure 49 illus~rates a typical flow 
diagram for a plasticizing and packdging operation. 

In general, the packaging of shortenings and other finished products 
employ strictly mechanical treatment of oils and their conversion from 
large bulk quantities into consumer or commercial sized packages. Con- • 
sequently. the bearing these operations have on the waste ~oading r.f 
wastewater treatment faci 1 ities depends primarily on the cleanl ine· · and · 
efficiency of those operations. Cleaning operations, such as sal< ·l 
packaging, requires larger volumes of water and therefore, contri~ more 
heavily to waste treatment than a more plastic product such as sh~ ng. 

Margarine production, because of the nature of the product Jnd its a~11ity 
to provide a growth medium for bacteria requires considerably more sani
tation than does the production of shortening. Margarine is by law 80 
percent oil and the remainder is water, milk solids. and salt. These 
ingredients are creamed and cooled for packaging. As in the packaging of 
shortening, general cleanliness has a direct relation to the waste load 
imposed. It differs, however. from shortening packaging in at least two 
respects: (l) the use of emulsifiers in the product may impose more 
severe problems with waste treatme~t; and (2) the volumes of water needed 
f s increased due to the addition of margarine mixing equipment and the 
resulting necessity for cleaning. Figure 50 presents a typ1cal flow 
diagram of margarine plasticizing and packaging operations. 

The plas·'cizing and packaging of salad dressings and mayonnaise presents 
a var1ety ,f unique waste loading problems. Dressings are generally an 
emu1sion of oils and other of l and water ~olubl! 1ngred1ents such as cer
tain vegetables and spices. These ingredients are blended and mechanically 
and chena1cally emulsified to produce a stable product. As in margarine, 
the production of salad dressings also supports the growth of certain 
pathogentc fonns of bacteria. Consequentiy, CIP (Clean-in-Place) equipment 
is wide spread throughout the industry. The production of salad dressings 
and mayonnaise requires the use of food emulsifiers (mo110- and diglycerides) 
as a basic ingredient. The high organic content of food emulsifiers 
coJpled with their ability to exist in either an oil or a water phase 
creates a difficult if not unique waste loading problem for the industry. 
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SIC 2082 Malt Beverages 

There are 104 breweries 1n the United States. Ac.:ording to the Modern 
Brewery Ale Blue Book ( 31 ) the 1973 sales for these brewers was 1S.z 
b111ion l ters (138 m11lfon barrels). The total value of sh1pments 
for 1974 was estirMted by the Department of Cormierce ( 32 ) at 48 ~111ion 
dollars. There nave been a considerable number of breweries constructed 
since 1950. In addition, many breweries constructed prior to 1950 have 
undergone major expansion. In general the pa~t 15 ye~rs has seen the 
number of operating breweries decrease while the size of those operating 
~as increased. It would appear that any breweries constructed fn the 
future w111 be large and automated. As the 18 year old and over popul~tior. 
group increases during the decade, the product shipments for the brewing 
industry are expected to grow accordingly. 

Descriytfon of Process - The malt beverage industry produces beer, ale, • 
and ma t l iqu~r by tfie fennentation of sugars converted from the starch 
of various grains. The basic unit processes include mashing, brewing, 
fermenting, aging and filtering, and packaging. In addition, some 
form of by-product recovery is practiced by all brewers. A simplified 
process flow diagram for a typical brewery is shown in Figure Sl. It 
should be pointed out that every brewer and, in fact, every in~ividual. 
br~wery, has features which make 1t unique. For the purpose of this 
description, on1y those process variables which affect w~stewater generation 
will be discussed. 

Mashing: Malt is ground and mi.lted with wotel" in a mashing vessel. Rice, 
corn, and oth~r grain derivatfves are similarly ground and mixed, exce~t 
that they are brought to a boil. The two mixtures are combined fn the 
mash cooker, or "mash tun," where the starch from the grain h converte:id 
by enzyme action into m~lt sugar and the proteins are partly dearaded 
into amino acfds. Upon completion of mashing, the grains solids are 
separated from the extract by "lauterin9," by a plate eind frame f11ttr, 
or by a grain separator. The extract is sent to the brew k1ttle. Spen! 
grains are sold wet or dr1ed to produce marketable animal feed. 

Wastes from the mashing process comprise an extremely small P•rt of the 
total plant load. They are generated from intennittent clean-up of 
vessels and grain se:1arators. In newer more fully automated plants 
vesi;el clean-up 1s accomplished b_y Clean-In-Place (CIP) equipment. This 
procec1ure 1nv11lves an initial hct water r1nse, caustic wash, and final 
r1nse, w1th the initial and final rinses being sewered. 

Brewing: Once the extract has ~eached the brew kettle 1t 1s boiled and 
m1xed with hops or hop extract. This boiling destroys the enzymes while 
it extracts the rei1ns from the hops whfch fmpart f1a~or and aroma to the 
beer. Tt\e not extract, now called "wort," 1-; paned through a hop separator 
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which screens out the spent hops. Insoluble materials wh1ch collected 
fn the brew kettle, now known as "trub," are settled out either in the 
11 hot wort tank" or after cooling. Normally the 11wort" ts then filtered 
with d1atomac:eous earth prior to fermentation. 

Wastes from the brew1ng process ere spent hops, trub, and fflter r~sidue. 
Spent hops and trub may be added to the spent grains or sewered. f;lter 
wastes may be sewered or recovered separately from the spent grains. 
Diato1.iaceous earth wute 1s filtered to separate solids from the liquid 
waste. The 11qu1d is then decanted 1nd discharged wh11e the solids are 
hauled to land disposal. 

Fermenting, Aging, and F11terfng: Yeast i~ added to the cooled wort in 
fermentation tanks to convert th~ malt sugar 1nto alcohol and carbon 
d1oKide. In addition, an excess of yeast is produced. About one-fourth 
of this yeast may be reused. The carbon dioxide gas may be vented to the 
atmospnere or reclaimed for other 1n·plant uses. • 

Most brewers pu~p the completely fermented beer into primary storage tanks. 
During this period additional yeasts end insoluble substances settle out. 
In some br£wer1es the partially fen:iented beer 1s pumped to large tanks 
for a secondary fermentation and aging period. One variatior. of the proc~ss 
a11ows the yeast to co11ect 1n the aging tanks on a bed of beechwood chips. 
The chips must be cooked prior to their initial use. They are then removed 
and sterilized before being reused. After aging 1n primary storage the 
beer is chilled and filtered with diatomaceous earth or reusable pads 
before final storage. The beer is non.1al1y filtered again for clarity 
prior to packaging. so~~ brewers recarbonate at thfs time through the ~r
jection of carbon dioxide. 

Wastes fro~ fennentatfon, eg1ng, and filtering include spent yeast and 
spent f11ter media. Yeast res;due from fennentat1o" may be sewered, added 
to spent gro f ns, or 1 n some cases evaporated. Filter cake may be ' ·!:washed 
to decant tanks or to vacuum or pressure filters before discharge ·r 
those brewers using the beechwood ch1p process. yeast is difficul 
remove because of the large volume of wash water present. ~fter 
t~ese L1ewers utilize an additional clarif1cat1on step produ~ing 
organic sludge which must be discharged. 

Packaging: Malt Beverages are packed in cens, returnable and non-:_ urnable 
bottles. and r~turnable kegs. A packaging fl0\'1 diet;]rar. is sl'lo'ttn fn F·,gure 5,, 

kegs are retvrneod contaf.rtf"g some unused ueer, which fs normally discharged 
to the sower. Th" kegs proceed to a washer ~ith a prer1nse, caustic, ar.d 
final rinse spray cycle. The cleaned kegs are filled and manually corked. 
Since draught be~r does not require pasteurization, the kegs are sent to 
cold !torag~ while awaiting sh1pp1ng. 
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cans are rinsed with clean water to elim1~ate any dust parttcles which 
they have accumulated. Dur;ng filling and seaming there 1s a beer loss 
due to the speed of the 11ne and the configuration to the contatner. 
Canned beer 1s usudly pasteurized. but ft may instead be ftlt1r1d with 
mfltpore ftlters or simply kept cold. The cans Ire inspected for proper 
product level and those rejected are crushed, thereby creating an addi· 
t1onal beer loss. 

Non-returnable bottles need only to be rinsed before fflltng. Returnable 
b~ttles. however. must be washed, cleaned. sterilized. and rinsed. labels. 
unused product, and other refuse are removed from r~turnable bottles in 
a bottle washer. Basically the washers fo~low three steps: 1) prerinsiny. 
tn which both the inside and outside of the bottles are subjected to a hot 
~pray; 2) soaking. tn which the bottles are 1rrrnersed in a hot caustic 
solution; and 3) final rinsing. in which caustic carry-over ts removed in a 
fresh water rinse. The pre-rinse and final rinse are nonnally discharged. 
The bottles proceed to the bottle filler where there 1s some beer loss. . 
Prior to shipment the bottles must be labelled and inspected and may be 
pasteurized. 

Wastes from packaging are an important hctl)r in total plant 'load. Beer 
loss is generated from keg dumps, bottle and can fillers. and compact,rs. 
These losses are normally sewered although the beer may be collected con
centrated, and added t~ spent grains. Returnable bottle washers generat~ 
liquid and solid wastes. the solids being screened and hauled away and 
the liquids being sewered. 

Spent Grain Recovery: Handling of spent grains from the mashing process 
follows one of the tnree following procedures: 1) spent grains may be sold 
wet at 80 to 90 percent moisturei 2) spent grains may be screened and pressed 
to remove as much moisture as poss1ble, tnereby productng s~ent grain 
liquor which must bl d1sch1r9ed, and grains at 65 to 70 p'rcent moisture 
itltn fed to gas fired rotary driers to product animal feGdi 3) the grains 
may be scrtened. pressed, and feel to gas fired driers while the spent grain 
liquor 1s concentrated 1n evaporators to a syrup (ZO to 30 percent tota1 
solics) which 1s mixed wfth the dried grains. Spent hops. trub, end spe~t 
yeast may be added to the grains fn any of the above p~ocedures. ln ad~i
t1on, •plant ~~Y hit• 111 the above capab111t1es and yet for econom1c 
reasons choose to sell all or some portion of these grains wet. A flow 
diagram for a typical spent grains recovery operation is shown in Fioure SJ. 

Wastes from spent grafn recovery form the prtnc1pel part of the total plant 
load. lf discharged. the spent gra1n 11iuor fs the largest single was•e 
source. lf the spent grain liquor is recovered ~Y concentrat1on 1n evap
orators, then the evaporator condensate is the major wastewater contributor. 
Mult1plt-effect. vert1,a1 tube 1v1porators are COlm!Only used. Wet scrubber 
discharge and perfod1c cleaning of screens, presses, conveyors. and centri
fuges will also contribute tD the wasteload. 
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SIC 2083 Ma 1 t 

The malt industry consists of 29 11111t1ng canpan1es located primarily 
in Wisconsin and Minnesota. Total annual production for 1973 was 128 
million bushels (33). Of this total 119 million were used fn the ~4lt 
bever~ge industry, 4.14 million were used in the distilled spirits in
dustry, and 3.5 million were exported. 

Oescr;ption of Process - Halt is a primary raw material for the processe~ 
of brewing and distilling. Femientation depends upon the action of enZ)'ITles, 
and the purpose of malting barley 1s to produce those enzymes which tring 
about the eventual convers;on of starch into fermentable sugars. Essentia7ly 
the process of manufacturing malt from barley consists of steeping, ge~mjn
ating, and kilning. A flow diagram for the malting_ process i~ shown ~ .. 
Figure 54. 

After preliminary clear.ing and grading, barley is stored in grair. bins. 
Differences in types of barley utilized relate primarily to kernal size, 
two common designations being two-row and sh-row. Once the proper type of 
barley has been selected 1t is conveyed t.o the malt house for steeping. 
The barley is placed in 1arge hopper-bottomed steep tanks where it is 
kept submerged in cool water for 40 to 72 hours. The purpose of this pro
cess is to impart moisture to the grain and to remove undesirable colcrs 
and tannins. This is accomplished by changing the water in the steep tani:£ 
three to four times while compressed air is bubbled through the rr.ixture. 
The wastewater discharged during these changes foMns the principal part 
of the total melt house load. 

After steeping, the barley is transferred to germinating drums or compart
me:its for 1 period of four to eight days. It f s during this pe,.·iod that 
the formation of enzymes occurs along with the crtat1on of heat ar.d car~on 
d1ox1de. Temperature and humidity con~rolled a1r is forced through the 
ma1t while ft is being turned. After a few days additional moisture is 
added to accelerate germination, usually by spraying. The portion of this 
water which is later drained from the germin1ting drums or compartments 
forms the second part of the total wastewater discharge. 

The malt is n"w ready .·or kilning. During this procedure tne malt fs 
conveyed to drying floor-: where 1t is kept for three to four days. f"urnac:es 
under the floors provide c~ntrolled temperature conditions to dry the malt 
to the desired moisture content. The floors are normally situated vertica~ly 
so that the ma1t may be dropped from level to level while the temperature 
1s increased. Upon completion of drying the ma1t ts stored or shipped. 

The wastewater effluent from steeping aMd germinating fs norma1ly screened 
before final discharge. The solid by-product is generally sold as feed. 
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SIC-2084 Wines, Brandy, and Brlndy Spirits 

According to the Department of Conwnerce (32) there were 496 bonded wineries 
and wine cellars and 49 bottling houses in operation as of June 30, 1373. 
The total value of product shipments for these establishments in 1974 was 
estin~ted at Sl.06 billion dollars, or about 14 percent of all alcoholic 
beverages. Total sales of wine in 1973 were 1.31 billion liters (347 
m1llion gallons). Of the total, California produced G9.6 percent, otner 
states produced 14.5 percent, and 13.9 percent was imported. The distri
bution of U.S. produced wine by area and typ~. as reported by the wine 
Advisory Board, (34) is shown ;n Figure 55. 

Beverage brandy producti~n in 1972 was 6.49 million proof gallons, almost 
a 11 of which was grape brandy. Beverage brandy refers to those fruit • 
spirits distilled under 170° proof. Neutr~l brandy refers to those 
spirits distilled between 170° and 190° proof. Wine spirits refers to 
those fruit s~irits distilled over 170° proof. Thus, neutral brandy and 
wine spirits are not mutually exclusive classificatiJns. In report~~g 
the productio~. withdrawals or stocks of spirits between 170° and 190° 
to SATF, producers have the discretion of placing it in the classification 
neutral brandy or in the generai classification "Alcohol and Spirits". 
This c1assification includes other than fruit spirits and since there is 
no breakdorm of this class)fication in the BATF reports, the brandy com
ponent cannot be identifie~. Tax-free removals of spiri~s for addition 
to wines are reportec. Removals under this classificatior would consist 
only of wine spiri~s. Removals under this classification in fiscal ye~r 
1972 totaled 24,419,000 proof gal1or.s. Tax-free removals of "!.>randy" for 
ad. tion to wine totaled 1,000,000 proof gallons. Most or all of this 
was ?reduced in California. 

The wine industry has maintained a growth rate which averaged 
10.7 percent between 1967 and 1972. During the same period per capita 
consumption increased 57.1 percent to €.12 liters (1.62 gallonsj. A 
major factor in this increase was the gro1·1th of the 21 to 44 age grour,-
the group associated with higher levels of wine consumption--which will 
continue to increase- during the l970's. 

Description of Precess • Ttie technology of wine making is comprehensivel; 
descriced by Amerine, Bc~g. and Creuss (35). For the purpose of this 
discussion emphasis will be pla~ed only on those process variable directly 
affecting wastewater generation. Each and every winery has features 
which make it unique. The most conspicuc1s difference, however, in terms 
of wastewater effluent, is between tnose wineries which do not produce 
spirits by distillation and these which do. Table winec; (1m:lucing 
sparkling wines) are p:oduced without the addition of wine sp1r1ts. 
Wineries producing these form a g~neral classification. These wineries 
r.iay alsc purchase wine spirits and produce dessert wines. The second 
classification includes wineries which produce table wines and dessert 

T57 



DR1~FT 

TABLE WINE 1 -

.--- DESSERT WINE2 

--- SPARKLING W ;N:;3 

.aJ: TYPE (CALENDAR YEAR 1972) 

NEW YORK 
CAI. JFO~iA -

OTHER 

~·~ !~lSCAL YEAR 1972) 

1 JNCLUDF:S TABLE WP..iE AND OTt-£R SP!::CIAL f.JATL-"Al STI1.L Wl~C NOT 
CVE~ 14 PERCENT ALCO~L 8Y V:JLU~c. 

2JNCLUC'SS DESSERT l'/INE, VE~~:.··~JTH A'JD OTHER SPSC!A:.. 'JATur~A1. ~.TIL:.. 
WINE OVER 14 PERCENT ALCO~OL BY V8LJ~E. 

3 tNCLUDES AU. NATURAlL~' F'!:RM=:NTC:O AND ARTI~TC:ALL'.' CAR9DN.ATED 

SPARKLING WINES. 0Tt-£R SPECIAL NATUPAL SPAPKL rNG WINE:S ARE fNCLUDE::•. 

FIGURE SS 

DISiRIBUTION OF' ll.~. 11I:-.i£ PRODUCTION 1972 

158 



DRAFT 

wines, but which also produce wine spirits for addition to dessert wines 
and/or brandy. It should be noted that wineries in the eastern part of 
the U.S. produce only·table wines or if they produce dessert wines, 
purchase wine spirits for the addition to dessert wines. ln either 
ca~e they do not maintain stills. Those wineries producing wine spirits 
are located solely in California, and, for the most part, in the San 
Joaquin Valley. For this reason ehe process description will be 
divided into tw~ sections: wineries without stills, and wineries with 
~ti 11 s. 

Wineries Without Stills: Products from these wineries are red and white 
wines, sparkling wines and dessert wines using wine spirits purchased 
elsewhere: The basic unit processes corMon to these wineries are: 
crushing and desternming, pressing (procedure varies), fermenting, clari-· 
fication, aging, and bott.:ing. In addition, all 1~ineries are faced 
with distinct seasonal variations, as are most agricultural food industri~s. 
During the grape crushing seasc~. which lasts approximately si~ to eight 
weeks i~ September and Octooer, all the fermentable material ~ust be 
fermented. Finishing operations, however, are carried on thro~ghout 
the year, thereby creating differing problems in wastewater disposal. 

A process flow diagram for the production of red table wine without 
recovery of distilling material is shown in Figure 55. After picking, 
the grapes are placed in containers and transported to the winery where 
they are ~eighed and dumped into a crusher/Stemmer. There are three types 
in use: the ~oller, disintegrator, or Garolla. The Garolla is the only 
type from which the stems dna l~aves are removed. The juic~. skin~. and 
seed, no1" known as "must," are ~:.;'Ticed to fermentation vats. Wastes from 
cru$hing and deste~ning consist of periodic wash downs of the crusher/ 
stemrner, which are sewered, and stems, \vhich are nol'mally spread on 
vine~ard property. 

Fermentation is preceeded by the addition of a small a~ount of sulfur 
dioxide to the must, thereby innibitin9 the growth of wild yeast or 
bacteria. With t'ie addition of a j'.l:.ire :1east "stJrt~r" the formentatior. 
process is initiJte~ and the gra;e su~ars are converted into ~ear'y e~uA1 
parts of a~cohol and carbon diox~de. C~nsiderable heat is gen~r~ted and 
the vats must be cooled to 111air.tain optir.:w•1 fermen~ng conditions. h'hcn 
the: fermenting must ~as attaint?-: the desired amount of color and tannin, 
then ; t is dr~wn off the po~?.ce as "free-run" juice and pumped to a 
finishing tank where fermentation may be processea to completion. The 
pomace is pressed to extract Jn; remaln~rg liquid. The resulting press
r:m may be used fer the production of less expensive wine~ or it may bc
rec.omb~ned with the "free-run". The pomace is hauled <'rid spread in the 
vineyards or dried and sold as ~eed for poultry. Usually with~n six 
weeks after crust1ing the fer111entJ ~ion is complete. The liquid, now 
called wine, is decanted or "rac,.;cd" C1ff the sedimt:!nt of yeast pulp 
c:nd tartaratc:> kno1H1 as "lees". This procedure may t11ke place thret:! 
or f~ur t1mes. Additional wi~e may be recovered by passing the lees 
thrJugil a .:entrifuge or filter. The sul~~1· dioxide content is normally 
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adjusted at this time. Wastewater from fermentation is generated from 
wash downs of fermenters, finishing tanks, pomace presses, and lees 
filters . Pressed pomace and lees filter cake are normally hauled and 
spread in the vineyards. 

The wine l!!ay noi·I undergo a series of "finishing" operations which vary 
from winery to ~·1inery. After the first racking a fining agent su<.:h 
as bentonite clay may be m1xed with the wine to encourage the settling 
of suspended and colloidal materials. This step would ~ormally be 
followed by fiitr~tion with filters or plant and frame presses. The 
wine must new b~ aged. This may be done in wooden, stainless steel, 
or concrete containers of various sizes. During aging wine is normally 
refrigerated to hasten the precioitation of tartarates ~1hic'1 might 
be desposited after bottling. Since refrigeration is expensive the use· 
of ion exchange resins as an alternative has come into limited practice. 
In this process potassiJm a~d calcium ions are replaced with sodiu~ 
or hydrogen ions. Additional racking, filtration, fining, and centri
fugation may be utilized to further clarify the wine. Uniformity of 
quality and character are maintained by analyzing and blending the 
wine. In every case a polishing filtration is customary shortly before 
bottling to insure that the wine is perfectly clear. Wastes from 
finishing operations consist of lees from fining vats, centrifuges, 
and aging containers. Cake from filters is hauled and spread in the 
vineyards. 

Bottling, labeling, and casing are the fi"al operations. Most wineries 
find it more practical to bottle their own wines, althou£h wine ~ay be 
shippea in tank cars to plants where the only operation is buttlinJ. Th~ 
bottles are filled and corked under sterile conditions. There is little 
spillage involved except in the case of breakage. The wine is inspected 
for clarity prior to labeling and casing, and this operat1on for the 
most part, is entirely automated. 

Figure ?7 sh01·1s a process flow dia~ram for the production of white table 
wine without the recovery of distilling mater1~1. Both ~hite and rej 
table wine production normally occur in any one winery but t~e proces~irg 
operations are different. The white wines are not fermented in the ore~0~ce 
of the skins as are the red wines. As a result the tannin and extract 
r.ontent are 101·,e1-. Jt should be noted that either white or red grape~ 
can be used for the crush. The must from the crusher is allowed to 
separate so that the free-run juice may be obtained. lt is then sent 
to a press, which is most often of r;,Vr.dl'1ca1 design, and the re-
maining juice is collected. The pressed pomace, which still contains 
some sugar, is hauled and spread in the vineyards. The press-1un is 
normally utilized for the production of less expensive wine. The free-
run 1s sent to fermentation and innoculate~ with pure yeast. rrom this 
point on the wastewater discharge is similar to that of red wine produc:ion. 
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Figure 58 shows a process f1ow diagram for the production of spark1in~ 
wine. These may be defined as wines which have more thnn l.5 atmospherE 
pressure at 10°C (50°F). Although there are several methods for the 
production of sparkling wines the most conmon involves the addition 
of sugar and yeast to cause a "secondary fermentation" of wine in a 
closed container. A conmen example of one ty~e of sparkling wine is 
what is known as champagne. To a properly selected and blended wine 
or "cuvee", sugar and yeast are added. The moisture is placed in bottle$ 
or tanks for fermentation and storage. After an appropriate time interval 
the bottles are "disgorged" or the 1 iquid "transferred" temporarily from 
bottle to storage. Thi:; procedure allo~1s the removal of yeast which 
has accumulated in the bottle. The transferred wine is filtered, placeo 
back in the bottle, and case~ for itorage. If the "bulk" or tank 
proces~ is u:;ed then two tnnks arP empluyed with interconnecting f:arat~~n. 
Upon transfer of the fermented wine to the second tar.~ the wine is bottled. 
Wastes from sparkling wine production consist of mixing tank cl r.ci.nup and . 
yeast from filtration of fermented w~ne. 

Figure 59 shows a process flow diagram for the production of dessert 
wine. These wines cJntain more than 14 percent alcohol due to tne 
adcition of fortified spirits. Common examples of this process are 
white dessert wine, port or other red dessert wine, and sherry. Fer
mentation is allowed to proceed to a spe~ified sugar level. The wine 
is pumped to fortifying tanks for the addition of wine spirits. Fortifi~d 
wine for sherry produc-tion may be baked or aged shennat ble11dei.l with 
submerged culture of flor sherry. Fining, filtering, and aging procedures 
follow as previously discussed. Wastes from the production of dessert 
wine are sut~tantially the sa~e as those from the production of table 
wines. Since the two operations normally take place on the sa~e pre1r.i Sr:!S, 
the load represents and addition in terms of vessels required fo1· fort~f/ing, 
baking, 'nd storage, and in terms of the associated filtration and wash 
d~wns necessary. 

Figure 60 shows a process flow diagram for a~ eastern winery producing 
table.dess~rt, and sparkling wines. Several basic oifferences 1, 
easterr. and western wineries are aooarent. The grapes from ~he east 
are the V. labrusca ~hich are lower in sugar content and higher in 
acidity tnan tne V. vinifera grc1-m in CGliforniil. Preparation for fer;:E'l
tation general1y involves pressing. Grapes for white wines are cold pr~s:c~ 
a:; they come from the Stemmer/crusher. For this pressing many continuou$ 
arid bladder models are being usea. Grapes for red wir.es are "hot pre~:-.1.:tJ ·, 
i.e. the pulp is heated prior to the loading the p:ess. Amelioration 
of up to 35 percent by the addition of dextrose may be required ~rior 
to the fermentation due to the high acidity and low surar content of the 
juice. In addition, if hot pressing was used, the juice must be cooled 
before fennentation starts. Aft!r fer~!ntation it 1s common practice to 
blend in up to 25 percent of California wines. Eastern sherry wines are 
made by fortifying finished wines and then baking by the Tressler method. 
This consists of heating while oxygen 1s released slow1y in the wine. 
Another method involves allowing the sherrl to age in oak barrels. 
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Sparkling wine production is bottle rather than tank fermented and norm~lly 
employs the transfer system to clear the bottle of yeast deposits. Was:e
water from eastern v1ineries is generated in a manner similar to that in 
western wineries without st111s. (For further discussion of wastewater 
per unit of production see Wastewater Characteristics, Section Vj. 

Wineries With Stills: Wineries with stills may produce all of the 
aforementioned wines in addition to beverage brandy and wine spirits. 
A process flow diagram for such a winery with complete recovery of 
distill;ng material is shown in Figure 61 . Only the best wine is 
used f:r the production of beverage brandy, whereas wine spirits er 
fortirying br~ndy is made from re~overed distilling material. 

Beverage brandy is produced from the distillation of wine and normally • 
takes place in a continuou~ column st~ll. Indirect heat or steam 
introduced at the bottom of stripper evaporates the alcohol from the 
wine which is introduced near tne top of the column in the counter 

. current. The vapor leaving the top of the still is condensed to forrr 
th£ s::iirit. The de-alcoholized residue, known as "stillage", is di~char~f'::J 
from the base of the column. The bev~rage brandy as it leaves the still 
is at 170° p~oof or less. Additional co1~mns may be added at this time 
to remove the higher alcohols (principally amyl alcohol) which comprise 
the fusel oil content of brandy. Removal of aldehydes is also practicea 
by the addition of an aldehyde cnlumn. Since the aldehydes (chiefly 
acetaldehyde) have a low boiling point they are taken off the top of 
the column and the product off the bottom of the aldehyde column. The 
brandy is then reduced in proof, aged in wood, and bottled. 

rortifying brandy is made by a s1m114r process but by the use of distilli~~ 
material such as lees, f1lter wash, ~omace wash,unmarketable standard 
wine, and other w1ne residues. The f1na1 product, either wine soirits 
or neutral brandy, i~ distilled from 140° to 190g proof and sold as 
such. 

A major part of the wastewater from wineries wi tn st1l1 s is del'1 ved ~ro11 
stilla~e. Since the distillat1un ?rocess depends upon gr~pe cru~hing 
for its raw mate ial (1.e., either ne1vly fermented 1o,ine or distil lino 
material) the distilling season and stillage generation rouyh~y para~l~l 
the crushing season. During t~is time period those c~lifornia ~iner1e~ 
with stills use a 1an1 disposc1 syste~ for ~t~llage wa;tes. This entail~ 
pumping the stillage into shallo1v "checks" o,. pond!. of not more than c.1c:-· 
(four 1nche~) depth for evaporation and ~~rcolation. Enough land is 
requirc.>d for separate checks to Ji;co::-.o<JJLe at least7 to 10 nays of still.:"~~ 
volume, at which time tne orfginal check may be reused 4fter having 
dried and being dasced. 
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SIC 2085 Oi$tilled, Rectified, and Blended Liquors 

The distilled spirits industry is comprised of those establishments 
manufacturi~g alcoholic liquors by distillation and rectification, and 
those manufacturing cordials and l~queurs by blending liquors with 
other ingredients. The major products associated with this industry 
are whis~ey, vodka, gin, rum, cordials, dnd liqueurs. As reported 
by the Distill~d Spirits Council of the United States, tne relative 
proportions of domestic distilled spirits bottled in 1973 are shown 
in Figure 62. 

Ti1e product1nr. of distilled liquor was estimated by the Department of 
Commerce (2) at Sl.9 billion in 1973, with per ca9ita consumption amount
ing to 2.85 gal (10.6 1) annually. The major oroducing areas are 
Kentucky, Illinois, Indiana, Maryland, Pennsvlvania, And Tennessee, 
which rontain ~he majorit~ of the 220 licensed U.3. qrain distillers. 
The production of rum by molasses distillers occurs principaliy in 
Puerto Rico, with some plan:s located in the Virgin Islands, Florida, 
?nd Massachusetts. 

Descriotion of Process - Grain Distillers - Wide variations in distilled 
beverage prooucts can be causea ~Y one or more of the fo11owing factors: 
{l) types of materials and their proportions; (2) mP.thods of material 
preparation; (3) selection of yeast types; (4) fermenter conditions; 
(5) distillation processes; (6) maturation tec1niques; anci (7) blending 
experi~nce. This description. ~owever, will only discuss those varia
tions germane to a basic understanding of the process and, more 
specifically, thase variations directly affecting "1aste1-1att:r generation. 
Figure (63) is a simplified flow diagram for the basic process ccn~~n 
to all grain distillers. The principal steps involved are mashing, 
fermenting, d1st1111ng, aging, rectifying-t•ottl1ng, and feed rf:'covery. 

After preliminary grading and cleaning the grain is milled to form a 
meal. Milling breaks the ou,er cellulose wall around each kernel to 
expose more starch surface to th~ acti~n of cooking and :onver~iun. 
Water is added to the meal and tht sus:ension is fed in~o a cooker. 
Cool<.il"g rnay be carri~d on ur1der ores~i..,-ized or atmospheric condi t·;r,ns 
;,, either catch or co:itinuous orocesses. After partial cooling, th~ 
addition of ground barley malt con1erts the solubilized starches by 
enzyme action into grain sugar. itiis con:ersion may take p1ac~ in a 
separate vessel called a "coriver~er" in c1·aer to free the cooker fer 
the next cook. The slurry, at ti'lis ;:io1:it called "mash," is further 
cool~d by vacuum or by tubular heat exchangers and pumped to the 
fermenters. 

Wastes from the mashing process consist of condensate from pressure 
cookers and vacuum coolers in addition to vessel c1ea~up. For ~lants 
operati~g in this mode the load comprises about 12 percent of the 
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total plant waste. For plants with atmospheric cookers and shell 
and tube mash coolers the load would be lower. 

The fermentation process corrmences with the introduction of pure cultured 
yeast. thus converting the grain sugars into nearly equal parts of ethyl 
alcohol and carbon dioxide. Fermenter 111.iSh concentration. agitation, 
and temperature cause the rate of fermentation to vary between two and 
five days. The mash concentration is set between 28 and 40 gallons per 
bushel of grain, depending on the amount of "thin stillage" or "back
set" that is returned from the base of the whiskey separating column 
and the amount of water added. In die production of "sour mash" whiskey 
this concentration, by law, would be greater than 25 percent of the 
fermenting mash volume. The fermented slurry, now kncwn as "beer." is 
dropped into a beer well in route to the still. 

Wastes from fermentation are small, consisting of fermenter and yea~t 
tub cleanup. In most cases the first rinse, which contains considerable· 
mash and alcohol, is discharged to the beer well. Sterilization by steam 
thus becomes the only discharge and contributes about or1e percent of the· 
total plant wasteload. 

Distillation involves the separation of alcohol from the de-alcoholized 
residue known as "stillage". Although numerous varieties of distillation 
extst. for whiskey this is normally accomplished in a continuous whiskey 
separating column. Indirect heat or steam introduced at the base of 
the column !.trips the alcohol from the fennented mash introduced near 
the top of the still. The vapor leavin~ the top of the still is condensed 
and forms the product. The discharge from the b~se ot the column contains 
the soluble and suspended substances carried through the process and 
from which several useful by-products are derived. The alcohol, at 
approximately 115° proof, is stored in a high wine tank, and possibly 
run through a do~oler which raises the alcoholic cont~nt to approx~mately 
130° proof. The pr,duct is then ready for shipment to the cistern tank. 

Beer still cleanup and doubler discharge, if not pumped back to the beer 
wel I, constitute the wastes from distilling. These comprise only one 
to two percent of the total plant load. 

Ir1 whiskey production, deionized water is added to the produc: in the 
cistern tank and the mixture is aged in new, white oak barrels witn 
charred staves :nd heading. The total years of sturage deoends on 
the time it takes to attain the desirabl~ ripeness or maturity. The 
three reactions occuririg simultaneously in the barrei during agi~g are 
extraction of complex wood cunstituents by the liquid o~idati~n of the 
original ~o~ponents in the liquid and other material extracted from 
the wood, and reaction between the various organic substances present 
in th~ liquid resulting in the formation cf new congener~. Wastes from 
ma~uration are negligible. 
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If the p~oduction of grain neutral spirits is desired, then the product 
is pumped from the high wine tank at approximately 105° to 135° proof and 
sent through a continuous multi-column still system, thereby by-passing 
maturation. Figure (64) illustrates this system. wltich normally 
consists of aldehyde concentrating, rectifying, and fusel oil columns. 
The product is first fed to the alde~yde column. The product is then 
split into three paths. The main stream (20° to 40° proof) is pumped 
to the rectifying column; the heads (aldehydes and esters) are pumped 
to the heads concentrating column; and the fusel oil is pumped to the 
fusel oil concentrating column. The grain neutral spirits are with
drawn from the rectifying column at 191° proof. 

Wastes from tl':e multi-column process comprise two to four percent 
of the total plant wasteload. Concentrated heads may be discharged, 
burnt as fuel, or returned to fermenters. Fusel oil tails are 
discharged to the sewer while fusel oil is sold. Rectifying column 
tails maybe sewered or demine~alized and used as dilution water. Mo~t 
comple~e distilleries alt~rnate bet~een whiskey or grain neutral spirits 
production, and _here is litt1e difference apparent in the resultant 
wasteload. 

Blending and bottling may take place at a separate facility or as part 
of a complete di•tillery. (4 di5cussion of bottlers is included under 
SIC 5132). At a complete distillery the aged prcduct is dumped from 
barrels ard fi1tered, with filter media and charcoal residue being 
treated as a solid waste. After gauging, the product is final filtered 
ond the residue sieuced to sewers. The addition of deionized water fixes 
the proof, and the product i~ ready for bottling. Some breakage will 
inevitably occur and this also would be sewered. The waste associated 
with bottling is probably less than one parcent of total distillery 
waste. 

Several variations exist in the method of recovering whole spent 
stillage. Basically distilleries fall into two categories: 1) those 
with no recovery and 2) those utilizing evaporators an~ dryers for 
complete recovery. Only the smallest distilleries practice no stillage 
recovery. It is more. economical for these plants to dispose of wet still age 
to nearby farmers for cattle feec than to install a feed recovery system. 
These small distilleries have a substantidlly different wasteload, since 
feed rP.covery is the major contributor to total distillery waste. 

Figure 65 illu~trates the process flow for a feed recovery system. Since 
whole spent stillage is ~oproximately five to seven percent solids, feed 
recovery is essentially a dewatering process. The first step consists 
of passing the whole sti1lage over a screen. The coarse·· solids are re
tained and sent to a press for further removal of soluable solids. The 
press cake, if dried separately on driers, ~ecomes "distil~ers light 
grain." Yhe thin :;tillage liquid is 11umally centrifu9ed to remove 
suspended solids then piped to multiole-effect evaporators where it is 
concentrated to a syrup containing about 25 to 35 percent solids. These 
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evaporated solubles may be drum dried to produce "distillers dried 
solubles." or more commonly dried with press cake in rotary driers 
to produce "distillers dark grains." 

The major contribution to distillery wasteload is from the feed 
recovery system. It can, according to Boruff and Blaine (36), account 
for as much as 83 percent of the total distillery waste. The most 
significant source of wastewater within the feed recovery system is 
the condensate from evaporators. Oust emanating from grain dryers 
may constitute a secondary source if wet scrubbers are used. or it 
may be eliminated through the use of cyclones. 

Description of Process - Molasses Distillers - While the basic process 
of molasses distillers is similar to that used by grain distillers, 
there exist some variations which warrant discussion. Figure 66 shows 
a process flow diagram for a molasses distillery. 

Molasses syrup (either cas~ molasses or citrus molasses) is received 
as by-products from the ca~e and citrus industries and stored in large 
holding tanks. The molasses is then pumped to tanks where phosphorus 
and am~onia nutrients are adjed to satisfy the nutritional requirements 
of yeast ferm~ntation. The amounts of nutrients added depend upon the 
grade and purity of the raw molasses.~. Hiatt (37) cites instances of 
pasteurization of the raw molasses prior to nutrient addition, but exist
ence of this practice is not evident in the industry at this tim~. Some 
pre-heating of the yeast s~ed cultures does take place though.I To 
eliminate undesirable bac:erial contamination the pH is adjusted to be
tween 4.0 and 5.0 th1·oug~1 the addition of sulfuric acid. Some distillers 
also include th~ use of ontifoamers prior ~o fermentation. 

The molasses mixtu:·e ~s seeded with the desired ye1st cult1.1res to initiate 
fermentation. 'Wh~l~ cooling uf the molasses to aid fer~entat1on has been 
repcrted, some d' sti 11 ers use a "1-1i ld fermentation" process where the 
ma~h is inoculated by the yeast that is present in the air and in the 
ra~1 material. This takes place in lieu of cooling.· 

Followirl0 fer.nentation the "r:iash" (8 to 12 percent alcohol) is sent 
through a multi·colw;in sti11ation process .. Some experimentation has 
bten performed attempting to remove the spent yeast cells by centrifu· 
gation prior to distillation. Currently, this is not a common practice 
in t'le industry.1 One possible arrangement of the multi-column system is 
shown in Figure 66. A separating column removes the alcohol from the 
de-alcohOliz~d residue known as ·'slops" or "stillage." The vapor leaving 
the top of the column is condensed and sent to an aldehyde column. Here 
the "heads" (aldehydes and esters) are removed. The product is drawn off 
the bottom and sent to the rectifying column where fusel and amyl oils 
are se~arated. The final product i~ now ready for flavoring, aging, and 
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bottling. By-produc~ fusel oils may be marketed. Aldehydes and esters 
may be used for fuel in the distillery. 

Stillage from distillation comprises the major part of molasses distillery 
waste. Present methods of stillage disposal vary according to locale. 
Puerto Rican distillers discharge their untreated effluents directly to 
the ocean. Two of the continental United States molasses distillers prac
t~ce periodic evaporation of their slops streams. In these two instances, 
the amount of evaporation depends upon the ~vailable market for concentrated 
molasses slo~s as feed supplements. 

SIC 5182 Bottlers and Blenders of Wines and Distilled Liquors 

According to the Bureau of Alcohol, Tobacco, and Firearms (BATF) there are 
90 plants in this category, authorized to operate. These pla~ts are dis- • 
tributed throughout 25 states with the heaviest concentration in Californta. 
The BATF reports only total bottled output, therefore no breakdown is 
available between separate bottlers and bottlers combined with dist~lleries 
or wineries. Production may range up to 13 million proof gallons per year 
for the larger plants in this category. 

Description of Pro~ess - Typical operations 
are redisti1ling, rectifying and bottl~ 
rectifying includes mixing, blending, 
products of such plants may be wines, 1 

cocktails, and cordials. ~Jastewater f. 

in plants from this subcategory 
As defined in the industry, 

:hilling processes. The princi~al 
·ies, whiskies, white goods, 
these plants is negligible, as 

documented in Section V. 

SIC 2086 8ottled and Canned 5oft Drinks 

The soft drink bottling and canning industry consists of franch;sed 
and independent companies who purchase concentrate or syrup and package 
soft drinks. According to the U.S. Department of Commerce, ( ~~ ) 
soft drink bot~lers and canners operate approximately 2410 facilities 
with the largest concentration of plants ill the southern states. 

The National Soft Ori~k Association ( 38 ) reported a total wholesale 
value of 6.2 billion dollars for product shipped in 1973. P~r capita 
c.~~-1.J.ITlJ!.tjM aim YA t.e..Q_iQ . .l§ _ . .L9!.]JQ.n..s.....kLll.i ch was divided as f o 11 ows : 91 
percent regular and nine percent diet drink. Cola flavored drinks 
represented 65 percent of tlte regular market, with lemon-iime drinks 
ranked second at 11 percent. The percentage distribution of package 
types is sho11n in Figure bl • It should be pointed out that this 
distribution varies widely by local market. 

Total sales were marketed as 80 percent packaged and 20 percent bulk. 
Packaged product includes all glass containers ~nd cans whereas 
bulk product reaches the consumer via st~inle~s steel pressurized 
cannisters of differing sizes classified ai: "post-mii<" or "pre-mix". 
The designation "post-mi~" indicates fountain syrup prep~red at the 
point of consumption, and "pre-mix" indicates a finhhed beverage 
ready to be dispensed. In 1973 "post-mix" accounted for 81 percent and 
"pre-mix" 19 percent of.total bulk volume. 
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In addition to geographical differences in sales volumes and package 
type, there ~re definite seasonal variations. During the surrrner 
months of July through September, sales can peak as much as 50 
percent above sales during the winter months of Janu~ry through March. 
Peaks 1n sales are preceded several months by corresponding peaks 1n 
production. The value of shipments for the soft drink industry is 
expected to maintain a future annual growth rate of 9 to 11 percent 
as it has over the past six years. 

Description of Process - Soft Drink Bottling and Canning - The tenn 
"soft-drink" refers to those nonualcoholic beverages wnich dre normally 
flavored, acidified, rolored, S'r'1ePtened, and carbonated. ~.similar 
but non-carbonated product is a 1 so packaged but in comparative 1 y sma 11 
quantities. Figure 68 is a simplified process flow diagram illustrat
ing op~rations in a soft drink bottling and canning plant. 

Raw Materials: Soft drink manufacturers must ultimately combine treated 
water with finished syrup to form a final product. Finished syru~ 
r~ceived in bulk Nill already have been flavored, colored, acidified, 
and sweetened. ihis syrup, which is prepared from a proprietary fcrmula 
at a corporate bulk syrup plant, is delivered by tank truck to the 
bottler. In some cases a flavored, colored, and acidified concentrate 
is received and the finished syr~p is produced by adding sugar (liquid 
or 1ry) and water to the concentrate. The concentrate may be received 
in po\~der and/or liquid fonn depending on the type of product. In other 
cases all raw materials may be purchased directly from me~oers of 
the flavor and extract industry and mixed at the boitling or canning 
~lant. Under normal conditions, there are no wastes associated with 
the re;eipt of raw materials. 

Water Treatment: Soft drink plants routinely treat 1ncom1ng city 
water. Tw~ degrees of treatment are normally required: water utilized 
for bottle washing must be low in hardness; water to be mixed with syruc 
must be co~pletely free of any sybstances which might affect the flavor, 
color, and a~pearance of the final product. A typical water treatn:er1t 
plant might submit incoming cit/ water to chemical coagulation and 
~edimentation in a large reaction tank through the addition of ferrous 
su~fat~ and lime. wat~r filtration and purification by means of sand, 
gravel, and carbon media in addition to chlorination might follo1·1. 
Dearaet.ion and ion e~change units are sometimes utilized. Whatever 
the means or jegree of treatment, the primary goal is to eliminate 
any contaminants destined for product usage. Some plants soften in
coming city water to be usc..:J in bottle washing. This provides for 
better wet:ing and sheeting characteristics, thereby jncreasing the 
ease of caustic removal in the rinse cycles. 

Wastewater associated with water treatment will vary widely depending 
on incoming water quality and plant operating procedures. As a 
general rule, however, these wastes are a small part of the total 
pl~nt load. 
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Syrup Preparation and Storage: Syrup received in bulk requires no 
preparation. It is typically stored in tanks of approximately 20,000 l 
(5,000 gal) until ft is ready for use. Separate mixing tanks, ho~1ever, 
are involved in the preparation of syrup from concentrate. These 
mixing tanks, which are smaller than the storage tanks, ar~ normally 
used to prepare only the amount of syrup to be used in the final product 
for tha~ day. This means that, if four different products utilizing 
concentrates are to be packaged that day, the equivalent of four mixing 
tanks is required. 

In order to mi~i~ize wastes, and to provide ease in handling and 
sanitation, stainless steel mixing tanks with cone/dished neaas are 
used in the preparation and storage of syrup. Each "flavor cnange" 
however, necessitates the removal of residual syrup from the tank 
walls. This clean-up constitutes the wasteload from the mixing opera
tion. Syrup storage tank clean-up also contributes to the totdl waste
load, but it is on a less frequent basis. 

Container Preparation: The three types of containers associated with 
packaged production are cans, non-returnable bottles, ano returnable 
bottles. The cans and non-returnable bottles are nor~ally only rinsed 
with city water to eliminate particles that may have accur.uldted durin~ 
storage. The returnable bottles may cuntain leftover materiais sucn 
as unused product, cigarette butts, mold, and other rcf~se which are 
removed automatically ·in a bottie 1vasher. These m".:hines must wash, 
clean, sterilize, and rinse all bottles. Figure 69 orovides an 
internal view of one type of washer currently in use. 

All bottle washers follow the same basic steps of prerinsing, soaking, 
and fir!l rinsing. During prerinsing both the inside and the outside of 
the bottles are subjected to a hot soray. Solids reMoved at this ~c1nt 
pass first through a ccarse, tnen through a fine mesh scr~en before ~::~ 
rin5ewater is ~ewered. RecircJlated final rir1se water is o~ter1 ,.~ed 
in the pre-rir.se section. Soaking involves inrners1ng the bottles 
for not less than fiv~ minutes in at least a three percent alkaline 
solution containing 60 µercen~ caustic soda. This occurs in a single 
or multi-compartment tank at a minimum of 66"C (Vi0°F). The liouid lr.\·~1 
and strength of the solution are checked t'egularl_v to r.oaintain soecif·:ec 
standards. The entire solution is dLJmped intermi:tently. at ;:.eriods 
ranging from iix weeks to six months. After intermediate caustic remo~ai 
sprays, the buttles undergo a final fre:;h 1<.ater rinse. This water, whic•1 
contains some carry-over C'-JStic cleansing solution, is sewered if not 
reus~d for pre-rins1ng. 

Inspection of soft drink bottling plJnts confirms that bottle washer 
wastes represent the major portion of the total plant load. The 
residual drink left in the bottle is the major source of cOD. Suspended 
solids from the pre-rinse are inevitably sewered. High alkalinity ana 
pH result from carry-over detergent in both pre-rinse and final rinse. 
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Cc~tainer Filling: Finished sy~up from storage or mixing tanks is 
combined in specified proportions with treated water i~ the "flow
mix". This mixture is fed to a cooling-carbonating .ve~ .. el where it 
is chilled and infused with gaseous carbon dioxide. The mixture then 
passes to the "filler" where it is introduced intei the container. In 
some bottling ~lants an alternate method is used whereby syrup is first 
placed in bottles which are then filled with carbonated water. In 
either cdse th~ container is irrmediately crowned or capped. The 
filled and sealed bottles are passed through a warm water rinse before 
inspection, possible labeling, casing, and shipment or storage. 

Wastes from container filling result from filler spillage, lost 
product associated with flavor changes, a~d the corresponding clean
up. A flavor cha~ge necessitates flushing the lines f~om syrup 
through the flow-mix, cooling-carbonating vessel, and filler. Chlorine 
and treated water, plus any product left in the lines, are then sewered. 
Th~ perce~t of the total plant waste1oad contributed by flavor changes 
varies according t~ the number of :hanges made daily and the effit.iency 
with which each ~ldnt e1imin~tes product loss. Filler spillage varies 
considerably between bottling and ~anning plants. In a bottling plan~ 
there is little or no spillage while the filler is operating. In a 
canning plant, however, there is considerably more product loss in 
filling due to the speed or the line and nature of the container. In 
a plant which only cans, this loss would be the major source of BOD 
wasteload. 

Bulk filling: As part of some plants' total production both pre-mix 
and post-~ix cannisters are utilized. This operation requires 
only that sep~rate syrup and water lines be provided to an area where 
the cannisters are filled under press~re. figure 70 demonstrates 
this procedure. 

Wastes from bulk filling result from a small amount of residual 
product left in t~P cans by the consumer. Hot water, caust1c, and 
final water rins~ procedures are used to clean the cans. 

SIC 2087 Non-Synthetic Flavoring Extracts and Syrups 

When used for food purposes a fl a·1oring extract may be gene rd lly aefint:d 
(39) as a sobtion in ethyl aicohcl of proper strength of the sarid and 
odorous i)rinciples derived from an arorr.atit. plant, parts of the .,lant, 
or essential oil from the 1lant, with or without ~oloring matter, con
forming in name to the plant used in its preparation. 

Flavorings derived from parts of aromatic plants are ter~~d natural 
flavorings whereas those prepared from synthetic chemicals, such as 
ester.s, aldehydes, ketones, and others, are considered artificial, 
imitation, or synt~etic flavors. 
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Co11111on flavoring extracts include vanilla, lemon, clove. cinnamon, orange, 
nutmeg, peppennint, and wintergreen. The most common methods for the 
preparation of flavorina extracts are steam or water vapor distillation 
(with or without vacuum}, solvent extraction, and expression. 

Flavoring extracts are produced in a wide variety of concentrations and 
forms -- extracts, concentrates, powders. emulsicns, tablets, and 
essences -· with the strength and fonn depending on the intended use 
of the product. Natural flavoring extracts are then blended with other 
substances, such as sugar, synthetic flavoring extracts, alcohol, and 
food colors, in numerous combinations and proportions to produce finished 
specific fldvors. The finis~ed flavors are also produced in the same 
variety of concentrations and forms as the flavoring extracts. Finished 
flavors are utilized in a number of other food related areas, principally 
the beverage, baking, confectionery, and f~ozen ~esserts industries. 

There are approximately 60 companies operating flavor producing piants ir 
the United States. While little information is availabl~ from the 
industry, it would appe~r that a typical plant produces flavoring extracts 
as well as finished specific flavors a~d possibly spices. 

A separate entity of the flavoring extract and syrup industry is the 
manufacturing of beverage bases (concentrates and syrups). These bases 
are almost exclusively produceo by the majvr soft drink companies which 
utilize them in their soft drink products. There are approximate1y 22 
b~1erage base plants operating in the United States. 

The ~emand for flavoring extracts and flavors fluctuates in direct re1at~2n 
to fluctuations in the beverage, baking, confectionery, and frozen desser:s 
industries. However, the need for flavoring products probably maintains a 
near balar.ce since beverage ard frozen dessert demand is high when 
baking demand is low and vice versu ;40). In 1973 the value of prcduct 
shipments of flavorings accounted for a~ estimated 1.6 billion doliars 
and was expected to rise to 1.7 billion in 1974. 

Process Description:Standard, Teroeneless and Concentrated Flavorinq 
Extracts from Essential Oils - Essential oils may be defined as liquids 
which occur naturally in many types of plants or which may be reproduced 
by a combination of subst~nces in the plant upon reaction with one 
another in the presence of water. 1he p~eparation of the most common 
forms of flavoring extracts from essential o11s is illustrated in 
Figure 71. 

l:ssential oils are generally purchased and stored in fiber dr'-'1'1S. while 
aicoho1 and other solvents are stored in storage tanks. A standard 
formula exists for every type of flavoring extr~ct which can be manu· 
factured. The prepr1rati..1n of a standard flavori!1g extract (Figure 71) 
involves a blending process in which a specified percentage by volume 
cf the essential oil, alcohol, and water are mixed in tanks. 
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For certain applications, such as in ices and fountain syrups, it is 
desirous to produce a more water soluble flavor. Consequently, the 
more insoluble components (terpenes) of the oil must be removed. This 
can be accomplished by vacuum distillation (Figure 71) or solvent ex-
traction (Figure 71) of the essential oil. · 

In the vacuum distillation process, steam is used to strip the more 
volatile plant oil from the terpenes. The purified oil is then mixed 
with dilute ethyl alcohol of proper strength to form the terpeneless 
extract. 

In the solvent extraction process the solvent dissolves the plant oil 
from the essential oil and is drawn off. The solvent is then recovered 
from the purified oil which is subsequently mixed with dilute ethyl 
alcohol of proper strength to form the terpeneless extra:t. 

Concentrated extracts are prodL•ced in the same manner as standard extract.s 
except the percent by volume of plant oil is considerably increased. 

Wastewater generated from the production of these products consists 
primarily of internal equipment cleanup when a flavoring change is made. 

Process Description-Flavoring Extracts from Direct Solvent Extraction 
of Aromatic Plant Tissues - There are few flavoring extracts prepared 
from the direct solvent extraction of plant tissue. By far the most 
common examcle is the manufacturing of vanilla extract as illustrated 
in Figure 72. 

Vanilla beans are received and stored in boxes. The vanilla beans take~ 
from storage are first chopped before being steeced in an alcohol-water 
solution. In order to exhaust the desired material from the bean, 
solutions ranging from 35 to 60 percent by volume of ethyl alcohol are 
used. The vanilla extract, composed of alcohol, water and dissolved 
vanilla flavor, is drawn off through a filter, adjusted to a desired 
water, alcohol, and sugar content in storage ta~ks, and subseque~tiy 
bottlea. 

The alcohol remainin~ in the chopped beans from the steeping process is 
extracted and reused. The beans are discarded as solid waste. 

The major wastewater generation is attributable 'o filter backwash and 
to the clea.dng of vanilla extract storage tanks when sediment acc;,,1mu
lates in the tanks. 

Process Description - Natural Flavor-i~oncentrates _nd Powders - Flavor
ing concentrates and powders dre deriveo from plant 11quor or essential oils. 
Fruit liquor is usually used in the case of fruit concentrates and powder$ 
while essential oils are used for spice concentrates and powders. 

The typical process flow diagram for the manufacturing of these products 
is illustrated in Figure 73. 
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In order to produce fruit concentrates or powders, fruits are washed and 
chopped and the fruit liquor containing water, oil, and fruit particles 
is expressed from the chopped fruit. To prepare the fruit concentrate the 
liquor is evaporated under vacuum. If powdered flavor is to be produced, 
the liquor together with vitamins, sugar, and acid is completely dehydrated. 

The prod~ction of spice concentrates involves the evaporation of essential 
spice oils. The oils are dehydrated for the production of powder. 

Wastewater generated from the manufacturing of concentrates and ;:iov1ders 
includes fruit wash water, evaporator effluent, and dehydrator effluent. 

Process Description - Finished Specific Flavors and Cordials - The manu
facturing of finished specific flavors and cordials is a blending process 
in which natura~ and/or synthetic flavoring extracts are blended in nu: 
merous proportions and combinations with other ingredients such as 
alcohol, sugar, coloring agents, and water. 

If not produced at the plant, flavoring extracts and colors are usually 
received and storP.d in fi!:.ier drums. After proper mixir1g they are packaged 
in bulk containers. The finishea flavors may be produced in all of the 
various forms discussed above. 

Cordials are a blend o; flavoring extracts, sugar, water, and alcohol. 
Cordials are a special case of flavor production in which aicohol 
comprises a cons~derab·e ~~rtion of the total product volume. 

Wastewater attributable to th~ oreparation of fi~ished flavors and 
cordials consists entirely of c1~anup of mixing tanks prior to flavor 
changes. 

Process Desc.riotion - Beve,·age B~ses - By i'Jr th~ majority ~f beveraqe 
bases, botn con-centrates an~ syrups, He mar1 1Jfac~ured by major soft drink 
companies in plants which produce corcc~trates and/or syrups exclusi~ely. 
The rnanufacturin; of flavoring concentra:es and syrups is illustrated 
in Figure 74 

The flavori~g extracts, a~ids, treated water, colors, and sugar (exc~~t 
in concentrate production) ar~ proportioned from storage tanks into 
large, stainless steel mixing tank5 and blended. The product is the~ 
strained throu~h a wire mesh screen and packaged or shippet ir1 bulk by 
tank cars or trucks. 

The manufacturing of beverag~ concentrates and syrups in flavoring extract 
pla~ts is done on a much smaller scale and excludes water treatment and 
container washing. There is ~lso no need for flavoring material storage 
as these materials are produced in-house. 

The primary sourc~s of wastewater in the soft drink concentrate and syrup 
plants are cleanup of mixing tanks prior to flavor changes at the 
end of each day~ and washing of containers, arums, and tank cars. lhe 
production or beverage bases in flavoring extracts plants would generate 
wastewater from cleanup of mix.lng tanks only. 
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SIC ?.095 - Roasted and So1~~1~ Coff ~P. Processing 

General - Coffee roastin; and ~he production of soluble coffee extracts 
occurs in 203 plants distributed throughout the country. According 
to the Pan American Coffee Bureau : ~-1), in 1972 843,696 kkg (930,1)00 tons) 
of roasted coffee and 81,048 kkg (89,300 tons) of soluble coffee were 
produced with a total value of $2.32 billion. The gre~test density 
of plants is found along the Atlantic seaboard and in Caiifornia. 
According to the ~ational Coffee Ass~~i~tion '42 ), of the 21 million 
bags (GO kg each} of coffee that are impo~ted each year, 10 percent 
has alread~ been processed, usually into !Oluble coffee. 

The rlational Coffee Association further reports that seven large corporaLions 
account for 70 percent of the total production in this country. ln the 
soluble coffee segment of the industry, t\IO corporations produce 81 p~r~ent 
of total production. 

Coffee is normally sold in a roasted and groJJnd or soluble form. Botfi 
are available as either re9ular or decaffeinated types. and soluble cJf•2~ 
is produced by spray drying or freeze drying. Some coffee plants produce 
all possible co~binations of the above forms and types. The Pan American 
Coffee Bureau 1 43 1 indicates that de.'."'affei,..,ated coffee accounts for onl~1 

12 percent of all coffee sold; however, 28 pe~cent of all so1ub1e coffee 
is made from decaffeinated beans. 

Since l9C2, the per capita cof•ee consumption in this country has bee~ 
declining. Ho1·1ever, t~e rlational Coffee .ti.ssociation :42) indicates tfiat 
the soluble coffee industry continues to expand and account for a larger 
share of the total coffee market each year. 

All coffee orocessing begins with the green coffee bear.. Further proc2~~i~; 
will include roasting, possibly preceded by decaffeiration and followed 
by extraction and then spray or freeze drying. These processes are desc~::e: 
in tne following subsections. Figure 75 illustrates the basic processes 
used in producing roasted coffee. · 

Description of th~_Q_ec;}ffeinati_:)r. Process - Green coffee beans usuJl ly 
arrive at the plant· in 60 i<g (1:2 lb) burlan sacks from which thev aro; 
transferred to a storage hopper. The beans ~re thEn cleaned by air 
1evit~tion to remove foreion ma~eridl an1 chaff which are lighter tha~ 
the beans. The beans are then eit:1er decaffeinated by individual type 
or the various types of ~e~ns are r.ixed to obtain the desired blend a~~ 
then decaffeinated. If decaffeinJted ro~sted o~ soluble coffee is des1rn1. 
the caffeine is removed from gr~e~ coffee beans using the direct solvent 
method or the wa~er extraction (liquid/:iquid) method. 

In the direct solvent ~ethod (see Figure 75~. caffeine is re~oved by 
contacting the beans 1·1ith organic solvent. mcst co1~monly methylt>r.e chlor·je. 
The beans are pre1oJetted by various methods before extraction, J 11e.;essar.;1 

step tc allo1·1 high decaffeination levels. The solvent is drained off and 
fresh solvent added until the residual caffeine is at the level desir~d 
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(usually 97 percent of the caffeine is removed). The used solvent is 
distilled to recover clean solvent and a crude caffeine residue. 

The method of extraction most conrnor.ly used in this country by the large 
producers of decaffeinated products is called the water extraction or 
liq~id/liquid extraction method (see Figure 77). In this process, the 
caffeine is extracted from the qreen beans in extractor columns with 
93uC (200°F) water. Next the extract may be centrifuged tc remove solids. 
The caffeine is then selectively transferred from the aqueous green 
coffee solution stage to the trichlorethylene solvent by countercurrent 
or rotating disk contactor lio~id/liquid extr~ctors. The water c~tract 
is then stripped of its solvent residue and returned to the process 
to extr~ct further caffeine. The caffeine contained in the ~richlor
ethylene ciln be recoverd by distillatio.i of the solvent, or by lic:uij/ . 
liquid extraction with '""ater. The solvent is purified by distillatior: 
and returned to the process. Caffeine may be packed and shipped in its· 
crude form or it may be further purified to meet food anti drug standards. 
The extraction of green beans w~th recycled water extract continues 
until the caffeine level in the green is reduced to the require1 desr~e 
(usually 97 per:ent removal), and the beans are then drained, washed 
and 1:iri ed. 

In the extraction processes discussed, the d~caffeinated beans are 
rinsed and dewatered with an auger screw or screen. The beans are the~ 
hot air dried, cooled, and stored in prP.para:ion for roasting. 

l~astewater is generated in the' decaffeinating process orimarily frori1 
the washing of the decaffeinated keans, the flushing of the extrac~ 
centrifuge and tht: sulvent anc: caffeine separation process. Sr.•alier 
amounts of v1aste1vater come from the caffeine sol idifyir.l.J process, ston'Je 
of the wet beans and condensate overflow. 

Descriotion of the Roasted Coffee Process - Coffee beans are roast:c ir. 

orde: to develop their flavor. Tncre arQ ~ight commonly used shades 
or jesrees of r-:;asting. Selection of a 1'1r~iculilr :;Made depe:11ds on 
the t~pe of beans a~d the flavor desire~ 

Green coffee beans are no1"T:1i.1lllf roasted in revolving metal c.ylinders, 
directly or indirectly heated by gas or =1 futl oil. Batch roasting 
in lots of 230 to 635 kg (500 to 1~00 lbs) is the more convnon method. 
with e,,-:i tenperatures in the 2'.J0° to 220.'c (390'> to 42.'3°F) rang~ at the 
end rf the cycle in 8 to 13 minutes. If a continuous roasting method i~ 
used, tne temperature is 260°C (500"F) and the .:ontact time is approx~r.::1~"· 
5 minutes. 

Th' r'a~te~ h~ans are cooled by either wet or dry methods. The roas~i~; 
prnc:.;s i;. 't!rmed ·'wet" if it ic; checked by the spraying of water ove1· 
the hot beans (1"~~ilc still ii ~!1e roast~r). T!1is wilter is IJcH'tially 
evaporated and partiully absorh~.! ir~o ~:1e beiln. ~lone ic; disc.harged 
as 1vaste1·1ater. In dry roastiniJ, ~i1e procE'SS is ilrrc5te~ only b_y Jir 
cooling and by contact with the cooling ap~aratus. 
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Stoning, removal of metal and other foreign material heavier than the 
coffee beans, is then performed. tlext the beans are stored until 
packaged as whole roasted beans or gro•;nd. A "granulator" composed of 
a series of rollers and often cap~ble of 10 size adjustments, is commonly 
used to grind the t-eans at rates up to 1.8 kkg per.hour (2 ton:; per hour). 
The ground roasted coffee is packaged for sale or further processed into 
a soluble coffee product. 

There is nonnal ly no ~1aste1~ater gen~rilted in the production of roasted 
coffee unless the plant utilizes a wet scrubber for the stack gasses, 
and few coffee roasting plants have wet scrubbers. General ~lant clean
up is dry -- usually portable vacuum cleaners and/or brooms. 

Description of the Soluble Coffee Process - The fresh grounds are added 
to one end of a series of six to eight extractor chambers (set: Figure 78), 
through which hot water is oassed countercurrent to the grounds. This • 
countercurrent flOl'I pennits the fresh hot water to extract the re'Tlaini'l'.J 
soluble materials from th~ most spent grounds. The conditions of this 
flow are carefully controlled for maxi~um remov31 of solub1e const1tucn~s 
and good flavor and quality. 

The extract is cooled if it is to be stored befor~ further processin~, 
and centrifuged or filtered. The liquid extract at this stage is 20 
to 30 percent solids. ro.- fr~eze drying, the solids concentration inu~t 
be increas~d to 40 perc~nt. For spray 1rying, it is e:onomic~lly 
ajvantaqeous to increase the solids cont~nt to t~e sa~e 40 p~rcent. 
Concentra~ion of the extract to the nesired ~O percent solids level 
is acconpl~shed by evaporation or freeze concentration. 

Spent grounds are carried from the extractor by steam ejection to a 
storage tank. In some plants, the grounds are then deposited in a 
landfiil. In other plants, the qrounds are rotary dried or pressed ~nd 
used as fuel for the boilers. The waste fro~ the pressing of the g~1~nds 
is a significant source of wasteL~a:€r as is the interr:iittent (every 5 
to 10 ninutes) cleaning of the centrifuae or filter. Other ~~stewbter 
sources include·t~e ge~eral washdown of-the extrdctors, sludge from ~~e 
centrifuge or filter, th~ scaling tank, the heat exchanger, and the 
holding tank. 

Spray Drying and Aggiomeration: Mter concentration (if used). the ex~ ... 2 ... :

is delivered to tt"1e at'Jmizing no~:le ar.•J spray dried. The dried p.·ocbL: 
is stored in luik until it is ;:'ilckaged by automatic or semi-autor:iatic 
machinery. rhe powdered coffee oroduced by spray dryin~ is usually 
agglomerated by a second pass through part of the drying tower to yie 1 a 
the rektively larqe "coifee crystals" which are now popular in this 
country. 

Wastewater is generatect in this prucess stC?P 1-1hen the equipment is c1.,.ane-:. 
Cleaning is done a• the end of a run which may be as infrequent as monthly. 

Freeze Orj·in~: Another method of producinci soluble coffee is freeze 
drying (see i-igure 79 ). !n this process •. the llqui" coffee extract 
is cooled an~ ~oncentrJted by centrifugation. Folliwino this, it is 
frozen, gro11nd, ar:d more r:ater is wit:1dra1-m th:-oJgh subli1a1tion. The 
product is then p~ckaged and stor~d prior to shi~nent. 
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SIC 2097 - Manufactured Ice 

General - C0111nercial ice producing plants fall within two distinct 
product categories - block and fragmentary ice. Block ice is produced 
in 136 kg (300 lb) or 132 kg (400 lb) blocks which are frozen in rec
tangular cans partially submerged in refrigerated brine tanks. Block 
;ce is sold whole, divided into 10 to 200 blocks, ·cut into cubes and 
bagged, or crushed and sold as bagged sized ice. Cube ice machines 
are sometimes found in ice manufacturing plants, but their low volume 
capacity hardly justify their use. Cube and crushed ice finds its 
greatest usage in the pres~rving and serving of foods and beverages. 
or distribution to vending machines. Fragmentar~1 ice is produced as 
small pieces such as disks, cylinders, and random shapes similar to 
crushed ice dnd nonnally is bagged at the pi.'~nt. It is often produced 
on large capecity units for industrial users sucn as poultry plants, 
dairies, chemical plants, ready-mix concrete suppliers, and fish and 
seafood transportion. 

Accordi~g to the Bureau of the Cen~us ( 2 ), in 1972 approximately 4. 1 
million kkg (4.5 million tons) of ice were comMercially manufacture· 
at some 2,000 plants located throughout the country, with the heaviest 
concentration of manufacturers in the Atlanta, Georgia area. Production 
at individual plants ranges from 0.45 to 363 kkg (0.5 to 400 tons) per 
day; however, typical daily production is in the 45 to 136 kkg ( 50 to 
150 ton) range. 

Denand for ice fluctuates s~asonally, with the highest denand in the 
surw.ier and lowest demand in the \'1inter. Some plants close in the 1vi11te!" 
months; others continue to operate wilh a skeleton crew~ and still others 
with large storage facilities, sell their product year-round but cetise 
processing during the winter. 

According to the National Ice Association (44 ). approximately 60 percent 
of ice manufacturing plants produce both frugmentary and block ice; 
25 percent manufacture bloc~ ice only; and l~ percent manufacture 
fragmenta1·y ice only. Block ice is still the large volume product of 
most ice ~3nufacturers. However, increased efficiency of fragmentary 
ice making machines and decreased demand for block ice has led to 
decreased production of block ice and a corresponding increase in frag
mentary ice. According to the Bureau of the Census ( 2 }, the quantity 
of bloc:: ice produced dropped fro,n 4.4 million kkg (4.9 million tons) 
in 1967 to 2.2 nillion ¥kg (2.4 million tons) in 1972. This trend is 
expected to continue, resulting in no co:istruction of new block ice 
plants. The last knoi·m block ice mdnufacturing plant was built around 
1966. The demand for fragmentary ice has been and is ~xpected to continue 
to increase substantially, possibly ~pectacularly. Many manufacturers 
have installed fragmentary ice making machines to supplement and/or 
to replace block ice making facilities. 

Generally, the \·1ater us~d to make ice must be potable. It may be supplied 
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by the local water purveyo1· or cl well. Depending on its quaiity. the 
water may be treated by t~e ice manufacturer. 

Description of Process - Block Ice - Municipal water is sometimes not 
satisfactory for the production of quality ice. Undesirable water 
qualities can result in poor color. residues. and tendencies to shatter 
or crack. To obtain clear block ice. it is sometimes necessary to 
treat fresh water with 1ime, sand filters, carbon filters, or rever>e 
osmosis to remove suspended and/or dissolved solics. According to the 
National Ice Association (44 ). about 60 to 70 percent of the block 
ice manufacturers treat their water supply. Sources of wastewater at 
thi~ stage of precessing include backwash water, precipitate, and brine 
from treatment facilities. 

Figure 80 illustrates the processing of block ice. The cans in which 
block ice is to be frozen are filled from aP r'.evated can filler. Once 
filled. t;1e cans are placed in agitated brine tariks either sinqularly 
or in groups. Grouns of cans are held together by grids made of f:at 
steel v1ith the weight of the grids assisting to ke!>p the cans subr.1ergec -
and prevent tipping. The grids also hold the cans apart (seldo~ ~ver 
3 cm) to allow the brine to flow between the cans. Wooden can covers 
rest directly over the grids and provide additional weight to hold 
the cans in the brine. There is virtually no make-up or blOl'fdown from 
brine tanks. Water is kept in the tanks for years. and salt is a~deJ 
once or twice a year. Brine tanks are seldom, if ever. dumped. 

During fre2zi~g. air m~y b~ used to agitate the fresh water in the cans. 
The purpose of this aeration is to aid in for:nir1g clear, pure \·Wter 
crystals by assis~in~ in the rejection of ~ost of the impurities 
into the ~ore of the ice block. The unfrozen core, consisting of abcu~ 
10 to 22 1 (3 to 6 gal), is usually pumped ot.t and replaced with fresti 
water preferably cooled. According to ASH~AE ( 45), the block of ic~ 
will require up to an additional hour to freeze the core water. A 13n 
to 132 kkg (300 to lQ~ lb) block of ice requires 1 t.o 2 days to freeze, 
depending upon the tel'lperature of the brine. 

When the blocks are frozen. the cans are re~ovcd from the brine. The 
frozen ca11s are then transported to the dum~ing area w'1ere thPy are 
submerged in a dip tank (filled l'lith water) until the ice block ioosens 
and

0
floates up in the can. The dip tank water should be below 2laC 

(70 F) to avoid ice str~ss~ng and cracking or undue melting. After ttic 
ice tha\·/s from the can, the cans are raised and moved to the dumping are.:i 
where the cans are tipped, the ice blocks sliding free. Once the ice 
is dumped. it is rinsed with fresn water. It ~ay then pass through a 
scoring mar:hine •:circular saws) to score the ice for 11 kg (25 lb) bloc~:s 
and then is moved to storaQe. Alternatively, the 136 to la2 kg (300 to 
400 lb) block may be stored until sold, at ~hich time the block is 
scored and picked into smaller blocks, rin~ed, and distributed to 
retailers or sold at the plant. Ice cans, once emptied, are refiiled 
with wate· to freeze t~e next batch of ice. 
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Wastewater from t~1e freezino of block ice comes from core pumping, 
water used to cool the refrigeration compressors, dip tank overflo1~. 
and snow frv~ scoring. In some ice plants, compressor cooling water 
1s routed to the dip tank where it is used to thaw the ice blocks 
from the cans. In the dip tank, SO!Tle chlorides and sol ids are added 
to the wastewater. They are transferred from the brine tank as the 
cans are being dipped. 

Whole ice blocks are stored in freezer rooms with the bottom layer 
held off the floor about 15 cm. A space between the ice blocks a~d 
the side walls of tne storage room is alsb maintained to promote cold 
air circulation around all ice blocks. 

Cubes: Cubes prepared from block ice are sawed out of the whole by a 
variety of automatic and semi--automatic machines which handlE: blocks of 
11 to 182 kg (25 to 400 lb). Tne machines consist of one or two sets 
of power operated circular saws operating in two plants successively 
and a third large power ~aw for cutting the indented cubes free of the 
block.. Ice losses from this type of processins are 30 to 50 percent in 
the fonn cf sr.01v and end pieces. Thec;e waste pieces are sometimes used 
to precool water which is to be frozen, but most often are discharged ~s 
wastewater. 

Some ice ~anufacturing plants have small, 225 or 450 k3 (500 or 1000 lb) 
per day, cube machines like the cube machines found in hotels and other 
commercial establishm~nts. Cube machines are a very small percent3ge Qf 

most ice manufacturing plants' capacities, and are intended primarily fer 
retail sales. 

Crushed ice: S~zing machines, which have come i~to increasing use, co~si~t 
of an ice crusher into which blocks of ice are fed. The crushed ice is 
delivered into an overhead rotating screen, which separates the broken 
pieces into bins containing the desired size(s). These pieces are the~ 
weighed and placed in plastic bags for sale or distribution to retailers. 
vending machi~es, or other larger customers. 

Up to 50 or 60 percent of the bl~ck ice may be lost in crushiny. Part~c1e" 
less than a specified size cannot be used, and must either be recycled 
to manufacturing or melted and discharged as wastewater. A machine has 
recently been introduced for use in compressing unde,.s i zed crushed ice 
or snow into blocks. ~idespread use of this type of machine could 
significantly increase the y~eld fro~ b1ock ice manufacturing. instead 
of w~sting the water or recycling the snow and end pieces back to the 
;:>reduct water. 

!Jescriotion of P!'"ocess - Fraome.,t~..!]'. fee - Fl·asmentary ice differs from 
sized ice in that sized ice is made from crush~d block ice, whereas frag
mentary ice is prod·Jced 1·1hen water flo1vs over a freezing surface. One of 
five general methods is employed in removing ice from surfaces to which 
it has been frozen. These are as follows: 
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1. Separation from a flexible surface 

2. Scraping the ice crystals from a wet direct expansion ~hilled 
surface and pressing the sludge into briquettes 

3. Hot vapor heating t~e surface to release ice frozen by direct 
expansion to the inside or outside of tubes. 

4. Mechanica11) separating the ice from a direct expansion 
refrigeration drum 

5. Water defrost of sheets frozen to refrigerated plates ( 45 ). 

lhese processing steps are done in commercial fragmentary ice making 
machinf::>. As indicated in Figure 81 , following rer.:ova1 from the • 
fragmen~ary ice machine, the ice is sized by screw conveyors if necessary. 
sorted oy size, stored in hoppers or a surge bin, and then packaged 
in plastic oags. Unlike crushed ice, little. if any, ice is less thor1 
!he ~inimum size; accordingly it can all be pacKaged for sale. 

Fragrentary ice varies from crystal r:-lear to opaque depending upon the 
water quality, and is irregular in form. Potable water (municipally 
supplied or from wells) seldom requires pretreatment for the 111anufac:!Jre 
of fragmentary ice. Wastewater sources peculiar ~o the production of 
fragmentary ice include the fol lowing: 

1. Excess water not frozen on the freezing surface 

2. Water used for defrost 

3. Blowdo1t1n from fragmentary ~aclli nes 

Manufactured ~ce is stored on both short and lor.g term bases. Facilit~es 
for short terr.1 (day) storage are r1ormaily large enough to accommodate 
at least 3 days of production. rce is stored for longer periods because 
of fluctua~ion; in deman.d; e.g., production decreases during the fall 
and stored ice is used to fill the smller winter demands .. ~ccording 
to ASHRAE '45), the increasins de~an~ for manufactured ice and subse~~e~: 
production of all types of siz~d ice has prompted the expansion of day 
storage facilities by 100 to 200 percent. 

General c.1ean;,p (d,·y s1-1eepin~1 ;~~t:i ~ubse:.:uert melt~~g and/or hose dr:i1-.. ri' 
1 to 4 times each day, and t~e periodic defrosting of storage facili:ies 
add to the waste stream. 
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SIC Code 2098 - Macaroni, Soaonetti, and Noodles 

Spaghetti .• nacaroni, and other rela~ed products, known as alimentary 
pastes, are made by forming unleavened dough into a.variety of shapes, 
which are subsequently dried to less than 13 percent moisture. Typicdlly, 
these products are made by mixing semolina with water and kneading 
th~ rcs~:ting dough until ho~ogeneous. The dough is then extruded 
or rolied before being cut into the familiar shapes of macaroni products: 
spaghetti, macaroni, noodles, shells, elbows, etc. Egg noodles contai~ 
added egg or egg yolk. 

According to the Department of Commerce, Census of Manufactures (2) 
there are approximately 191 manufacturers spread throughout the nation • 
which produce macaroni products. The West leads with 64 plants, followed 
close~y by the Northeast with 63 plants. The North Central U.S. has 
43 macaroni and spaghetti plants, and the South only 21. The plants 
range in size from large corporations to very small, far.iily owned 
businesses. Total sa1es volume is about 400 million dollars, and 
production about 910 ~~llion kilograms annually. 

The above figures for number of plants are believed to be misleading, 
however, because they include many Italian eating esta~lishments which 
manuf~cture pasta only for their own use. Standard and Poor lists 
only 24 companies in this category whicn manufacture on a comr:1ercial 
scale. Since some of these companies have several plants, it is estimatej 
that the total number of signif~cant comr.iercial plants in the Unite: 
States is between 30 and 40. All plilnts contacted discharged to municipal 
sys ter.:s. 

Process Description. Figure 82 shows a process flow diagram for 
a typical macaroni and noodle processor. The basic raw materials 
are semolina, durum flour, farina flour, or a combination o~ these, 
and water. Semolina is milled from hard wheat,such as amber dun ... ~. 
Size of particles is less important than uniformity. Coarse semolina 
is easjer to handle •. but requires longer mixing times. 

Egg products are normally used in certain noodle fonnulations. In 
~ome cases, froze~ pasteurized egg yolks are used. Alternatively, 
freshly separated egg yolks or dehydrated egg yolk solids may be incor
oorated into the v~rious eoo containinq products. 

The other major ing~edier.t common to ~11 pastas is water. Quality 
and temperature of incoming water are of special 
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consideration to obtain consistent quality products. Other ingredients 
may include egg-white solids, onion, garlic, celery, bay leaf, salt 
or other seasonings, and disodium phcsphate. 

Solid and liquid raw materials are mixed together in desired proportions. 
On the average, about 30 parts of water by weight are added to 100 
parts of solid raw material. The moisture content of the original 
semolina varies between 12 and 16 percent. 

Mixing methods vary with the type of dough mixer used. The larger 
and more modern facilities utilize continuous dOJ.Jgh mixing techniques, 
whereas the smaller processors employ batch methods for blending and 
mixing. Either process results ;n a homogeneously kneaded dough of 
approximately 30 to 32 percent moisture. Aft~r mixing, the doush 
is pushed through various shaped dies under high pressures. 

In almost all cases, a vacuum is applied to deaerate the dough as 
it enters the extruder. This requires extensive cooling water for 
proper maintenance and operation of the pumps. This water, while 
being non-contact water, is usually combined with remaining ~lant 
effluent, and represent~. in many instances, virtually the entire 
effluent flow, exclusive of sanitary wastes. 

If short macaroni products are to be made, a cutter placed directly 
under the die cuts strands into the desired length. The "shorts" 
are conveyed directly to the drier. Long spaghetti, macaroni, or 
noodle stra~js are spread manually or mechanically on drying sticks. 
After they are cut to an even length, the loaded sticks pass through 
a predrier in which approximately s;x to ~ight percent moisture is 
extracted in an hour or less time. The goods come out of the predrier 
with a moisture content of 22 to 24 percen~. 

At the discharge from the predrier, there is a recovery zone to insure 
equal moisture distribution throughout the product and to prevent 
the goods from checking or cracking duri~g the final drying. 

The final drier can 'be batch or continuous. Batch driers are typically 
used when proJuction figures are under 4,545.45 kg (10,000 lb) per 
day. Batch driers in which products circulate in a closed circuit 
through different climate zones have proven to be efficient and re11able. 

Special equipment is needed to man~facture twisted or stamped goods. 
"Pasta Bolognese" is made from a ca1ibrated dough sheet l'•hich 
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is extruded from the press. Since twists and stamped goods are 
usually made in small quantities, production costs are relatively 
high. They are typi~ally dried in stationaty batch driers containin9 
a number of trays, through which air, heated by coils containing hot 
t-1ater or low pressure steam, is blown. 

Both long and short cut macaroni products are generally dried to about 
12 or 13 percent moisture content. Once dried, the products have 
excellent preservation qualities. 

Short products such as soup pastas, elbows, sea shells, etc., can 
either be dried stationary on trays oi continuous 1 y in drum or belt 
driers. Trays are typical for small operations, but continuous systems 
were observed for high production levels. 

Furthermore, microwave ovens h.:Jve been rece11tly introd~ced for the 
drying of "shorts." Microwav.es selectively heat water with 1 i ttle 
direct heating of most solids. Drying is uniform throughout; the 
shorts' pre-existing moisture gradients are evened out. This unique 
application r~sults in very rapid drying, but requires specialized 
equipment and safety devices. i~ormal 24 hour drying cycles were observed 
to be reduced to 30 minutes. 

In small factories, products ar~ pa~kaged by hand. In larger factories. 
long, short, and twisted goods are weigr.ed and filled by semi-automatic 
or completely automa~~r. machines into cellophane or plastic bags, 
or pap:- cartons. Cut corners or "breaks" inherent in the packaging 
of "long" ite:ns are typically recycled back through the process by 
being finely ground and then used as a raw ingredient. 

Those plants that utilize frozen egg solids were observed to jo in
pldce cleaning. T11e resultant waste flows were low (typically less 
than 11,340 liters/day (3,000 gal/day)). Similarly, several plants 
indicated th~ use of dried egg solids with all clear:ip being p~rformed 
with conventional "dry'' methods (i.e., sweeping, scraping, rubbing, 
etc.). 

It is obvious that Rasta production is essentially a dry process with 
manufacturers avoiding the use of water durir.g processing and cleanup. 
The only significant waste volume observed is non-contact cooling 
water. The only strong waste from dn Jrganic ;>ol lutant point of view 
is generated by periodic cleaning in special washers of the extrusion 
dies, and cleanup of egg product blendin~ equipment in nocd~e manufac°":iring 
operations. [n both cases, waste volume is very low. 
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SIC 2099 Almond Paste Manufacturing 

Results of this study indicate there are currently only four active almond 
paste rnanufacturers in the Ur.ited States. These operations dhtributed 
in the states of New York, New Jersey. Illinois, and California, represent 
~ relatively minor industry in tenns of food production. Several plants 
manufacture almond paste in combination with a variety of other nut pro
ducts such as nut toppings, pastry fillings, icing~. glace bases, baker'~ 
specialty itans. and other nut pastes. In addition, some facilities manu
facture almond paste less than 30 days per year. The following process 
description was obtained through a plant visitation to one almond paste 
manufacturer. 

Description of Process - Figure 83 presents a generalized flow diagram 
of almond paste processing. Raw almonds (and simi~ar nuts such as pecan$. 
walnuts, hazel nuts, cashews, and apricot kernels) arrive at the plant by 
tru'k in boYes and are stored in coolers. The raw almonds are roasted and 
placed in a series of initial soak tanks at a temp~rature of 81 to 92°C 
(180 to 200°F) for about 20 minutes. Durst (46) r~ports that from the 
soak tanks, the almonds are blanched to separate the testce \red skins), 
genn (small hearts), and cotyledons (almor.d halves or split almonds). The 
testce and germ are aspirated and separated by screen from the cotyledons. 
The cotyledons are inspected and are placed in pregrinding soak tanks at 
59 to 72°C (140 to 165°F) for 15 to 20 minutes. After the almond cotyledons 
have soaked they are cunveyed to a blending hopper where the almonds are 
water cooled. At this point ingredients such as sugar and flavorinss are 
added. The blend is then placed into a grinder which ruptures the fat 
eel ls causing the mixture to have a pasty cons i sten:;y. The almond paste 
is then transferred into a number of soaking units where it is cooked to 
a moisture content of 10 to 15 percent. After cooking, the paste is hand 
packaged into 227 to 286 gm (8.0 to 10.0 oz) vacuum pa~ked cans or 22.6 kg 
(50.0 lb) plastic lined bakes for institutional use. S~bstantial packing 
~are is required to contain the product and prevent oxidation and subse
quent rancidity of the fat content. 

The major scurces of wastewater generation in the manufacturing process 
are (1) the initial and pregrind soak tank; (Z) daily pla~t housekeeping 
including equipment tleanup and floor washin~s~ and (3) water used to cool 
the nuts before grinding. 

SIC 209S Baking Powder 

Rackground of the Industry - Baking powdr~r is produced in at least 28 
plants in the United States, most of wh;ch are locate~ in the Chicago 
and New York metropolitan areas. Ten l'f'ldnufacturers accf'unt for a major 
portion of the production of the indus-;ry. 

Baking powder is produced for use by- comm.:?rdal bakeries as well as by 
the individual consumer. Packaging requ1rements thus range from ~mall 
tins to barrels. 

Zll 



ukAH 
l~ANT BOIL.ER 

WATER 

PRE~IZED AIR 

I 
INGREDIENT ADDITION 
SUGAR, Fl_A\/ORING, 

ETC. 

RAW ROASTED 
ALl'tl"-05 

~ 
INITIAL SOAK TAN<S 

•etzo MIN. 1 
I 

r s_a.._1_o_w_AS_TE 
SKIN REMOVER --------

t 

INSPECTICJ'-1 
TABLE 

t<l!..OP.IG 
B!N 

PREGRIND 
SOAK 
TAl'l<S 

BLENDER 
HOPPER 

• 
~JNDER 

COOKE~S 

HAND 
PACKAGING 

' 

FlNlSl-£0 "1.JT 
PASTE PROOVCT 

FIGURE 83 

DAILY Pl.ANT 
I 

~------{ I 
I I '--_J 
I 
I 
I 
I _.._..., ___ 

-i 
I 

I 
I 
I 
I 
I 

I 
I 
I 

~ 
WAS TEWATER 

A SCHt.M~TIC DIAGRAM. CF ALMOND PASTE PROCESSI~ 

212 

Q.EANlP 



DRAFT 

DEscr1ption of Baking Powder Processing_ - A simple process flow diagram 
is presented in Figure 84. The basic operations in the production of 
baking powder are dry material transport, metering, blending, mixing, 
sifting, and packaging. The hydrophillic nature of the raw materials 
and t~e final product, and the stringent quality standards for the final 
product make 1t 1mper~tive that water be prevented from contaminating 
the material handling lines. For this reason, extensive measur~s are 
taken to control humidity and to pr~vent the use of water in the plant, 
excei;t for emerger.:y situations. 

!he raw materials used (corn starch, bicarbonate of soda, sodium aluminate 
sulphate, ano rnol'loc:illci•Jm phosphate) may be delivered arid stored either 
in bu~k or in tags, ue-pencb:~ primarily on the size of the plant. In 
the larger plants the material is unloaded from railcars or trucks by 
air or mechanical transport systemz and diverted to dedicated ~torage 
silos. In smaller facilities raw materials are received in palletized 
bags which must be mechanically transported to the blending area, opened, 
and deposited in storage hoppers. The raw materia7s are then metP.red 
into the blender in proper prcportions. The blended matP.r·;al is trans
ferred to a surge hopper to await packaging so that a suo:eo~ent batch 
may be blended. ';';·:tt material is then sifted to remove foreign materials 
and deposited into tne holding hoppers for each packasing line. The 
finished product is packaged in the appropriate type and size c~ntainer, 
pa)letized, and warehoused for future shipment. The entire operation 
does not nonn.Jlly require the use of any water eithl · for processing 
purposes, cleanup, or dust control. In-plant cleanup 1s entirely by 
dry methods. i . e. , air brus ti i ng , fox ta i1 brushes, brooms, and vacuum 
systems. Water would be used for cleanup only 1n an emergency situation, 
such as after a fire or an accident. The bulk raw material unloa~ing 
docks for the a1r-slida ra11 cars or trucks and the bagged raw material 
unloading and warehousing are~s may ~e hosed by water wash in some plants 
in order to cleanup spills aft~r unloading operation5 are finished. However, 
this cleanup procedure is infrequent and undocumented. 

Du~t from air transport systems is apparently controlled by cyclone 
separators, filters, .~n~/or bag houses. Wet scrubbers have not b~~n 
documented. 

SIC 2099 Bouillon 

There are only four known producers of bouillon r.ubes in the United 
States. Jn the course of this study all four plants were cont~cted, 
three .~ere visited, and wast<!water sampling was conductec at one plant. 
('Inly one of the four produce!"S manufactured bouillon prcducts exclusively. 
Of the remdinfng three, bouillon was a major produtt in one and a minor 
product (less than 20 percent total product1on) in the other two. ~ro
ducts produced along witl1 bouillon include soups, soup mixes, puree, 
drink mixes and specialty foods. 

Retail sales of bouillon products was estimated at 30 m1111or. dollars 
in 1973. Demand for bouillon products has been increasing 1n recent 
years and is expected tu continu~ as the cost of meat rises. 
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Process Oescription-Boui 11on Products - The manufacturing of boui 1'on 
products is basically a four step process as illustrated in Figure 85. 
The fngredients used to manufacture bouillon products are purchased 
from a number of other food related areas such as the edible o~l. spice, 
and organic chemical industries. Ingredients are received and stored 
in fiber drums, boxes, or plastic bags. It is not uncommon for pla~ts 
to produce a oortion of the ingredients in-house. Two plants, for 
example, are Known to produce their own hydrolyzed vegetable protein. 

The various ingredients, including hydrolyzed vegetab1e protein, salt, 
meat extract, fats, spices, and emulsifier~. are proportioned in a 
mixing tank. The mixture is dried in an oven and subsequently ground 
into a granular form. The granular bouillon is either packaged in jars• 
or pressed into cubes. 

Wastewater generation in the bouillon process is limited to cleanup 
water used to wash mixing tanks, ovens, grinders. 1he packaging area 
is cleaned with air. 

SIC 2099 - Bread Crumbs, Not Made in Bakeries 

General • The manufacturing of bread crumbs outside of bakeries is d 

very limited industry. Four manufacturers of bread crumbs, whir.h arP. 
not primarilt bakeries, ~ere contacted. The ~ajority of bread crumbs 
appear to be manufactured and packaged for retail sale bv large 
bakeries. · 

Descriptio~ of the Pro~ess - Bread crumb production not in bakeri~s is 
essent,ally an assembly rrocess. ln all of the pl~nts co~tacte~. bake1 
and ground bread crumbs are the raw material used. These bdked cru~r~ 
are purchased in 20 to 45 kg (50 to 100 lb) bags from b~krries. These 
bags of crumbs ue einptied into a vibrating rn1xer where they are 
blended with the desir~d combination of spices. From the mixer, the 
spiced crumbs are transferred to a ho1ding tank on a con~eyor belt. 
The crumbs are then gravity fed 'rom th~ tank to the packaging macninvr!. 
The bre~d crumb5 are pac~aged in 227 gram (8 oz) or ~26 (1~ oz) paper 
cans. Lids are -1pplied i:lnd the i:-ans cHe boxer! for storagf' d'ld •.;t-1pmpr·:. 
Ali of the equir~ent and the fl~ors are dry cleaned. and no water i5 
used in th1~ rroduct. h)r a scherndtir. re..iresentation of the process. 
see Figure 35. 

For all prJctical purposes, bread crumb processing not 1n bakeries can 
be cons1dPred a:: a d··y process. Then• ;s apparf.'ntly no prot:ess 11.:istc
water discharged. 
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SIC 2099 - Chicory 

General - Chicory is a flavoring which fs blended with coffee. More 
chicory is consumed in the South than elsewhere in tMs country. 

Chicory is made from roots of the chicory plant. It is grown in Europe 
and 1s pre-processed prior to importing. The pre-processing consists 
of harvesting the roots, cleaning, slicing, and dehyd··ating. It is 
shipped to the United States in burlap bags. 

There is only one chi~ory processing plant in the United States. It 
produces approximately 2,270 kkg (5 million lb) each year. Both the 
building and the equipment of the processing plant are relatively old. 

Description of the Process - Chicory processin~ is similar to roasted 
coffee processing, a~ ill~~trated on Figure 87 . The pre-process~d 
dehydrated pieces of root are shipped to the plant and stored in burlap 
bags. The bags are dumped into a bucket elevator and then a screw 
conveyor for transfer to roasting ovens which are similar to roas!ers 
used for coffee. 

After roasting a specified time, the oven is rurned off and a,proxi~ately 
4 1 (2 gal) of water per 450 kkg (1000 lb) charge is sprayed onto 
the chicory while it is still in the roaster. This water is used to 
reduce the potential fire ~azard in the roaster. The roasted chic~ry 
is then dumped into an air ~uoler. There are no liquid drippings •·ror1 
this cooler. After air coo1ing, the chicoi is conveyed to the grinder 
where it is ground into specified degrees of granularity and then pa:ked 
into polyethlene inner bags and burlap outer bag$. Excessively fine 
particles are reconstituted and reground. 

The bags are stored at the plant until distributed. A relatively low 
humiditv must be maintained in the packaging and storage areas in order 
to prevent "caking" of the chicory. Ch1cory tends to cake due to the 
high sugar content of the mat~rial. In that form, it ts not saleable 
and must be reprocessed and repacked. 

There is no process water. A minor amount of water is used for an afr· 
tooled air conditioner during the summer months and as non-contact cooling 
water for a !mall compressor. None of the equipment requires ~1et 
deaning; it is wioed out oenodicalb with rags. GeMral plant cleanup 
is dry -- predominately dry brooming. More severe spillage areas m~y 
first be dry broomed; then r:iechan1c.:illy scraped and broomed; and possiblv 
wet mopped using a conventional mop and bucket. The basement f1oor 
of the plant was concrete 1~ith one floor· drain r.eu tl.e back d1'or. The 
chicory ~s stored on this lev~l, which prevents use of water for cleaning. 
The second and third floors of the plant were wood and di1 not show 
evidence of water application. 
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SIC CoJe 2099 - Paprika and Ch11i Pepper 

Paprika and ch111 peppers are major dehydrated vegetables, arJ are 
important spices used in many foods. A handful of companies located 
in the South and West process tnese conJnOdities. For the purpo~es 
of this study, three plants were field visited for the collection 
of nfstorfcal data, and composite samples were collected and anJ7yzed 
to verify these data. 

Paprika and chili peppers are virtually identical and generally can 
only be d~stinguished by their obvious taste differences. The plants 
are harvested between early October and December. Harvesting i~ done 
mechanically or by hand, depending on the size of field, climati( 
conditions, ar,d availability of labor. 

Preservation of chilis and paprika is accomplished by ~tandard dehydrating 
techniques. Drying is done either on continuous stainless steel belt~ 
or individual tray driers. In either case the original raw moisture 
content of the vegetable is reduced to below ten percent by the application 
of heat to the sliced. diced, or shredded vegetable. The combination 
of heat and med sture reduction preserves the product from bacterial 
degradation; these low moisture levels are r.ot conductive to bacteria, 
mold, and yeast growths. 

Process Descr~pJion. Figure eo shows a typici'l process flow diagram 
for denydrJteo ciilTi peppers and paprika. After harvesting, the peppers 
are brought to the plant in either large wooden tote bins or in bulk. 
Storag~ is less than 24 hours to prevent any microbial brea~down. 
Typkally, the chilis are conveyed through a dry reel to remove ~irt 
and debris. They are then dumped directly into a large soak tank 
which wets the vegetable and loosens adhering dirt. The chil1s are 
usually rem~ved from the soak tank by a cont1nuous elevated conveycr 
with high-pressure overhead cold water sprays to further clean the 
extraneous material. 

The soak tankf and water sprays contribute tne major volume of wastewater 
genrratfon. The t~nks ~ay be dumped several times during the day, 
the frequency depending on the condition of the h~rvested peppers 
(mud, vegetable damage, etc.). Tote or storaye bin washing can alsci 
be d source of significant waste str~n9t~. 

An inspect1rm typically follows washing at which time 1efocts are 
removed as culls. The vegetables Jre conveyed directly to either 
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1 chopper, a slicer. or a dicer where the entire pod is cut. The 
various cutting operations contribute a strong concentration of organic 
solids (juices) to the wastestreams due to the macerating of the plant 
cells. In addition, these machines are period1ca11y washed to reduce 
blcter1a1 contamination. F1ne1y comminuted organic particles enter 
the waste flow from these r1ns1ngs. 

The chopped pieces ar' coated with fine sulfite sprays to prevent 
browning during the dehydration process. These sulfited pieces are 
conveyed to either a continuous stainiess belt drier or alternately 
to wooaen trays. If trays are used, then a series of trays are loaded 
with even layers of the chopped peppers. When sufficient trays have 
been filled, they are placed )nto a drying tunnel, and warm air 1s 
introduced until the desired finished moisture is attained. With 
either method of dehydration, final molst~re l~vels of approximately 
eight percent are obtained. 

The other n~jor source of wastewater is standard end-of-shift clean
up, at which time all tanks, conveyors, dicers, etc., are emptied, 
opened, and thoroughly washed and sanitized before startup of the 
next day's operation. 

The dried 'lakes may be pack~ged directly or milled into fine chili 
powder or paprika powder. The miil1ng is done.Dy conventir>nal ha1T111erm1ll 
anc screens; but after the dried pieces are finally ground, they are 
added to a type of ribbon blender where water 1n the form of a fine 
spray is intr~duced tc raise the moisture level to ten to twelve percent. 
The increased moisture aids in color retention of these ground powders. 
The powders a re then patkaged 1 n the desired container. 

Seed recovery 1s an important by-product of th1s type of vegetable 
operation. Carefully selected fial's of either chilis or paprikas 
are identified as bt1ng aes1rab1e for seed recovery. When these particu
lar lots are brought into the plant to be d!hydrated, the pods are 
cracked a~d core and seed are separated (usua1ly by flotation). Thf 
pods are sk1rrrned from the surface while the seeds ar~ d~verted through 
a dewAtering re@l. The seeds are sold to a seed compant and beccme 
the following year's crop. 

Water reuse and recyc11n9 was not observed 1n a typical pepper dehydration. 
In some cases the final water sprays became make-up water for the 
soak tanks, but the process does not lend it~elf to water reuse. 
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SIC 2099 Desserts, Ready-to-Mix (Gelatin) 

Background of the lnJustry - Ready•m1x desserts and prepared 9e1attn 
desserts are produced in at least 46 plants in the Untted States with most 
of these fac111t1es located fn the Mfd-west and the Northeast. The 
products, directed primarily at the 1nstitut1onal and individual consumer. 
are marketed 1n nearly infinite variety of flavors. 

Although the 1ndustry has used wet production techniques 111 the past, 
technological advances have made dry production techniques virtually 
universal 1n the industry. These techniques involve the mixir.g and 
packaging of raw materials and no significant contact w1th process 
water. 

Process Description - Ready-mix desserts and prepared gelatin desserts 
are manufactured as shown in Figure 89. The baste operations are dry 
material storagP, transport, screening, metering, blending, mixing, 
sifting, and packaging. 7he hydrophi11c nature of the raw materials 
and the final product in addition t~ stringent quality standards maKe 
it imperative that water be prevented from contaminating the process 
11nes. For this reason, extensive measures are taken to control humidity 
and to prevent the material from acc·;dentally contacting water. 

The raw materials used are generally delivered and stored in bags or 
cartons. For ready mix desserts these materials may be dextrose, mod-
1f1ed food starch, and/or cornstarch, salt, carrageenan, sodium phosphate, 
hydroxylated soybean lecithin, nonfat dry milk, citric acid, and miscellan
eous flavorings and colorings. Pr~pared gelatin desserts use edible ge13t~n. 
~alt, fumaric acid, and miscellaneous flavorings and ~olorings. Raw 
materials are deposited in their designated storage and metering systems. 

The various types of desserts are each prep.red 1n a batch operation. In 
larger plants mobf 1e co11ect1on hopoers are moved about the facility 
collecting screened and metered QuanL1t1es of 1n9redients. When the 
desired ingredients are gathered, the hopper is discharg2d to the mixer. 

The prepared gelatin· dessert mixing process requires the addition of l 
1rnall amount of wat1r (1111 than one part of water per 600 part! Of 
product). The water is incorporated into the product and 1s not wasted. 
The ready-mix dessert process uses no water in the mixing ~tep. This is 
the only difference in t11e pn1ces:,ing of prepared gelatins and ready-
mh desserts. 

After mixing the product is stored in a holding hopper until it is packaged 
1n the appropr1ate s1z~d container. The product is then warehoused for 
fut:.ire shipment . 
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The only source of wastewater in the processing operation is from the 
water washout of mixers to prevent color contamination of the product. 
Wash out takes place in a segregated washroom. All other cleanup in 
the vicinity of the process line is accomplished by dry means. 1.e .• 
vacuum cleaners and brooms. 

Newer plants are designed to facilitate dry c1eaning through provisions 
for soft cleaning hoppers. conveyors, and other machinery. Floors and 
working surfaces may also be coated to improve dry cleaning efficiency. 

Wastewater generation rates from equipment wash out are highly variable 
Mixers are washed only when there 1s a product change and it happens 
that the previous product would cause color contamination of the following 
product. 

Dust control facilities are required for these plants. however, dry 
collection techniques are used exclusively in the plants surveyed. 

SIC 2099 Honey 

Honey. the oldest known substance used as a food sweetener. was widely 
used as such prior to the advent of· refined sugar. Its utilization 
today continues as a household condiment and also because of its 
hygroscopic characteristics as an ingredient to retard drying in 
baked goods. The annual production of honey in the United States 
averages 100,000 kkg (110,000 ton). Excluding small far"!TI operations a 
tot.al of 16 plants produce the bulk of co1T111ercial honey. The value 
of honey products in 1972 was $64 million. a 31 percent increase over 1971. 

Descri tion of the Hone Production Process - Honey is a natural food. 
produced by tt1e honeybee p1S r~e 1 if era L. ) , and is ava i1ab1 e in 
various forms, e.g. liquid, comb. cut comb, granulated or finely 
crystallized, and creamed. It requires no elaborate processing and 
a considerable proportion of the crop passes from the producer direct 
to the consumer. However, when honey is to be sold in the r~tail market. 
it usually goes to local producers for packaging. Figure 90 shows a 
typical honey process for the retail market. 

The honey arrives at the plant already extracted from the cone. unless 
comb honey is to be processed. Comb honey, which makes up a small 
proportion of the bottled honey, is usually cut and bottled by hand. 
Honey which has been extracted from the cone is first stored in heated 
tanks at the plant receiving area. Heated storage tanks serve two 
purposes: 1) to make the honey less viscous, and 2) to help remove 
minute air bubbles entrdpped in the cold honey. The tanks are usually 
kept at a temperature between 6.0"C and 70°C, according to Manley (47). 
The storage tar.ks are generally heated by a rec1rculat1ng hot water 
system. Since honey has many flavors and colors, mixing is sometimes 
employed in the tanks to produce a more desirable blend. From the re
ceiving tanks, honey is then puniped to another set of holding tanks called 
"filtering tanks." These heated filter tanks are where honey is held 
prior to pumping through the filter process. 
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Filter presses employ a ser1 es of canvas or text11 e type screens, through 
which the honey is forced to remove extraneous material such as wax. 
bees wings, and other foreign substances. In some cases. a filter aid, 
such as deco11te, is added to the tioney prior to filtering. The presses 
are washed daily (outside wash), and are dismantled usually every other 
day for a thorough cleaning. From the filter presses, honey can be 
returned to storage tanks or directly to filling equipment. 

Honey is generally bottled in glass or plastic containers~ however, for 
bulk purposes tins or paper containers are someti:nes utilized. After 
bottling and sealing, the containers ar~ cleaned of spillage. Depending 
on the size of the operation, the clean.ng can either be done manually 
by washing and wiping or mechanically with hot water washers. Usually 
the use of water in any operation is avoid~d due to the hygroscopic 
tendency of honey. 

Honey that is to he sold in granulated form is generally bottled cold. 
However, even heatea honey, if allowed to set for a period of time, 
will granulate. 

Was~~owns are the only major source of wastewater in honey manufacturing. 
Usually, steam/w~ter hoses are utilized to clean equipment and floors. 
Washdown flows, cependin~ on the size of plant or extent of washdown, 
seld0111 exceed 800 l/day (200 gal/aay). 

SIC 2099 Molasses and Sweetening Syrups 

Sweetening syrups and molasses are considered in the Census of Manu
factures as a single food preparation class and are designated by 
SIC product code 20993. Included in th1s group are the producers ~nd/or 
bottlers of pancak~ syrup, sorghum syrup, maple syrup, and molassP~. 
Together these establishments accounted for $138.8 million in ship
ments in 1967. 

Maple syrup h orodueed in '1e northeastern states from Wisconsin 
through New England. with \ rmont being the largest producer. The 
annual production averaged 4,000 cum (1.2 million gallon) during the 
last ten years and appears to have leveled off since 1949. The syrup 
has been refined ~n es~entially the same manner since the local Indians 
passed the ~ncwledgP. on to the white settlers. The manufacture to 
date remains a SITllSll farm tusiness with only a few establishments 
engaged in the packaging of a wholesale product. 

Sorghum was f1rst 1ntrod\lced 1nto the United States around 1700 
primarily as a forage and silage crop. Approximately eight million 
hectares (20 million acres) of sorghum are planted yearly. The primary 
species of sorghum grown for syrup manufactur1ng 1s S. Saccharatum, 
which 1s grown"pr1r:iar11y in the so:.ithern states. In-191°rthe production 
of sorghum syrup was reported by Agricultural Statistics to be 27.211 cum 
(7,189,100 gallons). 
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Description of the Molasses Process - Molasses is a valuable by-product 
of beet and cane sugar manufacturing. "Blackstrap" molasses is the final 
syrup left after repeated crystallizations for the extraction of sugar. 
The major portion of molasses produced is utilized for animal feed, 
ethyl alcohol, monosodium glutamate, and yeast production. Smaller 
quantities are used in the manufacture of glycerine, lactic acid, acetone, 
and syrup. 

The molasses obtained 1n the early stages of sugar production has a 
pleasant, palatable flavor and is used in thP. preparation of edible 
molasses. As shown in Figure 91, the e1ible molasses is first heated 
and filtered, before being pumped to filling machines which deposit 
the molasses into the appropriate container. The containers are then 
inspected, sealed, and rinsed prior to transporting to the labeling 
and final packaging area. 

The bottling cf molasses produces wastewater from two areas: the 
periodic cleaning of equipment and the rinsing of the filled bottles. 
Due to the limited processing equipment and generally small size 
\>f the operar.ion, the volume of wastewater discharged is not large. 

Description of the Maple Syrup Process - Maple syrup is produced from 
the sap of the sugar maple tree, Acer Saccharum, which grows in the 
north central and northeastern states. During the late winter and early 
spring the trees are tapped to draw off the sap. The sap, containing 
approximately three percent sugar, is boiled down to a sugar concentrati~n 
of 66 percent by the individual farmer prior to delivery to the processor. 
The majority of processors are small farm operations; there are only 
a limited number of establishments which bottle maple syrup on a large 
commercial scale for wide distribution. The foliowing process description, 
whfch is illustrated 1n Figure 92,, 1s concerned only with the latter 
group of processors. 

The syrup is received at the plant in drums and subsequently graded 
accordklg to color and sugar concentration. The raw syrup is heated 
in kettles and then f.iltered through a medium of diatomaceous earth. The 
filtered syrup,is filled into the desired cor.tainer and sealed. The 
containers ar~ then washed tn either a water bath or spray to remove any 
spil1ed syrup. After washing, the filleo syrup containers are trans
ferred to the labeling and casing area. 

[n addition to bottling syrup, the plant may also crystallize maple sugar 
for production of various ~ondant creme candies. The discussion of the 
candy p.rocess has been handled in the section deal 1ng with confections, 
SIC 2065. Also, the maple syrup may be carm!lized in cook1ng kettles 
to intensify the maple flavor characteristics. The carmelized syrup 
1s reconstituted in water and boiled for distribution as maple flavoring. 

Ther1 are two major sources of wastewater in the maple syrup process: 
1) daily cleanup of processing area floors and equipment. and 2) non
contact cooling water. Tne cle~nup of the floors is accomplished 
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by mopp1ng9 the kettles, filters, and other equipment are rinsed with 
1 small amount of water to maintain cl~anliness and eff1c1ency, the total 
volume of cleanup water being less th£n 4,000 1/day (1,000 gal/day). 
The discharge of cooling water may rea.-:h 20,000 1/day (S ,000 gal/day); 
however, as it is non-contact, waste kadings are negligible. 

Description of the Pancake Syrup Process - The production of pancake 
syrups from a sugar base is a relatively uncompl1cated process which 
requires ~'ttle processing prior to bottling. The process, as shown on 
Figure 93,~egins with dissolving corn and or cane sugar in ~ater 
1n heated kettles. Selected f1avorings are added to the sugar water 
solutions and the liquid is cooked until the desired color and viscosity 
characteristics are achieved. Flavorings may be added before the syrup 
is pumped to filling machines which deposit the hot syrup into the • 
appr~priate preheated container. The containers are subsequently 
capped, rinsed, and transported to the labeiing area for final packaging _ 
preparation. 
A continuous flow of wastewater, about 9500 1/day (2500 gal/day) per 
line is generated by the container washer. The other significant 
source of wastewater is from the daily cleanup of the processing area, 
~ettles, and equipment. Non-contact cooling water would also increase 
the final volume of wastewater discharged but would not affect the 
loading. 

DescriEtion of the Sorghum Syruo Process - Sorghum cane is cultivated 
primarily in the mid-western anc southeastP·n states. It is harvested 
and processed during a three month season. normally August through 
October. Most sorghum syrup producers are small farm operations which 
dispose of any wastes directly to the land• however, there are a few 
manufacturing plants with larger production capac1t1es which generate 
significantly higher volumes of wastewater. The process description 
1nd subsequent effluent evaluations wfll concentrate on the latter. 

Upon receipt at tne plant, the cane is subjected to a dry cleaning 
process to remove remaining leaves and e~traneous material. As 
noted in Figure 94,_t.ie next step is the crushing of the cane in 
roller mills to •~tract the juice which contains about nine percent 
sucrose tnd three percent invert sugar. The extraneous material 
is separated from the juice by settling and skimming, A f11ter aid 
is then added to the juice and the mixture is pumped through a filter 
press for further clarification. Concentration of the sugar is 
accomplished by boiling in a vacuum pan or, as on the small farm 
operation, in open kettles. The concentrated product is hot filled 
in the desired container which is subsequently capped, washed, and 
labeled for market. 

Wastewater is generated on a continuous basis frt'ITI the container ash 
operation and from the barometr1c leg used to draw a vacuum on the 
reducing kettles. This latter source is the most significant with 
respect to volume, but low 1n waste loading as the only potential 
wastes are small amounts of volatile solids in the condensate. Ptriodit 
cleaning of the f1lter1ng mechanism necessary to maintain efficiency 
and daily washdown of the processing area contributes the highest 
waste laadfny, but even th1& ts 1 r•l1t1v•11 low volMIRI. 
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SIC 2099 Non-Dairy Coffee Creamer 

Non-dairy coffee creamer plants produce one of two distinct products -
dry or liquid non-dairy creamer. The main ingredients used in manu
facturing non-dairy creamer ar~ vegetable oil (usually coconut) and 
corn syrup. If the creamer is to be a dry product, disodium phosphate 
is the only additional ingredient. On :he other hand, if liquid creamer 
is to be produced. a number of other ingredients such as sodium caseinat~. 
sugar, mono- and diglycerides, esters of fatty acids, and artificial 
flavor and color are added. ~1qu1d creamer 1s commonly packaged in half 
ounce, pint, quart, or half g~llon container~. Ory creamer is packa~ed 
in jars or in 208 1 (55 gallon) drums for sale to distributors. 

Virtually all liquid creamer is produced on a regional ba~is in multi
product plants. Products manufactured along with liquid creamer range 
from cereals to dessert toppings. Ory creamer is produced by two 
companies in two plants which produce solely dry creamer. 

The demand for non-dairy creamer 1s dependent on price fluctuations in 
the dairy ano sugar industries and seasonal changes. 

Process Descriptions, Liquid Non-Dairy Creamer - Vegetable oil is received 
in railroad tank cars which must be steam heated upon receipt to allow 
the oil to be pumped into stordge tanks. The other ingredients afe re
ceived in fiber drums, boxes, and bags and are stored dry. While there 
is normally no waste generated in the storage of ingredients, occasional 
spillage of vegetable oil may occur in transfer from tank cars to storage 
tanks. 

The manufacturing of liquid non-dairy crean~r 1s illustrated in Figure 9~. 
The ingredients and water are proportioned 1nto stei~less steel mixing 
tanks where they are mixed at temperatures of approximately 71°C (160°F) 
to aid 1n the molecular blending of the ingredients. 

The mixture 1s pumped from th~ tanks throug 1 conventional or flash 
p8steur1:ers. In conventional pasteurization the product must be held 
at a temperature of at least 66°C (1S0°F) cont1nuous1y for 30 minutes 
or 74.5°C (l66°F) for 15 seconds, whereas in flash pasteurization the 
product is pasteurized at l40°C (2B0°F) for less than one second. The 
product is then homogenized to provide a smooth consistency and avoid 
separation of ingredients during u~e. 

The liquid creamer is cooled by passing it between stainless plate coolers 
and is then pumped into holding tanks before machine packaging into half 
ounce, pint, quart, and half gallon containers. The packaged products 
are stored in refrigerated warehouses until shipment to commercial d~5-
tributors. 

234 



DRAFT 

CCFIN 
SYRl..P 

Mlt«JR 
INGREDIENTS 

MIXING 

1----.f P4S~IZATICN 

BOILER ....._ 

t<l..OlNG TN-I< 

FLOOR t-OSES ---.f PACKAGING 

WAREt<JUSE 

FIGU1:C 95 

VEGE'TAILE 
OIL. 

CIP '------..., 
I 
I 

I 
CIP I 

--------~ I 
I 
I 

I 
I 

C.lP I ----------i 
I 
I 

I 
I 

CIP I _,... _______ ..... 
I 

I 
CIP I 

-------------4 

I 
FLOO~ l ________ ..,.. 
DRAINS 

I 
F\.ANT EFF\.\.ENT 

LIOJlO ll()N-OAlRY CREAMER MANUFACTUR1"'1 PROCESS 

235 



DRAFT 

Wastewater generated from the manufacturing of liquid non-dairy creamer 
is due solely to cleanup operations. All of the equipment with which 
the creamer comes in contact must be thoroughly sanitized to prevent 
ba~ter1al growth. The most conrnon sanitation method is the clean-in
place (CIP) system which may be automatic, stationary, or portable. 
The sequential cycles 1~volved in the cleanup of l~quid creamer equip
ment are~ (1) hot water pre-rinse at approximately 43°C (ll0°F), 
(2) detergent rinse, (3) chlorine rinse, (4) final rinse, (5) sanitiza
t1on, and (6) air dry1ng. Hosing of floors, pri~~rt~y in the packaging 
area, is a secondary contributor to the waste stream. 

Process Description, Powdered Non-Oafry Creamer - The manufacturing of 
poWdered non-dairy creamer is illustrated in Fi~ure 96 . Vegetable oil 
and corn syrup are received fn railroad tank cars which are heated with 
steam upon arrival so that the oil and syrup can be pumped into storage 
tanks. Oisodium phosphate is stored fn sepa~atc no1dir.g tanks until use. 
The corn syrup storage tanks are maintained at a temperature of approxi
mately 71°C (160°F) so that the syrup will remain fluid. Under normal -
conditions there is no wastewater generated in the storage operations 
but an occasional spill of oil, syrup. or di sodium phosphate may occur 
during transfer into storage tanks. 

The veg~table 011, corn syrup, di sodium phosphate, and wat~r are propor
tioned into stainless steel mixing tanks wher~.-.hey are agitated. The 
blended product is then passed through a pasteu~izer where it is heated 
in coils to a temperature of 70°C (l60°F) for a period of 15 minutes. 
At this time the product is actually in two pha.ses; oil and liquid-solid. 
In order to combine the phases so that separation does not occur during 
use. the product is homogenized by pumping it tl!Jough small diameter 
nozzles at approximately 170 at:m (2500 psig) to force the molecules in 
the mixture together. The liquid mixture is transferred by the high 
pressure nozzles into drying boxes where it is 4ried by blowing hot air 
through the mixture. The resulting dry p;oduct~ with a cons1stency 
similar to diatomaceous earth, then passes through a cooling chamber 
befor@ goin; to the spray drying process. In trie spray dryer the dry 
product is sprayed through nozzles and falls as a fine mist through a 
chamb~r where ft 1s subjected to a stream of steam and then hot air. 
This process dries and swells the part1cle~ and adds the bulk considered 
desirable tn the f1~a1 product. The dry pro~uct is then cooled in shaker 
coolers and graded for s1ze tn a sifter. Particle lumps ar@ d1sposed as 
solfd waste. ffne particles are recovered and returned to the initial 
mixing step, while part1c1es of desired size are packaged in jars or 
bulk containers. 

Wastawater generated in the production of powderP.d non-da1ry creamer 
consists of ClP system rinse, sanitizing and caustic wash water (dis
charged after two washings), floor cleanup of certain areas in the plant, 
and a small amount of water from wet scr~bbers over the spray dryers. 

After the 1nftfa1 drying of the product all transfers of prociuct to 
unit operations are done by vacuum. ~ince it is undP.sirable for water 
to come in contact with the dry product, all cleanup 1n these areas 
fs done with air. 
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SIC 2099 Peanut Buttar 

In the United States, peanuts are grown for such products as peanut 
butter, candy, and salted and roaste~ nuts. Surplus peanuts and 
those too low in quality for food use are crushed for oil and meal. 
Total edible peanut consumption has increased about 3 percent annually 
in recent years, and the greatest increase in edible usage has been 
1n the manufacture of peanut butter. Over 63 percent of all edible 
peanuts go into peanut butter. Use per person increased from 1.1 Kg 
(2.5 lb) in 1950 to 1.6 Kg (3.5 lb) in 1970, and market outlooks 
( 48 ) indicate consumption will continue tr increase. 

In 1970 processors manufactured over 320,000 KKg (350,000 ton) at 
115 plants (in 31 states). Woodroof ( 48 ) reports two brands~ 
of more than 90, proauce 58 percent of the peanut butter found o~ 
the market. Over 90 percent of a 11 peanut ,...,f'.ter is made from 
Runner and Spanish type peanuts. 

The USDA ( 49 ) defines peanut butter as "a cohesive, corrrninuted 
food product prepared from clean, sound, shelled pea~uts by grind
ing or milling properly roasted, mature peanut kernels from which 
the seed coats have been removed dnd to which salt is added as a 
seasoning agent". Texture of the ffoi shed product may be smooth, 
regular, or chunky, depending on the size of perceptible grainy 
peanut particles. Peanut butter types are stabilized or nonstabi-
1ized, depending on other added ingredients involved, and are manu
factured in three grades determined by color, consistency, flavor and 
aroma, and absence of defects. The primary use of peanut butter is 
in homes and schools, and as an ingredient in a variety of snack 
foods. 

Process Description - The manufacture of peanut butter is a relatively 
simple dry process. No water is added in processing since peanut 
butter is irrmiscible. Figure 97 , a simplified process flow diagram 
for the manufacture of peanut butter from shelled peanuts, illustrates 
the seven ba£ic process steps of roasting, cooling, blanching, picking 
and inspecting, grinding and cooling, salting, ano packaging. 

The shelled peanuts are received and stored dry in 45.5 Kg (100 lb) 
burlap bags. A mixture of different peanuts is blended and then 
transported t~ roasting by an elevator or similar type conveyor. 
Shaker screens may b~ used to re~ove fines or other small fragments 
a~ this poim .. 

Ory roasting is done bi Eiiher batch or continuous methods. in the 
batch method, peanuts are heated to 160°C (320°F), and held for 40 
to 60 minutes in a revolving oven. Different varieties of peanuts 
:nay be roasted separately and then blended. An advantage of the 
batch method is that special attention can be given batches that 
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vary in moisture content or other qualities. In the continuous method 
peanuts are conveyed through a countercurrent stream of hot air. 
Continuous agitation provides improved heat transfer, extraction of 
moisture and volatiles, and an even and complete color from the center 
to the surface of each kernel. Advantages of continuous roasting are 
reduced labor and loss due to spills. more uniform roasting, and 
smoother plant operations. Continuous roasting is the most common 
method used. 

Roasting nuts first become dark during the "white roast" as the 
skins absorb oil. Then, the peanuts become done or "brown roa··.ted". 
Moisture content is reduced from S percent to less than 2 percent. 
Oily spots called "steam blisters" form on kernel~ as volatile com
ponent~ are released to the skins as free oil. After roasting, the 
peanuts are quickly air cooled using high volume filtered suction 
fans to stop further cooking. Wastes to this point consist of floor 
wash, and conveyor cleanup. 

Shelled peanut kernels consist of two cotyledons (halves), the heart 
(genn), and the skin. After cooling, the split peanuts are mechanically 
dry blanched or whitened by removing the red skins and hearts. Roasted 
pednuts are heated to 13S°C (280°F) to loosen and crack the skins. 
After cooling, they pass through the blancher continuously where 
brushes or rubber belts rub off the skins. By-products recovered in
clude peanut hearts separated from the cotyle~ons by screening, and 
the skins collected by cyclones. Peanut hearts are bagged and may be 
sold for poultry feed, bird feed, or oil recovery. Bagged skins may 
be used in cattle feed, oil recovery, poultry house bedding, or floor 
sweeping compounds. 

The blanched nuts are screened and inspected manually and electron
ically. Light or scorched nuts and rocks or other foreign matter 
are removed, and the pickout nuts are sold as inedible 011 stock. 

Grinding is accomplished in two stages to reduce the peanuts to the 
desired textur~. Constant pressure is applied to produce e uniform 
product with little ~ir entrainment. A wide variety of grinding 
machinery 1s used in the industry. To avoid overheating, grinding 
mills are cooled by a water jacket. 

Various ingredients, including about 2 percent salt by weight, are 
added before final grinding to improve flavor. Most processors also 
add sugar to prevent grittiness. Partially hydrogenated vegetable 
oils are commonly added as emulsifiers to prevent oil separation and 
improve spreadability. Peanut butter stabilized in this manner may 
not legally exceed 55 pt:rcent fat content, ( 48 ) including the 
natural peanut oil released in grinding. The f1nished peanut outter 
is cooled using votators, a type of heat exchanger, and deaerat~d 
prior to packaging. 
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Blanching and inspection produce no wastewater. Boiler ~ondensate 
and cooling water associated with grinding may be sewered or re
circulated. A small amount of water is used in floor and equipment 
washdown. 

Peanut butter 1s packed in air tight containers since exposure to 
air produces rancidity by auto-oxidation. Package types range from 
plastic lined fiber drums to individual servings in flexible plastic. 
The most cormion method of packing for retail trade is in glass jars. 
All processors contacted use new glass which is air cleaned prior to 
filling, capping, and labeling. Peanut chunks may be added during 
fi 11 ing. 

In a few plants it is still economically feasible to reclaim im
perfectly filled jars. The reclaim operation consists of manually 
removing the peanut butter from partially filled or improperly sealed 
containers, and collecting it in 1ir.e~ drums for repackaging. Un
damaged jars are fed to an automatic detergent washer and then re-
fi 1 led. Jar washers have prerinse, detergent, and final rinse cycles. 
Normally, or.ly the detergent solution is reused. 

Unusable c<.:•.tairi:. ; become solid waste. ~lastewater produced by flC'or 
and equipment washdown is normally sewered. Jar washer discharge is 
the major wastestream sewered from packaging. 
SIC 2099 Pectin 

Pectin is a water soluble substance contained in the peel of citrus 
fruits which binds adjacent cell walls in plant t1ssues and yields 
a gel which 1s used in the preparation of fruit jellies and to some 
extent in the pharameceutica1 industry. The recovery of pectin is 
a complex operation wh1Ch requires a numbfr of processin; days. Pectin 
is marketed in four standard grades; rapid set, slow set, low methoxyl, 
and special formula. There are three known producers of pectin in the 
United States and 1n the course of this study three plants were contacted 
and vhi ted. 

Pectin is produced by two different processes; alcohol precipitation 
and precipitation by aluminum compounds. Other than the method of 
precipitation. the two processes are similar. 

Description of Process - Alcohol Precipitation of Pectin - Th~ 
production of pectin by alcohol prer1pitation is fl1'Ustrated in Figure 
98 Citr~s peels are groJnd from raw citrus fruit in-house or put chased 
wet or dry in bulk. Those pla11ts wl1ich obt11ined the peels from 1"8w fruit 
fn-house generally produce citrus juice and citrus oils in ad~ition to 
pectin. The processing of wet and dry peels is essentially the same 
except that dry peels must be rehydrated prier to processing. 

The peels are subjected to a hammer mill and then washed. The insoluble 
pectin contained within the oeel is extracted by immersing the peels 
in a vet conta1n1ng hydrochloric acid. water, and wood ffber while 
steam is injected through the mixture. The comb1.1ation of live steam 
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and acid renders the pectin soluble and the peel and pectin liquor 
are subsequently separated by vacuum filtration. The pectin liquor is 
passed through a diatomaceous earth pressure filter to remove insoluble 
inorganics from the liquor and then cooled. Prior to precipitating by 
alcohol, the liquor is concentrated under vacuum to thre! percent 
pectin by weight thereby llecreasing the amount of al'cohol required for 
precipitation. The alcohol removes the water from the liquor leaving 
the crude pectin which is separated from the mixture by use of a drain 
screw. The pecLin is purified by thre~ successive washings in the 
following manner: (1) alcohol and acid WdSh with six to seven hour 
retention time. (2) alcohol wash, and (3) alcohol wash with ammonia added 
to adjust the pH to between 4.0 and 5.0. Each of the washings is follo~1ed 
by a drain screw to recover the spen: alcohol. Tne alcohol in the liquid 
from the precipitation step and the three washi1g~ is recovered by 
distillation. 

The purified pectin is dried in a forced air dryer which removes the 
rP.maining alcohol and decreases the moisture content to between six and 
seven percent. The dried pectin is milled to a desired consistency and 
blended. Four grades uf standard pectin are produced from th~ blended 
product by varying the corn ~uga~ cont~nt in each grade. 

Wastewater generated in the alcohol precipitation of pectin consists of 
the following: (1) alcohol still bottoms, (2) filter sluice from 
vacuum and pressure filters, (3) peel washing, (4) weekly caustic 
cleaning of the evaporator, and (5) general plant cleanup. Appreciable 
quantities of non-contact cooling water and boiler blowdown are also 
generated with the total discharge of the plant being 1500 cu m/day 
(0.400 MGO). 

Process Oescrfpt1on - Pectin Recovery by Aluminum Compound Precifitation -
The production of pectin by aluminum compound precipitation is 1 lustrated 
in Figure 99. Citrus peels are prepared or received fn the sa~e 
manner as previous1y described. The peels are ~round and washed prior 
to entering the e.xtractiof"I vats where pectin is extracted from the peel 
by the addition of sulfuric acid and the introduction of steam into the 
wooden ·vats. Following a 16 to 20 hour r@tention time in the vats 
the mixture is adjusted for pH and the liquor containing the soluble 
pectin is separated from the peel by vacut,;m filtration. The pectin 
liquor fs then stripped of insoluble inorganics by pre5sure filt~ation 
or centrifugation. Pectin is precipitatP.d from the liQuor by the 
addition of an al•Jmfnum compound, commonly aluminum chloride or sul~ate. 
The pectin precipitate and liquor are run through a press which separates 
the 11quor from the solids containing the soluble pectin. The solio 
mass is pelletized and tha.i rinsed five successive times with the 
;ollowing sequential r1nses; (1) hydrochloric actd-a?cottol, (Z) alcohol, 
(3) citric acid, (4) buffer, and (5) final. The purified pectin is 
then drained of ~xcess liquid by a drain screw and prepared for pa,kaging. 

The wutestreams generated by the lilanufactur111g of pectfn by this proces!> 
include leaching water, spent peel and wastewater, spent filter aid and 
sluice water, press wastthrlat~r following prec1p1tat1on, and press water 
from pressing of filter cake 1ollowing sluicing. 
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SIC 2099 Popcorn 

Popcorn was one of the earliest foods prepared from Indian maize, the native 
corn of the Americas. "Flint corn," the most prfmitfVe of the commercial 
type~ and the major variety used for popping is st111 much like maize. 
Accord;ng to Agricultural Statistics, there are 19 plants which prepare 
popcorn for wholesale distribution which, in 1972, produced 233,883 kkg 
(257,271 tons} valued at $16 million. The mid-western states of Illinois, 
Indiana, and Iowa account for the majority of production. 

Description of the Popcorn Process • The popcorn process starts with the 
weighing of the corn as it arrives at the plant from the fields. The corn 
arrives ~lready detached from the cob in dry kernel form. FigurelOO depicts 
a typical flow diagram of a popcorn process. 

After weighing, the corn is then conveyed to storage bins. From the storage 
!">ins the corn goes through a screening operation which removes split kernels 
and other extraneous material. The whole kernels are then transferred to 
~nether 5et of hoppers whfch gravity feed directly into density separators. 
These separators are canted shaker type screens which utilize a vibrating 
motion to separate the kernel by size. Fine wastes such as "bees wings" 
(small ~articles from the kernel edges) adhere to the screen and are washed 
out naily. This washing of the density separator screens accounts for the 
major waste loadings derived from a popcorn operation. Washdown flows frcm 
this operation ran9e from l low of 200 1/day (SO gal/day) to a high of BOO 
1/day (200 ~al/day) depending on the number of screens utilized. 

The separated corn then goes to a final set of hoppers where it is stored 
until packaging. Packaging can be done either in bulk or the more familiar 
one to three pound bags. Fumigation with methyl bromide is sometimes employed 
in the final holding bins. 

All ~leaning in a popcorn plant is usually done by vacuumin~ or sweeping 
since any water coming in contact with the final produ~t can result in 
product dama9e. Solid waste from screening operations are generally so1d 
~s an1mal feed. Packaging wastes are hauled away by contractors to local 
d1spoul s1tes. 

SIC 2099 Spfces 

Background.of the t~dustry - Spices are produced by appro~imately 40 manu
facturers 1n the Un1ted States. Most of the facilities are concentrated 
in the midwe~t and northeast. The domestic consumer market ts dominated 
by thrre companies with strong n~tionwide positions; however, the total 
dom~stic and conrnerctal ma~ket is much less concentrated. Plants, in 
;eneral, pro,ess and package sp1ces for both market sectors; however, 
most of the smaller companies rely on a few major institutional customers 
for most of their work. A typical spice plant processes 1 large number 
of raw spices into a nearly infinite variety of final products. tense· 
~uently a typical plant may b~ characterized as being highly flexible fn 
its material handling processes so that it may readily respond to preci~e 
customer requtrements. 
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Process Description - The large variety of spices and seasonings received 
as raw material are generally in a dried condition and are packaged in 
cloth bags or sealed biles. In most plants raw material storage, process 
lfnes, and final product storage areas are climate controlled to prevent 
damage from mold, fungus, and condensation. Processing is v1r1able; 
however, basic steps include cleaning, sorting and grading, chopping, 
grinding, blending and mixing, temporary intermediate product storage, and 
packaging. Rejects and spillage from these operations are primarily cleaned 
and removed by dry methods, 1.e. foxtail brushes, brooms, vacuum cleaners, 
and air brushes. Figure 101 outlines a general process flow schematic for 
a typical plant. Final products may be packaged as whole spices, chopped 
and blended spices or seasonings, or as ground spices. In most plants 
equipment is not dedicated to a single commodity, therefore cleanup is 
necessary between product changes. This cleanup, except for the grinding 
mills, is usually dry. Surfaces in many plants have been coated with 
silicate based paints to expedite dry cleaning techniques. 

The grinding mill, however, must be cleaned with hot water or steam after 
certain products, such as black or rQd pepper, have been ground. This is 
necessary to remove oils released by grinding. The mi11s are removed to 
a wash room if hot ~ater or steam clean out is necessary. 

Spice plants have a significant dust control problem. Modern fJcilities 
use their air conditioning syste~ filters to re~ove fugitive particulates; 
however, at least one facilit/ (plant 87£01) uses a wet scrubber and dis
charges to a municipal sewer. This m~thod of control, however, is not 
wid~ly practiced in the industry. 

SIC 2099 Tea, Instant and Blended 

The development of instant tea fn the early 1950 1 s stemmed from attempts 
to overcome the per1shab11ity of tea leaves, which as a whole are sensitive 
to odors, high humidity, and excessive heat. Tea leaves are imported into 
the Un1ted States from a number of points in the world, but principally 
Ceylon, India, and Kenya. The ~epartment of Commerce ( 50) reports that 
1973 imports of tea l'eaves totaled 78,600 KKg (86,600 ton). Of this 
imported total approximately 70 to 75 percent is utilized in the production 
of blended te~ while the remainder is processed into instant tea. There 
are f1~e companies prouucing blended ana instdnt tea in approximately ten 
plants. Ir. tht course of this stiJd.Y all five companies were contacted, 
four pla~ts were visited, and verification samples were taken at three 
plants. The industry has provided documentation to the effect that tea 
blending is 8 completely dry process with no wastewater discharge. 

The majority of tea plants are located near major ports to faci1itate the 
receipt of the imported tea leaves. Several of the instant tea manufactur~rs 
produce instant tea in multi-product pl~nts along with such products as 
blended tea, soup, salad dressings, instant coffee, and sugar substitutes. 
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Production of blended a·1d instant tea remains relatively· constant throughout 
the year, with the highest demand in the wanner months. fhe production of 
instant tea is dependent upon tea crop yield in exporting countries and this 
yield can fluctuate drastically from year to year. 

Process Descr1ftion - Instant Tea - Figure 102 illustrates the instant tea 
process. Tea eaves are stored in oil lined wooden tea chests or silos 
until processing. The tea leaves, with or without prior blending, are 
careful 1y proportioned with water fnto an extractor, with the water-tea 
ratio being determined by weighing the tea leaves as they enter the ex
tractor. In the extractor tea leaves and water are boileo for a soecified 
period of time after which the tea extract is pumped into the first ~vap
orator. The wet spent tea leaves are centrifuged and the liquid fractibn 
1s pumped into the evaporator while the dewatered tea leaves are used for 
composting or cattle feed. · 

While the tea extract is being evaporated to a specified concentration, 
the resulting aromatic tea vapors ore passed into an aroma colum~ where 
they are condensed and retained for later use in the finished tea prod~ct. 
The concentrated tea extract is cooled in coils to render tannins and 
caffeins insoluble before the extract is passed into gravity clarifiers 
from which the c7ar1fied tea extract is transferred into the final evap
orator. Clarifier sludge containing the insoluble tannins and caffeins 
is adjusted to an ~lkaline pH and a catalyst, such as hydrogen perioxide, 
is added. The mixtJre is regenerated within a he~t exchanger where the 
catalyst aids in breaking do1·in insoluble, long chain hydrocarbon compo·mds 
into soluble, short chain hydrocarbon compounds. The altered mixture is 
cooled to render und~~irable components insoluble prior t~ clarification. 
The clear tea extract is transferred to the f1na1 evaporator and the 
sludge is recycled to the pH adjustment step. 

The clear tea extract contained within the evaporator fs concentrated to 
a composition of approximately 40 to 45 percent total solids and tht 
aromatic tea vapors thus generated are returned to the aroma column. At 
this point tea vapors (reQenerated by heating) frrwn th! aroma column and 
the concentrated tea extract are mixed to a humogeneous blend in a feed 
tank prior to drying in a spray dryer. The b1ended tea extract is ~prayed 
in the form of a f1ne mist from the top of the dryer and while falling 
is subjected to a stream of hct air. Evaporation of water from the 
particles of mist produces soluble powdered tPa particles which collect 
at the basf of the spray dryer. 

Prior to packaging, the "1nstanl tea" may be blended with sugar, art
ificial sweeteners, or po~aered fruit concentrates to yield various 
tea "mhes 11

• The tea or tea m1x is packaged in packets, jars, or fiber 
drums, depending on whether the final product is for wholesa1e or 
retail use. 

Essentially, the only process wa~testream generated during instant tea 
manufactur1n; is periodic dumping of clar1f1@r sludge. All other daily 
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waste flow is attributable to cleanup operations. Daily cleanup gen
erally consists of an almost continuous floor washdown to remove spills 
and leaks from equipment connections. 

Since instant tea manufacturers operate on a 24 hour per day basis, equip
ment cleanup is generally done once per week and consists of the following 
sequential steps; fresh water prerinse, caustic wash, fresh water rinse, 
nitric acid wash for removal of silica formations, and fresh water rinse. 

Process Description - Blended Tea - The blended tea process is a com
pletely dry process in which tea leaves are received and storej in the 
same manner as for instant tea manufacturing. Tea leaves are then tasted 
for quality and dry blended in drums prior to being hopper fed into the 
packaging line. The crucial step in the blended tea process is the taste 
testing of tea leaves from each tea chest to detennine which leaves sho~ld 
be blended together to yield the richest flavor. 

SIC 2099 - Pre~packaged Sandwiches 

General - Pre-packaged sandwiches for sale off the premises are dis
tributed primarily from food outlets such as convenience stores and 
vending machines. The manufacturers of these sandwiches purchase 
processed materials and assemble sandwiches. The sandwiches are ~Jld 
either frozen or fresh. According to the Bureau of the Census ( ? ), 
in 1972, the value of total product shipments of fresh sandwiches 
was S65.2 million, a 113 percent increase over the ~30.6 million figJr~ 
for 1957. Nationwide sales figures were not available for frozen 
sandwich production. Plants producing pre-packa9ed sandwiches are 
nonnally located in major urban areas since that is 1-1here most of 
their products are consumed. 

Descni;tion of the Process - Plants producing pre-packaged sandwiches 
are essentially assemblers of processed food items (see Figure 103). 
Processed meats, cheeses, tuna fish, sandwich spreads. and similar in
gredi~nts are purchased from a wholesaler and stored in a refrigerated 
co~ler as required. Sliced bread is normally delivered each day for 
that day's productjon. In SO/l'le plants, bread or rolls are baked on 
the premises. Meats and cheeses are sliced and the sandwiches are 
assembled manually. Sorn! plants purchase canned spreads for th~ 
preparJtion of tuna or ham salad type sandwiches. Other olants 
produce o~ly sliced meat and/or cheese sandwiches. Still other plart~ 
prepared salad type fi1lings on the prO?mises, normally in a choppin~1 
mar.hine, for the preparation of sandwiches. After assembly, the 
sandwiches are cello wra~ped mechanically and either frozen or distributed 
for irrmediate consumption. 

Plants which prepare sandwiches only from processed in9redients gen!rate 
wastewater only as a res~lt of the cleaning of utensils in a sink and 
cleaning of the floor 1•iith a mop and bucket. Firms which prepare salad 
type ingredients on the premises will also have wastewater generated 
from the washing of the chopping machine and the assorted mixing con
tainers. 
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Solid wastes are generated in the slicing and assembly operations and 
in tne salad fi 11 ing preparation. These wastes are disposed of to a 
landfill or sold as animal feed. 

SIC 2099 Vinegar 

The manufacture of vinegar is one of the most ancient of natural fermenta
tions which has been used by man; the principle use being a flavoring or 
preservative agent in foods. There are currently 94 establishments processing 
vinegar. some being independent plants while others are closely tied to the 
production of other products. Although distributed throughout the country, 
the major concentration of plants is in the eastern states. The value of 
shipments in 1971 reached S77.9 million, an increase of over $4.6 million 
from 1970 according to th~ United States Department of Agriculture's • 
Agricultural Statistics. 

Description of Process - Vinegar is defined as a condiment made from sugar 
or starch containing materia1s by alcoholic and subsequent acetic fermenta
tion. The product is usually classified according to the materials from 
which it is rlldde: (ll from fruit juices, e.g .• apples, oranges, grapes, 
berries, etc.; (2) from starchy vegetables, e.g .• potatoes or sweet potatoes~ 
(3) from ~~lted cereals; (4) from sugars such as syrup, molasses, honey, 
maple skirnnings; and (5) from alcohol from yeast manufacture. In the 
United States most table vinegar is derived from apples. 

The manufacture of vinegar involves two distinct steps: (1) The fermen~ation 
of sugar to ethanol and (2) the oxidation of the ethanol to acetic acid. For 
the purpose ~ this study, only the second step of the process wil1 be con
sidered in detail. Indeed, in most cases. the raw material for vinegar 
production, i.e .• either the fruit for fermentation or the ethanol are 
actually the products or by-products of other industries. F.~fluent limi
tations g·Jidelines have been, or soon will be, promulgated .or these various 
industries. e.g .• the production of yeast, apple cider, alcoholic beverages, 
~ruit )uices. etc. 

Vinegar prQduction may exist us both a separate industry or as an ancillary 
industry and w111 be characterized herein as an independent process. 

As mentioned, the manufacture of vinegar begins with the raw materia1 of 
either unferm:!nted fruit or Hhanol-containing materials. Product·ion Path.'.\ 
(Figure 104 J starts with the fermentation of cider or fruit juice. The juice 
1s rumoed into ferme~tation tanks in which the fruit 5ugars are converted to 
ethanol by selected varie~ies of yeast~. belonging to the genus SaccharQ~~· 
As the sanitation of these tanks is important tc prevent contamination Dy 
undesirable organisms, a si9nificant quantity of wastewater is generated at 
this point by tn~ washing of the tanks between uses. 
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Production Path A, and Path 8 converge at the next step in the process, the 
oxidation of ethanol to acetic acid which 1s accomplished by the vinegar 
bacteria, members of the genus Acetobacter. These organisms are character
ized by their ability to convert ethanol to acetic acid. The conversion is 
accelerated and controlled by the use of a vinegar generator. There are 
several types of generators 1n use, although the design pr1nctple remains 
the saffie; 1.e., the rate of acetificat1on 1s proportional to the amount of 
oxygen available for reaction. which in turn is proportional to the surface 
area. The reactive surface may be maximized by either of two general 
methods: (1) utilizing a fill material such as wood shavings or (2) by 
continuous aeration and circulation of the liquid. The generators using a 
fill material require periodic cleaning to avoid plugging by the bacterial 
growth. This cleaning is, however, not a daily practice and is d.one only 
as necessary. The closed system util~zing oxygen injection requires less 
maintenance and when operated properly produces vinegar more efficiently · 
than the other procedures. Regardless of type. the generators require a 
cooling system to maintain the optimum tempera~ure for Acetobacter growth. 
The cooling water is non-contact and may be recirculated. ~ 

Vfnegar produced by the accelerated generator process is oft~n harsh in 
flavor and odor and requires aging in wooden tanks to produce an agreeable 
f1avor and odor, as well as to allow it to clear. A final polishing of the 
product is necessary to produce the characteristic sparkling clarity of 
most vinegars. This final process may be accomplished by either filtration 
or fining. Fining consists of introducing a suspension of clay, casein, 
gelatin, b~ntonite clay, or other suitable material~ and allowing the ~ixture 
to settle. The clear vinegar is then rack~d. The more common method of 
clearing vinegar is that of filtration. The filter system must be c1eane1 
periodically in order to maintain its efficiency. 

The refined vinegar 1s either marketed in bul~ or bottled 1n r·eta11 contair1ers 
at the plant. In order to prevent the continued growth and subsequent 
clouding by the Acetobacter organis~s. the vinegar is pa~teurized at 60°C fer 
a few seconds. Pasteurization may te accomplished 1n bulk by passing a ccn
tinuous stream of vinegar through a steam jacketed tube or plat~ pasteurizer 
and then cooling it in •water cooled unit. Bottled vinegar m~y be ~asteur
ized by 11T1llersion or by flash pasteurizat,on prior to bottling. The butt1ej 
product 1s subsequently capped, ~ashed and tr~nsported to labelling and 
ca~ing. During bottling, most of th~ wastewater is generat~d by the pasttu~
ization cooling cycle and the fihal bottle wash. 

The major source of wastewater from the bulk operation is fror.i the filtr·ation 
system. Periodic cleaning of floors, generators, and b~ttltng equipment al~o 
contributes variable amounts of ~astewater de~end1ng u~on process and house
keeping differences. Transient surges of wastewater occur when wooden 
storage tanks are drained of the water to ~eep them from drying o~t between 
uses. 
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SIC 2099 Yeast 

Currently in the United States there are 13 active yeast processors 
representing four companies producing an estilll5ted 204,000 KKg (250,000 ton) 
of yeast annually. The largest producer reports supplying approximately 
35 percent of the total market. Production facilities are located near 
metropolitan areas in the states of New York, New Jersey, Maryland, 
Illinois, Missouri, Texas, Louisiana, Washington, and California. 

Market demand for yeast products is reported (51) to be closely re1ated 
to growth in the baking industry, and is expected to increase slowly in 
future years. During the last two years, the industry has witnessed the 
closing of one new yeast plant, while another new plant is presently 
under construction. Industry trends and economics indicate that new 
production plants will be large scale, highly automated facilities. 

~ground of the Industry - As early as 3500 years ago, man collected 
yeast deposits {52) from the surfaces of plant life and consumed them 
for medicinal and dietary purposes. Science has since shown that yJast 
is high in proteins and vitamins. However, despite its high food value, 
yeast is primarily used for fermentation. In the baking industry, yeast 
ferments sugar in bread dough producing carbon dioxide gas responsible 
for the rising or leavening of bread. In the brewing industry, yeast 
fennents or breaks down ~ugar~ to alcohol and carbon dioxide. 

In the nineteenth century, brewers supplied most of the commercially 
grown yeast for the baking industry. During World War I, the scarcity 
and high price of grain mashes led to the development ~f a method of 
yeast production using molasses as the primary raw material. This process 
was highly successful, and with subsequent minor refinements is ustd by 
the industry today. 

Description of Process - The three basic products produced by the yeast 
industry are (1) 11 bakers compressed yeast" (2) "active dry yeast'', and 
(3) p/aarn.aceutical dry yeast" (52). The primary product, "bakers 
compressed yeast", is utilized by large baking companies as a leavening 
agent, while smaller.bakeries, blenders of ready-to-bake cake mixes, and 
repackagers require the active dry yeast. Pharmaceutical dry yeast, which 
represents a small portion of total yeast production, is used by the 
pharamaceutical industry as a protein and vitamin dietary supplement. 

The basic raw materials necessary for yea~t growth are cane and beet 
molasses, water, chemical sources of nitrogen and phosphorus, and a pure 
stock culture of the desired yeast strains. Other requ~reu production 
materials may include sulphuric acid for fermenter pH ddjustment, 
vegetable oil or chemical defoamers, and small amounts of plut1ciz1ng 
~gents for forming and packaging. Although individual plants vary accord
ing to s1ze, age, and water usage, the processing steps and raw materials 
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are virtually identical throughout the industry. Figure 105 presents a 
simplified flow diagram for the following basic process steps: (1) molasses 
feed wort preparation, (2).stock yeast preparation, (3) fermentation, 
(4) yeast cream separation. (5) dewatering and dry1~g. and (6) packaging. 

Yeast production begins when the yeast food, called "feed wort, is prepared 
by combining cane and beet molasses, diluting the mixture with water, 
and adjusting the pH to 4.S before sterilization. ihe mixture is hea~ed 
with steam in a high pressure continuous cooker, and after some solid 
matter is removed by vibrating screens, the sterilized molasses is fed to 
centrifugal clarifiers where additional solids are removed and retained 
in the clarifier bowl. The clear wort is pumped to ~to~age tanks. Mola$ses 
provides the primary source of carbon and sugar for yeast food, and supplies 
calcium potash, and other eiements. The ratio of cane to beet molasses 
depends on availability and nutrient content, but a mixture is always u~ed 
to provide a balanced yeast diet except that nitrogen and phosphoru$ must 
be added since any molasses is deficient in both. 

Clarifier sludge, being mainly inorganic ~nd of little value, is hauled 
to landfills or ploughed into agdcultura·1 ·iand. Other wastes from f:?..:d 
wort preparation are clarifier, tank, and p~p;ng sterilization and cleanup. 

Parallel to feed wort preparation, a tPst take containing sterile mola~Jes 
is inoculated with a few cells from pu. _ culture of the desired yeast 
strain. These grow to a larger mass tnat is transferred to successively 
larger vessels until there is a sufficie~t quJntity of stock yeast for 
starting growth in the mai~ fermenting tanks. During each transfer, the 
contents of the "seed" ferm"!nters are sent to continuous centrifugal sepa
rators to remove spent nutrients from the stock yeast. Wastes normally 
discharged trom the culture stages 1nclude water used 1n sterilizing and 
cleaning of tanks and piping, and spent nutrients. 

Both stock yeast and feed wort are then delivered to the main fermenters. 
Water and stock yeast ar! placed in the sterile tank. Feed wort, nitrogen, 
and phosphorus are cont1n~ously added as the steadily aerated yea~t 1s 
allowed to ft::.-i::e'lt for aoout ten hours. Aqua an1monia and pnosphoric acid 
are commonly used sources of nitrogen and phosphorus. Foam cauied by 
aerat1on is cut back periodically by a~ding sufficient vege,able cil or 
chemfcal defoamers. 

Under ideal condjtions the yeast growth is exponential. Since any surp1LJ~ 
nutrients tend to be fermented to alcohol, thus wast;ng raw materials and 
retarding yeast growth. the feed wort and other chemicals are added by 
automatic metering equipment at a predetermined. exponential rate. During 
growth fermentation. the p11ysiological activities of yeast cells cause a 
progressive pH decrease. Since yeast grows best in an acid medium, pH is 
ma1nta1ned at 4.5 by the add1tion of aqua anTT1on1a. Because fermentatic11 i~ 
exothermic, cooling water is circ:.lated through coils to mail'\tAin an optimum 
30°C (85°F) temperature. Near the end of the 12 hour growth stage, the 
temperature is further lowered and aeraticn discontinued to stop growth 
and allow the yeast cells ~o fully mature. 
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After fermentation, the cream yeast is separated from the fermented wort 
by cer.tr1fugal separation. The separated waste resulting from first 
separation is called first separator beer. After fi~st separation, the 
yeast cream is put through a second and third separation. In each of the 
last two separations, the yeast slurry is diluted in a cold water washing 
process, and then separated. Wastes from these steps is called second 
separator beer and third separator beer. At least two of the largest 
production plants use third separator beer as the second separation wash 
water. Other discharges from fermentation and separation include fermenter, 
centrifuge, and wort tank and piping cleanup. 

The process for making bakers compressed ye~st, active dry yeast, and 
ph'innaceutical yeast are identical up to this point. 

!he yeast cream slurry must be filtered and dewatered prior to packaging. 
Bakers compressed yeast and active dry yeast are pumped to either recessea
plate filter presses or a rotating vacuum filter drum. If a filter press 
is used, yeast cream is pumped into the filtering compartments and pressure 
applied. After opening the press, yeast cake is scraped into stainless steel 
carts for delivery to a 1ni.xer. No filter aids are used. If a vacuum filter 
is used, a revolving drum covered by a circular band of filter cloth is 
evacuated and revolved in a vat of yeast cream. A thin layer of solid yeast 
forms on the cloth, and the effluent is discharged from the interior of tne 
drum. Potatoe starch may be used as a filter cloth precoat or filter aid, 
and is normally reclaime~ by settling of the effluent. 

Compressed yeast cake is fed to a m;xer where it is blended and plasticized 
to adj~st ffiOisture content and improve extrudability. Plasticizing agents 
typically used are vegetable oils, emulsifiers, and shaved ice. After mixing, 
bakers compressed yeast is continuously extruded as a ribbon, and cut into 
blocks for packaging. Package sizes range from blocks weighing several 
ounces to 50 pounds, although l and 5 pound blocks are most common. Bakers 
compressed yeast 1n ~aleable condition has a 73 percent moisture content, 
and must be kept refrigerated until used. 

The slurry for active dry yeast is extruded directly after filter pressing. 
Then 1t 1s fed into rotary or belt type warm air dryers for 12 hours and 
the granular product pac~!tJed in filter drums. Active dry yeast contains 
only eight percent moisture, and keeps well without refrigeration. Four 
parts of active dry yeast equal ten parts of bakers c:ompressed yeast. 

The slurry for pharmaceutical dry yeast i~ pumped to the vertex of a rotary 
double-drum dryer where it is preheated dnd passed in ~ thin film over 
rotating drums heated internally by live steam. The sl~rry spread on the 
drum surfdce dries and 1s scraped fo;· 'onveyor transport to a pulver1 zer 
or flaker. Both powder and flakes are packaged in bags and drums. 

Process wastes from yeast drying are filter effluent, sp~nt filter precoat, 
and equipment backflushtng and cleanup. Drying and packaging produce only 
minor wastes from machinery and floor cleanup. 
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SECTION IV 

INDUSTRY SUBCATEGORJZATION 

Jn the deve1opment of effluent limitation guidelines and standards of 
performance for the Miscellaneous Foods and Beverages Industry, ft was 
necessary to detenn1ne whether significant differences exist which fol"!Tl 
a basis for suocategor1zation of the industry. The rationale for sut
categorization was based on emphasized differences and similarities in 
the following factors: (1) constituents and/or quantity of waste 
produced, (2) the engineering feasibility of treatment and resulting 
effluent reduction, and (3) the cost of treatment. While factors such 
45 process employed, plant age and size, and nature of raw material 
utilized tend to affect the constituents and quantity of waste produced, 
the emphasis herein is not merely ~nan analyzation of these factors but' 
on the resulting differencds in waste production, engineering feasibilit1, 
and cost. 

The Environmental Protection Agency pre11m1narily subcategorized the 
miscellaneous foods and beverages point source category into the SIC 
Codes listed in Table 12. As di~cussed in Section III, most of these 
codes encompass 11umerous manufacturing processes, and the possibility 
that some of the codes could be consolidated was well recognized. 

Several factor! or elen~nts were considered ~1th regard to identifying 
any relevant su~categories. These factors included the following: 

l. Process variations 
z. Raw materials 
J. Age of plants 
4. 51 ze of plants 
s. Plant location 
6. Products and by-products 
7. Climatic influences 
a.. Seasonal varhtions 

After consideration ~fall of the above factors 1t 15 concluded that the 
miscellaneous fooas and beverages i~dustry should be further divined intc 
subcategories as given in Table 13. The rationale for the subcategori
zation is 9iv~n below. 

e_ROC[SS VARIATIONS 

The production of miscellaneous foods and beverages, as indicated in 
Section 111, inv~lves considerable variation 1n process operations. 
These ~ariations, whether caused by the end product desired or other 
factors, can result fn markedly different wastewater characteristics, 
applicable control ancf treatment alternatives, and costs of control 
and treatment alternatives. Of all factors consiJered, process 
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TABLE 12 

CLASSIFICATION OF THE MISCELLANEOUS FOOD AND BEVERAGES 
INDUSTRY BY STANDARD INDUSTRIAL CLASSIFICATION CODES 

SIC 2017 
SIC 5744 
SIC 2034 
SIC 2038 
SIC 2047 
SIC 2051 
SIC 2052 
SIC 2065 
SIC 2066 
SIC 2067 
SIC 2074 
src zo7s 
SIC 2076 
SIC 2079 

SIC 2082 
SIC 2083 
SIC 2084 
SIC 2085 
SIC S 18~ 

SIC 2086 
SIC 2087 

SIC 2095 
SIC 2097 
SIC 2098 
SIC 2099 

Poultry and Egg Processing (Egg Processing Only) 
Shell Eggs 
Dehydrated Soups 
Frozen Specialities 
Dog. Cat. and Other Pet Food 
BrP.ad and Other Baking Product~. Except Cookies and Crackers 
Cookies and Crackers 
Candy and Other Confectionery Products 
Chocolate and Cocoa Products 
Chewing Gum 
Cottonseed Oil Mills 
Soybean Oil Mills 
Vegetable Oils Except Corn, Cottonseed, and Soybean 
Shortening, Table Oils, Margarine and Other Edible Fats and 

Oils, Not Elsewhere Classified 
Malt Beverages 
Malt 
Wines, Brandy, and Brandy Spirits 
Distilled, Rect'.f~ed, and Blended Liquors 
Bottling of Purchased Wines, Brandy, Brandy Spirits, and 

Liquors 
Bottled and Canned Soft Drinks and Carbonated Waters 
Flavoring Extracts and Flavoring Syrups Not Elsewhere 

C1asc;1f1ed 
Roasted Coffee 
Manufactured lee 
Macaroni, Spaghetti, Vermicell'i, and Noodles 
Food Preoarat1ons, Not Elsewhere Classified 
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TABLE 13 

RECOMMENDED SUBCHEGORIZATION OF THE MISCELLANEOUS 
FOODS AND BFVERAGES POINT SOURCE CATEGORY 

VEGETABLE OIL PROCESSING AND REFINING 

Al Establishments primarily engaged fn the production of 
unrefined vegetable oils and by-product cake and meal 
from soybeans, cottonseed, flaxseed, peanuts, safflower 
seed, sesame seed, sunflower seed by mechanical screw 
press operations. 

A2 Establishments primarily engag~d 1n the production of 
unrefined vegetable oils and oy-product cake and meal 
from soybeans, cottonseed, flaxseed, peanuts, safflower 
seed, sesame seed, sunflower seed by direct solvent 
extraction or prepress ~olvent P.~traction techniques. 

A3 Estab1 i shments primarily engaged ·in the production of 
olive oil and by-product cake or meal from raw olives 
by hydrauli~ press and solvent extraction methods. 

A4 Establishments primbrily engaged in the production of 
olive 011 and by-product cake or meal from raw olives 
by mechanical screw press methods. 

AS E5tablishments primarily engaged 1n the processing of 
ed1b1e o11s by the u~e of caustic refining methods 
only. 

A6 Establishments primarily P.ngaged in the proc~S$in; of 
ed1ble oils b1 the use of caustic refining and acidu
lation refining mP.tnods. 

A7 Establishments primarily engaged in the proc~ssing of 
edible oils utilizing the following refining methods: 
causti~ refining, ac1dulation, bleaching, deodorization, 
winterizing, and hydrogenation. 

AS Establi~hments primarily enga4ed in the processing of 
edible oils utilizing th' following refining methods: 
caustic refining, bleach1~g. deodorization, winterizing 
hydrogenation. 

A9 Establishments primarily engaged 1n the processing of 
edible oils utiltzing the followin; refining method~: 
caustic refining, acidulation, bleaching, deodor1zAt1on. 
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TABLE 1 J 

~10 Establishn~nts prin~rily engaged in the processing 
of edible oils utilizing the following refinery 
methods: caustic refin;ng, bleaching, deodorization, 
winterizing, hydrogenation, and the plasticizing and 
packaging of shortening and table oils. 

An Establishments primarily engaged in the processing of 
edible oils utilizing the following refining methods: 
caustic refining, acidulat1on, bleaching, deodorization, 
winterizing, hydrogenation, and the plasticizing and 
packaging of shortening, table oils, and margarine. 

Al2 Establishments primarily engaged in the processing of 
edible oils utilizing the following refining methods: 
caustlc refining, bleaching, deodorization, winterizing, 
hydrogenation, and the plasticizing and packaging of 
shortening, table oils, and margarine. 

Al3 Establishments primarily engaged in the processing of 
edible oils into margarine. 

A14 Establi:;hments primarily engaged in the processing of 
edible oils into shortening and table oils. 

Al5 Establishments primarily engaged in the r~fining and 
processing of olive oil. 

BEVERAGES 

A16 Production of malt beverages by breweries constructed 
since January 1, 1950 and with a production capacity 
in excess of 800 cubic meters per day. In addition, 
this subcategory includes pl~nt 82Al6. 

A17 Product1on of malt bev@rnges ;,y breweries constructed 
before January 1, 1900 ~nd ~ith a product1on capacity 
1n excass of 21·00 cubic 1:1etP.rs per day. 

Al8 Production of m11lt beverages bv breweries not inc1~ded 
in subcategories Al6 and Al7. 

A19 Installations primarily engaged in the production of 
malt and malt by-products. 

A20 Wineries primarily engaged 1n the production of w1ne, 
brandy, or brandy spirits, and not operating stills. 

A21 Wtnertes prtmar11y engaged in the production of wine, 
brandy, or brandy ~pirits, and operating stills. 
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TABLE 13 (CO~:·o) 

A22 Dfsti11eries primarily engaged in the production of 
beverage alcohol from grains and operating stillage 
recovery systems. 

A23 Distilleries primarily engaged in the production of 
beverage alcohol from grains and not operating stillage 
recovery systems. 

A24 Dist~lleries primarily engaged in the production of 
beverage alcohol by distillation of molasses. 

A25 Installations primarily engaged in the blending and 
bottling of purchased wines of spirits. 

A26 Installations primarily engaged in the production of 
soft drinks; and which package exclusively in cans. 

A27 Installations primarily engaged in the production of 
soft drinks; and which are not includ~d in Subtategory A26. 

A28 Installations primarily engaged in the production of 
beverage base syrups, all types 

A30 Ins ta 11 at i on s primarily engaged in the pr"duction of 
instant tea. 

ca Installations primarily engaged 1n ·the productiun of 
roasted coffee. 

C9 Installations primarily engaged in the decaffeination 
of coffee. 

ClO Installat1ons primarily engaged in the production of 
soluble coffee. 

Fl Installations primarily engaged in the b1ending of tea. 

9AKERY ANO CONFECTIONERY PRODUCTS 

Cl Production of ca~es, pies, doughnuts, or sweet yeast 
goods, separateiy or in any combinati~n. by facilities 
using pan washing. 

C2 Production of cakes, pies, doughnuts, or sweet yeast 
goods se~arately or in any combination by facilities 
not using pan washing. 
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TABLE 13 (CONT'D) 

CJ lnstallations ?rimarily engaged in the production of 
bread related products 

C7 Installations primarily engaged in the production of 
cookies or crackers separately or in ~ny combination. 

Cl3 Installations primarily engaged in the production of 
bread and buns in any combinati~n. 

Cl4 Installations primarily engaged in the production of 
bread and snack items. in any combination. 

01 Installations primarily engaged in the produ~tion of 
candy or confectionery products separately or in any 
combination. except glazed fruits. 

02 Installations prim~rily engaged in the production cf 
chewing gum. 

03 Installations pri;.~rily ergaged in the production of 
chewing gum base. 

05 Installations primaril.r engaged in the prod1Jction of 
milk chocolate with condensory processing. 

06 Installations primarily engaged in the production of 
milk chocolate without condensory processing. 

PET FOODS 

85 Installations primarily engaged 
canned pet food, low meat. 

i" the production of 

66 Installations primarily engaged in the production of 
canned ::>e.t food, high meat. 

87 r~sta11at1ons primarily engaged in the production of 
pet food, dry. 

88 lnstallations primarily enga5ed in the production of 
pet food, soft moist. 

MISCELLANEOUS AND SPECIALTY PRODUCTS 

A29 Installations pr1marfly engaged in the production of 
flavorings, or extracts, separately or ~n any combination. 

AJl Installations primarily engaged in the production of 
bou11lon products. 

A32 Installations primarily engaged 1n the production of 
non-dairy crean~r. 
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TABLE 13 (CONT'D) 

A33 Installations primarily ei1ga9ed in the production of 
yeast and by-product molasses, if recovered: 

A34 Installations primarily er 
peanut butter by facilitie~ 

n the production of 
:; jar washing. 

A35 Installat_ions primarily engaged in the production cf 
pe~nut butter by facilities not using jar washing. 

A36 Insta11at1ons primarily engaged in the production of 
pectin and peel by-products, if recovered. 

A37 Installations primarily engaged in the production of 
almond paste. 

Bl Installations primarily engaged in the production of 
frozen prepared dinners. 

82 Installatior.s primarily en~aged in the production vf 
frozen breaded or battered sp~cialty items, separately 
or in any combination. 

83 Installations primarily engaged in the production of 
frozen bakery products. 

84 Installations primarily engaged in the production cf 
tomato-cheese-starch products. 

89 Installations primarily engaged in the procuction cf 
chili peppar and paprika, in combir:atior.. 

C4 Install at ions pt·i1~ari ly engaged in the production of 
processing of eggs. 

cs Installations primarily engaged in the prrJduction of 
shell egg'S. 

C6 Installations primarily engaged in the ptoduction of 
manufactured ice. 

Cl2 Installations pri~~rily engaged in the production of 
prepared sandwiches. 

OS Installations primarily engaged in the production of 
vinegar. 
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TABLE 13 (CONT'D) 

El Installations primarily engaged in the production of 
molasses, honey, glazed fruit or syrups, separately 
or in any combination. · 

E2 Installations primarily engaged in the production of 
popcorn. 

E3 Installations primarily engaged in the production of 
ready-mix desserts or gelatin desserts, separately 
or in any combi11ation. 

E4 Ins ta 11 at ions primarily engaged in the production of 
spices. 

E:5 :nstallations primaT"i 7y engaged in the production of 
dehydrated soup. 

E6 Installations primarily engaged in the production of 
macaroni, spaghetti, vennicelli, or noodles, separately 
or in any combination. 

F2 tnstallations primarily engaged in the productior1 of 
baking powder. 

F3 Installations primarily engaged in the production of 
chicory. 

F4 Ins ta 1 lations primarily engaged in the producticn of 
bread crumcs 
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variation has generally been found most significant in determining sub
categor1zation. 

The consideration of process variations resulted in the following sub
categor1zation: 

Vegetable Oil Processing and Refining: 

The production of unrefined vegetable oil from soybeans, cotton
seeds, flaxseeds, peanuts, safflower seeds, sesame seeds, sun
flower seeds and olives by mechanical screwpress operations. 

The production of unrefined vegetable oil from soybeans, cotton
seeds, flaxseeds, peanuts, safflower seeds, sesame seeds, sun
flower seeds and olives by direct solvent extraction and prepress 
solvent extraction. 

Edible oil refining only. 

Edible oil refining and acidulation. 

Edible oil refining, acidulation, oil processing and deodorization. 

Edible oil refining, oil processing, and deodorization. 

F.dible oil refining, acidulation, oil processing, deodorization 
and the production of shortening and table oils. 

Edible oil refining, oil processing, deodorization, and the pro
duction of shortening and table oils. 

Edible oil refining, acidulation, oil processing, deodorization, and 
the production of shortening, table oils and margarine. 

Edible oil refining, oil processing, deodorization, and the pro
duction of shortening, table oils, and margarine. 

Margarine production only. 

Shortening and tabl~ oil production only. 

Beverages: 

Malt beverages. 

Malt. 

Wineries withcut distilling operations. 

Wineries with distilling operation. 
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Grain distillers with stillage recovery systems. 

Grain distillers without stillage recovery systems. 

Molasses distillers. 

Plants primarily bottling wines and distilled liquors. 

Soft drink canning plants. 

Soft drink bottling, or combined bottling/canning plants. 

Plants producing flavor base syrups and/or concentra~es. 

Roasted coffee. 

Coffee decaffeination. 

Soluble coffee. 

Instant tea. 

Tea blending. 

Bakery and Confectionery Products: 

Bread and bread related products. 

Cakes, pies, doughnuts, and sweet yeast goods utilizing pan washing. 

Cakes, pies, doughnuts, and sweet yeast goods not utilizing pan 
washing. 

Cookies. crackers, and other "dry" bakery products. 

Candy and confectionery products except glazed fruit. 

Glazed fruit. 

Chewing gum products excluding the preparation of natural gum base. 

Chewing gum base prepared from artificial and natural materials. 

Chocolate and cocoa products prepared from cocoa beans. 

Pet Food: 

Canned pet food. 

Ory pet food. 
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~:iscellaneous and Specialty Products: 

Shell egg handling (SIC 5144). 

Egg processing (SIC 2017). 

f roze·l specia 1 ties. 

Non-dairy coffee creamers. 

Production of specific flavors from the blending cf extracts, acids. 
and colors. 

Manufactured ice. 

Bouillon production. 

Yeast production. 

Peanut butter manufacturing not including jar washing. 

Peanut butter manufacturing including jar washing. 

Chili pepper and paprika. 

Prepackaged sandwiches. 

Vinegar. 

Molasses, honey, and syrups. 

Dehydrated soup. 

Prepared desserts, gelatin. 

Spices. 

Macaroni, spagetti, vennicelli, noodles. 

Almond paste. 

Pectin. 

Baking powder. 

Chicory. 

Bread crumbs. 

The rationale for the above subcategorization due to process variation 
is as follows. 
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Vegetable Oil Processing and Refining 

Unrefined Vegetable on - The production of crude vegetable 011 from on
seeds involves three distinct processes each resulting in different waste
water stream loadings. Mechanical screw press operations have been docu
mented by plant visitations and telephone surveys to have zero discharge 
of process wastewater. The extraction processes of direct st1lvent extrac
tion and pre-press solvent extraction do contribute an average daily was:e
water flow of approximately 100 cum/day (0.03 MGD). Th1s wastewater 
results from 1) wastewater generated by wet scrubber systems. 2) degurrming 
operations, 3) steam condensates contaminated by oil, fatty acids or hexane 
solvent, and 4) in-plant cleanup resulting from spillage of oil or miscella, 
tank leakage or pump failure. 

Edible Oil, Shortening, and Margarine - Wastewaters generated from edibl~ 
oi1 refineries, on the other hand, vary greatly with respect to the degree 
of process integration existing at each plant. For example, a large fu11: 
.scale edible oil refinery may have an entire sequence of operations in 
which vegetable oils are transfonned into finished products such as 
shortening, margarine or table oii. A conventional full-scale operation 
would include: l) storage and handling facilities, 2) caustic refin1ng, 
3) soap-stock acidulation, 4) bleaching, 5) hydrogenation, 6) formula olencing, 
7) winterization, 8) deodorization, and 9) plasticizing and packaging a 
number of finishP.d products. In contrast there exists a number of small 
scale operations consisting of only tank farm storage and handling f~cili-
ties with steam or kettle refining. T~ese smaller plants usually se1l the 
refined oil to other edible oil processors who in turn produce a fini~hed 
product. 

Due to the variations in plant size and process integration, it was 
necessary to adopt a "building block" approach ~c the assessment of 
wastewater loadings within the industry. The eight unit processes listed 
in Table 14 have been identified, each gene.-atiny a different wastewater 
effluent. Table 15 presents a list of the various unit process comb·;_ 
nations within the industry and the number of plants utilizing each 
combination in the U.S. during 1970. 

Three processes are common to about 95 percent of the industry. These 
include 1) raw material storage in storage tanks, 2) tank car cleaning, 
and 3) caustic refining. Seng (53) reports that as a result of handling 
large volumes of edible oils there are erratic flows resulting from 
washing and cleaning processes to remove ~ils and greases that atcumulate 
due to tank leaks, transfer operations pump failures, an~ the accumulation 
of refuse materials and settled dust. These materials ~ecome a major 
waste load problem when \~Uhed into plant storm sewers by rain. Becker 
(54) reports that in some cases the BOU increase as a result of storm 
water runoff is considerable. 
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TABLE 14 

EDIBLE OIL PROCESS UNITS 

1. Edible oil refining (i.e., caustic, steam and kettle refin~ng, 
and including intersterification rearrangements} 

2. Soapstock acidulation 

3. Edible oil processing (1.e., bleaching, winterization, and 
hydrogenation) 

4. Contact coo1ing tower 'lowdown from deodorization barometric 
condenser systems 

5. Tank car cleaning 

6. Storage and handling 

7. Plasticizing and packaging ~i.e., shortening and table oils 
production) 

8. Margarine processing 
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TABLE 15 

PROCESS INTEGRATION IN THE EDIBLE OIL REFINING ltlDUSTRYa 

N1J11ber of Plants Utilizing 
~ss Integration* Process Integration 

1 . R 21 

2. R 6 

3. RP 7 

4. ROW 10 

5. RDWH 2 

6. ROWP 5 

7. ROW HP 29 

8. ROH 9 

9. RDHP 10 

10. RDP 5 

11. RHP 1 

12. DP 2 

13. p .2 
TOTAL 110 

a R = Refine; 0 = Deodorization; H = Hydrogenation; 
W = Winterize~ P = Plasticize 

• All plants are assumed to nave tank car c1eaning and 
storage transfer facilities. 

Source: 1970 Directory to Edible Oil Refineries 
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Tank car cleaning operations are usually adjacent to outdoor tank farm 
facilities and may at times contribute to the storage and handling 
wasteload. On the average. about 10 tank cars are washed per week during 
the day shift. The wasteload of this operation consists pr1rnarfly of 
bulk oil and detergents flushed out of the tank car by cleaning. Usua1ly 
a holding tank is used to recover the bulk ofl. The recovered oil is 
then pumped to an inedible oil holding tank. Seng (53) reports that 
crude oil is treated with caustic and is centrifuged to remove micro
organisms and soapstock. These "foots" are pumped to an outdoor tank 
farm for sale or for acidulation purposes. The refined oil is then 
washed and centrifuged. Caustic refining constitutes a continuous 
source of process wastewater with a pH value ranging from 10 to 12. 
Water usage for the oil washing process is estimated to be about 10 
to 15 percent by weight of the oil processed. The acidulation of soap
stock or "foots" for fatty acid content produces a continuous wasteload 
low in pH (1 .5 to 2.0) and higher in organic content. The total water 
volume is estimated to be 65 to 75 percent of the soapstock treated by 
weight. 

Francois (55) reports that the thenno-comprPssor condensates from the 
deodorization process constitutes a continuous wasteload high in 
organic i11p:ir1ties or "unsaponificable" substances. Certain fatty 
acid materials are concentrated within the stripping stream and are 
removed by barometric condenser water where they are eventually con
centrated in the contact cooling tower blowdown. 

In general, the steps of bleaching, hydrogenation, and winterization 
represent a relatively small wasteload in comparison to the above 
defined unit processes. Seng (53) reports that bleaching produces a 
wasteload containing a small amount of spent filter material that is 
flushed down the SP.1~er during cleanup; a source of suspended sol ids 
found in the wastewater. In the hydrogenation process very small 
amounts of nickel catalyst sometimes reach the sewer from cleanup 
operat1ons. Jn the winter1zation proc~~s. the only wastewater that 
would result is from general cleanup activities. 

Wastewater generation for the plasticizing and packaging of shortening 
is quite d1fferent f~om that of margarine processing. In general, 
filling rooms that process shortening require niuch smaller volumes of 
cleanup water than do packaging operations that require the maintenance 
of bacteria free filling equipment. The packaging of margarine, salad 
dressings, mayonnaise, and other milk products capable of supporting 
pathogenic bJcteria require dail; cleaning and sterilization of all 
filling equipment. Therefore, margarine processing produces a larger 
volume of wastewate~ conta;ning high strength disinfectants (chlorine, 
detergents) in comparison to ihortening and table 011 filling rooms. 

Beverages 

Malt Beverages - The sources of pollutants from th! malt beverage industry 

275 



DRAFT 

can be documentated on a plant by plant basis. There are no process 
variations justifying further subcategorization of the industry. As 
discussed 1n Section III, one brewing company uses beechwood chips 
during fennentation. The cooking and washing of the chfps, as well 
as yeast recovery from the chips. creates unit process wastes diff~rent 
from other brewers. 

Malt - All maltsters in the United States process malt by steeping, 
germinating, and kilning. Most of the resulting wastewater is associ
ated with steeping. and all plants use submerged steeping. Process 
variation is not considered to be a factor for further subcategorization 
of the malt industry because of the uniform nature of the process. 

Wine, Brandy, and Brandy Spirits - Data and field observations support 
the contention that wineries operating stills have considerably higher 
wasteloads in the distilling (crushing) season than those who do not 
operate stills. Wastewater from stillage represents a 300 percent 
increase over normal wasteloads. 

Distilled Spirits - Grain distillers must be subcategorized according 
to whether trie.Y do or do not operate stil1age recovery systems. Those 
plants which do not operate stillage recovery systems generally sell 
wet spent stillage as cattle feed and consequently do not generate 
a wasteload from sti1lage recovery (condensate from evaporation). 
Molasses distillers starid as a separate subcategory since a majority 
neither recover nor sell stillage, but dispose of it directly to the 
ocean. 

Soft Drinks - There are basically three types of soft drink plants: 
l1"'1h0se-tiiat produce only canned drinks, l) those that produce only 
bottled drinks, and 3) those that produce both bottled and canned drinkz. 
From a process point of view, there 1s a discrete difference between 
bottling and canning operations -- the former involves bottle washing 
while the latter is primarily a mixing-filling operation. 

As d0Cl1inented in Section V, the pounds of pollutant per unit of produc
tion are decidedl.Y l'ess in canning p1ants than in bott11r1g or bottling/ 
canning plants. This difference is di.;e primarily to the wastewater 
generated by a bottle washer processing returnable bottles. This 
difference 1n wastewater will vary dP.pending on the percent of returnac1e 
or non-returnable bottles processed. 

Therefore, based on process variations, available data justifies two 
subcategories of soft drink production: 1) those noerations producina 
only canned drinks and 2) those operations producing only bottled drinks 
and others producing both bottled and canned drinks. 
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Coffee - Virtually all production processes are convnon to all producers 
of roasted coffee as a final product. These include: l) raw material 
storage and weighing, 2) air cleaning, 3) blending and roasting, 4) 
grinding, and 5) packaging. Coffee roasting requires no process water, 
w1th two exceptions. First, some plants use a water spray to check the 
roasting process, but this water is evaporated and incorporated into 
the product. Second, a few plants have wet stack scrubbers whict. 
generate small quantities (up to 200 1/day) of wastewater. Cleaning of 
all coffee roasting equipment is a dry process. 

Decaffeination is a separate step that may or may not exist in soluble 
and roasted coffee processes depending on product requirements of the 
individual plant. Water is used in the caffeine extraction process and 
the rinsing of the decaffeinated green beans. The caffeine extraction 
process (;ncluding eQuipment c·1eaning) is a significant source of waste
water volume and concentration. Even though more than one decaffeination 
technique is re~ognized t.o exist, available wasteload data does not sub-· 
stantiate a clear basis for different.iating among the process for effluent 
guidelines development purposes. 

The :1ble coffee process utilize:i water to extract the soluble coffee 
from .l-1'.! ground roasted coffee. General plant cleanup, extractot· equip
ment :caning, and drying towe.r cleaning are significant sources of 
wastewater volume and concentr·ation. Freeze drying and spray drying 
are the nonnal methods of preparing soluble coffee for marketing. 
Available data does not warrant differentiation between the freeze-dried 
and the spray-dried product. 

Tea - The instant tea manufacturing p~ocess is essentially uniform throu;n
Out the t~a industry. As noted in Section III, one source of process 
wastewater generated from instant tea manufacturing is the periodic 
dumping of clarifier sludge when regeneration of tea extract from the 
sludge becon1es minimal. Equipment cleanup water is the major source of 
process wastewater. The ~~~duction of blended tea involves no process 
wastewater generat';n and may Le designated a dry process. Subcategori
zation of the tea mMufacturing industry to account for process diffei·er,r.es 
betweeM i~stant tea and blended tea production is necessary. 

flavor1ng Extracts a~Syrups - Th! ~rocesses involved in the manufacture 
of flavoring extracts and syrups include solvent extraction, distillation. 
expression, evaporation, dehydrdtion, and blending. These individual 
processes are discussed in Section III of this document. The small 
amount of in&ormation available from the industry for these products 
1ndicH!S that most flavoring e)(tract plants perform blending, as well 
as several of the extracti1n processes listed above, and possibly some 
dry spice grinding and blending. The one exception to this is the pro
duction of beverage bases, the majority of which are oroduced by major 
soft dr1nk companies fn plants solely manuf~cturin1 beverage bases. 
Most beverage base plants purchase rather than produce the flavoring 
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materials used and the principle process is merely one of blending. 
The separation of beverage base plants from flavoring extract plants 
;s further reinforced by the fact that more wash water is used in the 
fonner. 

Bakery and Confectionery Products 

Bakery Products - In the production of bread and other baked products, 
except cookies and crackers, bread and bun production are virtually 
identical and can be separated from cake and pie production because 
bread production requires no filling, icing, enrobing, or other 
finishing operations. Additionally, sigr.ificantly less cleaning of 
equipment is necessary. In bread production, pans are rarely, if 
ever, wet cleaned. Other equipment is only cleaned weekly. 

Cakes, pies, and sweet yeast goods can be produced by methods which may -
or may not require pan washing. This difference plays a major role in 
the strength of a plant's wasteload. The BOD of pan wash water has 
been reported (7) as hiyh as 54,000 mg/l. 

Many processes are common to all cooKie and cracker manufacturers. 
These include: 1) mixir.g, 2) baking, 3) cooling, 4) stacking, and 
5) packaging. Principal variations in the other processing steps are 
the re~ult of the category or style of the end product. The principle 
process variations are the forming, oiling, and icing, or enrobing, 
procedures. Forming of cooki~s is usu~lly done by either rotary dyes 
er extruding machines while crackers are formed by :>neeting or starr.p1~.9 
the dough. The forming equipment in both cases is dry cleaned with 
the exception of rotary formers. This wet cleaning of the rotary formers 
1s not, however, a significant source of wastewater strength, although 
it does contribute a relatively small amount to the volume. Some types 
of crackers are spray~d with oil following baking in order to help 
improve the flavor. The equipment used for the oil spreying of crackers 
is normally not wet cleaned, and is therefore not assumed to be a con
tributor to the wastelcad. Certain varieties of cookies are either iced 
or enr9bed. In the cleaning of this eQuipment is additional source of 
waste. However, viftually all plants produce a vari~~Y of cookie and 
cracker products and discharge a combined effluent. ~5 a result, avail
able data does not justify further subcategorization of the cookie and 
cracker industry on the basis of process variations. 

Candy Confectionery Products - The candy and confectionery industry pro
duces a wide range of products and employs a number of differ~nt pro
cessing methods. However. some common denominators in processing lend a 
certain amount of homogeneity. The several diverse processes have in 
common a "candy kitchen'' for the initial preparation of the candy base 
and it is at this point that most cleanup water is used and most waste
water generated, regardless of what later processing is invulved in pro
ducing the final product. Glazed fruit production, however, employs 

278 



DRAF1 

processes which generate wastewater with distinct treatment generations. 
The glazed fruit process often involves a bleaching oi the fruit and 
subsequent discharge of sulphur dioxide. 

While the production of chewing gum and chewing gum base involves rat~er 
similar processes, sodium hydroxide is used as a bleaching agent in the 
preparation of chewing gum bases and presents a pH characteristic which 
must be given consideration in treatment. 

In the production of chocolate and cocoa products from cocoa beans, the 
1ncompatabi1ity of moisture in chocolate requires a careful control of 
the use of open water. Ho~tever, large volumes of water are used in 
several aspects of the process, e.f., cooling water. These establish
ments characteristically discharge large volumes of water of a relatively 
low waste loading. 

Pet Foods 

The principal variations in pet food processing re~ult from the type of 
product bein~ produced. The dry pet food product does not require 
processing of fresh and frozen meat and meat by-products. The processing 
of fresh and frozen meat and by-products requires an extensive separate 
sequence of s~ecialized equipment which may include grinders, screw 
conveyors, slurry tanks and interc.onnecting piping. All of the special 
meat handling equipment is a significant source of waste generation dur~~g 
operation and cleanup. In contrast the dry pet food operation is compo$ed 
of almost entirely dry ingredients which may require only dry grinding 
prior to expanding. 

The canned pet food product differs from the dry and semi-moist products 
because of the ,necessity for the car. filling--can washing retort oper
ation. The canning operation is a signficant source of wastewater volume 
in organic pollutant generation. 

In terms of processing steps, the s.-)ft moist product 11es between the 
canned and dry product in terms of number of processing steps and resultant 
waste generation. The soft ~oist product will normally utilize some fresh 
or frozen beef products and by-products and will therefore have a prelimi
nary mPat processin>;1· line. In fonnulation, the soft moist product is 
generally similar to the low-meat canned product except for the lower 
moisture level and the ~ddition of preservatives. Th~ soft moist product 
does not go through a C3nning operation. 

The extruding and exp~nding operations using soft moist and dry pet food 
manufacturing are not major sources of waste generation. Equipment is 
typically cleaned daily producing a short-term, high strength waste 1~hich 
is r~1at1vely 1nsignificant in terms of pollutant generation per v1lume 
of production. 

These variations in product1on processes result ln substantially different 
waste generations per ton of production, as described in Section V and 
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support the subcategorization of the industry into canned, soft moist, 
and dry pet food. 

Mf scellaneous and Specialty Products 

Shell Egg Handling and Egg Processing· Shell egg handling and egg 
processing are distinct operations in that shell egg handling involves 
storage, washing, oiling, handling, and grading of eggs in the shell, 
while egg processing utilizes shell eggs as a ra\o1material, whether 
broken on the premises or by another processor, and produces dried, 
frozen, or canned eggs or albumen. Food and Drug Administration 
regulations require that all egg product~ be pasteurized. The type 
of products produced varies widely among egg ~rocessing plants and 
even within a given plant as a result of changing seasons and demands; • 
however, available data on wastewater generation preclude further sub
ca tegori za ti on. 

Frozen Specialties - While many proauc~ion processes are conrnon to all 
froz~n specialty manufacturers, variations do occur in some processing 
steps as a result cf the style of end product. However, these process 
variations are not considered to be of significant magnitude to justify 
further ~ubcategorization of the frozen specialties industry. 

Non-Dairy Coffee Creamer - The production of botli liquid and powdered 
non-dairy creamer nas the following unit processes in common: 1) mixing, 
2) pasteurization, and 3) homogenization. Fellowing the homogenizing 
of the liquid product, the unit processes differ in that the product 
to be powdered is dried while the product to remain a liquid is cooled. 
Based on existing evide~ce, this p~oduction variation does not cause an 
appreciable difference in wastewater generated per ton of solid product. 
The distinction of solid product is necessary because liquid creamer is 
approximately 50 percent water by volume. 

Clear.up water from clean-in-place systems is the major source of waste
water, the quantit/ and character of 1vhich ~1ould be tf1e same for both 
liquid and powdered.creamer. Consequently process variations do not 
substantiate further subcategorizat1on of the rion-dairy creamer industry. 

lc.e Manufacturi~£_ - Block and fragmentary ice dre producect by signifi
cant11 different f.)rocesses, 35 detailed in Sec:ion III of this document. 
Block ice is produced by partialiy subrner~ing rectangular cans filled 
with water in refrige,rated brine tank~. Fragmentary ice is produced 
as small pieces, such as disks or cylinders, by machinec: especially 
designed for t~at purpose. 
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The major volume of wastewater in many block ice plants is once-through 
cooling water discharge. In addition, wastewater may be generated in 
the production of block ice from treatment of incoming water, dipping 
of the cans to loosen the ice; replacement of the unfrozen core with 
fresh water; ice and snow losses; and from scoring, cutting, dnd crushing. 
Conversely, block ice plants that follow good water conservation pra,tices 
do not generate these large volumes of wastewater. In fact, some block ice 
plants generate less wastewater per kkg of production than fragmentary 
ic~ plants. The quantity of wastewater fs dependent upon primarily 
plant management rather than process variations. 

Fragmentary ice making machines are semi-automatic. Wastewater is 
generated from excess water not frozen, defrost water, and blowdown. 
The range in quantity of wastewater is relatively narrow, because it 
is not highly operator-dependent. 

Therefore, althouqh block ice and fragmentary ice processing methods 
differ, data indicates no appreciable difference in organic loading, 
suspended solids, or potential treat~nt for the wast~water generated 
by the respective processing methods. No further ~ubcategorization of 
ice manufacturing is justified. 

Yeast - The production processes necessary to produce commercially 
acceptable yeast are standard throughout the industry. These include: 
1) ra1~ material storage and preparation, 2) fermentation, 3) separation 
of the mat~re yeast from residual nutrients, 4) dewatering, and 5) 
pdckaging. Spent beer wash separated from the yeast by centrifugal 
~ethods accounts for over 70 percent of the pollutant ioading of com
bined \\lastes. Spent nutrients, which may comprise from 15 percent to 50 
percent of the total waste volume, depending on dilution water use and 
reuse, have a BOD of 2000 to 15,000 mg/1. Although these process vari
ations cause differences in combined waste volume, no substantial dif
ferences in waste generation per unit of production were found. Spent 
beer is nonnally discharjed to a sewer or pumped to an evapora!or for 
molasses by-produce rev:very. Yeast dewatering practices, using filter 
presses and rotary vacuum filters, constitute the second largest waste 
stream in most yeast pla~ts. Since there are virtually no differences 
in the equipment and procedures used in yeast factories, no basis for 
further subcategorization is judged to exist. 

Vinegar - As illustrated in Section III, the process of vinegar pro
duction is a discreet operation resulting in a wastewater differing 
in characteristi's from that of other food and beverage processors. 

Pectin - As illustrated in Section III, the production of p~ctin ts a 
unique process distinctly different from any other in the miscellaneous 
foods and beverages industry. Th1s process variation results in a 
wastewater with significantly different characteristics as compared to 
that of other food and beverage processors. 
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Bouillon Products - The process involved in bouillon production is 
un1que in its simplicity and the fact tt.at equipment cleanup water 
is the only source of wastewater generated in the process. 

Peanut Butter - All peanut butter processors roast •. blanch, inspect, and 
grind shei led peanuts to producP peanut Lutter. Al 1 of these are dry 
prt:ess steps, although water is used in heating, cooling. and aeration. 
In packaging operation~. so~e plants remove the product from partially 
filled or improperly sealed jars, and then wa~h the jars befJre refilling. 
Jar \'1asher discharge is a low volume, concentrated wastestream which 
significantly increases plant waste generation pgr unit of production 
when sewered. The increased wasteload from jar washiig co~stitutes a 
strong basis for subcategorization of this industry. Other wa~testreams 
include floor and equipment cleanup. 

Chili Pepper and Paprika - The unit processes er:plo_yeo by tlie paprika and. 
Chili pepper ir.dustry are generally uniform. New techniques from time 
to ti:ne have been e~ployt!.:' to effect reouced volumes and/or strengths of 
liquid process wastes. Special efforts have been made on t~ose prcduc
tion processes which genera~e the greatest amounts of pollutants: wash
ing, fluming, and chopping. It may be conc1uded that the use cf alternate 
process equipment may substantially reduce raw waste generation. 

Since the new technicues are not entirely proven, they are viewed as 
being pollution control options rather than a basis for subcategoriz~tion. 
Subcategorization on the basis of these new methods is considered to be 
inequitable for several reasons: 1) the new techniques are largely still 
e.xperimental for most corrmodities; 2) the magnitt•de of the new tPchniques' 
effect upon raw waste load reduction is still la~gely und~termined, and 
3) the establishment of' separate (more stringent) subcategory now for 
those plants which are attempting pioneerin~ efforts would be unreasonable. 

Prepac~ed Sandwiches - As described in Section III, the ~Jstewater 
generated by the production of prepackaged sandwiches re~ults from the 
cleaning of utensils and other equipment, and from floor washing. No 
justifjcation for further subcgtegorization of the prepackaged sandwich 
industry has been determined to exist. 

Baking Powder, Chicer;, Bread Crumbs - These ~rocesses have been identified 
to result in no water use or process wastewater generation and may therefore 
be appropriately considered as "dry" operations. 

Miscellaneous Products - The preparation and packaging of popcorn, molasses, 
the various syrups, honey, prepared gelatin desserts, dehydrated soup, and 
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the various macaroni products, while involving diverse operations, is 
characterized by low levels of wastewater generation. Therefore, no 
further subcategorization of these products is considered justifiable 
on the basis of process variations. For the purposes of effluent 
guidelines deve·1opment. these products have been given the designations 
El through E6. 

RAW MATERIAL VARIATIONS 

Vegetable 011 Processing and Refining 

Unrefined Vegetable Oils - With the exception of olives, available data 
do not justify subcategorization of unrefined vegetable oil production 
on the basis of raw materials since most processing·plants crush dif
ferent oilseeds at various times. Raw material and process variatior, 
are to some extent interrelated since proc~ssing techniques are often 
specially related to the type of oilseed being processed. Solvent 
extraction is the most common method used to extract soybean oil v1hile 
cottonseed oil is usually extracted by screw press operations. 

A significant difference in wastewater characteristics results when olives 
are processed for olive oil. As 4ndicated in Section V, a considerably 
more concentrated wastc~tream results from the handling of whole olives 
and olive pits as campcred to othH nilseeds. Therefore, it is necessary 
to place the production of olive oil into a separate subcategory from 
ether oilseed processing. No further subcategoriz~tion is justifiable as 
a result of raw material variations. 

Edible Oil, Shortening, and Margarine - Variations in raw materials offer 
no justification for fyrther subcategorization of edible oil, shortening, 
a~d margarine (excluding olive oil). The refining of different oils de~~ 
generate diff~rent wasteloadings, but a given plant frequently changes 
the type of oil being refined and refines more than one type at one time. 
As a result, there is no basis for further subcategorization of the 
industry on the basis of raw material variations. 

However, olive oil refining is done exclusive of other oils and generates 
a distinctive wastestream. Therefore, olive o1l refining must be con
sidered as a separate subcategory. 

Beverages 

Malt Beverages - Raw materials for the brewing industry include malt, 
cereal, grains, hops, and yeast. In terms of wastewater generation, 
th~re is essentially no differ·ence in the raw materials utilized witl1in 
a brewery. Some breweries use hop extracts instead of hop flowers, 
ther~by eliminating the spent hop disposa) problems, but the disposal 
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practice with spent hops is nonnally the addition of this material to 
spent grains. No further subcategorization of the malt beverage 
industry as a result of raw material variation is justified. 

Nalt - Although different types of barley are used for the production of 
malt, data presently available does not substantiate any differences in 
uastewater generated. No further subcategorizalion is justified based 
on raw material variations. 

Wine, Brandy, and Brandy Spirits - Wineries in the western United States 
use the V. Vinifera variety of grape and those in the east utilize the r. 
Labrusca-variety. The eastern grape is lower in sugar and higher in 
acidity than the western grape. Although eastern wineries practice 
amelioration prior to ferT.lentation, there is no data existing to indicate 
that the type of grape, per se, creates a difference in wastewater dis- • 
charged. Therefore, no further subcatedorization of the industry as a 
result of raw material variations is considered justifiable. 

Distilled Soirits - Differences in raw ~aterials contribute to differences 
in precesses as a rationale for subcategorizing molasses versus grain 
distillers. Citrus and blackstrap are used in molasses distilleries 
whereas corn, rye, and malt are used in grain distilleries. 

It should be mentioned that any grain distiller utilizing a 100 percent 
rye mash bill may generate a higher wasteload than that from a straight 
whiskey mash bill, although current data does not indicate the justifi
cation of a separate subcategory for this type of operation. 

Soft Drinks - Since diet soft drinks inherently utilize less sugar during 
processing than regular soft drinks, lower wasteloads might be expected. 
Diet soft drink production, however, is generally less than 10 percent 
of the production at any one plant. ·.vai lable data indicate the waste 
characteristics of plants utilizing diet soft drink production to not 
be significar.tly different from other oper'ations. Further si.;bcategori
zation on the basis of raw material variation is not felt to be justified. 

Coffee· - Coffee processors utilize green beans as the basic type of raw 
material, with two exceptions. Some producers utilize partially roasted 
green beans as their raw material. However, since coffee roasting is a 
dry process, this variation does not require further subcategorization. 
Second, at least one producer of soluble coffee products imports a coffee 
extract from which to manufacture the desired product. This procedure 
produces less wastewater than the production of soluble coffee from ground 
roasted coffee, but technical d~ta is not available to support further 
subcategorization of the soluble coffee process. Further subcategori
zat;on of the coff~e processing industry on the basis of raw material 
cannot be just;fied because the industry has adequate control over it~ 
raw material quality and basically the same raw materials are used by all 
ma nu fa cturers. 
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Tea - Raw materials in the tea industry consist of tea leaves imported 
from various parts of the world. There is no reason to believe, nor do 
available data indicate, that there is any difference in wastewater 
resulting fr.om the variety of tea leaves utilized. Therefore, no further 
subcategorization of the tea industry as a result of raw material vari
ation is justifiable. 

Bakery and Confectionery Products 

Bakery Products - All baked goods manufacturers utilize raw materials 
such as flour, sugar, shortening, and water. In the production of bread, 
these are the only major ingredients. In the production of cakes and 
pies, fruit, chocolate, spices, flavorings. and a larger amount of 
sugar are consumed in addition to those ingredients used for bread pro
duction. The result of this difference in ingredients is a signif·:cant 
difference in the wastewater volume and strength generated by the pro
duction of bread and the production of cake and related products. The • 
ingredients used in the production of cake require more frequent wet 
cleaning of the equipment associated with their preparation. The large . 
amounts of sugar used in cake production also contributes significantly 
to the strength of the wastewater discharged. 

These variations in raw materials result in substantially different 
waste generation per unit of production, and support the recommended 
subcategorization of bread vis-a-vis r.ake products. 

All cookie and cracker manufacturing pldnts utilize the same basic types 
of raw materials or ingredients. As detailed in Section III of this 
document, these ingredients include f1our, sugar, shortening, and 
assorted additives, flavorings and colorings. In the ~roduction of 
crackers, these are the only major ingredients. In the production of 
cookies, chocolate is also a major ingredient and a much larger amount 
of sugar is consumed per kkg of product. The result of this variation 
is undoubtedly a greater waste1oad from cookie production than from 
cracker production. However manufacturers normally produce both prod
ucts and discharge a combined effluent. Consequently, no data exists 
to support the further subcategorization of the cookie and cracker 
industry on the basis of raw material differences. 

Candy and Confectionery Products - The refined condition cf sugar and 
corn syrup, the major ingredients used in the confectionery industry, 
leads to no requirement for pre-cleaning or pre-processing. The same 
situation is true for chewing gum which uses natural gum base as a 
prime ingredient. In contrast. the cleaning of raw materials for gum 
base and for chocolate and cocoa products generates w~stes of si~nifi
cant differences. In general, while raw material variations lend sup
port to the subcategorization proposed because of process variations, 
further subcategorization is not justified. 
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Pet Foods 

All pet food plants use the same basic types of raw materials or ingre
dients. As detailed in Section 111 of this document, these ingredients 
fall into the following general categories: 

1. Meat and meat by-products, 

Z. Poultry and poultry by-products. 

3. ·Fish and fish by-products, 

4. Cereal grain and grain products principally derived from 
soybeans, corn, wheat, barley, and oats, 

5. Vegetables, fresh, frozen, and dehydrated. 

6. Sugars and syrups, 

7. Gums and food starches, 

8. Milk based products, 

9. Fats and oils, 

10. Minor ingredients such as flavorings, vitamins, minerals, 
colors, preservatives, and others. 

In general, the raw materials listed above have to some extent been pre
processed elsewhere prior to arrival at the pet food manufacturing plant. 
For example, the meat and meat by-products are typically delivered from 
meat-packing plants where the animals have been slaughtered and dressed. 
Accordingly, the pet food manufacturer has good control over the quality 
and condition of his raw materials. [f they do not meet standards. he 
may refuse to accept them. 

The formulations used by different manufacturers in preparing various 
styles of dog and cat food are described in Section III of this docu
ment. Generally, all or most of the ingredients listed are used to 
some extent in each formulation. The principal differences are in the 
respective percentages of animal and grain derived ingredients used. 

The ratio of meat (fish) to dry ingredients has a profound effect upon 
raw waste generation and strength. Results ana1y,ed from twelve canned 
pet food plants in Section V show that the organic pol~utants strength 
of the raw wastes generated increases significantly with increase in use 
of fresh and frozen meat (fish) and meat (fishj by-products (not including 
dry meal). Thus, the data support the subcategor1zation of the canned 
pet food industry into high-meat (fish) and low-meat (fish). 
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Miscellaneous and Specialty Products 

Shell Egg Handling and Egg Processing - All egg proc~ssors utflize shell 
eggs as the predominant raw material, whether broken on the premises or by 
another proc~ssor. Sugar, salt, and assorted food additives are also 
utilized as raw materials by some processors. However, these additional 
ingredients do not produce a wasteload which distinguishes plants utilizing 
them from plants which proces~ only egg products. The strength and 
cleanliness of the eggs' ~hell also varie~. However. insufficient data 

·exists for subcategorization on this basis. The chemical composition of 
eggs is primarily responsible for the characteristic$ of egg processing 
wastewater and consequently for the need for a single egq processing sub

afgory. 

~ processing plants break (and sometimes pasteurize) eggs for shipment 
to other processors for pas teuri zing. drying, freez; ng, or canning. How: 
ever. available data does nut ju$tify a separate subcategory for egg pro
cessors who do not break eggs. 

Frozen Specialties - Frozen baked goods require rich ingredients such as 
butter. sugar, cream, etc., and these are pu~chased in bulk 1 received, 
blended under controlled conditions, further assembled into final product 
fonn. sometimes baked or fried, and packaged and frozen. 

The frozen baking dessert plant must thoroughly clean with hot water a~l 
the mixing vats, cooking kettles, measuring devices. pumps, piping, etc .• 
which have c:ome in c:ontact with the ingredients and product. This cleanup 
is continuous during plant operation as different products are manufactured. 
For example, one section of the plant may run several different kinds of 
pies during a shift. A peak 1n cleaning 1s normally reached during tne 
massive final cleanup at the end of operation each day. 

The ingredients for frozen T.V. di.iners and f!thnic foods usually include 
meat, fowl, or fish, vag~tables, gravie5, and minor addi;ives. In 
addition,"there may be ~dded starriies (such as noodles), grains (such as 
ric:e), and a variety ~f small dessert dishes. These ingredients are 
usually prej'.'ared ehe\,;·ere and are then further processed, cooked, 
assembled, packaged, and frozen at the prepared dinner plant. The bulk 
of the wastes generated originates fram preparation of the ingredients. 
Prepared poultry arr1ves at the processing plant in a form ready for 
deskinning and deboning (if desired). Beef and other meat normally arrive 
in bulk. Some vegetables, such as c:arrots that require a longer cooking 

•
' may ~e partially precooked prior to being brought to the assembly 
. Potatoes are usually preparerl from dehydrated p~tato products. 

The primary wastewater generation results from equipment and container 
cleanup, and the differences in ingredients greatly affect the 
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characteristics of the wastewaters. Raw material variations further 
support t~e subcategories proposed above for frozen specialties. No 
further subcategorization is felt to be justified. 

Non-nairJ Coffee Creamer - Raw materials used in the manufacturing of 
liquid and-powdered creamer are discussed in Section III. The main 
difference in raw materials between the two products is the use of 
sodium caseinate, mono- and di-glycerides, sugar and fatty acids in 
the production of liquid creamer. However, the percent by volume of 
these materials in the final product is small and has insignificant 
effects on the wastestream. Therefore, raw materials variations do 
not necess;tate further subcategorization of the industry. 

Flavoring Extracts and Syrups - The raw materials used by the flavoring • 
extract and syrup industry include whole plants, plant tissues (fruit, 
stems, leaves, etc.), essential oils, synthetic flavoring extracts, 
alcohol. acids, sugar, solver.ts, and colors. These materials are 
generally used by all flavor producers. The ~xceptions are the beverage 
base producers which use only natural and syntl;etic flavoring extracts, 
acids. sugar and colors i~ their production. The distinct difference 
in raw mat~rial usage further supports the prP.vious subcategorization, 
but does not justify further subcategorization. 

Ice Manufacturing - All ice ma~ufa,turers utilize potable water as their 
raw material. It may bt.! suppl·ied by 1:he loc!!l purveyor or a well. In 
many areas, the water availaole is not satisfa~tory fer the production 
of quality ice. Treat?nent of the incom~·'g 1·1ater may contribute some 
additional concentration of minor polluta;.: parametars to the wasteload, 
but further subcategorization of i~e manufacturing is not justified by 
this difference alone. 

Yeast - Cane and beet molasses is the .'rimary r.Jw mate ... ial used in growing 
yeast. Differences in such diverse> fac~ors as si..ga~ cm.tent, trai:e m..-tals, 
and minerals, phys•cal stratification, amine aci1i c.:mtent and mix and 
nutrient content may produce da:ly variations in t~e total plant wasteload 
due to th~ controls used in batch processing of yeast. s:nce all processors 
are subject to the same raw material variations, no further subcategoriza:~cn 
on the basis of rah' materials is justified. 

Bouillon Products - The nature of raw materials used in the manufacturin.; 
of bouillon products result in a was:ewater high in proteins and thus hi~nly 
biodegradable. Therefore, raw matcrials usage suppcrts 5ubcategorization 
of bouillon products as a discrete suocat~gory. 

Peanut Butter - All processors use shelled peanuts as t;ie primary raw 
material. Small amounts of salt, sugar, stabilizer, and other ingredients. 
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are added to improve product quality. Raw material quality may affect 
roasting and grinding parameters, but there are no existing data to 
document any effect on wasteloads from jar washing and cleanup. 

Chili PeTpers and Paprika - Paprika and chili peppers, as explained in 
Sect1onll, are virtually identical raw products, indistinguishable 
except for taste. Some of the contributing variables influencing raw 
material quality as it arrives at the processing plant include the 
following: 

1. Physical quality: 
- Dirt and foreign objects - type of soil 
- Weather at time of harvest - muddy fields 
- Unfavorable clir.iatic conditions - yield decreases 

2. Biological quality: 
- Climatic influences, drought, etc. 
- Insect damage 
- Bacterial or mold damage 

It is not considerP.d necessary, however, to subcategorize on the basi~ 
of such unpredictable events which would usually be localized in 
occurrence. It is concluded that variations in raw product quality 
are normal and should be expected from week to week and 5eason to sea
son. Therefore, the waste management program should be designed with 
sufficient flexibility to handle the problems inherent in ~he industry 
due to expected raw product quality variations. It is also suggested 
that a processing plant attempt to work out beforehand with its regu
lating agency an emergency plan to handle a situation where uncontrol
lable significant deterioration in its raw product quality may cause 
subsequent upsets in treatment facilities. 

Other variables which influence raw product quality and which are to 
some extent under the control of the processor are listed below: 

1. Harvest method, 

2. Type of container and length of haul, 

3. Degree of preprocessing in field, sorting, and 
washing. 

These variables should be considered when control options are being 
considered to help meet the best available treatment li~itation for 
1983. They are not comp1ete1y capable of quantitative evaluation 
at the present time, but are deemed to represent good engineering 
practice and pollution reduction benefits. 

289 



( 
' 

DRAFT 

PLANT AGE 

The effective age of a processing operation is usually difficult if not 
impossible to define -· the reason being that there 1s often little 
correlation between the age of a plant building and. the age of the 
equipment within the building. A processor may constantly replace worn 
out equipment with new equipment, or, in some cases, install old equip
ment in a new building. In general, data is not available or is it 
likely to result to support clean differences in waste generation and 
treatability within the overall miscellaneous foods and beverages industry 
on the basis of plant age alone. 

One very notable exception occurs in the malt beverage industry. The 
construction of breweries has for the most part occurred prior to 1900 
or after 1950, with the exception of those built irrrnediately after the 
repeal of prohibition. Data indicates that differences in the wastewate~ 
loading as well as the applicable control and treatment technology, is 
significant. Basically, the older breweries were not designed with waste 
disposal in mind. Smaller tankage is co:.1mo11 in the older breweries, thus 
providing more surface area, and making cleanup more difficult. Older 
mashing vessels do not separate grain as effectively as newer ones, thus 
creating additional loads for by-product recovery operations. Intricate 
and often unknown plumbing systems make isolation and segregation of 
wastestreams economically impractical. 

On the other hand, breweries bui1t after 1950 have been increasingly aware 
of wastewater disposal. Newer pltnts feature efficiently designed vesse1s 
in conjunction with automated cleanup. Wastes which might be sewered in 
an older brewery are reused or added to by-product recovery in the newer 
brewery. Plant design in the last fe1·1 decades has al lowed for ease in 
waste collection. Wastewater monitoring has identified problem Jreas and 
plant personnel are subsequently trained to be more cognizant of these 
prob1ems. 

Otherwise, age of plant provides no rationale for further ~ubcategorizdticr. 
of •.he. mi scellaneou~ foods and beverages industry. 

PLANT SIZE 

The size of the plant may be siqnificant fr~m both a technical and econo~ic 
point of view. On the technicai side, no correlation to justify a suD
categorization on the basi~ of size was found between plant size and either 
raw waste characteristics or wastewater volume, except in the malt beverage 
industry. 

Plant size is more important from an economic viewpoint. Virtually all 
in-plant and end-of.pipe waste reduction te:hnology is subject to economy 
of scale, and the larger plant will almost always benefit from economy of 
scale. 
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In the malt beverage industry, :;ize of plant correlates to subcategori
zation based on plant age. Pla1ts constructed after 1950 have for the 
most part been constructed for a production of more than 800 cu m (7000 
barrels) per day due to the tendency for demand to be met by large 
capacity. It can be expected that this trend will continue and any 
future plants will be both large and automated. 

Although there is no strict corre1atio1i betweer. brewery size and waste 
generation, a generalization may be log;cally made about old, large 
breweries. These plants tend to be situJted over relatively large areas 
with segmented operations occurring in different buildings. The product 
must be transferred more frequently and farther; supervision and cor.soli
dation of wastes are more difficult. Ther~fore, size of plant is another 
key factor in the subcategorization of breweries, but is not considered 
as an ~lement of subcategorization for other products. 

PLANT LOCATION 

Plant location can be an important economic factor deterMining the 
ava'ilability of suitable land, and of municipal treatment facilities. 
Other potential effects connected with plant location include the fol
lowing: 

l. Both climate and weather affect end-of-pipe waste treatment 
processes. Variations in temperature, rainfall, evaporation 
rate, and sunshine can all affect the performance of different 
types of treatment systems. This has been taken into accour.t 
to the extent possible in the selection of control and treat
ment alternatives in Section VII. While variation of per
formance of treatment systems has been recognized, it is kno1-m 
that high loads of pollutant removal efficiency can be main
tained under variable climatic conditions with proper design, 
operation, and maintenance. 

2. Availability of solids disposal facilities or marketing op
portunities near the plant. The cost of solids disposal 
(screenings and sludge) varies considerably depending on 
local situations. 

3. The quality of the receiving water and the state industrial 
discharge limitations being imposed. Plants located in areas 
designated by a state as being water quality limited generally 
have to meet very stringent requirements. 

The factors listed above are local in nature and cannot be considered as 
factors for subcategorization for industries located throughout the 
United States. In general, the technologies developed for reaching the 
recommended effluent 1 imitation guidelines set forth in this document are 
largely land-independent. Use of land-based treatment measures where 
this option exists may in many instances substantially reduce the cost uf 
effectively achieving the recommended effluent reductiun level. 
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Of all the products within the miscellaneous foods and beverages ;ndustry. 
the one most definable by location is wine spirits production. As pre
viously mentioneG, virtually all of the wineries producing spirits are 
located in the San Joaquin Valley of California. These factors, however, 
rnerely serve as substantiation of the subcategoriza.tion dictated by pro
cess variations and do not justify further subcategorization of the 
industry. · 

PRODUCTS ANO BY-PRODUCTS 

Many of the types of plar.ts discussed in this document produce a variety 
of products and by-products -- some change products with the season or 
as the market demands, others produc~ varying styles of the same product. 

There is no question that the nat~re of the products and by-products 
produced by a plant usually affects the wastewater of that plant; however, 
the subcategories previously developed adequately account for these effects. 
No further subcategorization on the basis of products and by-produ~ts is· 
warranted. 

Cll~TIC INFLUENCES 

Influences of climate correlate closely viith plant location discussed above, 
and it is impossible to subcategorize nation-wide industries or the basis 
of climate. The locatior. of virtually all 1 ... ineries 1"1itr stills is in t.he 
San Joaquin Valley wh~re the climate is relatively dry thereby encouragin~ 
the use of land disposal of wastewater for this previously defined subcate
gory. 

SEASO~AL VARIATIONS 

The seasonal demand of a number of products in the miscellaneous foods and 
beverages industry, e.g., soft drinks, beer, candy has been discussed under 
the topic of process variations. Certain raw materials are available on a 
seasonal basis. These include various fruits, vegetables, and perhaps 
most notably grapes. il".e availability of grapes restricts the pres:.ing 
(crushing) season to a short period of time during the fall of the year. 
Since the m4teria1 for dis ti 11 ing is generating in the pres~ing season, 
distil Ji~? takes place at the same time as pressing with a small amount of 
time lag. Although this factor doe• not directly lead to subcategorizution, 
it supports the subcategorization for the distilling industry. 
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SECTION V 

WATER USE ANO WASTE CHARACTERIZATION 

The purpose of this section is to identify, for those subcategories 
defined in Section IV, the wastewater quantities and constituents which 
are characteristic of the subcategory. For each subcategory discussed 
herein. a representative model is developed and defined in terms of 
wastewater flow and characteristics. 

It should be carefully noted that within this document, all pollutant 
concentrations and loadings, unless otherwise specified, are in tenns 
of net units, i.e., do not include pollutants ente~ing the proce~s 
in the fresti water supply. 

It should also be noted that the raw wastewater flows and character
istics described for each model plant are intended u~ly to be represent- · 
ative of the subcategory, primarily as a basis for developing control 
and treat~ent technology and cost analyses to be developed subsequently 
in Sections VII and VIII of this document. These value~ should not under 
any conditions be construed as being exemplary nor used as a basis 
of pretreatment guidelines for industrial discharges into publicly 
owned treatment works. 

All pollutant parameters {except ~H. color, and temperatur~) are 
ultimately expressed as a ratio of their mass in kilograms to a process 
unit. The process unit may be kkg or cum (or in one case proof gal ions; 
of proouct or raw material produced or consumed per day. Tabl~ 16 
defines the process units used for each subcategory. 

VEGETABLE OIL PROCESSING AND REFINING 

That segment CJf the miscellan~ous foods and beverages industry ir,vo1~·ed 
in the processing and refining of vegetable oil (including the prod~ction 
of margarine) has been subcategorized into subcategories A l.through 
~ 15 (~ee Table 13 in Section IV.) 

Sub~ategories A 1 through A 4 cover those installations processing un· 
refined vegetable oil from various oilseeds and the production of olive 
ii 1 by hydraulic press a11d solvent extraction in combination, and by 
mechanical sere~ pre~s extraction. 

Subcategories A 5 through A l~ include those installations engaged in 
what can general~y be called edible o~l refining. The historical datA 
complied for this study by the lr.:.ititute of Shortening and Edible Oils 
(ISEO) in conjunction with contrac~or plant visitations and ~erification 
sampling of ten plants represents ·:he most current information available 
on the wastewater characteristics of edible oil refineri~s. Wastewater 
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TABL.E 16 

PROCESS UNITS EMPLOYED FOR 

THE MISCELLANEOUS FOODS AND BEVERAGES 

POINT SOURCE CATEGORY 
SUBCATE~ORY 

VEGETABLE OIL PROCESSING AND REFINING 

Al, A2, 

A3, A4 

AS - A12 

A13, Al4, AlS 

BEVERAGES 

Al6, Ai7, Al8 

Al9 

A20, A21 

A22, A23 

1\24 

A25 

A26, A27 

Z94 

PROCESS UIHT 

kkg of oilseed 
crushed/day. 

kkg of raw olives 
crushed/cay. 

kkg of crude oil 
processed/day. 

kkg of fi ni sr12d 
prodL'ct. 

cu m 0f beer 
produced/ddy. 

kkg of bal"l ey 
processed/day. 

dul"ing crushi~~. kkg 
of grapes crushe1/ 
day; during process
;ng, cu m of wine 
µroduced/day. 

kk9 of grain 
mashed/day. 

proof gallons of 
spirits produced/day. 

None. 

cu m of beverage 
produced/day. 
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TABLE 16 (CONl'D) 

SUBCATEGORY 

BEVERAGES 

A28 

A30 

ca. C9, ClO 

Fl 

BAKERY AND CONFECTIONERY PRODUCTS 

All Subcategories 

PET FOODS 

All Subcategories 

MISCELLANEOUS AND SPECIALlTY ITEMS 

A29 

A31 

A32 

A33 
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PROCESS UNIT 

cu m of syrup or 
concentrate 
produced/day. 

kk3 of instant 
tea p~oduced/day. 

kkg of green 
coffee beans. 

None. 

kkg 0f finished 
prod~ct/cay 

kkg of finished 
product/day. 

cu m of finished 
prod·1c t/ day. 

kkg of granular 
bouillon 
produced/day. 

kkg of sol1d pro
duct produced/day. 

(1) kkg of yeast 
pclckaged/dav. 
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SUBCATE50~ 

A34, A35 

A36 

AJ7, 81-84, C6, C12, 04 

C4, CS 

El-E6, F'2-F4 

TASLE 16 (CONT'9) 
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PROCESS UNIT 

kkg of peanut 
~ut~er produced/ 
day. 

kkg of dry pectin 
producedf(i:iy. 

kkg of finished 
;:>rod•1ct/day. 

kkg '"If r;iw eggs 
processed/ da:;·. 

None. 



characteristics within the industry vary widely from plant to plant due 
to differences in degrets ~f process variation, plant size, and the types 
of oils processed daily. However, for the most part, process variation 
is the single ITIOst important factor in determining the total waste load 
for a particular refining operation. The total waste loading for an 
edible oils refin~ry i!; dependent upon the individual waste load contri
b~tions from the various integrated process u~its within the refinery. 
In gene;·al tenns, large, integrated, full si:ale refineries produce sign-
11ificantly higher wasteloads them small. ·1ess integrated operations. 

lhe princ~ple sources vf wa~tewater discharge ~ithin the industrt are 
from tne following process units: acidulation; caustic refining; 
contact cooling tower blowdown fro~ barOl!letric condensers; tdnk car 
cleaning; storage and handling facilities; r:iargarine; shortening; and 
tab'e oils packaging; and general cleanup from oil processing procedures 
s~cn ~s hydrogena~ion, bl~aching, deodorization, and winteriza~ion. 
Fi~ure 42 in Section III presents a schematic d·iagra!Tl of ti1e various 
waster•ater flews frM1 indh•idual i;r:>cess units for a typical full 
scale. iite;rated. edible nils refini'lg operation. Table 17 pr~sents 
a sunvnary of the waste 1ouding character-isticsof ir:dividua1 unit proc.€sses 
commoniy 3ssociatea with edibi~ oil ~e~inerie~ as descri~ed in Section Il:. 
Due to the high degrle of ~ariabi~ity in refinery plant siz~ and proc~ss 
intt?gration. it was nec~ssa1·y to .:idopt a bt.:ilding block a~proach for 
th~ fonnulation of the mc.del plant ·:-,d i~s a::.sociated uni: process 
waste s~reams. Model µlants werl developed for subcategories A 5 
through t 14 by cu~bining the wa~te luad for che various unit prnces5es 
making up a ;ubcat~gory. Fo1· ex,mpb the Subcatego1·y A 5 r.1odel plan!, 
intludes th~ unit processes of caustic refining, tank car claaning and 
stonge and handling. A total ·flaste lo~J for Subca~egory;. 5 was 
deriv~c by co~vertin~ a~l unit process ~~ste loads to a 454 kkg (5~0 Len) 
ce:- ddy plant and then, by s1.1mmat1on of thP. unit WP.Ste load!:, a 1:Jta1 
wa::>te load wa5 assumed tor ~ach para-:Tc:ter-. The !iypothetical model 
plants devel0ped uti!iz~ng this prnc~oure ar~ in:c- !eJ to be representE
tive of the subcate~ory as it presently exi~ts, but cannot be expec~~d 
to ce iGentical to any parc;cular pl"lnt. In some 1..ii~~s the rnodel may 
be representativ~ of an act~al refinery on~y to a limited ~Atent, but 
in all cases the model is ~onsidered adequate for the purposf of devel
r·ping cc;ntrol and tr-ea;::ment te;:r,r.oio~y (Section VII) and for cos-:. 
analyses (Secti~n vIII;. 

SUBCATEGORY A 1, OILSEEC CRUSHING. EXCEPT OLl'Jt Gil, ~OR ::1IRECT SOLVENT 
EXTRACTION MID PREPRF.SS .SOL\1E:ff ::.n;/J~lu~1 OPERAT".JNS 

A total of six direct solvent extraction plants and two prepress sol~ent 
extrar.tion facilities were visited and verification sampling was con
ducted at four direct solvent extraction plants. 
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TABLE 17 

SUr.utARY OF UNIT PROCESS RAW OATA ON EOJIJL!: OIL REFHffRY ~IASTEl~ATER 
CllAR/\CTER ISTI CS 

Unit Production F)°'" BOD coo SS 0 t. G PH BOD/COO 800/0 & G 
Process KKG/DAY n /DAY kg/kkg tgl._k~jl kg/kk.9_ ~g/kk_g_ Range Ratio Ratio 

c~ustic Ave. 320 72 l. 01 1. (J 0.51 0.61 7.3 - l l. 9 Q,46 3.4 
Refining Std. Dev. 221 145 1. Sf! 1. 7 1.13 0.C6 o. 19 3. 'l 

Acfdulation Ave. 486 225 4.69 14. 97 1.66 1. 20 IJ.6 - 3 0.58 77 .69 
Std. Dev. 459 148 5.08 23.44 3.84 3.06 0.20 153. 56 

Contact Cooling Ave. 34C 178 2.21 ". 24 0.31 0.30 ).3 - 7.3 0.53 15. 91 
·Tower Slowdown Std. Dev. 264 135 3.51 5.73 0.37 0.34 0.16 25.78 

Oil Processing* Ave. 389 25 0.09 0.22 0.05 0.07. 7. 3 - 13.0 0.48 13. 99 
~ 

Std. Dev. 212 22 0.23 0.47 O.OB O.OJ 0.22 34.33 
D 
0 

Tank Car Ave. 167 Je 0.49 1.38 0.19 0.20 5.5 - 8.9 0.42 4.36 
Cleaning Std. Dev. 112 32 0.84 2.41 0.24 0.31 0.25 4.87 

Stora9e and Ave. 285 8) 1. 36 3.83 0. ill 0.69 2.5 - 11. l 0.51 s 'J. 89 
Handling Std. Dev. BO 159 4.33 14.GO 2.54 2.47 0.11 201.79 

Shortening and Ave. 195 75 0.48 0.19 0.18 0.19 6.1 - 11.5 0.52 S.08 
Table Oil Std. Dev. 103 113 0. 75 0. 1 s 0.2~ 0.38 0.10 6.68 
Production 

~rqarine Ave. 112 169 1.93 4.23 1.34 2.8b 6.0 - G.O 0.53 4.14 
Production Std. Dev. 61 139 4.06 5.63 2.41 5.6 0.23 4.29 

* Includes floor wash and general cleanup of ttie fo11ow1ng unit processes: 
Hydrogenation, deodorization, winterization, and Bleaching. 
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The principal sources of contact process wastewater generated from 
solvent extraction operations include wastewater generated from 
soybean oil degun111ing operations to remove and recover phosphatides 
(lecithin); wastewater generated from wet scrubber systems to reduce 
air particulate enrnissions from mill preparation areas; wastewater con
taining oil, grease, and solvents, resulting from the extraction of oil
seeds; steam condensates contaminated by oils, fatty acids, or hexane 
solvent; and periodic in-plant floor washing and equipment cleanup 
represented by oil or miscellaneous spillage, valve or pump leakage. 
etc. In addition to these process wastes, a large number of processcrs 
were observed to combine their process wastewaters with non-contact cool
ing water from cooling tower and boiler blowdown. 

Historical data supplied by the NSPA and the ~ational c~ttonseed Producer's 
Association (NCPA) for 18 solvent extraction facilities in c.:·:ibinatior. 
with four verification surveys found the following averages for 
Subcategory A l plants: 

Production 
flow 
BOD 
COD 
SS 
O&G 
pH 
800/COD Ratio 
BOO/O&G Ratio 

780 kkg/day (860 ton/day} 
140 cum/day (0.037 MGO) 
311 mg/1; 0.058 kg/kkg (0. 115 lb/ton) 
619 mg/l; 0.140 kg/kkg (0.281 lb/ton) 
140 mg/1; 0.035 kg/kkg (0.07 lb/ton) 
253 mg/l; 0.064 kg/kkg (0.128 lb/ton) 
:>. 2 to 10. 4 
0.50 
19.8 

Table ld presents a statistical description of the process wastewater 
characteristics compiled during the study including mean, standard 
devicitions, minimum and maximum values. 

There was a significant correlation observed in the industry between 
the volumes of process wastewater discharged per day and total daily 
producti.on as is evidenced in Figure 107. However, there was no corre
lation indicated between production, BOD, COD, or oil and grease concen
trations. These data are summarized by the scatter diagrams preser.tcj ir. 
Figures 108, 109, and 11u. 

Total Process Effluent 

As indicated in the data presented above, the pollutant concentrations 
and waste loadings for solvent extraction ~lants are highly variable due 
to the following in-plant variations: (1) the amount of wet cleanup 
and general housekeeping practices utilized by each plan~. (2) the 
quality of seed being crushed, and (3) plants that perfor-m soybean oil 
degunvning periodically in combination with solvent extraction processes. 
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TABLE 18 

A STATISTICAL OESCRIPT'ON OF THE WASTE.WATER CHARACTEIHSTICS 
FOR SO~VENT EXTRACTION PROCESS WASTEWATER 

VARIAllL[ N Hi AN S TArll)IUIO 'IAAIAHff HlHIHUH HAJIMU" 
&EVIATION 

flow (IGll 511 O.OJ7064 0. 01<11 I l O.OOOJb~ 0.001000 o.oeuoo 
Prod. (ton/day) '511 !159,4U55l 12e,02~1PI H'5i!0';,555l71 22D,OOOOCO lUl.000000 

BOD (1119/l J 119 31t.h7l117 110l,98P.llll UHOb,tl2?c;'S u.ooooeo zeoo,000000 
SS (mg/1) Sl ll'l,8.00!>1'5 19e. z111>2rn J<ilOt ,s<ia<~~ J,OCOOCO e-;-11,oocooo 

CO:> !r.•'.J/I) 118 61'1,HlHJ 5fZ. leta50 ]i?"l]q, ]lJ])J S'IO,OOOOCO z,11i,oe6000 

•f(l(i (rr.g/l) 11'5 252,lH!ot? 1511, H575~ 5712~11,00.?5~5 J,000000 1111)0,001)000 

BOO (I l)/d6y) 119 18,0(lcO~I ')b,H70U HH. iin~l~2 11,~0tlOO lllll. 751!850 

coo (lb/d~y) 11!1 111i.z.:111J 1s11, 1noe1 21'1110, 11i I~ 77 2l, l5'11U 11011,e.1111'1.?!I 

SS ( lllld1yl 52 )i!, }I ?0?7 r;J,cllC701 2!1]11,'l7221• 0,11211176 2h,JIOJ72 

ro:; (lb/day) i.5 II ii, I r,q <> 52 ZG5,Z!i<ooes 11c111.zqzo~" 0,1'110\l 11'17.7lW5110 

lb/ Ton· i:.)0 •9 0, 11 ~20 I a.121ce1 ~.otatt.~ 0,01~1!'!9 O.Hllel 

kg/'-'«:i·fO~ ~9 o.o~Hc1 0,0()0511U O.OOJbl>I> o, Ci07!JO O,Jl:St'IO 
lb!ltn-(1)[) 1111 0, 2e 11I11 0,150•~11 0,12?.~!ti C, CZ~'17l l,71!olCO 

kg/Ho.9-COO '-II 0,l~C'i-:.7 0.17~0';7 0,0lOi!>~q 0,012~~6 c.e11~050 

lbflon-SS 52 ~, 07CG~ll O.llS'OC3 0.0111138 o.cono O,!IHll" 

kg/Hg-~:; 52 C. 03'iO:.i? 0,0~'11151 0,00]';!11 O,OOOHI O • .i?~25H 

Li>/Tuo-f(X; W5 (l,IC7Ql1 0,1.1.i?ll!tll 0,177'9@8 0,0002!'1 2.u17i.'1 

k9/k~9-FCX: ~5 (),01>3~te 0,2fOU] o,011ua117 0.00011<; 1.!ltlltl 

BOO/COO Ratio 110 D,50H~O o.2<1121111 0,0lll]D'I O, l739i5 O,'lltlllb 

BOO/FOG P.at lo )1 l'o,801>!>25 12.02•1e1s1 I025,8tOCa~ c.1111972 Jls,000000 

flow Ratio n llt.i!OllOlll 111.21120 :;1i11, 1ioee1111 tl.b3'ltll '11,UIOTO 

• FOG • fats, Olis, and greases • 

ft • N1111btr ol data points 

llote: CCll'puter calculattons for thfs table show no regard for stgnlflcant figures. 

COEFFICIENT OF 
COVARlENtE (11 

51.5'57 
n,111 

ll4.Ta7 
1111,7H 
Cfl,]!l 
ioo.~s• 
7l,UJ 
e1,,0J 

111'.~~I 
101.!U 
1os.1011 
t0'5.IO'I 
12 Cl.'! l G 
1241. 5711 
U"',f51 
16'1, f''!:' 
]i!9,h2 
l2'1t HZ 
110,acs 
ltl•''' u,sn 
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Model Plant 

The model plant for subcategory A I is based on the following 
assumptions: 

1. The model plant is assumed to have a daily.production of 
816 kkg (900 ton). 

2. The model plant has a flow volume of 0.144 cum/day 
{0.039 MGO). 

3. The model plant may or may not have the unit proces~ 
of degurmning. 

4. The model plant may or may not have a wet scrubber 
system for removing air particulates. 

By converting the data base compiled for this study to a model plant 
production of 816 kkg (900 ton) per day by multiplying by a factor of 
1.05 (i.e., 816 kkg/780kkg = 1.05), the following wastewater 
characteristics were derived for the Subcategory A l model plant. 

Production 
Flow 
BOD 
COD 
SS 
O&G 
BGO/COD Ratio 
pH Range 

815 kkg/day 
148 cu m/day (0.039 MGD) 
340 mg/1; 0.061 kg/kkg (0.122 lb/ton) 
815 mg/l; 0.147 kg/kkg (0.24'1 lb/ton) 
210 mg/1; 0.038 kg/kkg (0.076 lb/ton) 
380 mg/1; 0.069 kg/kkg (0.138 lb/ton) 
0.50 
6 to 8 

SUBCATEGORY A 2 - OILSEE:D CRUSHING, EXCEPT OLIVE OIL, BY MECHANICAL 
SCREW ?RESS OPERATIONS 

Severi typical n.~chanical screwpress extraction plants (three cotton-
seed crushers and four peanut crushers) were visited in conjunction 
with information from the National Cottonseed Producer's Association 
and the Southeastern Peanut Association. Only two sources of contact 
wast~water were observed. These consisting of 1) contaminated steam 
condensate from steam coo~er operations and 2) wastewaters generated 
from infrequent floor and equipment cleanup. Four sources of non
contact wastewater were observed from the following unit processes: 
1) non-contact cooling water circulated thrcugh the hollow expeller 
worm shaft to keep t~e oilseed cakes from burning, 2) boiler blow-
down, 3) non-contact cooling tower blo1~down (only during the winter 
months), and 4) stonn water runoff. In general, the resultant con-
tact wastewater generated from screw press operation is less than 
4,000 1 iters (1000 gallons' per day. Screw press operations near to 
or in conjunct~on with an edible oils refinery dispose of wastewater 
by trucking it to the refinery where the oil is recovered in the 
acidulation process. Three plants were also observed to recycle their 
wastewater into the boiler ~eed water. Due to the small volu~e of waste
water discharged, it is not n~cessary to develop a model plant for Sub
category A 2. 
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SUBCATEGORY A 3 - OLIVE OIL EXTRACTION BY HYDRAULIC PRESSING P.NO 
SOLVENT EXTRACTION 

The process descriptions of the extraction of olive oil by hydraulic 
pressing and solvent extraction were presented in Section III. At 
present. there ts only one plant which utilizes either the hydraulic 
press or solvent extraction precesses for the recovery of olive oil. 
The only source of wastewater generated by the extraction of olive oil 
by hydraulic pressing is centrifuge fruit water. Wastewater attribu
table to solvent extraction consists of a small amount of water which 
drains from pits and culls during storage, ar.d an equally small non
contact condenser water flow. Equipment is wiped clean. 

The wastewater from the hydraulic pressing process was deterr.1ined to 
have the fo11owing characteristics: 

Flow 10.9 cum/day (0.0029 MGD) 
BOD 63,000 mg/l 
SS 14,000 mg/1 
FOG 3,220 mg/l 
pH 5.1 

Model Plane 

The model plant for this subcategory is plant 79102. Between the month~ 
of October .... c June, the r1ar.: generally operates 24 hours per day. seve~ 
days per w~ek with the op~rating schedu13 dependent on olive crop yield 
and availability of harvesters. 

The total plant effluent consists of ce~trifuged fruit water with the 
characteristics listed above. 

SUBCAiEGORY A 4 - OLIVE OIL EXTRACTION SY MECHANICAL SCRrn PRESSING 

At present there is only one olive oil manufacturer in the United States 
1hich extracts olive oil by the mechani:al screl'I µress process. Tl1e ex
traction of olive on by screw press operations produces wastewater fror; 
the following sources: 

1. Wasning of whole ripe olives prior to pulverizing 
2. Centrifuged fruit water 
3. Centrifuged sludge 
4. General plant cleanup 

Fruit Wash Water 

Prior to grfoding in the harm1er mi11 the fruit is washed by pump 
and air percolation washers. These wash tanks are filled and discharged 
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at least once per day or more depending upon fr,; it condition. The quantity 
of wastewot~~ discharged from the washers vades between 19 cum/day (0.005 
MGO) and 38 cum/day (0.010 nGO). 

Centrifuged Fruit Water 

The quantity of fruit water generated by the centrifuge is approximately 
38 1/min (10 gal/min) for a total centrifuge effluent of 54.5 cu m 
(C.0144 MGO). The constituents of the centrifuged fruit water indicate 
a BOD concentration of 60,000 mg/l and a fat content of 25 percP.nt. 

Centrifuged Sludge 

Approxim~tely 38 cu m/day (0.010 MGD) of centrifugAd sludge is generated 
from the initial centrifuge following pressing. The pollutant concentra
tions of the centrifuged sludge Ytere determined to be as follows: 

BOD 48,000 mg/1 
SS ST,000 mg/1 
FOG 34,000 rng/l 

General Plant Cleanup 

Cleanup of equipment is done on an irregular basis wi~h little gener3tion 
of wastewater. ~ue to the irregular nature and inher~nt variability of 
:he cleaning operation, representation of waste flow cannot be reliably 
:Jeti::rmined. lt is, however, reflected ir, ~he total waste discharge. 

Total Plant Effluent 

.The total effluent from the plant ~o~:d amount to approxim~tely 114 cu 
m/day (0.03 /.lGD) and would have tlie foi7owing characteristics: 

BOO 30,00Q.mg/l 
SS 57,000 mg/l 
FOG 20,000 mg/l 
pH 5.5 

Selecti0n of Model Plan~ 

The mode1 plant, illustrated in Figure 39 in Section III, processes 
~4 kkg/day (48 ton/day) of olives. The total plant effluent consists 
of the combined waste streams as previously presented. The plant open~es 
24 h1urs per day, seven days per week between the months of September 
and ~pril except during unpredictable harvesting lulls. The plant's 
wastewater has the following characteristics: 

Flow 
BOD 
SS 
;;0G 
pH 

114 cum/day (0.03 MGD) 
30,000 mg/l 
57,000 mg/1 
20,000 mg/l 
5.5 
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SUBCATE'GORY A 5 - PROC ~SS lllG OF EDIOLE 0 I l BY THE USE OF CAUSTIC REF' IN I 'lG 
METHO[JS 01lL Y 

The individu~l unit processes characteristic of Subcategory A 5 plants 
include: (1) caustic refining operations; (2) general cleanup of 
storage and handlin; facilities; and (3) tank car cleaning operations. 

Caustic Refining 

A principle source of wastewater generation from Subcat~gory A 5 refineries 
results from the caustic refining of crudP vegetable Ol' animal oils. 
Wastewater discharged from the washing of refined edible oils will 
vary considerably from day to day depending upon the nature of the 
crude oil being refined. Seng (53) reported an Illinois caustic refining 
operation to have the following average pollutant concentrations: 
BOO, 1240 mg/l; COD. 5000 mg/l; suspended solids, 690 mg/l; and ether 
solubles, 1800 mg/1. The average waste loads for the Illinois plant 
were: BOD, 0.27 kg/kkg (0.55 lb/ton) COD, 1.1 kg/kkg (2.2 lb/ton)~ 
suspended solids. 0.15 kg/kkg (0.30 1b/tcn); and ether sol~bles 0.4 
kg/kkg (0.8 lb/ton}. The average flow was recorded as 0.054 cubic 
meters per day (0.0144 MGD). 

Historical and verification survey data compiled fo~ this report from 
six edible oil caustic refining operations found si3nificantly higher 
concentrations of BOD, COD, suspended sol ids, and oil and grease. liean 
concentrations and wasteload value~ from all data collected were: 

Production 
Flow 
BOD 
COD 
SS 
O&G 
pH Range 
BOD/COD Ratio 

353 kkg 
75.7 cum/day (0.02 MGD) 
6,900 Mg/l; 1.01 kg/kkg (2.02 lb/ton) 
14,800 mg/l~ 1.8 kg/kkg (3.6 lb/ten) 
~.700 mg/l; 0.5 kg/kkg (1.0 lb/ton) 
r;,ooo mg/l; 0.6 kg/kkg (l .2 lb/ton) 
1.3 to 11.9 
0.46 

Table 19 provides a ~tar~stical description of the data compiled from 
six refine~ies includi~g mean, samole sizP, standard deviations, mini~u~. 
and maximur.1 values. Table 20 presents a sum:nary of caustic r-~fining 
waste loadings fro.-n,the six plants visited and sampled during the course 
of this study. A~ would be expected, calculated correlation coefficient 
statistics show a significant corr~lation between the concentrations 
of BUD anJ COD in the caustic refining wastewater with a calculated soo:cc~ 
ratio of 0.46. A significant correlation also exiitS between the kg/kkg 
4..>f BOD, suspended solids, and oil and grease. These data indicate that 
much of the hexane extractable material exists as ~il ~ttached to s~~pended 
solids particles with a specific gravity close to that of water. 

Tank Car Cleaning 

The clean1n9 of tank cars to remove residual oil constitutes a major 
waste stream asso~iated with all Subcateqory A 5 through A 12 edible 
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TABLE 19 

A STATISTICAL DESCRIPTION CF THE WASTEWATER CHARACTERISTICS FOR 
TH£ EDIBLE Oil (AUSTIC REFINERY PROCESS 

VA.DJA&LE N Mi.AN STANDARD VARIANCE HINllUI M..~1.u! 
DEVIATJnt: 

fl~ (l".GOl ii I .O.Ot'IOOl 0.01!l@t 0,001 11,001000 o,otuoo 
Prod. ( tonfay) ;i I )r;;>,'Hl.?~)9 :?•l. OSQU<J 59516.GlQ 38, JOl)CCO scu.000000 
BOD (irrq II) l9 &'1~}."lf.?'51> '77117, 1•0--bll 60028.i'&ll.til'O JS,0000~0 n100.oooooo 
SS (rri'J/ I) .; 1 l 7 I ~ • 11'' t• o e I' 7'513. 99~1!b9 5Hfl'5l'l~.276 i!O ,Ol'!\QOQ 4l661J,~0QOOO 

COO {n<;/1) H ti171l .&l5th \UlltSS,qHt-95 211179'5115J.50) 10G,000uCO u1s2,oocooo 
•f(Yj ln-gil) .:11 s:as.t>51'~}1 1905, I 12516 74' Jone~ • : lo 11,000llCO G911'56,0CIQ(i00 
Bell (1 ti co) 39 s~2.1c;!.?c!9 ,,H,19el25 00~000,155 J,C87t50 21161,02!Cl50 
COO (\t!l.1at) lT \\P.2,~\H;u() \l&b"l,UC:.llbc~ ll~'i2'H .•oe 2~.DHCJO 7U1,751tlbO 
SS :rc./Jay1 1;1 ~H. CH Jil ]9il.209t:}ll 152Hl.~5tl I. 26111100 1•57,PI 710!I 
FOG (It idayj '"'! l•e..:. .. ~!'9l •c;q. ,n O<T'J7 112111!' • uz i, HS'!IEO JU'J.15"71111 

L1Jflcr1- am H 2.Ccjf.!2 l. l1ol51f5 IG ,'l5 l e .ost.0~1 \8,f.~Bb7 

kg/U·]·l:al Jq 1.on111 \,~85298 2,511 0.~2POllb Cl,ll~}bllO 

lll/lo11-COO J7 J, 11.r~un J,11osan iJ.~<;7 o, ll711Si9 l],l;tP.08 
kg/Ug-CO:l 37 l.61:2H 1.102111 2,@'fCI o,0112~a b, 70<i2JG 
lb/lon-SS 111 1.0t'HiJ7 2.2S<;b75 ~,IO b 0.010 '"' SZ, 721!181 
kg/kl g-SS UI G,51l7:ill l.1<'9eJJ I. i 77 0,0150t5 b,Ht5111 
lb/lc;,,-Fcx; GI t.2l'•'>~b l,7!21-'8 .:'. 911 o,oieeo;J 6,o,QlH2 

k9/U9-FOG 111 ' ... , ....... II o.i!5b'H"I 0. 7j 1 o,oo<i11111 ll.i!G!i99t 
BW!COO Ratto 15 0.46!:111~ G,1c;13c;9 0, Ol7 O, l5l7l'2 O,f!8dCIO 
ecotr<JG Rat to 39 J.coeoB ),'Jll'l]/19 :~.28] 0,059710 il.O,C:17778 
Flow Ratio • l 5~.lllCll ••.•51221 9q5q. i!lZ ~.sa~cic;:\ 4'•b,'55l1U 

• rOG • fits, Otls, Ind greases . 

H • .ner of data pofnts 

ftott; t0111PUter CJlc~lattO!'ls fQ/I" th1s ~le Miow no regard for stgnttfc1nt figures. 

COEFFICIENT OF 
COYARIENCE (:) 

20l ,ftl!.! 
~•. uo 

111,?llb 
20l,PJ1 
••.u9 

116,119~ 
1 l5,2Q~ 
U11,J18 
167.Da6 
UJ,c,u 

'~~·'" 15111,'il I 
to,ctr> 
\Ci,QU 

2l9,CJ8 
2l•.oe 
1]9, 1119 
U9. an 
UaC56 

llJ.!79 
.11> .~e~ 



TAllLE 20 

POLLUTANT LOAOINGS FOR CAUSTIC !lEFINING \.!ASH WATERS 
c 
;:o 

Edible Volume > ..., 
Oils Wastewater Oi 1 and -i 

Refinery ?roduct ior, Oi-;charged BOO coo SS Grease 
(Process Code) {kkg/day) h_1n/ddyl ( kg/kk3) (kg/k~g) (kg/l:kg) (kg/kkg) 

1sRoe 424 29.2 0.39 0.99 0.55 0.86 

75R09 ·388 331. 6 0.88 2. 18 0.11 ~.64 

75R15 310 36.6 0.49 2.53 0.38 0.28 

75Rl7 245 54. 5 r..28 1.11 0.15 0 .4\J 

w 75ROS 227 31. 5 l.43 2.37 0.36 o.~~ _. 
0 

75R06 276 56.1 2 .15 0.90* 1.46 0.75 

• COO Safllple stze was iess than BOD sample size. 
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oil ref1'11fl!" ~acilities. Average concentrations and ~1aste loading of 
po1Ju1.a;1ts trc,,n six plants were as follows: 

PrC\duction 
F1o"I 
BOC 
coo 
SS 
O&G 
BOO/COD 
pH Range 

184 kkg 
37.8 cu m/day (0.01 MGO) 
2950 mg/l; 0.49 kg/kkg (0.98 lb/ton) 
5850 mg/1; 1 .38 kg/kkg (2.76 lb/ton) 
900 mg/1: 0. 19 kg/kkg (0.38 lb/ton) 
920 mg/1; 0.20 kg/kkg (0.40 lb/ton) 
0.42 
5.5to11.9 

Table 21 presents a summary table of means, minimums. maximums, sample 
size, standard deviations and coefficients of covariance for tank car 
cleaning operations from six edible oil refining operations. Table 22 
presents a surrvnary table of tank car cl~aning ~1astewater characteristics 
for each of the six plants investigated during this study. 

Storage and rransfer 

Another typical unit pr~ce~s waste load associated with all edibl~ oil 
refinery Subcategories A 5 through .I'., 12 is that of wastewater~ generated 
during cleanup from !torage, handling, and transfer areas within the re
fining plant. Waste loads from these ar~as are highly variable and are 
dependent on general daily cle~nup necessitated by accidental spills, 
leakage, or pumo failures. Averaged ~aste load data from three plants 
resulted 1n the folio~ling pollutant conc~ntrat:ions. 

Production 
Flow 
600 
coo 
SS 
O&G 
~OD/COO 
pH Range 

314 kkg 
75.7 cu m/day (0.02 MGD) 
8,000 mg/l; 1.4 kg/kkg (2.7 lb/ton) 
21 ,000 mg/l; 3.8 kg/kkg (7.7 lb/ton) 
5,400 mg/l; 0.87 kg/kkg (1.7 lo/ton) 
4,200 mg/1; 0.69 kg/kkg (1.4 lb/ton) 
0.51 
2.5 to 11.1 

Table i3 pre~ents a statistical description of the data ~ompil~d for this 
stuciy including 111ean,. $tandard deviations, m~nimum, n1axirnuni, sample size, 
and coefficients of covariance for the three plants investigated. 

Refinery Floor Wash 

Pollutant waste loadings result from general floor washing operations 
necessitate~ by acci~e~tal oil spill~ and pump seal leakages. In general 
these cleanup procP.cures art: inter"'ilittent. and represent a relatively minor 
co~tribution to the total waste load of Subcategory A 5 plants. 
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TABLE 21 

A STATISTICAL PESCRIPTION OF THE WASTEWATER CHARACTERISTICS FOR 
:DIBLE OJL REFINERY TANK f~R CLEANING OPERATIONS 

VAl!lQlE " l'IEAH STANOAil~ VARIANCE H(Nll'l.JH KAlllHUM 
DEVIATION 

Fl ow ( :it;Cll ]fl o.c101Z11 o.ooau 1 c.0001 o.oooeco o.0111.1ooc 
Prod. < t~tc-111 lll 1~3.'iS271l!I I Z),Z<1S'IC6 l'ilP'f,'iSlll 75.ooooco l'iO,OD:IOG!I 
ll()(J (&g/1) . " Z'lll'..~~BH HU, J~Zllll ll •616'1!1. 'ii'~ I TO,OOCOCQ i8i!7S.11001100 ... 
SS {rg/l) '35 •~2.:i?l!SH •111. 75~tl!J HflHl,t"lq t,occoco HZO.OOOOOI) 
cco (ir.:iJl) llo 'il•a.1~H&7 ? l Je, lill'i 060 SJ95U311.f>OOO U ,OOOCGQ S1!ilO,oooooo 
·r~ ~r.i1Jfll )fl ~n.111111 11e.11.sq1oc~ 13'55e<'G.P7! 1.0000~0 118111>,000000 

81:0 i lblday~ )C u11.c:~1Q~11 l'i•. l lllf27 ,'>J!1,'i<H e..1111;:s bll3,HOl12 
~Oil lb.'ll~y lb 105. _ ... ~,, 6511,':i.?UllJ OlHl9.~7H '5,75fZ~O )5S2.H7200 
SS ( hi/Giy} !'5 ~e.'>1a1~1 1.?~ .... 0111 1669C,CPll~ 0,7flllll0 lS2. :H520D 
fOG (\~/.1ay) Se ~7.~-1•7' 11 ... c:.i~a~i 11117l,H!7 o.~111c;c1 S3e..iq<;7QO 
l<>i Ttr.-t.~·O l ·' ~-~~]lio5 t,fl7E6H c." ll@ 0,CZQf57 e.sH~oa 

h/Ho;-L.CO l: ~.-~1.,n Q.llHJI; 0, 7C~'i O,Olw<ltll u .c~Hi!l 
lt.; l11r.-COO le ?.7~~:;11 11,l'C!Clll <'l.21'.I o.oec;<;o;1 25.371!3]7 

• jl."1;-CC[J h l.!1'~~11 2.u1C3ffl .., • ecrr; o.0121c;t. 12.t/!9111'1 
un.,n- ~s )5 c. 1·~~~1 o ..... ~6•2 0 • .?~ jjQ c.co3012 2.l~l?Oll 

•q/kkq-~S !'i c.:~CCll O.<'"hll C .OH2 0, 110\ Hfl l.17'!60i! 
lb/ fon-f()(; lb o .~at1c111 O,Ul7h 0. 37112 o.ocsno 2,800'11:1 

• g! U•tj-F OG l& !' ,tO!]&ll ;,30'!11'.il 0,0'135 ~.O~CbOO l,llD~llS7 

200/COil 114 t lo l~ ~-~~l~l'l o,2:.17c;., 9.Ct?U 0.0210'!7 1.1U1b~l 

eoo;rcc latt:J JC £.~~5555 ~.l!TOSlt. lL Hlq 0,11>2'5!8 Zl.nn:n 
fl""' ht io '" 57.627"81 52.~19249 271'.i,\065 IO,bbb11~7. )42,857111] 

• FOG • fits, Olh • ano:: gr,4ses. 

I • lflmtler of dlt1 pofnts 

lote: Cc.aputer c11,~11tio"s for t!lh tab'• shall 11a r~arlll for s•!llltflcant figures. 

COEH IC l[KT Of 
COVARIENtE (I) 

n.011 
u. 1115 

l'Hl.'i65 
10•.!'!8 
12s.11e1 
12~.1]8 

122,1101 
u1.~oa 
191.0HI 
t 7 ... 223 
170,hl 
170,711,'! 
1711, tH 
1711,7!8 
110.2111 
130,clO 
150,!'I• 
150,!'ifl 
se .cie• 
111.~23 
_41.ao 



MBLE 22 

POLLl!TPrJT WASTE LOADINGS FOR EDIBLE OIL REFINERY TANK CAR CLEANING Cl 
:xi 
)> ..., 
-I 

Volume of 
Edible Oil Production Wastewater BOD coo SS 011 & 
Refinery by D1scharged Grease 
Process Code (kkg/day) (cu m/day) (mg/1) (mg/1) (mg/1} (mg/1) 

75T05 68 85.4 l. 6 2.7 0.26 0.27 

75106 170 21.2 0.37 0.79 0.09 0.16 

75108 191 44.0 0.40 1.28 0.36 0.38 
w 

'"' 75T09 127 124.9 0.31 8.07 0.21 0.68 

75110 187 37.9 0. i3 0.32 0.10 0.03 



w .,. 

v;JUA!LE " 
FIClll fl'l&Dl 2 l 
Pr~. (ton/dliJ} 21 
800 (1119/l i '" SS ("'9/1) 20 
coo (='j/l) I!' 
•roe; (:n9/1 ) l" 
l!llO ( lb/dafl l .. 
cco (lb/~4f Ill 
SS (lb/dayJ 20 
F!)G [ !b 'd.1 r) 14 
lt · • ,r.-eoo I q 

•·;:•••j-BCJ l q 
tt>: ~,,,,.cco t e 
1.J/I ~ ,-(() l ~ 
lb/ ~an-SS zc 
•i;/Uq-SS 20 
l~JT.Jt1-FOC. :~ 

•g/Uq-fOC. 19 
1!00/toil P.a l to l7 

eo~/FQG Rat lo 17 
Flaw Rat lo 2l 

• FOG• Fits. Otis, 

TABU 23 

A STATISTICAL DESCRIPTION OF THE WASTEWATER CHARACTERISTICS FOR 
EDIBLE OIL REFINERY STORAGE ANO HANDLING OPERATIONS 

,.EM SiANDPJID YARIAl'IC:E HI Nl,..,14 MAXll'IJH 
DCVlllTION 

o.~21•l• a.ou•us o.oo o,oooeoa .l,17l000 
lta.llH<i'i e;. c;s~n i lflu •• o• \llG,COOCOO a•e.000000 
et7l.tP~21l 221.)9. 5l'iJl1 51'512"721. 7! 70.ilOOOC:O 99000.000000 
5112e."\1(1ano tl'l'>S,5•1'1c9 1'911l5JJ<;0.50 ao,oor.oco 551100.ooooco 

ll!!Oe.tlllll lt'l~'!,)acA54 ~ 711 )]51l)<lg. t'I 110.000000 )2fl000,0l}OOOO 
Cl.?J. .. 7Hl!A 1&•<111 ... 02~ Jl Ut.709UtJ,OO to.ooooco c;uos.000000 

fi:l.5lLQ<;.> JH~.27'111';) 11 Glt.211.no 211,t]Oll'Q 1::1110.1r;o,oo 
z1;is2. nnn 1 l.;;e<; .~11'\11Cll \)?'ilCltAu,H ]7,l?l11C8 Q8'1C.8,00000 

!:;o1. ~H 2 .. a 1~6l,ll119'!6 .JC171564.'H l',l!C?1'55 lll'>l ."7tl'OO 
511.7'!(452 t9.;D.'llt.119J 11'71'lt.E1 t.2'!Jl7~D es11.11~eoso 

i'.717">11 l,b'illllfl l11.llQ O.OQ673C l7.Bl<ll1>0 
1.1~~,'i~ 11,JlJGIOQ 18. 72 o.o .. eH5 18.•1«1580 
7.~el5!'A 2•.1~l'8t5 !!: 2. I 1 O,ll'OOH t2fl.tOU79 
3. ~J.: H2 .,.!:<;'!•)} ZIJ.Ol 0 0 ~'i~OO) e.2. HOUO 
1.JU~'Y~l 5.'H.'t.!'I 2S.7l o.021ril'J 21.;;c.:aoeG 
o.n1"~" 2.':ilb4U /) .113 O,OIJ7Gl lO.t:i'i'jt.12 
t.]~~?<;.5 fo,9}lQtJ 211. :n O, 0011&c;! 21.tHDlO 
o.11 .. s1:a1 l."1>1to•J 6, Oil O,COZllll J0.!3'715 
c .5'1~11!5 o,11ae11t 0.01 0,2qc5GO o.us11111 

5!.t~!:l~? 2" I • 791111 l• GOH0.94 0. Jc; 752:! U•.uuu 
t;:.~n•-• l0),9&Joiiil»9 1 oeoe .1• aa.2011el. ]97.701.1119 

inc: greases • 

I • r..t>er of dllt. pcl11h 

llOU: CcJi1puter c.lcul1tlons for thts table sllow 11<1 regarJ for stgntftcent ftgvres. 
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Total Processing Effluent 

On a daily bas1 s the total waste load from the Subcategory A S plants may 
be quite variable due to 1) differences in the raw materials processed; 
2) the numbers of tank cars washed; and 3) the general cleanup pro
cedures utilized to clean up accidental oil spills. Oata compiled 
for caustic refining, tank car cleaning, and storage and handling 
indicate that flows and BOD concentrations vary greatly from day 
to day as is indicated in the large standard ~eviations calculated 
for these parameters in Table 17. 

Model Plant 

Based upon the data compiled for this study, a hypothetical model 
plant for a caustic refinery operation was formulated. The following 
assumption~ were made for Subcategory A 5 plants: 

1. The model plant is assumed to have a production of 454 kkg 
(500 ton) per day. 

2. The model plant has separate discharge of process waters 
and non-contact cooling water. 

3. The model plant has approximately five tank cars washed 
per day. Each ta~k car has a capacity of 68 kkg (75 ton). 

4. The model plant has a waste lr:·d generated from storage and 
handling areas bas~d upon a 4~4 kkg (500 ton) per day 
production. 

The following pollutant parameter waste loads were calculated fer 
Subcategory A 5 plants by assuming a linear re:Jtionship bet~een 
production and wasteload generation. For example, the average 
\4/aste loading for caustic refinery from the compiled d'ata base ~1as 
as folloh1s: 

Product lo" Flow 
(kkg

0
)_ (cu m/day) 

--no 71 .9 

BOD COD 
(kll/kkg) ( kg/!.W. -r.or 1·.a1 

Suspended 
Solid~ 

(kg/kkg,l 
o. 51 

Oil and 
Grease 

(kg/kkg) 
o.61 

The waste load for a caustic refin1nq operation with e production of 
454 kkg (500 ton} per day was then calculated by multiplyin9 each 
waste 1oad by afactor of 1.42 (i.e., 454 kkg/320 kkg:: 1.42). Thus. 
the model plant 1•as assumed to have the folloH1ng waste load char
acteristics for caustic refining: 

Product1 on 
(kk~) 
45 

Flow 
(cu m/day) 

102 

BOO COD 
(kg~kkg} ~kk~t 

.43 .5 

315 

Suspended 
Solids 
(kg/~kg) 

. 72 

011 ar.d 
Grease 

(k8/kkg) 
.86 
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Historical and verification survey data compiled for storage and 
handling was also converted to a production of 454 kkg {500 ton) per 
day by multiplying by a factor of 1.59. 

In addition, the model plant was assumed to wash five tank cars daily. 
Therefore, tank car cleaning data was converted to a production of 
320 kkg (375 ton) per day by multiplying by a factor of 2.05. 

The total waste load characteristics for establishments engaged in 
the caustic refining of edible oils wa~ then calculated as indicdted 
in Table 24. Therefore, the wastewater characteristics for the 
hypothetical model plant Subcategory A 5 are as follows: 

Production: 
Flow 
BOD 
coo 
SS 
O&G 
pH 
BOD RJtio 
COD Ratio 
SS Ratio 
O&G Ratio 

454 kkg (500 ton) per day 
314 cu m per day (0.083 :·1GD) 
6,600 mg/1 

16,600 mg/l 
3,600 mg/1 
3,500 
5. 5 to 11. 0 
4.59 kg/kkg (9. 18 lb/ton) 

11.49 kg/kkg (22.98 lb/ton) 
2.49 kg/kkg (4.98 lb/ton) 
2.39 kg; Hg (4. 78 lb/ton) 

SUBCATE~CRY A 5 - PROCESSJNG OF E:JIBL: OILS 9Y THE '..!SE OF CAUSTIC f\Ei'.'!~1;·.:-, 
~ND ,:.,c l::uLA:-X.1 :-IEiHOlJS. 

The major precess wast£ strears associated with Subcateg~ry A 6 plants 
arc the sarre as those for Subca ~ory A 5 with the addition of acidulat1c11. 

Aciduiation 

7he major waste loading unit process ~or the edible oi1 n:fir1er.Y indu:>~r/ 
result~ from the acidulation proce>s for the recovery of fatty ac1des 
from t~e soapstock generated by caustic refining. D~ta collected 
from four piants found aver.age po11uti:int concentrations anc1 waste loaaini:,:~ 
tor the acidulation process to be: 

Production 
Flow 
BOD 
COD 
SS 
O&G 
BOD/COD 
pH range 

4S6 Ug 
223 cum/day (0.059 MGD) 
12,0GO :nq/1; 4.70 k£'kkg (9.39 lb/ton) 
22,000 m~/1; 1~.97 k~/~kq (2g,94 1b/ton) 
3,800 r1g;L 1.66 kg/kkg (3.~ lb/t.on) 
2,500 mD/1; 1.20 kg/kl<~ (2.40 lb/ton) 
0.57 
0.6 to J.0 

Table 25 presents a stat1st1,al Jescription of the data collected 
from four refinir.y operations. Ta..,lt> 26 provides a summary of average 
wasteload values ca'tculated for e.:ich plant investigated. 
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TABLE 24 
0 

SN'ZPl.£ CALCULAT!OPIS FOR 0£TfRM(NJNG TOTAL 
;:o 
> ...,, 

WASTE LOAD lr~GS fOR SUBCATEGORY A 5 PLANTS 4 

fl ON 800 coo SS 0 & G 
Unit Process (cu m/day! (kg/Hg) ( k!]/kkg) ( kg/kkg) (kg/kkg) 

<:.iustic Refining -102 .2 1.43 2.57 0.72 0.87 

Storage and Handling l32.~ 2. 16 2.83 0.39 (j. 41 

Tankcar Cl~anfog 79.5 1.00 f>.09 1.38 l. l1 

.... Total subcategory 

...... AS Plant wo.steload 314.2 4.59 11. 49 2.49 2.39 



Ji::., : •. -;: 1 
Pr. .. :. (:·r,-,t1y) ~:; 

E ., t·"'l ! , 
~ ·: t l.· .• j 
( ( ., I) 

l' 

( . t ~ J ! ,I 

~ t . • • , I I 

~ : 

l --~ 

~: 

! :: 

" 

I • 
l' ... - : I , -' i 
•· .. ··:. r .. ' .. .: 
e·:~-c.-c. !J,~io ~~ 
e1:;; ·FCG F:<1.t lo 2·> 
F:~ .. ~4::c ~j 

T~5LE 23 

.:, '.,rq;;i:r· ~L Cb•~l-'.[PlfJCll• •)f Tiit ;,1 . .;STHl.l\TER CHARACTERISTICS FCIR THE. 
E .i.llE ojiL MEFP4EP.Y ~1JAi:sruo: ACIDlJLATlON PROCESS 

l:.. r;;. .:: ... - •• 

l~:-~-·!.3 

..... - • .:. - ...... ? 

. . . .. . . .,. 

: : .: 

·; T.~ llG~RD 
c ~.I '.I :o:. 

J.Cl~U~ 

":t.13~1-;e 

: 3.~: ~. ~~C,"!2 
:::-~.'5~·1~~ 
2'~~!s.:~til5 
~-!1.c;•::,~3 

,.c;.\,._~ ...... ~ 
• c. c ':l • ' .. ;a. 
.. i .... ' •.• 

-:-c \:"~'! 
- I~-!-; 

... . . , : - .. 
.. .. ~ '.~ f:I .. i 
.: ::. • : ;. ! : ~ 

.. •.::""cl. :":I 
~ .I ; : c. 3 
•• l~~f1: .... 
! . ;, .. r·-c! 
:.::~:s·:z 

!:~.~:t34W"" 
! ~~ • c!:':iq, 

=.cc .2 
2~tH7.cia~ 

1q:•n-1s2.~5: 

lC :Ge; !72~ .. CE~ 
t7;:-:c ... ;:t 7:~ 

&..f ..... 'T~lllll.~~2 

e:~~~c~: ... =.:
"t~:~~oli-~.~~s 

.. (~'-~~-~-'~l 
!E'~t-~·~.;;o._ 

: ! 1 

~ : •• ' ~ • i; 

~ - ; ... : !> 

3' •. L .. ~ ': ~ 
: • ;: • 2 

2-::~ ... ~-~tb 
l~~~e._.2, 

C,CO!!~CQ 

1 .. c.c~~~co 
, .. ~.ecccc: 

2 n c • -: .: c ~- c c 

2.2~.1l3!C: , ... ~':;(.:~ 
t.!~~ec·~ 
1.1~: .. ~~ 
• 7 ! .. ·: l l 
: ~t:~:~'5 
2.e·,1'Tc1 

c.::~:;1 

e.~:c;:!a 

:.~: ... ,:Ci 
~ • : : .? ~ I 1 
e,2:•~t1 
c,e::2~~ 

H,.;ot.2: 

.:;,zceooo 
tebb,CCi:"OC. 

e.~iCO,(;C•'~JO 

5tqee.c~~·::o 

1 c:oco. occ.;oJ 
3~57~.c:c.:co 
JOH5.:t2~C0 

~'2~'!) ... cs~·~ o 
1t1~.t.c;2''5tJ 
21o;2.,;;,~~cJ 

)e.i:c;~t-25 
t <; • .: q 71' l] 

2Jl. ~ .. 2~;:1 
!;1,ec;tlt2 
;i;, .. 7 l?til) 

JQ.'T!efel 
~~.11ee11 
17.t5'T~;!I) 

~.c;~e20, 

•7J,!lnH 
5'W ! • 7':.·;.;,: 0 

CC[ff I Cl ENT OF 
CO\'ARIENCE (I) 

es.•11 
'i". 3c;5 

! I <1. illl 
i'CO,tl'a 
110,;n~ 

~':>!l,t-05 

IJC'. "S7 
Jl<i.5tt 
Z'5c;,to5 
2s1. o~• 
ICll,110 
ICP,t]CI 
t~e.~o;11 
I~~ ,<;c;11 
231.C.?l 
23!,0:ll 
2s1.. c;c;o 
i!~ll.~50 

!'5,JH 
197,t'SQ 
l\,~i?lo ~ 



Edi c 1 e I) 1 l 
Ref ir:ery t'J 
ProcE:s:; Cede 

75.\ ]( 

75 . .!.15 

' 

f:rc.juct T;:;r 

' • ~ 1: da-. '; -· ____ _____.. ...:...___ 

... -
~ : 7 
~ -· J 

; 4:; 

. -

~·~1 v-,__ 0.: 

'Ii.! , t ,~·,;a tl· r 
D i ·~. c r .. : Pjt· i 

L~~il 

l•P .6 

51P.5 

I 7 :J. 7 

.~\: I. 2 

~rr. ._.,_ ... c 00 SS Oil & 
Grease 

L~ 1:.-:.9i.!l ~.!l (mgll} 

, 
• :.:..'j 3.09 0.25 0.23 I 

18.~3 59.4 6.34 5.31 

7. C:S 11 .07 0.45 0.04 

f. :>: 1.). 72 2.91 1.86 



DRAFT 

Model ~ 

The hypothetical model plant described for Subcategory A 6 is assumed 
to hdve a production of 454 kkg (500 ton) per day; ta wash five tank 
cars per day; and to have a separate discharge ot process wastewater 
and non-contact water. It is essent1ally the sanre plant described 
in Subcategory A 5 with the addition of the unit process of acidulation. 
By converting the ac1dulat1on data base to a 454 kkg (500 ton) per da; 
plant and adding t:hi~ vaiue to the model plant 1·1a:;te loads cJli.:ulated ~or 
Subcategory A 5 refineric'.:, the fo11owing wastewater character15tiv, \11~r 1 • 
derived for SubcJteJor; ~ ~ refinerie~. 

Production 
Flow 
BOO 
CDD 
~s 
O&G 
pH r<1nge 
l.lUU ,..at 1 o 
CQO riltiu 
SS ratio 
O&G r.1~iu 

454 kkg (500 ton) per da; 
534 cu m/d~y (0.141 MGJ) 
7 ,600 mg/1 
21 1 600 ;!l<j /: 

3. 400 1:i9/ 1 
3 • 000 ~:'_1 / i 
O.& to 3.'.J 
8.95 kj/~"'j '.i/.90 ~iJ/~Ol~j 
2S.41 k•~/U:q ::; 1~.BL lti/'.Gt1/ 
4.02 k'.)/Uy :t . .Jb lb/tu11J 
J, S 1 ~j, • •] 1 

:·. -_.: 1 ()"_;,:I:. 

Th~ :nc!bidual '.1'11t :'rOC!~s~e::. ~·:.: .t".::..r·~:~cn•; f::-.r· ~!:!' .,_,_,'.J~'·v:i·_.:i; 
-~ub,_Jtl!··;ory : . .' r·et1ner/ Jr·-;a ·_!, .• r-~---~: ~l~, ~ubcat~;~r. '\ F; i-··J~"1t ... If~·~! 

tt11_1 J~.J1~10n ... 1 1": e J11l~ ~ .. r·::i.~} .• .!~ J; .. >: .. ~.J1·::a~~1..:·r !'~: '111 :.1,..Qce:,:, 

The c::JntJct cooli••q water bl:·;,c!o ... r. ';f!'":.""·J~ed fror:· d('".Cic·ri;'.at~on 
tJar•rctr~c ·:J:1..: 1.:1~;,er Jnits. ''!"L''""';"'"'•: J ... a~cr· .-:~~r·:~ .. :·,J. :..1 ~-r·.e :.·~ 
wa~tt~ load c• ·)n rd~~1e o· j ,-er;,.,!.-,'. •.e 1• 1·JI' ~-~u·~-r .. ~··,l~":-r ... J1 ~c1-

11JtJ·1t,, "rJ:~1 ->:A r·ef lrl1nq f.\1 ~, .. ~~ · -:-: . ,,,.n .1 ~ ... =-- .,- : .: ~\.- ·!·; j • ..i ~- .'.. 

f . - ' ... - ' . . . . 
1 ,.Iv"' ·Ji 1, ·1 ~Y~·;:t:1Hj1~J ~~'' •i...-· _• .. :._ .. ~3 1 1 '.":!')'.J .;. , '1:1; ~1-t!li~e i..-'f 

ranue was frnm :!.) to 7.]. •tic _1.·"-~·' ··d.·~l' .·~'"·;·q;· ... '-'··~ d. f(J~ 1 .. 

r.oo ., 
: 1 ~ ~ ~ 

. .·'\ ' ' . ., ... ~-
•. r· 

(i ' ! . -,1· ,) ..,) ' ' 
OE.ti () . )L ' " ];.· ~ 1.:1~ ) 

\\Ol'; :: : .: ,, . .... 
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and deodorization unit process operations. The wastewaters dis-
char5ed from the~e operations re~resent a relatively minor waste loadin~ 
in compari~on to the other unit processes previously identifiea. 
The average flow was 26.5 cum/day (0.007 MGD). Average pollutant 
concentra:ions were calculdted as follows: 

BO[J 
COD 
SS 
O&G 
pH 

1800 mg/1 
5000 r.ig/1 
1100 1ng/l 
130(} mg/ 1 
7.3 to 13.0 

Averoge ~1aste 10adings from oil p1·ocessing l'1ere as '"c1lowc: 

BOD 
coo 
O&G 

0.09 kg/kkg (0.13 lb/ton) 
0.22 kg/kkg (0.45 lb/ton) 
0.024 k~/k~.~ :o.a3 11.J/ton; 

The BODICQU ratio was 0.49. 7able 28 ~~esents a st.ati~t.ical 
description of t~e compiled dJta base fro~ ~ix p:ants. 

Mode 1 ::>j 211t ------
Deodcr~zation ard cil croces~:ng cata were conver~e~ :o a ~5~ ~~0 
(500 :Jn) oer da/ ;J1dnt ";",y :re factor 0 1.32 and l.~6. res.•ec::1ei_.-. 
The ·,;3:;te loaas fr~w1 rhese ..;i;i t ::irocesses ·,:ere then aJc:ed :c· :h~ ::::.~:: 
was~e!~a~ J' :ne J5~ kkQ (SCO :a~) ~er day ~lant ce•:r1~~d ~er 
Su be a ::.e·~ory /\ b ref in~~ i es. '7'r·e f o 1 ; .:;;.,.; ~; ~a tJ rc:•re,e•1 t :. ~'.·.' ..... d ":·· -
water cnarac:eristics of a Suocateco~J A 7 rEf1ni~~ orer~t;cr con-
s ,. c:: t ' ... g of • "e u" ; • o" e r' t ; on s ., f c·' a · -s • ' .. r , f ,. n , .... ,. • a,. ' · - " -... - ' I.. I ' L. ~ t.1 I ... u ... I I.. L . J: :.~ ' ... C. u I u •. ''-"· • 

cJeodor·1zation, d"d oil processi~g: 

Product' ·:n 
r ~ i.H• 

bOU 
cu~ 

$$ 
O&G 
pH ranoe 
BOD rJt~.: 

COO r;i::~; 
~:; rc\t~o 

G&G r,1t ~·J 

4$4 U:; 
1 1 ~ 7 cu :;1 I;: J • 
6. 1100 ~i;;. 1 
15, GJL1 :~~~.: ~ 
3, 1 00 ::1q 'l 
1 , ~.,;o :nc: · 1 
7. J '..O l :'. ; 
lb.ll9 ~ ... ~.·•: 

.iu. ~I ·. i. • • . 
7. t·:J ~.~:. ~,. .i 

3. ·.•J ~.~, L '-.: 

..,; .. ;u...i 
a4•••,' 

• ' .... • : i 

.• ' ., I ' I . ~ .. t.· . ,;, ' d Ii I 

Su:-icatP~ory .'.\ 8 1 s es:>entiJ 1 ly ~he ~.Jr·c JS ':~utCJtt''Jl•ry ~ 7 wit!; t!W 
delet1Jn o~ the unit proce~s of Jci~..1IJ~~o11. As a regult, tN~ ·110dc~ 
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TABLE 28 

A ST~TISTICAL DESCRIPTION OF THE WASTEWAlER CHARACTERIST[CS FOR 
lnIELf OIL HEFIN[RY OIL PROCESSI~G•• 

~E..~~ Si ~~;C,\RO VARIANCE ~1iN!~:uH MAXIMUM 
Jt'JI ~Tl 011 

O,CHbel c. c:c~7~;. 0,0000 O,OilCl!O 0,013000 
1.12q,171:.2Q c3~.C-G~59U ':)k7b0,C<22 2!t,llCOOC~ Cll>O,bOCOOO 

17c;J.::•3;~1 !P31.7~!Hb \4iH<'lc?!,Q0!'5 1\:C: .t"?C~CCO 1 lb·~o.ccocc ') 
1ce-..~'.~3~5 1~-~~.·n:c;c;o Z110fi7Q\,'>E<;7 JS,~~c,:: s1.:o.cecooo 
~C7.5.C~·;c:: E~!9,<;ntfS bl'ib~C].?,1>bbJ 1110.co:.~oe choo. GOOOOO 

13;e.~::·::~ 1ec;.; .1 ..... U I 28!l170,'5H" 2.oonoco 6QCC,QCJOOO 

e1 ... 21 .. :c !!5.t.1~Zh !C!J~.tt~O~ 1.sie1q e.2~.2oecoo 

itP.~-,:~:·. 3e•.ctl'l52 n<:ti>~ .11nq Jl,HIH2 1301,~f'iOOO 

3•,<~<T:: el.7(cC~5 Jeo,.. ~ !CQ t.@~ltH t 51. 3!!H20 
1 ~ • 1 .... -:.. -_. 2 .... ! ': 7 5-: .. eH.t.i:J O,?JtQ?C !~2.l'IPOG 

' • - I . . : I lio ~ ':.? ~ 3 t • .:rn c.cLC~Y5 l,t2<_,~H 

.. : ":. -~ : .; :; :.<:led? ii. c~ t e C,~CICH o.e1~1tl' 

G.--~~31 c. Cf .,j ~,.. 'l: a. e c .. ! o.<·iee~" 3, )i;i.<,oJ 

~-:~~-t5 ''•"'<P?i c ·"'Hi c,oc<;.;:3 J ,b<;7;>5J 
:.:~ 1 ~75 C.l:Ct 1 2 o.o<5c C,OCll~'I o.~'<Hi.? 
:.:-~7~1 :.G!~t':e O,:C6~ ,,eo~s1s O,l'Jtll.ll 
: • : .... '~ ... Q c.~n120 i:.~c~q c,e:~QIC· 0,2t:77 lS 
:.:2:-:"' c. c ;e~t-G o.cc1s c.ccc.:i~~ O,t!H!>S 
,: • - ~ ': 7 i., ~.l•~'~" 0.0~12 0,1101<! c,a<1oc;oq 

ll ... ~~<3~ 3 ... 1 ! .: !> l I! ll7a.7Hb c.3~1~J1 122,SDODOO 
2s .. :~·n2 2-.8~2t.lb lollo.itH C,1.iHlll Sij,5)0201 

an.:! gre~ se <. 

N . rt..o:ter Jf data ~c Ir :s 

•• Includes flocro..-o!shi~~ ~"d ;eneral clcu.;ip for the folieiwlng unit processe~. hy<lrogenat1on, deodorization, 
b'e1chlng, ~~~ ~inte·tzat!on. 

COffFICIEHT OF 
COVARm;c[ (' .. ) 
H.122 
Sil,~ 211 

213,t~t. 
!Sb,~71 
H2,0cfl 
12&,(Sq 
ZtO,Otq 
2\b,lS7 
ll'l',O<;ll 
JSJ • .?92 
2us,ece. 
2<45 ,Pct. 
211.':P'J 
211.~1.19 
171.10~ 
171,1011 
lt.t.~ll 
Ul,~ll 

ii fl,~ e II 
2'15. 3e7 

qq. ~119 
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plant for Subc~tegory A 8 will hdve a lo~er waste loading and flow then 
Subcategory A 7 plants. 

Model Plant 

Assuming the saM~ production rate~ and assumptions made for Sub
category A 7 refineries, the model plant for Subcategory A 8 was 
calculated to have the following concentrations and waste loading: 

Production 
Flow 
BUD 
COD 
SS 
CJ&G 
;iH range 
BOD rat "io 
COD ratio 
SS ratio 
O&G ratio 

454 kkg 
927 cu m/day (0.245 MGC) 
5,750 mg/1 
ll,300m9/l 
:j, l 110 ffilJ/ l 
l ,400 mg,· I 

6 to 9 
11.:'3 k']/Hc.; 123.46 lb/ton) 
22.99 kg/kky (45.98 lb/ton) 
6.30 kg/krg (12.60 lbtton) 
2.81 kg/kkg (5.62 lb/ton) 

SUBCA7E3URY A ~ - PROCESSING Jr EJIGLE OIL~ BY THE USE OF CALlSTIC 
RF.F1:~1:1G, Acrou·.~TiC:•, OIL 0 ~oc~:sr·•G. ·;~·:i"C'JK::.~r10;; ·".:m, THT--
PROol.ic:-:-10N OF- ~riOR7Ei~I:,G ,:..~;L; 7~3L~ OILS . 

Subcatego"~'" 9 is ide:itica1 ':.o '..iubcat.E:J'Jry:.. 'with the adcJi'.:ion 
of the plastici~ing and packaging o~erations associated with a 
shortening and ta~le oils processing 

S..oortr.ning and ":"able Oi1 Producti<Jn 

Wastewater resultin~ from shorten1ng 3nc table oils pla~ticizing 
and/or packaging Oi)era:i:;ns He pri;nar1l. ~t:r.erated from floor washir·u 
and periodic eau1p111ent cleani.;~ ;;rc:edur•·s. '>~cste".·:ater: 3er.erateLl 
from these operations rep res• .. "': ;1 ··~, 1 u: i .. :· ~ : i r; '·; 'Jn1 • i cant · 1a q~~ 
loau·n.,; to the :u:J1 ref' ·r_ .. ~'.'~~ .. ..:~:~ .. '..-erJc;.; pol~utant ··,ast~ locHJ~. 
for t1:~ proa ... c.ion Jt ~;n: :.:•:1·:~ :.1•1J ~Ju~e .J1~:; are d1s..:u:...:..ed in .:Jc:.;. 
in Subcategory A 14. 

Although the model plant for :~u:1c.Jt•."}<:'1·~, :. 9 has t1n adclitioniJl uriit 
prtiCt~S', "1a·~·.e ':itYearn it:; te•;,_i] ,·1ch 0.~· ,(),\U i•; .it.:,ervHJ ':O ~.oe lt''·,•, 
conc·~r :ra teJ '.:1~.:i11 .~ubc.~1 tC'JOr·.:· :\ :· .: .. c :J :•1e d~ l Jti u11 t:ffec.t .i ttri
butable to the relatively low wa~t2 loJ~ contr~buted by shortening 
and 7Jn1c uil ~ruce~~:ng. 

JL 't 



DRAFT 

Model Plant 

The Subcategory A 9 model plant is assumed ta be identical to the 
Subcategory A 7 model plant with the additiun of plasticizing 
and packaging of shortening and table oils ( 1 .e., Subcategory 
A 14). The shortening and table oils packaging 1-Jaste loads were 
tonverted to a 454 kkg (500 ton) per day operation and were added 
to the total waste load for Subcategory A 9. The wastewater char
acteristics for Subcategory A 9 plants are as follows: 

Pro due ti on 
Flow 
BOD 
COD 
SS 
O&G 
pH range 
BOD ratio 
COO ratio 
SS rat~o 

fJ&C ratio 

454 kkg 
1320 cum/day (0.349 t·1C.D) 
5,900 mg/1 
13,500 mg/l 
3,000 mg/l 
1,500 mg/l 
3 to 9 
17.12 kg/kkg (34.24 lb/ton) 
39. 15 kg/kkg (78.30 lb; ton) 
8.68 kg/kk~ (17.36 lb/ton) 
4.35 kg/kkg (8.70 lb/tJn) 

SUBC~TEGORY A 10 · PROCESSING OF EDIBLE OILS BY CAUSTIC REFJ:lJ~G. 
OIL ;;~oc~ssn:G. :JECDOR1z,:..irori. ~;.o "'."HE ='L.J.S7Icr:i:iG ;~;ic r::.cr:;.Gf~~ 
or-;,.cfRITN;11G .4:,iJ ;.\Bl~ ui ~-5-

Tlw model i.ilant deve"loped for Subca:egor:: /J.. 10 is nrir:cipally the 
sa1"e JS SuLcatec;or:; . .\ 9 1•ith :110 .:Jel·:~icn of :.he uqjt procr:~s of 
dc1dulation. 

TotJl ?roress Effluent 

As a result of the deletion of ecidu 1 ~ti~~. :~e ~atal procrs~ing 
effluent from '.·:Jbcato:!gory .\ 10 :J1..ir1L 1·1i~l be ;i Jnifii:an:l.1 redu:~d. 

The •r.udel pl.:int for ~'.ubcilte<.10ry ,i. lU i'i idf'nt1c.1I t:i the Subcilteqor1 
A 1 :11odel pLint .. nth th~ dcdi>ti·::r. ... ~ 1c1duL,ticn. Tlif' model 1iLir~~ · 
a~,·,w:·1es d 454 U.q ( 5CO ton) ::·er .1.1. :·!·:·~,1:.;c • i 1rn ··er both the re-
f in 1 ny oper.ll1011~ and ~lit,> fiil1n 1J .J,,,, ~Jt..:l:.iq1nq ot ~hortenrnr~ 
Jrtd t.:1ble ;Ji l'.;. Tiie •1astewater ,_.,,,,·.ic :eri ·: i,.·. 1f '~1.1hc,1tf'•jJ•"y ~ 10 
µlants are as follows: 

Production 
Flow 
BOO 
COD 
SS 
D&<i 

454 Hg 
1101 cu~· ·~.1" (C.::'91 ~.·::;[)) 
5,250 1:19_·; 
10,40r :rr:.' I 
3,000 1111.J,'l 

l • 300 :11q .. l 

325 
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pH range 
BOD ratio 
COD ratio 
SS ratio 
O&G ratio 

6 to 9 
12.76 kg/kkg (25.52 lb/ton) 
25.23 kg/kkg (50.46 lb/ton) 
7. 14 kg/kkg (14.28 lb/ton) 
3.23 kg/kkg (6.46 lb/ton) 

SUBCATEGORY A 11 • PROCESSlNG OF EDIBLE OILS BY CAUSTIC REFINING, 
ACIDULATION, OIL rROCESSillG, DEODORIZATION, AND THE PLASTICIZING AND 
PACrJiGWG OF SHORTEiHrlG t TABLE OILS. AND MARGARrnE. 

Subcategory A 11 is a combination of Subcategory P.. 7 (i.e., edible oil 
caustic refining, acidulation, oil processing and deodorization) with 
the addition of shortening, taole oils, and margarine ~recessing waste 
load data presented in Subcateoori~s A 13 and A 14. rt is assumed tha~ 
the refining unit processes operate at a 454 kkg per day ievel. Sub
catPgory A 11 also assumes that the two additional unit processes (i.e., 
shortening, table oils packaging, and margarine packagins) operate each 
at 227 kkg (250 ton) per day. 

Total Processino Effluent 

The total process effluent from Subcategory A 11 re'ineries represents 
the hiqhest poll~tant wasteloadiny calculated for all :he edible oil 
refining rnt.del plants dev€'lcped for tr.:s report. 

~l Plant 

It is assu~ed :hat the Subcategory A 1 l plant has the same waste load 
charac:eristics of Subcategory,~ i, 1vith the addition of: 1) a short
ening, tacle oils plasticizing dn~/or packaging room and 2) a margarire 
plasticizing and packaging room. Each packaging operation is ass~med :~ 
operate at a production rate of 227 kkg (250 ton) per day. Tile 1vaH~· 
~1ater characteri~tic~ of Subcate~ory :\ 11 p~Jnts are as follows: 

Production 
Flew 
BC'~ 

cou 
SS 
O&G 
pH ranoe 
!300 ratio 
COO ratio 
~:; ratio 
O&G ratio 

454 kkg 
1 5 7 4 c u II; , d d '/ i 0 . 4 ~ 6 HC, [J ) 

5 ,900 :r.~/ l 
13,500 .;g.'l 
3. 200 ;•1r; / l 
2,800 mg/1 
3 to 9 
2 0 ;) 7 ~: :1 n ~· -: '. 4 i . I 4 I ~ / ~ u n ) 
46.60 k.,:1:1 .k; :~3.2 lb/ton; 
10.98 ku•k'l (::1.% lb/ton) 
9.95 kg,~kg (l?.?O lb/ton) 

326 
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SUBL.ATEGUf{Y A 12 - PROCESS!l<G OF EUil3LE O!L..S BY CAUSTIC REF!illt~G. 
O!L PIH.JCt:SSJi;G, uGWuRlzATICm, AiHJ fHE fJL.\STlCJZI;<G Ai'HJ PAC.KAGJ;;G 
OF SHOIHEHliiG, TABLE OILS, AiiO ltARGAHll'IC:. 

Subcategory A 12 is identical to Subcategory A 11 with the deletion of 
the unit proce~s of acidulation. As a result, the .final discharge from 
the Subcat~~ory A 12 plant will have a significantly higher pH and lower 
pollutant waste load than Subcategory A 11. 

Model Plant 

The hypothetical Subcategory A 12 model plant is assumed to h:ive the .,Jr•.· 
daily production rates, assumptions, and 1>1aste loadings per unit 1irel('"" 
as the Su~category 4 11 model plant with the deletion of the unit procp~· 
for acidulation. Tile wastewater characterhtics of Subcategory A 12 cc:~:.·.: 
oil refineries are as follows: • 

[J(;l.) 

CULl 
SS 
U&G 
pH ran~e 

BUD ratio 
COD rJti'J 
SS ratio 
O&G ratio 

~ ,4UO :ny/ 1 
10,9l. ·:1g/l 

3,200 mg/l 
3,200 mg/I 
G to 9 
16.20 kg/kkg '.32.40 lb/ton) 
32.68 kg/kky (65.36 lb/ton) 
9.44 kg/kkg (18.38 lb/tor) 
8.JJ kg/kkg (17.06 lb/:on) · 

SU8C;1TEGUl~Y ;;. 13 - PL1~ST:c.:z:Mj ,;:rn PACIJ..G;:iG OF l·IA~G:\R!:,r~ ----- -·-·-- ~--· 

Hic;tor1cal da~a ~ub1~itted L>y the :·iational .:.1sociatiori '>f Hargar;nl' '·'.Jr:.· 
factur~rs (11,:i;;;:) for four p1d11t~ with sup~·or~inq verific~tion '.'.a111plinc; 
re:;rese'lt~. ~~le jatd La!>e i.'.01:11Ji led for ')UlJ!~dtegor,1 µ n m;ir:;ar•r·P ~·rr.-

1.~,;~Hl',i ~·la!"lt.S. 

Th1.:.•P•_1 • .Jr'"! :Jri.-~c : .. ,~: !_.. t~1r1 .. '~.' :;ol,;r':;?:. ~it was:.:e.-,,,~_:...:J" -i·-Jflt~1·.\t2Li • :·~J'.'. ":,·,, 1

• 

gcll".'·~ plast;:,1;:1nq .:ir1d paua·:ii11') r:-:-·~rati'Jn-;: 1' 1·1J'.:r.:.~tt-1· (!·:"~"!' :. 

fr'!" "'Cll'·Jdr'.ne r·~!.l,;;::aticn r';oc;::; ;:; "·•a:.tewatL•r cll"'._':Jr·:r,':J L·, .. ,: ... H""r'.' 

flocw 1•il:~hi11q ~)DP.rnt~ons co11L111111"; «!•"~:(•r :cpt·; ;ind ·~ 1 1lcr'1ir:; ·~··,; ... : :· ._ •. , .. 

da1 IJ· cleanup ;.if c;t' 1c1e.111-'.1: .. 1•:c1'-v1 c:ou1;;r.-.er1t ,,:;; 1.:11-.q ~11~· tc11 ;,., ... , .. 
r.iec!ning cycles: riot rin;e, ciu:;:~.-. na'.;I:, c;1]c1·inc rin::.e, final !'111""· 
"anitation, anJ Jlr dt"yinq. The ilmnunt~ of ~1a~.:tt:•v1ater ger.l'rd~cd trr:·" 
the.:.e operat1u11:. 1 :, ,,rir.·,ar: 1) J,:~"~m:ent ,1pG11 ~t.1: <. ~t"anl ine·,~. :11~·1 <.~f'" 

cie11cy of thr <1:.:.ovc threr or:eratiow,, !':l'";ari•ot· ;·roducti011 r·''H.:r""" 
cun~id~rdbl·t ;;u11·i:> ~d111tation procedures man oUc:r erJitl~ oil fin1~ht'•J 
µroJuct pac:;a9i:'ig r;µerations duE> t!1 it•, J::i1ii:1· ~o ;Jrcvic!r? a ~;ny . .,'.h 
rr.;;:od~u!:: :·0~· pa~11or1~nic bac:.eria. 1·:; ,) ,-,~·~,ili_, ;:lcJru~ operatiow. o" ;,:;· 
1~qu:p:; 1 e11t and fiuor l'la:-.hing proceiiul'•.:''.> 1·1::iuire relativ~ly LJr'<Jcr vril~· ·:~ 

o• "'"t1!r, f\ve'"a·1e pollutant concc~tr.::t~cn~,, flm1. a11d produd1011 for 
the foc:r µldrtt5 inv':'sti9ated 11ere J'> fol;Dv,: 

3'7 
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Production 
Flow 
UOD 
COD 
SS 
0.'.'.cG 
oH 
BOD ratio 
COD ratio 
SS ratio 
OC.G ratio 
COlJ/CCJ rati~ 

112 kkg 
170 cum/day (U.U4S f·IGD) 
1440 mg/1 
4470 mg/ 1 

900 mg/ l 
1760 mg/l 
6 to 8 
1.93 kg/kkg (3.86 lb/ton) 
4.22 kg/~kg (8.45 lb/ton) 
1.34 kg/kkg (2.69 lb/ton) 
2.36 kslkkg (S.72 lb/ton) 
(J. ~ 3 

Table 29 presents a statistical description of the data base collected 
indicating wean, standard deviations, and minimum and maximum value~. 
Table 30 present~ the :alcuiated averag~d data for eac~ of the three 
plants inve~tigated. 

The :otal wa',:e ioad result~ng from a margarine processing operation in 
LOl'lbination wit 11 an ecJible oils refinery represents a significant waste: 
lode to ti1c ::i~al ~·rocessi•11; r...-'1CJ1!11~. [lasE:d uoon tt1e data provided b_.
ltle ;,:.:.;:1. :: ·:~ evide"t tha: :'".e ,.;Jo;tew:3ter characteristics for ~arg,iri·.·~ 
proce~~1r'j i~ ·~iynly ·1c.r~a:.:·::: fr:;:;: ;:.1.:ir'it to olant w1tn h1ytier waste~ i:.io:c~ 
beir.9 corr,.i1J~t~G f'iitr1 1a,..i:;er p··::..1J~c:i1.-·~ .--~'.t?'.). 

f1o,J t:' fl 1 an~ -·--------· 
~ih~ 1 '_vT·0t!it:·.::~1 ;1ar::r~r~1'e :~~ .. :.1C·!:.·:~r,'1 :·:1,~n: ~o; Sut.:cJ~eoor·; A ~3 \·Jrt~. 
c:i~-: ... ::c-c t~ :; .. ~:·J:e a: J ~r~:.L .. ~.:.: . .:.!~ r-J:e '.Ji 227 k~g/~ay ~2Sb !.o:i/day::. 
Tt':t: .. ..i:;~i::.vil~i:!r ..: 1·1ara1.·.t-r1st'c> ror )Jt•c.::~e']ory A 13 plant> are as 
'o:: \)I'll: 

Prod.;.;~' ein 
F: -.,.,. 
U' .. :J 
L ::· i) 
,. -
.J.:J 

;::&r.; 
;.ill ~)n·.~Q 

'.:::.'~ .. J ~: :> 
( ·:'i. ··.I ~ I '1 

2~; ~~;q 
3.;·:· -:::; ·-- ':L1-' :;. :;'.1 .,.G> 
ZL~L .: .. I 

S h'U ··· .. ; 
loOf.1 r."1 
300Q 1·:1; 
(> t c \: 

· , .... ~ c•n :. 

~1. :. : " : ·: .: 1 l;:' :..c.r) 
~ . .•. :. 1 U. 1 t~1~ .~ 

T~'.t;' ~.l,i'.;t1·::.~:r'•J .:inJ l'dCkac_;111c: ~·· ,!·11·~·:-ni ... ~; .HH..I ta~,Je oil'.; repr"!' .. t'~tr, ·' 
rel.i:i.·e ir,,i9!1ifi.: .. wt 1·1J:;re L·"u ;.-. ·~t""'''1ri~on to Subcat1•~ory A 13, 
;::<1r·~i.1r11·~ pr1.Jcess1~9. lrl gen~ra1. :··.or·~cnir .. ~ 1lnd taole oih rro('f:!<;<;~'1r; 
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TABLE 29 

) :~.Tr s f{(:1.L Ut:SCRi PTlOfi or TllE WAS TE.WIHER CHAR.~CTERlSTlCS 
f'.CR MARGARIM. PkOUs:,rnG 

w· ·•· • :.""\,;t ~ ~;.;,r U'.J Vt.'1(;.•;cE tllll il'L'H MAX!Kl!ol 
c·:-w !Ari ar. 

:: •.: .. •~~I ~.OHJH 0, G 0 I! o.c~eooc O,lllllOO 

:n.'. .. -: : .J l ti~.~~7e'!e. .. Jl5,30C~ JO,c·.:nc~c iS:,500000 

I~ J 1 • .4 "::: c. ·: ~ c 17~ .~~4-£C:2 -nnqt.~n~ IJ'!,CHCCC l lllH, ooocoo 
c:= ... ~;:.,,-5~ 1n:i..~e.::,.~s 1tn1u,.:-~s 2~.evCJCO ll:.7~.ooonoo 

M1..~1.:c.-c'"'.;,, '27.:.t~?t'Jr.f St~t>l7'd.l'Pt1 113C,CCCOCe li'SS~, Oi"OOOQ 

17•:.!··~J~ 2·~-.~.:e1t1 1~q.;~c,o;. i,Gtb 2c:.c~~cc~ 1\907.CCCOOQ 

c:.3.:;. 7 ~-0::- c:~1.20~1ec .:.17311!>.l•C~ ii.Hlf~O 1ot2e,1"i~ot• 

~3~=-=~~?:i: ~~1= •• :·~I! 7'li't5J3. J 3!!1 11l;,5c;21c;5 11on.e111011 
.;.~~.:.a~~~~ ,.::~.~;;1~;.: ~11::.21 • : ~ t ~ 1.c;<22:c HCi' .'lCt:P:50 
~?~. !:~;~ .. 1 ~2e•.~t1':>CO s.:2n"1.1 ~ ~ I ll,!'~tH2 105Qi'.J'f1HQ 

! - ...... - • ! .? ! :, .. ~ c~. :;qn C,)q~:;l'I ~Z.2b0ijlll 
" •I .. 

; = 1 ... . , -.:~1~1.: t~.~~~o 0,!'<'Vi'i\ 21.:!020 
~ . . ~,:: ~ I ~.2~.!:.:2 1c>~.Q1rei l,!et:~'f UJ,~1i?Ocfl 

... ~ ... ~ .. : ~ ': • -: ! ... : e 1 31 • 7 .. 21; O.SE0~•5 21.~ltOt? 
2 • "": • '.; J "! ... .... :- ~ii:-:- J e 23.ctet c.:~ot)'f l'l,235Geu 
l . : - - t •. ? 2.-C.Y.2-=e 5.ec.s 0, C27!.?0 9.U7'l•n 

c:. , < .. ~ c 0 l\,2.?12•:!! I 2':i, <;I ~3 0,C?h~H 51,79556~ 

~.f~2"B 'i 0 cJC1>:.o ll.~Hq a.c1~2::8 25.f'iTll!J 
:.<.:::-3' ~ • ( c ~ ,,. : " ~.C50b o,26e-.;s O,<iTeihll 

- . ; - ~ - : :i ... 2:--.s~~ 1e,ijcc5 c. Jb760l7 i!0.11]Q7@J 

?c;:; .... '-:eto l !<,Gtl3l2 l'iS~'i ... ~ .. ~ ll~,51~5l'f fats, 1ewus 

Ni;:e; C:.r:;:u•ttr c~:c .. ~a!lcr.s f:r !.~is table ~h:JW 110 reqarc1 for slgn1f!cant figures. 

COEHICIEKT C.F 
COVARIENCE (I) 

8<' ,Ii Oil 
'ju ,31111 

1i;1 ,Zt:Z 
1110.~c;Q 

U2.1t3 
I!: I , ~ 112 
)19.ltti 
2oe.2c~ 
i'OS,OUll 
illl.•71 
21 ~.11~41 
?10,1:<;11 
133.<''!6 
IH.i:C:f> 
11ci.1t• 
17'1,H9 
l'i&,CO! 
\Q,,,COI 
llZ, 7111 

S Ol.'!28 

;i~·"'~ 



TABLE 30 

PCi...L~T.4~11 WASTE LOADlflG) FOR THE PROCESSING OF MARGARINE 0 
:;,., 
~ ..,, 
-1 

Volume of 
Cd ib h: Gil Product 'icr. Wastewater BOD coo SS Oil & 
Refiner/ t:J Di ~charlJed Grease 
Frcr. E:S s C 0de (~11/d~ (cu m/d.;tl (mg/ 1 ) (mg/ 1} (mg(l) (mg/1) 

19r.,rn 1 l:!. 0 219.5 4.05 7.01 2.65 6.58 

7SHC'f. 119.<! 176. 7 0.95 0. 74 0.33 0.19 

n:-~11s t 3. q 59.4 1.36 2.38 0.51 0.42 



DRAFT 

employs strictly mechanical treatment of oils for the conversion of ~ul~ 
quantities of hardened oil into consumer sized packaging. The waste
waters generated from these operations are principally from general 
sanitation of filling and packaging equipment and 9eneral floor washing 
procedures. The volume of water generat~d from the process is signifi
cantly less than that for margarine processing due to the fact that 
the finished products do not support bacterial growth and therefore re-
q;.iire less rigorous sanitation procedures The average pollutant con-
centrations furnished by the Institute of Shortening and Edible Oil~ 
(!SEO) from five plants were; 

Production 195 Hg (215 ton/c.Ja;! 
Flow 74.9 cu m/da; (G.0198 :·1GD) 
BOD 160C mg/l 
COD 4000 mg/1 
'.)S 750 mq/ l 
O&G 770 mg/l 
pH 6 to e 
BOD 0. 4;3 >;•)/: kg , ·~'. ~6 l L/ :on) 
CUD o. 19 kg/ U.'.J '. r;. 3 7 l bi '.on J 
SS 0 1 :J kg/kr:; ~O.J6 lb/tOnJ 
O&G 0. 1 j kg/;: krJ .' r. :j (, 1~/:.cnj . -
Buu/U.:...: rat~ o (J. s::: 

Table 31 pre~er.t-; a ~~ati!.,~·1cai de:)cri:)~ivn :it ~tH.1 r:t:cir~1, !)t;JndC1t"d 
de:viations, and !:11nirr.ui1 Jrid r.d..<1~1u:n v~ J~,_·· .. ::i1':~1atr··.'. •r'Jr•i tn~ fi·JP 
;;lanr.s inve~::.1ca:ea ar.~· sarr,l:l(;Cl. ~<t!J·,.,, .J • .' ;·1ri•',L·!~'-· ·I ,;c:'.;cr;p,_ior ·:: 
tnt~ shor~en~nr;; ~;i~.J ::i11ec.•_•:d J~ f.~1 1_!1 ;J:~111t.. 
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SUBCATEGORY A 15 - OLIVE OIL REF!ll!llG 

The refining of olive oil is similar to the refinin~ of other edible oils 
except that it is done on a much smaller scale. The only wastewater gen
erated is from caustic refining wash water with the following character
istics: 

Flow 
BOD 
SS 
FOG 

Model Plant 

l .13 cu m/d3y (0.003 MGO) 
5700 mg/l 
296 mg/l 
19~ mg/l 

Pla11t 79102 i:; tt1e only olive oil refiner· in tilt- ccw1tr; using c.-,usLic • 
refining. Thus, the model plant is Plant 7910c and is illustrated in 
Figure 111. The plant 1~;11 have w;istewiltr~r •:r.aract\:1·istics as listed 
above. 

'.llJI3C . .H[GCJ?.Y A lG - ~~CW ~_,;;~G: 1·1.U.L I EEH'-.,1.GE t;r.:[;·ifY: r:-~ ----- ··-------·· -- ---... ··-··· -
In order to det.~rniine the 1·1asteNJ:er ·='~Jract;n:;ti<.s '.~f ~ne r.u~t br..·v~:"ii ." 
indus:ry, infor:~at1on was r:ollecte•; fro:~ ~everil~ ,ourcP.s. The 1_·n1t1~.! 
States Brewer'.. ;~ssociation (:.,:2;1: c'rc,,lotcd ~.n(: r,t t"v0 :/;-;es of :-,;ir.·-
to al~ kno•in bre"eri~s. lhe:: :11en ::rcc.:: . .Ke:J ~ re;-ort ::r~~:>~u "19;·; ~,-.:. .. ~.-· 
Effluent i~aste1·1a:i?r Characteri~t11 .. :," ~:;._,;. ~l1'ven :·r~,.~r~es ""i::rr: ... ~ ·.-· 
;:: u r ~ r. g the s •.:.HJ f J n d f o u r b r ~we r ; i::: ~. • .. e r"' '.;a r:: ;: ; c d . :, r e "' : ~ n ~ ~ ·; e ·: 1 ~ (_ ·- ·' · .. 
searc1 wc:i::, r::clae :o locJte a11; e:-:1'.:.t~r1 ·1·~:orical .Jato. 

As 11a:; noted in Section '11. the S()Ul"C!'°. l)f br':'.'1·1er:-· WilS~e car be:! id<?r:·.~ ...... : 
but <:r~ :"!et'"cd~, of di'.;p0~Jl »Jr.1 f;;,r eu,:r ir:ch-.J:.i..11 :.Jl.:!\ .. t:r/. Furt1:t:r". 
inc'.·:iaual bre1·;erie!. may var:; tn"'" :··<":vJ'. r)t d~·-:-r.sal ::dsd ur::c:., ·• · 
or •:.,v1ron,.,ental "'i!C~:'."r~. i q- '.' ·;· •' ··•·,!·,.,_n·: '. ·1· 1 1·.-_. .. .ir~ · c ~1c 'i.-.c:: r·.::·. · 
Ot l11l! ~trengt~lS of \·;J'.;tf.' St!'E.(11:1~. ~ur· ·:.~1e ent.rc H~i.J:J'...tl'/ 1 !10\,e,·cr :;._;,,_. .J. 

generalization'; .:an be ;•1Jde. 

·~p_e_n_t __ §_r~~J:_i_tl:-'.o.r·. - ~·h1:. i:; 011!.!,: :1· .. ·L1.,'.. ""~;n11 iciln~ ·.c•urce". c~~· .. , 
1'1 :l1P. brl;;'w1nq :·1·ucC'.i'>. I~ i. "'. "·' .. :;. •:.:i··~·c~-..,..i1·1~r! ... <1~01·1.:il. ":· :· 

lJOO .ind sus~'enl.lr·d :..ol 1ds u!H.i I 01 .. : 11 :J!:. ,\ccor:nn·~ to Le'..~e 1 ·1e•Jr ~ .. ·: ~ 
ilVl~l'<.l'lP. r~:ir..;en:l"'Jt.10n5 Ot ,_. .. ;_. J1.,: _;': •."'.~•'d :,.::.1 id', ~11 'jrl'rlt 'jl"o1'1 ] : .u .. ' 

dre Vi,·):.'·J 1111;,l Jnd .:O,(;GO :;•;,l. l"'.:•:c:i~t!l'•· ,\t. ttie~e concc,~nrat:.-,·:. 
:;pent '.Jrill" I i:::.wr, if di ·,c•:,;r:;~·: .. J" :·1• ?.'-rf.'C~.r:,1 ~o ccmpriJe 30 t,..., ·-~ 
pert.l:O~ of 1:.111! ~otal plant 1c1a~ ..... r•!L1ort1?d b:' Stein (58). sp~1H cr..i:• 

liquor fron: P'iJr.':: 8~[)01!,'.P'._l retir1~._,., :P·: .;J.5 ;:;crr:cnt Of the tOtill po~n<'. 
of BL'D Jnt.l 60.j :•ercent of ~.11e ~l.-.1'. :.r·ur:ds cf :ilispenapd r.ol1d'..l. '.'.ti',: 
the breweric~ in ~ubcJtegcry ,; l~ _;_, ·:~~ di~chdr9e ~pert grJin !1q1.ocir·. 

-nnd K!'·-C\1>r·,· - ".'he~.e :.ystcns .ll°'~ ..... • .. .J '., i't'"\,erit"~ not -;ell ir·n ... · 
s·p~-,,-c-·9~.i-;-;~-5-or not disposing or 'j~c11:.gra1~· i1q~or to se11er~. A~\,'~
plained in Section III. the niajor .•. 1.;~.ewater discharge from feed reco·.-.-·1· .. 
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is the evaporator condensate. This is a high volume effluer1t with little 
or no suspended solids and uo to 300 mg/1 ~OD. The concentr~tion varies 
from plant to plant depending on whether yeast. lost beer, or other wastes 
ar~ e\lapora ted a long 1"1i th spent grain 1 i quor. Wet scrubbers, if utilized. 
comprise a minor part of total feed recovery wasteload. Some plants 
utilize cyclones, thus eliminating ~1et scrubber disch!lrge. More than half 
of the breweries in Subcategory A 16 operate feed recovery systems. 

Lost Beer - This may rP.present from four to eight percent of beer produced. 
Lost beer is primarily derived from packaging, fermentation, and finisning. 
Since beer has a BOD concentration of approximately 125,000 mg/l. this can 
account for a co~siderable part of the total plant load. Plant o2hG2!P~. 
for example, estimated beer loss at 40 percent of the total pounds of BLlD 
discharged per day. Assuming no recovery, a four percent beer loss ~o~lj 
amount to a BGD load of 5.02 kg/cum (1.3 lb/barrel). Four of trie bre;·1~ries 
in Subcategory A 16 practice some form of beer recovery. · 

SQent Hoos. Trub, and Yeast - These are grouped toget~er simply because 
their me':nod of disposal may oe similar. ·1hey are all suitable for 
addition to spent grains since they contain only carbohydrates, protein 
materials, yeast, Qnd beer residues. None of the plants in Subcategory 
A 16 discharge hops, trub, or yeast to sewers. 

Filter ftjd - This must either be hau!ed away to land disposal or sewe~~~
Consideracle suspended solias would result were this waste to bed~~
charged, hence all but one of the plants in Subcategory A 16 recover 
filter aid ~y decant tanks, vac~ur,, or ?ressure filters. 

Alkaline Wastes - These are ge~erated frc~ vessel cleanup and bot:le 
wasn~rs. ~esidue from vessel walls is combined with caustic dur~ng 
vessel cleanup. Paper labels, sodiun aluminate from aluminum latie'I'.:., 
and glue are combined with caustic di~charges from bo~tle washers. 
Although alkaline wastes may oe readjusted and r!used, tney are eve~:~
ally sewer~d. Several plants fr SuLcate;:iry A 16 meter caust;-: i'1to 
:;e1·1ers from holaing tanks. 

Data fron~ 77 breweries were catJl:):,iue'~ :n ~ 1 1e: 'JSSA .-1astewa:er char<ic:·::·· 
ist1cs report. These brewers 1· 1.:.rr·:.r!n:c·: ;:;• percen: of total sale~.•::·· 
the industry in 1973. Each ::ri:•,.:er:1 re~or~d tile ratio of flow (l;urr-i 
SOD (lb), and ~uspendea solius ilb~. to ~roduction (barrels) for a hl1· 
capacity day. A ful1-capac' ~/ 1\J_.' .~as •jefinea as the maxiir.um outpu~ .,r ·. 
could t'·e sustained for a nu.noe1· et' ccn~r!:.;,tive days. Eacn brewer·1 ... ;: 
assigned a reliaDility ni.Jr.:ber based on tr1e :ll:~CJunt of JCCUITiulated Ja~J 
and on 53;:ipling tecliniquP.. ~eliar.i:1~y numbers ranged from 0 to 10, ,,::·. 
the hi9lrer :iumber?; corr~spondir·,J to ~.r:ose bn:1o1~ries with rnort! accura:c 
data. Bre1o1t?ries with reliaoilit; ratings of 8 to 10 were character1::·~:: 
by continuous meter·in~ with ~t1cr~ io'ik···•Ji flow proportional sanplinc 1:·\ 

a daily DJsis tor si.x or more 11:Jnt.1s. urev.eries 1-.iitl1 reliability ra~~r·.~· 
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of zero had no data or data which would have an extremely high probuui lity 
of yielding misleading results. The year of initial construction and la::..t 
major expansion was presented for as many brewers as possible. 

Based on the survey data, the arittvnetic mean for all brewers was as 
follo1·1s: 

Flow Ratio 
BOD Ratio 
SS Ratio 

7420 1/cu m (7.42 lb/bbl) 
9.43 kg/cu m (2.44 lb/bbl) 
3.83 kg/cum (0.99 lb/bbl) 

Data for breweries in Subcategory A 16 are itemiz~d ~nd summarized ir 
Table 33. Scatter diagrams of flow, BUD, and suspended solids ratios v0rsJ~ 
production for Subcategory A 16 are illustrated in Figures 112, 113 am.J 11.l. 

Log normal probability plots of flow, BOO, and suspended solids ratios 
are illustrated in Figures 115, 116, and 117. 

Other $ign1ficant parameters for comb1~ed process 1 low are pH, nitrosc~. 
and phosphorus. Several s?.udies have documented t~e fact that pH ma/ 
vary wioely over a 24 hour period. In fact, fluctuation~ of pH fr,Jn1 ~· 
to 12 can be expected due to the batch nat~re of the brewing rrocess. 
In general, the pH of oreweri~s in Subcat~gory A 1G can be expected to 
remain between 5 and ; 1 due to the large ~umber of compensating opera
tions taking place simultaneous1/. rietering of caustic from holdinr; 
tanks can be exoected to furt~e~ buffer variations. Brewery waste :~ 
known to be deficient in nitrogen. O'Rourke and Tomlinson (59) defi .. r_: 
iln average 500/:l 1-a::io of 43.Z. Tests at Plant 82r.32:,1P9 16()) 2~-:.:acl'·;i; . .-; 
a SOD/~I ratio of 50.7. Tf~ese :ippear to be reore5entative of th1~ indl.i.':·. 
as a ~1ilole. eased on treatrr.ent syste·~s in operation the ·t1aste appear~. 
to contain adequate phosphorus. 

In order to demonstrate the daily variat.ility of brP.wery waste, the f~c'•·· 
SUD, and suspended sol ~ds rat~os fer 11l!11t 32i'.143 have been plottPd +;r 3 
::1onth ;:ieri od as :; •10·,.,11 in r-· i yur~~ 1 ~ .~. l; ~. i! rid 120. Tre :nei111'.. unJ :. • .. ·"·" i• 

~·e,i:i~·;c...,s ar0 .1l<;o ~i·,1pri, :: ·:--. :.:·c·.:.,.iJ_, frO!n ~j)pc,~ fiiJ•..Jr"e'i tn~t ~.rri~·· 

r,'"ert ::.J'':.".:·.~lll J'~ ·. ·; l!"": .tna ·.:f~:u ·' f. ; : .. : • .:· :;! ·_; -~u~~. ta~.c in:o dCCOLH1t ~-~:!: 

n1s11Jy varia~le nature of bri:!wt:r." l"lci' .• te. 

Model Plant 

rile rJv1 1 ... a:..tc 1uad:> for tire r:ock·1 ;·l.1·:: •or ·_ubcJtegor; il. 10 tJre licl'..t.'.: 

the llledn ratrns presented in '7°Jb[p . .l. a '.,houlci be noted tlidt the<" 
means were ~alc.-latecJ by exclud1•11; ~"'·'data 1·rorn 1.'lant 82Al1~. Th~:.;·'..:•· 
has demonstrated :;uperior in-hou'.t~ 1·1c1·,:e n:?ductio11 proc1:d1.;rer,. It w..i" 
felt, iloivevi:>r, t!1at :he ra1·1 ··1<1::.tt· ]i);;:J.; tor t.tii~ plant we:re not nece-;:>~···,. 
1:·conomicdlly acnievable for the ot 11e1 :.:irr.~•ers in tnis ~ubciltetpry 111 •. • ·· · 

present confi9urat1ons. For tr~a:~:ni;1 .,..,c;te1·1 de·:1qn purposes, an avr?1 ·, :·· 
productil)n fur t11is subcatc:gory ""·l" uL.-1.:itL'~ to be 1!:·00 (.;t.: m (L~ . .::·:_:·; 
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.Pl d"1 
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82B56 
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r" Jt~ '\ .) I 
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TABLE 33 

WASTEWATER CHA.RACIER I ST I CS 

Fi ow Ratio 
( 11 cum) 

4641) 

· 52'.JO 

782() 

6350 

9860 

4970 

162 ') 

3550 

4520 

4600 

5870 

4860 

.1(.,;"' ., ~., 

3731) 

5410 
:s. :n bbl /br>l l 

SUBCATEGORY Al5 
(NEW LARGE BREWERIES) 

BOD Ratio 
(kg cu IT• J 

9.62 

7.88 

10.40 

12.90 

1 7. 4() 

7.33 

1 . 7 .; 

') 'i):J 

f"'l ~ ~ .. <1 • . _, ' 

11.'J[) 

~ 5. •)0 

~.SP. 

\\ .. "· 
7. ., 

Vi.~ .. ! 
( 2 . i' '." ' ~ · ... : :-. I " 
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SS Ratio 
(~g/cu rn) 

~~.as 

3 .4·j 

2.40 

4.41 

8.35 

5.05 

, ,,u 
I•:../\.. 

2. 2 '1 

2. 9,:, 

3.9~ 

4. 6r1 

·) ., ·~ 
' •I•. 

'.L :;,Cj 

t. ·~tl 

3. B~) 
(1.·~rl 1!1';

1

~\{1 1 ~ 

Reliabi;it/ 
Number 

·-~-·--·-

1 0 

8 

'l (I 

7 

i:: 
.J 

B 

10 

:, 

10 

7 
' 

~ 

l I) 

g 

., 
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barrels) per day. Process waste and non-contact water are assumed to be 
separated. GcJSP.d on these as'.;umption'.>, the 111ocJel plant is defined as 
follows: 

Fl ow (MGD) 
BOO (mg/1) 
SS (mg/l) 
Total KN 
pH 

2.2 
1900 
700 
40 
2 to 12 

SUBCATEGORY A 17 - OLD l.M:GE !-!ALT BE'JEKAGE BRE,JER I ES 

The methodology for determining •-ia~.tel'later c:!"i.:ir·acteristic~ for thi:, »~:~
category '.'Id'; the same c1S for SubcJtegon 16. 

Procass Waste Streams 

Hanagcment ~uestionnaires .·1ere a ... ailable for tr,ree of the fc!.ir bre1·1~rr; 

in this sutcategor21. t:r·orn tr:e ques:icnnaire re£ponses and froi:1 ;:.ililn: 
visits the following q~neral1za~;uns canoe maae. Due to the orig1n~l 
design of brQweries i~ this s0bcategor; there is a tendency for s~en~ 
wet grains to be sold and for scent grain liquor to be sewered insteJj 
cf evaµorated. Spent hops, ~1-Jb, and ye.:i::t 01-e generally added to ::,c· 
1vet spent grains, wh·;e lcs: t.:eer, filter .iid, and ~austic are usua:~_. 
sewered. 

Combined 0 rrce~s Flow 

Ca:a for brt:,.1erie~ ir~ t 11is s .. t.,;a:t~'.;ur_.· iffe i~.e!::1;:ed anrj ~u"1111ar~zr.:~J ::. .. 
3~. ScJt:.:er Jiil~ru1:,s 0f f1o,,, ~~:.;,Jr;...; ~ • .J~;.:.._:1;J1;:.;,: :..01 :<..1s r.:itios v.;1·:.,~::. •.•. -
1.!uc:ic.~1 ar-~ plo~tf:!d in •igure::. :2:, iL, rtnd 123. Log ;iormal proh;;t1~:;·. 
plot~ of flo1v, BOD, and suspe::ce:.: :.01 :c::. ~13t;.i:.. Jre il lu:>trated ~n :.~ .. rM·, 
124, 125, .Jnd 126. A::;e of f3c'~;t;e~. w.j eff::1~1'c-.· of O~'er:.:•_ion 
rc:.ul t in '1igl1er ra1 .. :,as:elca~s f~r ~r':,, ~ub...:3:12.jGr.-1. Sina l ler tan~:i :·:· 
is con'.:.IQn, tnus causins :·:ore .·:ater ~.:~ :a' J';~j '~ :leaning J;:ieratior-. 
Col~ect~or, :inc: d·:;~o~~~1Lir1 ;.it ... 1.1:.~·..::~ i~ :1:ddt:! :;;1.in:: d1fiicul: b1· o~J d'··· 

ir1t1"01,..Jt~ ~:~1ll":J. 

·1odel Plant 

T f~ e raw ~" i\ ~ ~ f• ·i t, .~ :~ " ~ r ~" ; _·. .. .. : 
p , .. , 1 '>en t c d 1 n ~ ,--d:. 1 e ~ :: . . 1 ~.. '! • . • · 

.~fil)O ru m ( ~, ~·:'. 1] !'.11T~·", 1 :••." 

11·1~ • .::~ .. J."l1 d :.o : .. t~ ·~0:'1.i·~1L:..·-J. I : 

F 101v , · :.;, . 
.... ! 

SS (11111. , . 
Total •,~. 

p11 

3.:~ 

: .. i~ I 1: r'~I : ,-t'·1l~J .,,-;11 ~he ;Tlt·1 dl, va 1 IJf'' 

: ··,: .. I: ~l • 1'.d'; , .1 lc1;;Jt.cd t.o ~.·t".· 

i'1· 'j•' '. ",,·!'tr• pid n(1f>-f"()rl.d(' f· " 'I' 

•
1 1• '. · ~··.·~ J .. ·iun·~ !.. ; u11·~ t~l\~ r~10Jt··, .. :•.· 

; ''.i 
I.'\.:\) 
:= ~:J 



Flow Ratio 
Plant [i/cu r) 

8?.F04 14,700 

82H36 9380 

82·:J46 9870 

32G64 1'J. 2r:ia 

Meu~ 11,000 
(il.O bbl/bbl) 

TMLE 35 

WASTHJATER CHARACTERISTICS 
SUBCATEGORY A 17 

(OLD LARGE B~EWERIES) 

BrJD Ratio 
(kg/Cl ::;~ 

18. 9 

20.9 

SS Ratlo 
(kq;ci.:rn) ---

7.3$ 

4.64 

18.3 7.~4 
(4.37 ~t:>s/t;:;I) (~.:;n ibs/btJ1) 

Rel iabi l i tr 
Nu;.;~1.:· r 

r: 
.) 

0 

2 

2 
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SU8CATEGORY A 18 - ALL OTHEI: r:/\L T flE'/EP.AG[ GRE~·.'£K U-~ 

The methodology for determining wasteviater characteristics for this 
subcategory was the same as far Subcategory A 16 and A i7. 

Process Waste Streams 

Management questionnaires were not completed by all breweries in this sub
category hence no comprehensive analysi~ of ~et~ods of disposal is ooss~
ble. The constituency of the ;:irocess :;trean:s rerr:airs identical to t.lidt 
described in Succate;orJ A 17. 

Co~bined Process Flow 

Eighty-five breweries are included in this subcategory. The 27 plants 
not responding to the USl.lA survey for~~ part of tl1is yroup. foenty-f·ive 
plants resconoing, bu: repcrti~g no j~ta, arP also includeJ in thi: 
group. Data for these breweries n~spon<Jing 1" itef11ized ar,d ~·Jrn'.anze:1 
in Tao le 36. Only six of the:;e t;reweries nave a reliabil 1ty rating of 
four or high~r. The standard deviation for the group is quite high, 
indicating the lack of a definitive data base. Scatter diagre~~ of flo.·. 
l:lOD, and :.uspendea so·1ids ra~ios ve:-us :.ir·oducti:::,n are ~1ot~ed in Fiqure'. 
127, 128, and 129. Log nor~al ~r~~dD1l1ty plot~ Jf flow, BOD ahd ~u~
pended solid.; ra:ios are illustrated in Figurt?~: 13G, 13~. and i32. 

'.!ode 1 a~ ,mt -----
foe r.J,• •1aste loads for the :noce·, olant are based on the 30 pr:rcent 
vdlue~ for th~s swbcat~gory as cr~se~ted in Table 36. This a~s~mpticn 
took into account tne stat1s:~cal varia"C! of the group jn a~dition tu 
tne fact that those six plants ~1tn rel1a~le data tended to exceed :~e 
r:iean ir several case~. The iJVe1·dut• :ir0-;;ct'on for mis :.uocateJory ,.,'J'.: 

calcuiJ:t':d :o :ie oli'O cu rn (41;00 l:c1rr~l~ · ~e'" ja,." :Jroces~ ... ,a,te and 
~on-contact •·1ater are H~Jme.i ~o '.JP. ~e:"ar,,':•?d. ~~.'.1.."..! Jn t11e::.t! d'..';.;-:-. ._·.·.:·.o. 
thr ~:o.jcl ;JiJnt. i~ Cdilled cL ·~0;:1,.,;,; 

5 1.'~:l:,~·:~:~;~;::v ;~ j~J ... ~·'.~Ll 
. -------·· --· - •.. --- ·- ~· -----------

F 1 ow \f ·IC,;:, 
BOO (:::-:i. : 
SS (111q: I 
Tota 1- :.: , 
pH 

l 
,, .... 

1 •.•• 
1 ••_II., 

u ... ·., 

JO 
:. : 0 1 ;' 

In ordf't' to detel'mine the wastewat•.•r ~n,i!'ac:u·i:;:~cs of thi~ rndustr ... 
a sune"· •·a~ \.Ol1lii...cte.:i of ali ._,-r,,r' ~1~-;~er·, .. illree ;)lants ~11o're ·:i'..i'»·l. 
t'.~L'Pliints ... ere '.'>anplt'>d, and a >'?.:l'"•~ 1 ' \:JS ria~c for any e.,i:;ting histor·(.i: 

l.ld t,1. 

i\s ftlr bac~ as 1935 l<uf (61) Ji:ll!rt;~·t•d ~tl'eping ·and gerntinatin9 as t•11: 
pri11:ary and seco:1u.iry waste sources, re~.oecti ve ly, from a :na 11; hcu':>e. 



PLANT 

82J59 
82K32 
82K44 
82t:50 
821<'.55 
82L03 
82Ll0 
82L14 
82L17 
82L20 
82L21 
82L~3 
82L24 
82L25 
82L26 
B2L27 
82L28 
82L29 
32l33 
82L40 
82L42 
8Zi.ll5 
8ZL~7 
e2L.d8 
~?2L57 
A2L60 
3~~ts 
l32L62 
B2Li~ 
82~·'12 
8 :1·~ i3 
2~MF· 
82" I" 
MMl'.l 
fl2M22 
r.::i~uo 

82113 l 
BZ:~3d 
Cl2M3 7 
82'~38 
s2~1 3? 

TABLE 36 

WAST£WAiER CHARACTEQISTICS 
SUBCATEGORY A IB 

fl011' RATIO BC'D !'lATJO SS Dfi TYO 
TTTcUmr- r k.g/ cu iiiT (l'..g/cu m) 

4300 9.05 1. 52 
920 2.20 0.27 

6810 9.82 6.26 
3710 7.50 1. 93 
4100 7. 42 2.S5 
9700 15.08 5.03 
4630 1. 66 1 • 04 
2820 6.88 ? . gil 

12900 19. 34 9.40 
8990 1. 66 0. 19 
5380 28. :;.c:. 0.89 
3110 l c. 71 4.95 
3720 8.62 2.98 
7190 5.99 1 '47 

760 5 .. 76 I. 24 
180€0 13. 97 5.88 
56820 2.55 1.66 

l 03C 5. 41 l . 5 '3 
4160 l. 7C : . 01 
;t)GQ 1 . f,6 0. S.:1 
4690 14.93 4.76 
6450 14. 31 E ~. • , b 

:.s10 4 .10 - • (3 l 
or."o 0.66 G .. 39 

i !;"JO 5. 88 .. c a,..· 
f ..,, WL. 

2~51') 15' ~; f,. c~ 
;1,su ~.45 ... r~ '·. ·' 
~4 70 3. 110 o. [>•) 

10860 lC.32 l,: .: 
3910 

10750 
~ 9F.U 
JClO 
11 3 (I 

74fr· n. n.1 (' . " . ',_ 
I r.c .• 
~-~ 

1310 
., .,., 
c.:.. """ 

3' ~ll' 

357 

RELIAeru:v 
~!UMfiER 

8 
6 
7 
7 
6 
1 
l 

4 
2 
I 
2 
1 
1 
1 
1 

.., 
' l 
2 
1 
l 
l 
3 
l 
3 
c 
0 
0 
f) 

0 
() 

0 
0 
0 
0 
0 
n 
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TABLE .J~ (CONT'D) 

f!!:fil FLOW RATIO BOD RATIO SS AATIO RELIABILITY mcu·mr (kg/cu m) (kg/cu m) f.'t.'MFER 

82:·14 l 11750 0 
82M49 0 
82:151 () 

82~·:52 6620 0 
82.'153 5280 0 
82~54 0 
82M65 4900 0 
82M67 8310 0 
82M69 0 
82M70 916C 5.41 2.44 0 
82:-171 , . '"' J J 0. !:·C c. 04 c 
82:-172 9?.20 6. ti 1 j,JJ 0 
82M73 0 
82M7S 12900 0 
82~176 15240 0 
82~77 3440 0 

ME/o.N ( 7710 1; bu 1 J (8.47 1/t[)1 ; ·'. 3. 64 l/L1_.1) 

BC Percent 10000 13. 53 6. 19 
Value 

( 1 C'. :bo 1 /bbl) (J.:bt:~/t::Jl: :1.CObt;l/L;:., 1) 
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DRAFT 

According to Isaac (62) the steep liquor is a strong, deeply colored, 
put1·escible liquid "hich may contain high levels of susperided '.iOlids. 
The quantity and quality of steep liquor varies according to the number 
Gf steep water changes and according to the contact time for each change. 
In general, the strength of the waste (as measured by BOD) decreases ap
proximately 75 percent from the first to the last steep. This is illus
trated by data from Isaac (52) and Simpson (63) presented in Table 37. 

Wastes from gerraination are known to be smaller in vo1ume and concent~a
tion than those from steepirig, although insufficient data is available 
to establish a specific proportion between the two. 

Combined Process Flow 

The sigr1ificant parameters for this industry are flow, BOD, and suspenced 
solids. The ratios of these parameters to the number of barley bushel~ 
processed were calculated for each of :he 18 plants which responaed to 
the industry survey. These resoonses are ite~1zed and summarized in 
Table 38. in addition, a relia~ility number was assigned to each ;lJ~: 
.Jased on the method and aurat1on of sampling a~ follov:s: 

Reliability 1 - 24 hour flow prooort:onal s~rnpling for~ con
secut1 ve cays or ;i:ore. 

Reliability Z - 24 hour flow proportional sampling for less 
than 5 consecu:i~e days. 

Relicbility 3 - F:ow~ne:ercd, grab :;am::ile~. 

Relia~i:itJ 4 - Flow estimated, gra~ samples. 

~ eparate arit~metic mean was ca~c~lated for those plants with reli
a::i 1ity numbers l ar:d 2. /-\ :og :~e:in .. ,as ·:Jlcuiated to cl1eck ~he uis
tr bution of the data. 

ln order to de~rnstr'.1te ~t1'? vai .. l,1i:-'~· :. Jf ;;1;llt ~1aste, one ~·1Llr.:_ .. as 
~eli:>c:ed .'i111c:1 ·~arJ ;:onduct:?:: S:.:.'t.:!'J~ :,,~r~oo5 of fiv~-dav. 2<l-nn11r ... '. 
proportional '.>dr::plin']. T.:i::ilt 3'~ ~i;Ps ~r.e re~ults of :ho:~<: tes!:s ;·1 1 :11 
the standard cevia·~ion for :-ac~ ;;:c:i~:.ir<.:~ ;:iil .. a:r:ete!'. 

Maltirg effluent:. can be cnanc:eri.:ed cs crn~1stir.g of .1i'.J~ly so11:r..1 .. 
or;anic materials. Gased on :.~1e <"'•'"''1 di~t1·ib~tion of ni<jh re1ictLiJ:• .. 
plants throuqhout the sriec!ru:-· ,:~- :jroc:..1-:ion 111 tne industr·i, it's t:·;'. 
that the follo.~ing level'.> Jre ~yr11c...i·1. 

600 Ratio 
SS Rat~o 
Flow Ratio 

4.55 ka/~k~ (D.216 lb/bu) 
0. i :" ... ' ~ : .. :. ~ q 1. 0 . I) .3 G 9 1 b I b v ) 
741J l,'U9 (42.6 ~al bu) 

The pH of ti1e 1.,,aste varies bet1·:een 6.0 and 8.0 as reported b_v lsaac :62;. 
The 1-1aste i:; Jdicient in nitrt)•jen. J fact whic~1 was confirmed by wet. 
Sd111pLng at plant 33Al3. 

365 
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"i'ABLE 37 

AMAL YSES OF f1ALTirlG STCEP L·JATER l~ASTES 

SOD COtlCEtlTRAT Hlrl (mg/1) 

Plant 
Designation ;~ B c D E F 

ls t Steep 960 ll 00 750 2800 1900 2750 

2nd Steep 920 900 890 22SO 1630 1300 

3rd Stee~ 1 25 700 400 1911") 1890 1800 

4th Steep 254 l 4'J 50 490 450 870 
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TABLE 38 

RESULTS OF MALT INDUSTRY WASTE~ATER SURVEY 

PLANT ~ BC'OR SSR RELIABIUTY 

83A02IS9 11,800 7.29 0.446 2 
e3A071PS 8,780 4,41 l.45 4 
83A08iP9 f.82 0.459 0.0914 4 
B3A09IS9 7,0BO 6.05 0.892 3 
e3.A 12 r P'.! 6,240 3.74 0.543 l! 
83A13IS9 6,960 5.29 0.586 2 
83A15IP9 E,240 2.72 0.713 3 
83Al3I~9 4,430 3.43 0.625 2 
83A22IP9 6, 180 3.52 0.506 4 
83f~25IP9 9,700 4.03 0.928 1 
83ft27!S9 l 0 ,800 14.59 5.52 4 
i:l3A28!~9 31 '100 3.66 1.80 2 
83A2~TP9 11 ,300 5,44 1. 14 2 
83A3GIP9 5,690 3' 1 € 0. 171 2 
83A31 !P9 4,580 2.93 0.458 2 
83A32H'9 4. 190 2.92 0.477 4 
83A33IP9 5 '570 3.37 0.885 4 
83f,34 ! P9 5,210 ~· gtl 0.836 2 

MEAN 8,140 1/kkg 4.E:C kg/kkg 1. ro kg/kkg 
(AL~) 46.2 gal/bu 0.221 lb/bu 0. 048 lb/ bu 

'-1£.1\N *7410 1/kkg t,.:: kg/kkq 0. 77C kg/kkg 
:. 1 ,2) 42.6 gal/bu o.21e lo/~u 0.036 lb/bu 

LOG-'~EA:.; 646( l/kkg 3."70 k~/kkg I). 6!32 k~ /k kg 
{t1LL) 37,l gal/bci 0.177 lb/bu 0.('33 lb/bu 

* Calculated without P1 ant ~1A28 whic~ had cor~ined ~roce~s and 
COC'ling water. 

367 
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T~.BLE Z9 

DAILY VARIAOILITY OF MALT WASTE 

DAY Flm/ noi.;R BOD BOOR SS SSR 
(MGD) nJITg) (T.i'G/l ) (~.9/k~.g) TMG/l) Tk9/kkg) 

0.365 9,210 485 4.43 92 0.!343 

2 0. 373 9,420 475 4.44 59 0.552 

3 0.365 9,210 300 2.74 125 l. 14 

4 0.378 9,560 370 ., r , 
>.I ' J I 90 0.850 

~ 0.444 l l 1200 451 5.01 113 1. 26 

"IEAN 0.385 9,700 416 4.03 95.8 0. 928 

STD. 
DEVIATION 0.0334 79. 1 25.3 
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Model Malt Plant 

For the purpose of developing control and treatir.ent technology and for 
conducting cost analyses a model plant has been designed. The model 
plant for Subcategory A 19 operates 24 hours per day, 365 days per year. 
It processes 350 kkg (16,GOO bu) of barley per day based on the mean 
production of those plants surveyed. Suspended solids in the waste, 
consisting mostly of grain and sprouts, are assumed to be removed by 
screening prior to discharge. Non-contact and process water are assuned 
to be separated. Based on the above ratios the model plant. has the fol: 
lowing wastewater characteristics: 

F 1 ow (r'.GD) 
BOD (mg/ 1 ) 
SS (mg/ 1 ) 
Total Kri (rn9/l) 
Total P (rig/i) 
pH 

0.625 
615 
104 
17 
7 
6 to 9 

5!JBCATEGORY 1~ 20 - ~.;r:;ERJES '.ff:-r- 1)UT STILL~ 

ln order to determine the was:e 0.-1dter cnaracteristics fo1· the \·1ir.e 
industry (Subcategories A 20:: ar:: 1; 21) ~l w1neries were visited, 5 
wineries were sampled, and an P•~ensive lit~ratJre search was con
ducted. 

A short disc:;ssion cf the rn~t~odoloc~ to te ~sed in this section is rE-
quired. Basicallv, a :iui1Jino :lock :1::.or-oac:i .. 1i~l be usea. First, -,.,;nc··'.·.:: 
1-1itno:;t stills wili oe d~scribt-~. :ince ·1an .. l'lineries in :;e1-1 ·fan< ais-
c ha r g e to n av ~ gal.> I e '"?. c er s a no s i n c e ~·• i , ., e :-- i e-s i r. Ca 1 i ~or n i a do no: , 
the raw waste and effluent moni:orinc in ~ew York were unders7a~~abl~ 
rnor~ extens~ve. F0r :his r~J:c~ ~as~e~~~er cnarac:~ristics for rlin~~i~~ 
l''it~out stil:s rel.: heavil_v on \ev1 r'ork data. Second, 1·1inerie~ ".·1ith 
stills "'ill be aescr~bed. 71lese .,.,irer:e;; are all locJted ~,, ~<Jlit"orni:i. 
Th~/ proc1uce the ;J~e .·1aste1:J t!:r L ,.,~,.,_,,. 1:,:s vil the:;: s~:i 11; ::,.1-.;:, ... .i ". ··~-
",·1ate1· ;i~~.0c1Jte·J ... 1;:11 :.<:iil.:::.-•. ·?-c:. :·1e c;·:a!·.:ic~·~:.~:.i~;; 01 · .. 1llr.·:!• 
are t"a1rly ,.'i>l1 Jcfinea, ·- .. -~~--~i ('~~~:..:r;~ fo1· ...,.ine··i11;, w:tn ~.·.·i )]•, 

during crushing ·..i·ili be tr . .: su;:; of tn~ ,·,dStev1dter oroduced by di:;~i~1~r;~.: 
added ~rJ ~he wastewater pr0ducea _,.,, o'/11'.~'.ries ;1i~no:.;t -:~~ils. Du1·111cJ :.:1: 
proces';ing season all wi1erie• .. 111·1 h· .-::,-.:,!ned to o~.::ratc- 1·:it.h ti)f.' • ... :r··· 
wa•,te1..,.ater chdracteristic~ >-::'CL<·. 1~ ··u~.:\J. 

Process vlas:.e $trea111s 

Thie' percentaqe of ;<astt' 0,.1ater tlu: 1'irt.h ,,ri ~ 1Jroce'.;'.", cor.tril.iutL'S to :11:: 
to:.1 1 ":ir~~rJ eff;:;C'1:: :J:. noL ;:·~.:-. .. ..:;; ..;..;1,.ur;:ent~d . .:..s idcntliied in 
Section : 1 i tne Sl)urces of \·1a~te.,1:i t<·"' dJr-in9 c:roce~sing are as fol 101·1:,: 

lee~. or '.·1J'.J\Jo1vn of filter or·.'·::: .. ., ._,r c~ntrifuyt:s 1·nth lees and fi lt::I" 
did n:51duc; fernil:nter wasnuown; -p~1 ;11i1;g 'Jnk 1-1ashdown; aging tank 
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washdown; transfer hose, pipeline, ar.d pump washdown; boiler and cooling 
to1·1er bio11dcvm; ~1ater conditioning ar.d regen.:ration rin~es; arid gcnerJl 
winery sanitation. During crushing, wastewater 1riay 1,,e generated from all 
of the above plus crusher/sten~ner dnd pomace prP.ss washdown. 

Combined Process Flow 

lt is recognized that wastewater characteristics differ durir.9 the crush
ing and processing season. For that reason daste loading has ceen seoa
rately correlated to kkg (tons) of grapes crushed anJ ~o cum (gallcn~: 
of wine produced. The ratio of flow, BOD, and suspended solids to yr~~~~ 
crushed for four New York wineries is presented in Table 40. Three of 
these four wineries have 24 hour flow croportional sampling with dai 1; C~~ 
and weekly BOD analyses. Based on the ..ieighted rnean for these wine•-;c"., 
it is felt that the following ratios ~re typical for a winery withou~ 
stills during crushing:_ 

Flow Ratio 
( l/Hg) 

l 528 
(365 gal/ton) 

BOD Rat1o 
(ky/kkg) 

3.57 
(7 .14 lb/ton) 

SS Ratic 
~kg/f.kg)_ 

l. 16 
~ 2 . 3 2 i b I t: on ) 

It is noteJ tl1at alti1ough these valu~s .lre ~e!"ived fror.i ~Jev; Yt·rk "~~''·:"''·':~ 
they apply equally well :o Cdli~~r~1a ~inerics w~ich are esti~ated :o :r~
du::e wastewat.:r during crusning at 2.1 k)/kq (.J.2 lb/ton) (64). 

Wastewater generated during ororess~ng nas bee~ correlated t~ ;ini~re~ 
1-1ine produced. 'The flov1, BGD, and suscer.oed so:1d$ :o ·.nne or:ia ... c~:: ,..~: .. : 
are ~resented i1 Taole 41. Based on :he we1~h:ed mean for these w1n~r'.e~ 
it is felt tha: the following ratjcs ar~ typical for a winer; wi~~ou: 
sti115 during processing. 

Flow Ratio 
(1/cu rn) 

SS 10 

(5510 gal/1000 gal) 

6.63 

I c.;: -~ ' ' \ ... .., ' .... ',.I 

~s ~.:itio 

t~g/C'.J 111) 

Z.23 

HPre agair, the values corrcla:e ~-' e-:-~;:"a:c 0, i1·'}rc ·~,1l 1 f"orr·:a 1·1h!:r~·:" 
:.96 ~g/cu m'BOD dnd 0.G ~:11cu, ·;_.~;:t· 1 1l!•~d ~.~:iJ'... since: th!; prod~.:'. 
the New York 1vi11eries i1a~ ~een 11~cr-e!ased by un;~~icrat1on Jt;cl ble~1d;1:.;. 

Other para111ete··> which ,~re si;nificant for trcctt::1c:lt 5ystc111 1!e51gn ,:,.-·:·. 
ni tro•J<"?1, ;rnd iJ!:os.,i1oru~. :n ge11t!r,:il tr.c pH varie:. annually from 4.i.' •_:i 
10.Q .;itn J di:11l; Jverage of~-~. [:.i;'!:'CJ on o\·er 100 5ar.1Dl!:!; frcm p:,:· :· 
84•o' '3nd 34"'v.3 the wil:;te c.Jn ::t> c·,-1r.Eti:ri;:ed .;s deficient in bot11 ·:·····_. 
yen dnd phosphuru~. 1.30()/:i rati.:s ·.'Jr~· fr-Jm 78:1 to b90:1 1iith thos0 .; .. ,··· 
crush 1ng ~1e·ing son11:~1·1nat nigher ::iJr. rriu~e dut·i!1g processing. BOO,ir ra:·-. 
remain fairiy consistent uetwet•:, I·:·~:· ,1~1c: :us::. 

3 7 !l 
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Plant 

34EQ1 

84EO~ 

84F83 

84E04 

~' Jn 

Leg "1e;in 

\.lei yhted""' 
~ean 

TA13U 40 

RAii l/ASTE CHARACTERISTICS DURlllG CRUSHir!G 
Nirl£R!ES !HrnOUT STILLS 

Flow Ratio BOD Ratio SS Ratio 
p /kkg l __ {k _g_! k ~.11 i~L~:.21 

1 '970 3.42 l. 47 

7 ,::'.90 4. 96 l.57 

l '0!3) 2.88 0.44 

Lt99'1 :i _ f')J I)_ .12 

1 , 380* 3.57 0.95 

Z,OJO 3. 611 0. 76 

1 '528 3.57 1 .16 

I/uniter 
of 

~ J1~2.!!_~ 

, ') , .. 
16 

1 fi 

,-
_) 

(365 g.11/ton: '7. l .l lb ... ton) , ., -. .... 
' •. ' Jt... lb/~':''!) 

.,.. Ca~culHcd ~1ithout plant ~4~~':! wr.:c.'1 ha~ i:'Jf'lbined rroces~ 
anJ ~oolir.~ water. 

** Exel ud•.:'.i FLC.,;R ,111:: ·- <.:J f·1r- ;' 1 1n~ .:;· ··1 ~~i.; t::i ·:1l:thoi1 nt 

~.~~rl'r-;. 

·1 
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PLrnt 

84A".'1 

84AIJ2 

84.A.03 

84 '.'..1)4 

Mf·an 

log Mean 

TABLE 41 

RAM ll/\STE CHARACTERTSTTCS DUl<Ir!G PRUCESSimi 
Uil~ERl ES lJITHOUT ST ILLS 

Flow Ratio BOD Ratio SS Ratio 
(1/cu m} {k~/cu mi (kg/cu r:l) 

7,220 14. l ~.70 

12,400 6.35 1.52 

2,940 6. 91 0. 79 

l 2 290 30.4 4. J5 

3,840* :4.4 2.76 

4,300 11. 7 2. 19 

Weighted** 
Mean 5,510 6.63 2.33 

,5,510 qa i. c: r- .., 1 r, 1 9 ,.l 1 b I ~ .) , .; ,, . ' ~-.:-·-.-' i ' \I.boo ga; I • i , _11JC -~a · · r-,.~,-,-::--ga-,; 
1 _,.J.J I 

Number 
of 

Samp lJ!_s_ 

36 

47 

65 

5 

* C'11t:u11lted wit!'i:iut ;il.:in~ ~.:E".:2 .... !;ich has comti:n!:!d proces~ 
ar.d cuuling Nater. 

"* r:alc:;~ated ,·;ithout pl.Jnt :·.!;.::-:: ~~J'' •o :;i.:•: ;tr>-:j :cthod of 
c;arnnl ;r.1. ~.=ibor r;alr:i'. :·-~< ,'/; ._,.,, d. : 1.~nt_ n.:,, "1 ·'.lu.:~ ~\\ i1:-

r·ldnt r~Juc~ion ren\Jir0.-.: •r,,., •_·c-·'.."' ·1::· . 

. , ... ,) 
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Model Plant 

For tne purposes of control and treabnent ·technology and cost analysis a 
model plant ~as been designed. The production for wineries without still~ 
during crushing is 180 kkg (200 tons) per day based on average o~eratin9 
levels for New York and California wineries. The production during pro
cessing is 41 cum (10,800 sal) of finished wine based on the average for 
New YJrk wineries. It is recognized that. this figtire may be a litt11> 
~igher than California wineries without stills due to the Jr~ctice of 
New York wineries co blend in up to 25 percent of Califor1ia wines; i .~., 
a typical California production during a 70 day season would be iS c11 ~ 
(6,730 gal:. Based on t'iis production level the raw i1aste loi'd5 ~oi- u,:: 
model plant are as follows: 

Flo•1 (MGD) 
800 (mg/ 1 ; 
SS (rn']/l j 
Total K.'J my;l) 
TotJ 1 p (r;;g/J ) 
pH 

Crushi~ 

0. ·'J730 
23GO 

760 
7 

l J 
4 to 1 D 

.P races sJ.!22 

o. %0 
1200 
420 

4 
7 

4 to 10 

The following process operations are J~s~rned: 

l) Stems are cnnsiderea a so:id waste to be spread on vi~e;drJ 
pro::>cr~/-

2) Pre~;~ed ~omace ·:~ay ~e ~S(:j for di:.~i111r.q riaterial. r1ay be 
spread on vineyard pro~erty, or recovered a~ a by-~rodJc~. 

3) Diat·~aceou~ eartn 1t1lter aid) i~ con~idered a ~011~ wa~te "" 
be scread o~ ~int;JrJ ~ro~ert;. 

5) Final effluent is ~crePnPd ~n re~ovn ~olid~. 

~.UBCAT['.,()f{Y;.. 2i - ',-!l';t:i~l!.:, ,.;:~:; ·-:_L', ··---------·----------------- ·-··· - --- ·-· 

,·,s prt!vicusl; dcscr'itJt•d, '.tit•,.,(!· • ...... ::c:r· ~-n~· ..,::·t'r1.~s ir: :.r;:s sulJC<lto.: :.::·.-
1-11 J) be the s.:mP as t11at f:.lr "::r 1•r·~:", .·11 :h)L1t ·. ~' 1 1:;, :·tu" !.hr '.·".1· -. .... · , 

as~o~iated with ~tillJge. 
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sourc~ of distilling material, it can generally be classified as a high
strength organic l'laste with lol'I pH. Typical values for different types 
of stillage are reported in Table 42 ( 65). 

In order to determine the wastewater effluent due to stillage an average 
volume and concentration must be defined which will apply equitaoly to 
the wineries with stills. In order to calculat~ the average flow, data 
fror.i 19 Cali;ornia 1-iineries •;1ith sti11s 1-1as obtained to determine the 
average amount of distilling ma~erial produced per ton of grapes crushed. 

This ciata is itemized in Table 43 (66). Based on tni~ average of 746 
l/kkg (179 gal/ton) the totai auantl~; of stillage produced would be 
the amount of distilling material increa~ed by 15 percent duet~ s~ea~ 
introduced in the st1lL The average vo~ume of ~tillagi: per unit of 
grapas crushed, therefore, is 853 1/kkg (206 gal/ton). As ack~owledsed," 
the conce~tration of stillage·varies dependins on the type of distilling 
material Jsed. Table 44 present~ data from Skofis (€7) and wet samoling" 
at pldnt ~'C2J w~1ch has been ~sed to verify ~he ranges of value~ ei
pected. In botn case~ 24 hour flow proportional sa~ples were taken for 
five or more days. Based on thes~ data and that presented in the litera
ture (68, 69) it is felt tha: t;µicu1 values for :;til~age are as follo1·;s: 

BOD (1~·~/ 1) 
SS (rng/l) 

i2,000 
J 11, CCC 

By combining these values witb ~he f~cw vclune of 652 1/kkg (206gal1:ar· 
the r~tios 1pounas of pJllutart tJ tJns 8f grapes cr~shed) contrjc~:e~ :v 
sti~laye are: 

BOO 10.2 ~g/kk~ '.20.5 lb/ton) 
SS 12.0 kg/Kkg '.24.J lb/ton) 

Combined ~race~~ Flew 

The -:.o!:a1 effluent durinri crus 11l'1'7 ~,-r a ,..;r.er·_; 1·1'::1 ·.t11l';, t 1e:;, i·, .i 

co1~·!.;11.at1 1_,11 0f ·.tillage ~1~c.; .1·~c,·.~!\9 .•. 1·.'._,;s a_ :.hc.m tielow: 

F1m·1 15:'8 1/kp.,:~ 
(365 gal/tor~:· 

GOD 3.S7 ~<,1/kkg 
(7.1~ 1b/'.cn; 

SS l .16 kg/kl.:: 
( 2. 32 l l>; ton) 

8~9 i '~ ~1_; 

(2:.Ju .;al, :.::in) 

l~) .. ~ 1 •• 1/~~ .. _; 
(:.:U .. 1 ~:1 tc·n} 

i2.:·: -~·u1 
(2~.~: it .. t0n) 

Total 

ngo i 1u.9 
(571 gal/ton~ 

l 3 . Y k S .1 L "· :: 
(27.7 10/ton; 

13.6 kg/kk] 
(27. 3 lb/ton) 

,\s i:·:;Jtc>nced Dy trese calcu1.:i~~on·:.,. :;;J~ol' contp1bi.;tcs 36 pe1·cent o~ ''>: 
flow Jnd 74 :cercerit nf the SC~ J!~C: •·· :·•:n~ea solids in 1·1inery ;,a:;te du1·1:.: 
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TABLE 42 

STTLLAGE CHARACTERISTICS 

Conventional 
Still age 

lmo/1) 

Total So1ids 20. l 00 

Volatile Solids 87.4 

~u~pended Sol ids 3., 20 

BOD 11 ,000 

Total Acidit; (CbC0 3) 3' 170 

pH 4.7 

Total :i 271 

Totnl ? 11 . , 50 

Lees 
Still age 
~mg/l ) 

68,000 

86.5 

59,000 

20,000 

9,f)7[) 

3.S 

l • 5 32 

fl .., (J ~ ... '"'' ......... 

Pomace 
Stillage 
_l!i29jJj_ 

13. 180 

77. 0 

18,700 

2,ll[J') 

J.7-6.3 

330 

1 .~10 
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Pl ant 

(A) 

( B} 

( c) 

( D) 

( [ ) 

( F) 

( G) 

( H) 

( 1 ~ 

( J ) 

( L ) 

( n \ 
I •I i 

( R) 

( s) 

-:-OT/\L 

TAOLE 43 

DI STILL IrlG MATERIAL PRODUCED PER TON CF GRAPES CRUSHED 

Tons of Grapes 
Received 

79,633 

58,448 

53,514 

34, 187 

50,483 

JS<,769 

24,480 

45,'109 

17'84h 

131,381 

27,822 

113,05D 

34,520 

28,%9 

:G,3CO 

25,92Q 

6 ,296 

1 ,032 ,297 

Gallons Distilling 
Material Produced 

21 ,659,432 

22,532,.!05 

7,898,299 

6,768,G76 

14,292,949 

7,46),.)34 

12.27i,?27 

10,275,')21 

2 ,62'::,2.29 

n, 995 •. >J·l 

... "J., ") ·1 ') ') 
I '..,I•- ..,I 'I ·' - ,J 

a. 148. 2 ! 'J 

•"\ "·.' . ' -.. 

3. 1 r, 11. s.:-~3 --- ------ ----

Ga 11 on s Dist i 11 i ng 
Ma teri a~ Per 
fol" __ of G.-apes 

2i0.968 

385.500 

147.592 

197.99 

283.00 

259.868 

304. ;a 

58.828 

223. m 2 

zsa.754 

, 81 . 93 

236.843 

270. 1')3 

127.79J 

184,727,132 -1,032.297 = l:::·. 1 .:~ .~":•' ;.-!l~ons Dist~11ing Materi<1l 
per ":".,in _:• ~r.1:;i:>s qeceived 
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1 MLE 44 

STILLAGE CHARACTERISTICS 

PLArH 8<1C80 

SOD SS N p 

~ ~rn<J /l ) imq/l) l!:!SL.U {mg/1} E~ 

6,650 23. 100 369 :; : 1 ~ 0 
-~ .. _, 

2 l ~ .~oo ~ ' ':1()0 3BO 321 'J ':l .; • w 

3 lj,620 10. 200 18~ 204 3.8 

4 11 J l,00 1c.701) 1 QI; 273 ., (j 
• \_l-l __, -

s 10,300 4 • :Ji:·:: 1S2 242 3.8 

5 12,000 13 ,.ljQ 268 308 3.8 

7 18,300 33,200 203 425 3.9 

8 7,65') 1 'J. ~~o 231 20'J 3.9 

Average l1 '301) 14. 5 J'J 250 288 3 . .s 

OA71\ FPJ~'..1 ~~'.QF!~ 

eo::i SS 
f).iv (';\C :' 1 ' I r·n ' 1 ' ·P.H ~·-

'2 ,CiC?, - ,., ("1 r: 
'.;; ,1..·:_)j ~-9B 

·2 14 ,?: 1 3,784 3.92 

, .-. "-, ..... ):.q 3.39 " '1 , ·1;. '.) t' 

' '• 13 ,36; : ,J% 3.32 

5 1 3 ,{~ ~'~~ -~_.'):6 3.95 

llvr:!"':\ge 12 ': :: :' ~ ,1;33 3 91 

377 
'. 
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crushing. A winery with stills is assumed to have the same wastev1ater 
loads during processing as a vlinery without stilis. 

11odel Plant 

For the purposes of control ana treatment technology and cost analysis a 
model plant has been desis,)ed. The produc:ion for w~neries with stil~s 
during crushing is 700 kkg (776 tons) per day based on the average of 
the 19 1•ineries ite::iized in Table 43 over 70 days in 1974. Tl1e pro
duc:ion per day during a 70 day processing seJson is esti1:1dte::1 to be 
91 cum (23,900 9a1). 

Based on these production levels the raw waste 10ads for the model plan: 
:ire as follows: 

Crus~ Pr0cess~ 

j."l ow (MGJ) 0. 42? Q. 122 
BOD ( mJ/ l ) 5830 1210 
c;' _.., (mg/1; 5750 424 
Total KN (1ng/l) 103 4 
Tota 1 p (r:1g/ l ) 494 7 
pH 3.5 to 6 4 to 10 

In order to deter~ine the wastewa~er char~cteris~ics for the dis~ille~ 
spir'ts industry ;SJbcategories A 22, ; 23, A 24 and A 25) 39 ~lants ~ere 
contac~e~ to obtain existin~ historical data, 13 plants were visiteo. 
3 plants ~er~ s~~Dled, and a ccr~lete ~i~e~ature searcn was con.~cted. 

Extensi ·1e un' t ;::rocess researcn hJs ~ee" ::inducted in rli sti 11·?:1 :;:::i r~ :::. 
nlan:s si:ice :he !9~'1's. ~s ~ r·osJ~: :·7 ~!1is v-ese;,1·ch, ;Jrn,:e'.;: :!,l'.':·:> 

str~::r~s .::3n be '.iefined quite :::ic::::.r-J:e:1. -:-:iole 15 i I l;;strdtes 
the nercent of totaT pla'lt was~e1oa1 a::~ibu~able t~ ea.:~ unit Jroce:~ 
as reported by p!ants ss;::.1 arm 2~~.i ~· ( 7·] :ir,d .;1 '. ihese fi ;un?s 
are rec:>rted n'erely to cstabl ;sh : ~e?:e'"Jl hier-ari:.'1:1 o" was·.e load in· 
that is felt to :..e r'?;Jresentilti·:t~ '.)f ~h·.: ;-idustry. /1r1r~it~onJl 1·1ijS~·:: 
reduction measures e~ployed by these plants since tPsting ~re repor~e~ 
in Section 'J:I. 

reelj C.e:r::ver·1 •· ihe 1-ajor sour:!? ·;:' ·.·:as~ .. ~·.1J~er 1·1; ·::1i n .'.e feec re::ov~!-/ 
plariT is e~·.~C'or.Hor c0ndens.l~e. t:vaor,·.;:.~:· condensate flo1·1s ·.ii: l vary 
based ,1n r1a~"i ::0'1CC'1tratior ir ~~e fn.r~e·1:~rs, percnt of "~.ic: .. set," 
and beer still c·!·1ution. By rt:du::i11c beer- r;::illonorJe to1-1an:1110 1 (?3 ::.,~: 
per bushel. the 11,;uiJ 1ocic· to ~he ,.,~·;;:,)i"Jtors is n~cuced. Cy increasir.~1 
the percent of "backset," less 1·1a:2.- :L.s~. be added to obtciin J qivcn beer· 



TA!3LE 45 

PP.OCESS ~!ASTE STQH,MS 
GRAiN DISTILLERS !·J!Tll $TILLAGE RECOVERY 

Subcate~ory A 22 

Percent of Total ~.
1

ast~ Lea~ 
Plant·- ?lant 

25Mli 85l• 13 

Feed Reccvery 79 75 

Cookin(1-~1astii nq 1? 11 

Pect~fyi~g-Bott~ins ~ c 
c• 

Ji st~ ~ ! ~ ng 2 

Fe ri::er: ~-. :. g 

Po 1·1er douse 2 2 

'Jcf•es:. i c 

T0i.;L 100 ~Jo 



gallonage. By usin9 a reboiler, eitne: int~rnal or external to the :;tili, 
the amount of liquid acded to spent 5tillage is reduced in comparison 
with liquid added by ~parging live steaM. The flow for evaporator 
condensate might vary beb1een 'J7 l (15 gal) and 79 1 (21 gal) per 
bushel. The concentration of the condensate (as measured by nOD in 
mg/l) varies aainly according to the design and operotion of the 
evaporator. Data presented by Rul lma;i in Table 46(72)i11 ustrates the 
range of values th~t might be expected. A~ reported by Hurst l73) 
Plant 3SA04 has achieved BOD concentraticns of 300 mg/1 usino a 
r1echanical recornpression evaporator. Results of ::itlicr tests ( 74 and 75) 
indicate that BOD concentrations of fro~ 6CO to 300 ~o/l are generally 
representative of the industry. An rnalysis of evaporator conc.ensJ~2 
fror.1 f'lant :..:~.".IJl is sho1m rn rau1e47. The main constituents of 
tfie condensate are ~ree oroa:'lic acids, volatile 1·1ith steam at reduced 
pressure and, hence, not included in total solids figures. 

Both ba,..ometric and surface condensers are beinq used on evaporators ~n 
the industry. Flows for these discharges might v~ry between 350 and 
570 l (lCO and 150 oal) per bushel. S80 concentrations for baroretric 
discharges are gene~ally quite low deper~ing on the Juality of the 
intJi-'.e 1vater. 7lle temperature of these discharc:ies as they leave tlie 
plant might range from 83° :o 99°C (18u~ to 21o~Fi. 

Baro~etric discharges ~re curre~tly separated frc~ or0cess wastes'~ea~3 
and route".i to su:·face \Yate,..s. ":et scr.:oher C:isc"iar;e cor.tain~ng ;:iarti
culate from drum and/or grain dryers may constitute the secondary was:~
load from feed recovery operC1ti0ns. Bo:?fore tl1eir eliminati0n, Plant 35.:.i~ 
esti~at~d these ~ischarges at ~7 percent (70) of the population 
€'quivalC?n! for '"eec1 recovery. Se·1era! :)!ants have installed cyclones 
to recover particuiate for addirion to feeds, thereby eliminatin9 the 
waste1cad. 

Mashing - Cooking - ~ash pressure cooking in batch cookets with 
vacuum coo1ing tn malting temperature will produce appr~xt~ate1; 
7.5 ~ (2 9al": of condensate :;c- ~ushP1 '.!f grai'l ~?.sred. ~.nalyses at 
r 1 ar: Js,:.23 1 ~2; j:'ld'.~:a-se ~~:1s :once:1sJ-:e :;ay avt?r.:ise ?0C1 1cC1/l 
GOD. The flow fror.i continuous ~oo•,ers ·.voe;:~ oe .. ori.e vin:n 111911er. 
f-iere again, both bard111etric and surface ondensers are i:r,;plnyed 
in tlie industry. /l.s indicdtcd in Sec~'cn :J!, ccoling may be by she~l 
and :ube heat excharqer, thus reducing :~c wastelrad. 

Cooi.:inq vessel cleanup r!uSt also :)e ·_J'.2•1 ''ltO .:ic,_.:;:.,;nt. In 11.ost p1ar1:::. 
the m,1si1 will sir~pl/ be \'lashed :o :he "o~hv1i<:g coc::, then clec::ned 
1vit'1 caustic jur·~ng the weekend. l..n~::.;:·:prible 'llash 1vhich is low in 
volurr.e t:>ut hich in 30'.J and ;;usucnc'.e·j 301:.-;s c-0ncer,:•·ction 1vill in
evitan!y ~e sewet·e~. 

P~~ir.11 - Cc1ttlin2 - As describ(')~ ':1 '.:'·2ctio11 1:1. the potential 
wastes (]eneratec ~roi:i rectifying .1r:; ~·uspl o·il colt;mn tails and rec-
tifying colum1 tails. A tialtrnce snrn• ~.:-:r Plan~ -_;5,~;::.~ ooeratinri at 
Z00 l;l.1 (7:".:ri b11s 110ls) per da_v 1·1i~h .! '•·1,~1 n0u~1·3l ~p;'1-its uni~ 



TACLE 46 

VA~IA~ILITY IN BOD co~~r~TPftTION OF 
GRAP-I DISTILLERY E'JAPORA1'0R COilDErlSATE 

S~BC~~ESORY A 2? 

Type of Eva~orator 

A. Standard short tube vertical 
type, triple effect and fi ~-
is!lir.g pan, l'latrual cir-
cu1ation, basket type 
serJaratcrs. 

B. Sane c"!S above. 

C. Sarne as Jbove. 

0. Sarr:e as ab:)ve. 

E. Standard vertical, n•:ad,.uc1~ 
effect and finishin~ ~an. 
Forced circulation in jth 
effect an~ finishing pan. 
Centr1fJsal separators. 

F. Standard vertical, short tLbe. 
tr~ple effect and finishins 
pan. l'lrlt!Jr-31 r.:irc,11ation. 
Gaff~e :y~e separators. 

G. Vertical 1onq tub.e, outsi:ie 
colandria, trinlp effect 
unrl finisniw: pc.Jn. iJatural 
circulation. 

H. Sar;e as abnve. after larrJer· 
vapo1· bodies ctnd basket tyre 
se;:,:1r.1•_c\·s .1:-i.~ <1u'.rn:;;:itic ],~-;cl 

con~rols instil I led. 

BOJ 
( 1'~(~ / :~ 

Operated at maxi~um F.75 
capacity. Automatic 
leve~ controls. 

Operc.tec at l/4 capacit; 57C 

8perated at 1/2 capacity 510 

Operated at 1i2 capacity, qr.r: 
manual level controls. 

1/2 capacity. Autonatic 
level cont'."o1s. 

Ful 1 capaci ::y. l·!anua l 
control:;. 

·v~ capJcity. Semi
Auto level controls. 

]!j capacity. Automatic 
l!~ve1 contr'ols. 

650 

1520 

321 '.) 

520 



TABLE 47 

ANALYSIS OF GRAIN DISTILLERY EVAPC!R/\TOR cmmrnSATE 

SUBC.!,TEGO~Y A 22 

Biochemical Oxygen Demand (BOD) ----------------------- l ,100 

Total Solids (a.o gms/100 1) -------------------------

Ethyl Alc~ho~ (0.C4 ?roof) ----------------------------

Aldehydes ---------------------------------------------

Esters ------------------------------------------------

Organic Acids, caic. as acetic ------------------------

Fuse1 Oil, AOAC --------------------------------------

Mess~er ~:~ trogen --------------------------------------

80 

135 

Trace 

Trace 

550 

Les::. 

12 

ti: an 

pH --------------·------------------------------------- 3.6 

382 

10 
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consisting of aldehyde, rec~ifying, fosel oil, and vacui;m columns i:; 
presented in Table 48 (72). As noted, dischar')es at the plant 
from the fuse1 oil column amount to approximately 7.6 l (2 gal) per 
bushel at 35 to 40 mg/1 000, and discharges frGm the rectifying colur;n 
approximately 38 1 (10 gal) ~er bushel at 300 ~q/l BOD. It should be 
noted that at these ntes the ~R1Ste load from rectifying would co:.iprise 
more than four oerc~nt of the total plant load. Sobolov (76) 
indicates that qin precess residues 1•10cilr:! ~c tii<;her d:;e to the 
presence of sp0nt b0tJnicals. 

Bottl~ng -..1astes, cc.·:sistin9 of glue, paper, and alr:or:ol. dPrear t~) be 
neg;ir;i!:>le. 

Oi5tillina - As noted in Section i:II, possible so:..irces of l'lcSte fror:i 
distilling are doubier discharge and beer still cleanup. If the douDl1'r. 
di5charge is se~·1ereo the11 the ap:iroxi1:oate flow for a dc\;t:l("r· ra~s'ri9 
pracf frorn 115° to 13oc 1·m1;ld ~e o1culated as fol;ow:. (i?}· 

Qr;e Bushel '.·'!ashed = ~j •/(! Proo~ G<i 1 ion (Yi1;:~d) 

Five Prno f Ga: 1 on = J .35 ~: i n e Ga 11 on s at 11 5 ?roaf 
3.85 ·..;; ne Ga11oris at l3G Proof 

One Bushel 1!351Ad = 0.5 Sa 11 on s ~o :ewer 

At these rates 30~ concentration may ~e ~rom 5000 to 6000 mg/1. 

Beer still cleanup di5criarges w'il of co:irse var"'1 thrcuorio!Jt 
tr.e iridus:ry. P~3nt 35A01 i1as esti::'ated 'fJ,300 l (8000-gal) at 
1500 ng/1 SOD for a we~kly water anJ caus~ic ~ash. Plar~ 2S~JO 
(77; repo~t~ 38,000 1 (10.000 gal) Jt 2500 r;ig/1 ::...;D once '-ler 
week. 

Fer'"'0'1!; ,n - :.tea: ar,J ..iata "·"? nor~ally ern:i1:;y.'.'!d :.') ·.·1<1s:· •.i·!e 
ma~h =n~n ~r:e still d~1 r~'"'1 ~·r!JCL)S::i~r<:. ::ee~:~nd 1.~ie,~r1JDS r-c""c. ~~.=?i~. 
'*l:i1~ CC'i:l:.r,.se ~he :~·.'1jur . .: 1~.:!1~1·--·~:. 

es-.:··e:t>1 •e,.....:eriter <iil'.;h .i .. 32CO I :·,yy1 riai.1 ?.'"\'; :rir;r; ~.-. 

SJJ. 
. . 

I 

~eaf2.!:JE. - ~last:es fron weeL·<?ri1 ::l'?"<:~;·; .):·:·· r·:Jr":C!~1y es'..i:·atc:a a11d ,:\·1·· ·, · 

on il daily ba·,~s to dete~:··inr. tr.:.1i : 1 :.J~·;t ,:_'jscurries. In order :o t.-S·· 
tabl ish the gene~c'll naturP nnd :11,1c;n~ ~li".~P. of .veC~:r~.d c~l(•iH.;iDS. datJ ~S 
presi:nt:er. in Table .19 (ll). These loaus 11oci1u vaf'y fr:i"' ;Jla(lt 
to '."l l ;rnt JC:.)1"<!1 nr1 to Opr.rat i '1''1 ~r"~C~l.r"'=, nt.;:··berc. ,Jr:~ ~·1: ··~ of '='!U; i;. 
mi?nt, ,:,nd pL1r:: design. 

The si<)ni"'icant pa•-.)111ete,·s for this i•1dustry r.re flOl"I, ROD, ar~d sus~1e!1c>·~ 
solids. "'."he ratio'. '1f ~hese p3~·1::: .. ·-.,·<; ·.Q t;u~.'1<>.ls rr:a:;11e·:11;erE ·:a1c:i-
lated for 16 pl,ints. !'1 ;;drlit~0n. : .. , i 1.1bility number 1¥as assigr.ec 
to e11ch plant bnsed on plant visit::. .P'J ~he 1::enod r.ind ut:r.iticn ,-if 

rJ111·1aste sa111plin11 JS follo1·1s: 

383 
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TABLE 48 

BALA~CE SHEET FOR GRAIN NEUTRAL SPIRITS UNIT 
GRAI~ DISIILLERY 

SUBCATEGJRV A. 22 

In 

High '.!ine Feed (113" Proof) 

Aldehyde Column Steam (5,0GO =) 

Rectifying Colunn Steam (13,0CO =' 
Fuse~ Oil Column Steam (3,DC: ='. 

=usei Oil Colum.-: Jil1.JtiJn :~ate1 

Conceritr~ting Colu~n Heads 

Fusel Oil ~olumn Tails to Sewer 
(35 to 40 ppm BOD) 

Rectify~ng C:o>..:;•n T'.li~;; to )(.'1·1e'· 

(31.]~1 ;:;cr.i SGJ) 

3S4 

Iii ne Ga 11 ons 
(Per/Hour) 

1285 

600 

1560 

360 

125 

70 

700 

527 

,,.,,."').., ._:i.,., .... 

393\1 
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TAOLE 119 

POLL t: T IO~l LOAD FR Of'. ~·IEE K- mo :LE/\tilJPS 
GR1~ IiJ DI ST lLL::R'1 

SUGCA E·:iJF. Y .t\ ..,~ 

( '-

rlow !30D SS 
SrJurce {j_a 1) (mo/: ) 

---"-'--'-- _Lr1]9jJl 

Unp:..~::iable r-:ash SJ 20 ,:100 1:1,CCO 

Venturi f e r:'1en:e r ~ia sh 1, 0C'0 1 , : OCl 450 

Beer st i 11 caustic 8,0CO 1 ,500 1 ,EOO 

Gin 5 ti 11 drop 3,500 5,.?00 

Mash 1 i ne caustic 9,00:1 3,200 1 , 5 Ou 

cva::iora:or ·-ia ter .·.'a5h 2(1 ,cr;o l ,6CO 61)0 

Conve~1c:- water ·.;as ti 'lOO 1 .600 27,000 

Centr·f~ge · • .-a ter 'tidSh 3.000 ?00 7CO 

385 
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Rel i abi l i ty I -

Re 1 i abi l i ty 2 -

Re l i ab i1 i ty 3 -
Reliability 4 -
~el i ab i 1 ity 5 -

2~ hour flow proportional 
sampl;ng for three or more ~onths. 
24 hour flow proportional sampling 
for at least one week. 
Flow metered. grab samp1es. 
Flow estimates, grab samples. 
Plant estimat%. 

This data is itemized and su~marized in Table (50). A seoarate 
arithmetic ~e~n was calculated for those plants with rel~ability 
n~~bers 1 ar.d 2. As r~~orted in Tab1e (SO) the means are as 
fol lo1·1s: 

Flow ~atio SOD :\at i o SS Ratio 
{l Lkkg l { kg/kk9~ {kq/kk~) 

.A.11 Fl ants 5572 3.95 2.57 
(37 .S ')al/bi;) (0 "?"• • l,. ... ; 

1 b/~u) (Q. ·;~Gib/bu) 

P 1 an ts ( l , 2) 65132 6.01 4.23 
( ~.1 , , . . ..... ga, /Di,; ('1.376 lo/bu) (0.2J7 ib/hu) 

Table 51 der·onstrates tfie dail_y variability in disti11ery waste 
as presented :iy c:o~1er (77}, 24 hour flow or0oortional cor.oosites 
were take., for ten conseotive cays in a 1a;·ge size plant with combined 
process an~ =ooling ~ater. 

Other paraneters significant for treatnent system design are pY. 
~itro~en. and phosp~orous. ~H can be expected to fluctuate between 
5 and 11 over a 24 hour period. Tne wast~ is deficient in nitrogen 
and phos"'.001-ous. Based on tests conducted at Plant 85AOl, ( 73) 
probabie '2•1els of nitrogen ar.d pr:isohorous are 1.59 kg (3.S lb) and 
0.136 ~g {J.J l~) per 45.S kg (JDC lb) of auu. 

Frr the purpose of develcpins con:r~l dn~ treatment technolngy and far 
conducting cost analysis a mojel ~ 1 ant nus: ~e designed. Based on the 
P.ven distrihution of plnnts ·.vith ··el'aoi~i:y •1urr!bers 1 and 2 through
out the soectruri of the iridustry. it is feit tfiat the .-ol1ol'1ing raw 
1~astP ratios are typicJl: 

Flowr 
BOOR 
SSR 

6 500 l 1. u.. ~ ( '13 . 7 gal /bu ) 
6. 00 k·l/r. :::i ( r;. 33 lb/bu) 
Lf,?:\ kg/kkg (0.237 111/DU) 

Since ~~e range cf production in t~e industry is large, two Modrl 
plants have ~~en de~igned on the ah0ve rat1cs. Production for the two 
plant~ w~s set at 3SC~kg (15,CJO Lu~neis) ~nd 90 kkg (3500 bushels) 

38ti 
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Plant 

85ACJ1 

., 02 .4 
" 05 

" 07 

" o~ 

,, 
' ' '.) 

" , c, ,_ 

" 17 

" '3 

'- -

" 23 

" 26 

" 27 

.. :;g 

' 30 

r!ENI 

• ( 1 '2) 

TABLE 50 

WASTEWATER CHARACTERISTICS 
GRAIN DISTILLERY 

SUBCATEGOKY A 22 

Flowr 80CR SSR 
{1/kkg) ( kg/kkg) (kg/kkg) 

8120 7.f-8 3.52 

3680 I. 79 .545 

677r'J 4.07 l. 44 

3480 l. 08 .46J 

~450 1. 17 . 711 

3550 6.25 .592 

3690 6.97 6. 18 

5730 1 . 7 2 

7230 2.64 3.56 

7368 ".' .,.., 3 53 c.. L..:.. 

4050 ~ <i ~ 
j .. ,/ l . 113 

70, 500 2. 16 

7560 6. 14 5. 77 

6120 2. ~)0 .536 

7420 5. G.:: 

77' 100 6. 40 2:-1! 
5572* 3.05 2.57 

(37.5gal/'.'>u) (0.:?~1 ~blbu) ( 0. , ,, 4 lr/bu) 

6532* ti . 0 l 4.23 
(44.3 gJl/bu)(0.336 1 t~,· ~u) (0.237 1 ti/ tlu) 

Reliabilit'( 

3 

4 

4 

3 

5 

2 

4 

4 

4 

' ..I 

3 

2 

'l 
c. 

? 
'-

2 

*Averaged without S5A23 and S5AJO w11 i ch have combined process & cool inCJ \ .. .it·"· 
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Flow 
IIG~) 

7 . <JO 

8. JO 

7.84 

7.53 

7.63 

7.79 

7. 77 

8.53 

7.64 

- 1-1 ••• 

MEAtl 7. 9? 

57.~·;'::f.'":D 

'.)[\ I A 7: '.)~i 

TABLE 51 

DAILY ~ARIPTIGNS IN RA~ WASTE 
GRAIN DISTILLERY 

SS 
(mg/ l ) 

120 

1 f'.)Q 

84 

31 

21 

138 

54 

35 

41 

45 

67 

SUCCATES01Y ~ 22 

Q.50'1 

0.480 

C.34? 

,.. ., "'II" 

J. j .,;,1"' 

0.082 

0.242 

c. 159 

c . l ::' .i ' 

,-, ... -.... 
I...!.)(. 

r . .>C'' 
i; :; • .. : ;.,, 

(). 1 .. ~ 

38[ 

BOD 
l mg I l ) 

40 

109 

53 

121 

124 

100 

58 

43 

?l 

100 

BOD 
l1 b/bu) 

n. 168 

C.521 

0.221 

C'. 53'.J 

r.502 

LI. 4 ls 

C.267 

C'.218 

~.369 

0. 37 3 

c. 359 
6 . 4 ~ g .' ~ ~ ·~ 

()' l 36 
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per day. Screening is assumed to remove grain solids prior to discharge. 
Based on these assumptions the raw waste loads for the model plants are 
i:IS fo 11 OWS: 

38C H9 90 kkg 

Fl cw (MGD) 0.650 0. 150 
BOD ( r.ig/ l ) 930 950 
SS (rng/1) 650 670 
Tot a 1 KN ( ;ng /1 ) 33 33 
Tota 1 P (m;i/1) 3 3 
pH 5 to 11 5 to 1 1 

SUBCATLGU~:Y A 23 - GR,'.,ld DlSTLt.t.:-'S r;(:T ')P[i.·;~rn:s STJL~A::;~ .::i::CUl'ERY 
SYSTEMS 

The mer;hoc.lo~ogy for c!et 0 r:-:;inin(] t:ie 'Nd",:e1·;ater chunc:,~r~'..t:::s 
:,ubcategory was ':he sar.,e :i:. for :,!.J;;categcr; ll.. 22. 

Process Was~e Streams 

for . "" - ' '-··' .. 

Process streams are assumed to ·1ave tile SJri1e characteristic; as tho~e 
in Subcategory A 22 .1ith the follo1;ing e1.cepuons: 

Feed Recoverv - ilis~i11eries in this succa~egory ~ay ooeratE in one of 
two moaes: 1) wet scent st1lla~e ~ay be c0llected in h~ldi~g tanhs a~d 
Su1d dS cattle feed; n v1et 5::erit s·~1l~c'.le r.iav Ce scre(·r.ed, di~h SOl'.JS 
recovered :>y dryins, and ti1in ::;l;age c:ollec-:cd in no1dins :an::; for 
sale as cattle feed. Since the load ;~om evapcra:or :on~en~at8 i::. ~on
existent, the wastewater discha~3e 15 sreatly reduceo co~pared :o dis
tilleries in S1Jbca!~gory.; 24. 

ReE_~i_'..l_g-t;utt~_ - :;ar.y dis·~~ !1·2:-~ i:1 t 01i~ ::.~b:Jtegc·-J :~a/ ;..=r·ouuc.e 
on1y s~ra1g11t ·,.,n~s .. t-_,_ ~iastes JSc·JC~J._t.:.i .:1·.·i ·:!ul!i--_o;;::r. c;::i~·r.~:..iori 
'NOuld ~f.er~f\Jre be ..:i ir,lina~.~~, ~~~ :jc·;:. ,, .. ,. ji·;\.::·":1:-·_;·:· .. (. .. j ·~ ,.·,.:··J ... ·_!.(: 

;a1::e. ;\lso, ~111s"'ey :.:d.1 ~~ :;h~:..~ .. ~!.: ·n : ... \_:ik Jft 1:r :,;t)~urJt.~or:\ ·:~n.J 
~liminating bot~ling·di~cnarge~ 

Combined Process Flow 

L2ss Jat<1 exbts for thes~ oi::.:1·~~-~c; uu~ to tn~ ~dcl u· .. :i. 1:any ei1.11~·'" 
sell to farmers er :Jise::arc:e :::,~:,. ... , . ,,·. '.u · .. :·:"'·r:,. ·;:,tJ CJl)ca11.·~d '.-, ,_. 

t11ree pldnts is pre512nte-J :.;cl01·1: 

Flo·,., l~a ti o 2.; .. 0 M,,: t ~ 0 5S Ratio 
Pl ant l / k kt; ) ._:i;_:_J_;_ (~q/U..(;) ------·-· 
.'.JS!.W4 lGJO '_1. I .. :.':~ c. 7 J(J 

SSC28 1830 ._1, .; :• 3 0.5~3 

1 97'.i , 
(12 0. l 01 I 85G29 

I-lean 17130 0.947 0.534 
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Tl1e 1o1ean for the suspended so 1 ids ratio was ca 1cu 1 a ted ~1ithout data fr on; 
plant 85829 due to sampling error. 

As expected, these ratios are approximately 70 percent less than the 
ratios for distilleries with complete feed recovery systems. 

Model Plant 

For the purpose of de·1eloping control and treatment technology and for 
conducting i:ost anal:,-sis, a 'llOdQl plant has been desisre:d. Tl1e da1 ly 
production for t!:e su..ica:egory was set at 50 l.:kg (2000 bushels). 3ased 
on these as~umptions ~he raw waste loads for the model plant are as 
follows: 

Flow 
t:lOD (mg/l) 
SS (r.19/ 1 ) 
Tot31 N 
Total P 
pH 

90.8 cu m/day (0.024 ~GO) 
210 
lGC 
7 
1 
5 to 11 

SJ8CA7:GORi A 24 - MOL~SSES DIS7'.~LER5 

In order to determine tne waste1·1ilter cnaracter~stics for ~l1is subcat...:
gor/ all k.ro~m rli:n distillers \tere contacted. T·..io ~li!nts ~1ere v~s~tE:Li 
anu d ::orr:;lete 5earcn o~ ':he 1 i tei-at:.m: was conducted. 

P!"oce~ s Strews 

Areas of wastewa:er generation in the rum distilling proce~5 are 1) spent 
molass~s ~ti11age, 2) jailer and cooling waters .::.1·J fer~enter · .. c:;·1di:1·1P .. 
3) oarrel ~ashings and analytical laboratory wastewaters, and 4) oot:li~; 
wastes. ".".:iul.: 5~ Ol.:tiines t:ie ·...:as:r-water :.ient:r.:i.:eJ :i~r µroof ga:i:)n 
proa:.iced as dell as ti1e percent cont.ri::iutior oy type of 1:aste s~r~·ctP' 
(79). 

Spent :tilldoe 

This stream accourits for a~:pro.d:::c1tc~,, (G r·!.2rce•1t o. tr1e waste flc;.-:, 0·1c~· 
98 pcr~ent of the BOD and cc~. and O\Cr 90 percent ~f tne solids G~n0rJ•r· 
Tilt:! c11t:?mical con:.titu2~1~s can fluctua:e JeDer:oing u·1 t•1e variabilit1 ::~· 
ash and su·::;ar ~01:ten~s of t.it n(ilas~e~; .:i:'~d and the deqrc~ of Jc ic; 7 i . 

..:ation prior to frr:.:t'ntdtion. ~Jul•·' ':>3 Je:·:onc.Udt£~'.· r.ie vi.lriab:l:::; 
of spent st1lla~e ba~ed on t11e t111e of ~~o1a:;s~s us~J. Suen variations 
appear to nave only rni:ior effect$ on oi.:i;~e ~r-catat.i11::. :n additiui;, 
l.Joth cane and citrus 1::olasses are JS<!d !:" Ji:.tillers i;1 tl1e J11iteo )'..ate". 
According to plJnts 85C43 and 8SC~4 ;7s, 79) these raw materials al~o 
produce no notict1 11olc difference 111 "·1c'l 0,'.:e1· • .:i:er effluent. Typical c11er.11c.~) 
analyses ~r.d ionic concer:tratio11s of r;~:·: ; ~ov'.> are presented in fables ~ .. : 
ar.d SS res~iectively '.~'..>,". It sh0..1;-i .:i:_,c ;.·..:rioted ttrat ti1e :er!1oerdturr 
of this waste str~.:11n ranges from ,·\;,: ~o :._-. c ( 1 oS to :::o · F) 1-1i tli a dan. 
brown color of approxi;11ately 100,Gi.,U ... nits. 



~Ids te 
Para. :~ter 

or 
(nnstituent 

Volume 

lcf.31 Solirls 

Total Diss0lved 
Solids 

Tota 1 ~.us pended 
~o 1 ids 

Total Y.jehlddhl 
r!i trogcn 

Tota 1 Phosphate 

TABLE: 52 

MOLASSES OISTILLfRY WASTE STREAMS 

Total 
Facility ~Jaste 

G~neration 
per . 

Proo/ Ga J 1 on 

55.E 1 ~l.+.7 

J . f} kcj (6.6 

l. 0 ky ( 2' i 

4.2 kg (9.? 

gal) 

lb) 

lb) 

1 b) 

3.9 kg (8.f. lb) 

0.25 l:g (0.56 lb) 

0.06 kg {O. 14 lh) 

0.003 kg ,0.007 lb) 

% Contribution by Type of Waste Stream 

~lops Boiler/f.ooling Barrel 
Stream Water & Fer- ~a~hi~gs 

- ----- ----------- ----

66% 26't 5% 

98'1: l '!'; 1 ':, 

99% a. 

91X 9% 

91% Q-l' 
~" 

97'.r 3i 

IOG'.t 

J 00'.l 

Water TrPatment 
& Analytical Lab. 

Hastewaters 

3% 
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TABLE 53 

VARIABILITY OF ~CLASSES STILLAGE 

Type of ~1ci3sses 

pH 

Total Sol ~ds ~ 

Insoluble so1ids % 

Ash % 

Totai nitrogen ~ 

Reducing subs:ances {as 
invert sugar) "'. 

Ca ~ 

5-day so~ p.p. 100.000 

392 

Cuban 
Hign ~~s'.: 

3.5 

2.81 

0.2: 

0.42 

C.06 

,. 1 1 .. ' .... 

87G 

Cuban 
L0~1 Test ---

4.2 

7. 12 

0.68 

'l ~ 
... .J 

0. i 3 

1. 0 

0.26 

0.52 

1 .950 
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TABLE 54 

CHEMICAL CHARALTERISTICS OF MOLASSES STILLAGE 

Parameter Mean Rance 

Soluble COD (mg/ 1 ) 72. oco 67. l co - 75,700 
92,000 81 'l 00 - 106,300 

-

Total CCD ( ~9 I 1 ) 74,800 71 '500 - 78,9CO 
99,800 8J,8CS - 115,5•:0 

Stt 1ui'J1 e BOD (mg;~ ) 26,SOO 17,600 - J2,3C:C· 
47,400 40,600 - 57,5GC 

7ota1 sor: hg/l) 32, 90G 19,8C0 41,~:~(; 

54,]00 '15 .2~:0 - 67,COS 

~l~a~:~ity '~~" , c~ ·o ' '. 1:._, / I a .J ~· 1.,.1 3) 912 806 - 1 • 32'j 

Volati1:: .:1cids (r;.g/ 1 .1 s HAc) 4 1y,on 
9 .. '- L: '3 '610 - ;:: .J?" 

., ... _,,._ .. 1 

P'" 4.3£ 4.213 - 4 .. 15 

Sol ids ( rr.g / 1 ) 
T1.1:a '. 83,500 7C,200 - 95,600 

to ta 1 fixed 20,SCG 19 ,400 - 22,ZGC 
tota1 volatile 63,QCO 50,700 . 73,608 

Tota 1 dissolved 77, 7 00 77,COO - 85,600 
fixed dissoived 19 .8CG 17 ,900 - 21. sec-
volatile dissolvec 57,9Ci J~.soo - 611 '•f''' 

'VI_ -

Tota 1 ~:...spended f.. 2':}:~ 2 '542 - , .'1 :; c ~. 
Iv, i. 1...1·.-

f • >' ed s:.ispen:ec C·,- ~1C - .... , ... 
:.>'vU ......... 

vo~atile susperJed 5,4CO , . ~Ct: - ~~ 'f2'~ 

Nitrogen (rg/ 1 as N) 
. :olo 1 ::jeh~duhl l I 1 J: c 790 - : ,a:c 
. or9ar1 i c ' I. C:EC no 1 .~so 

Tota i Ortt'\ophosph,1 te ( ··1~ , l 
'':!· 

as P04 9~ 59 9S 
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TAeLE 55 

IONIC COMPOSITION OF MOLASSES STiLLACE 

(Units of mg/1) 

Constituent Mean Range Observations ----

Zr. 9.89 2.33 12. ~·3 l', 

c.: o. 18 C.C9 - 0.32 ~ 

Pb 1. 1 n o.n - l.5C 4 

F' e 81.0 42.0 - 150 .0 5 

Na 372 209 523 5 

Cu 32.3 :.o 124 5 

Cc C.50 c. 19 - 0.76 4 

Mn i0.6 2.38 - 15. 6 4 

Ca 2086 1850 2476 4 

~!o 824 391 - 1728 5 

Cr 0. 30 0.25 - 0.33 4 

K 4259 4011 - 4845 5 

.t.. 1 ·c. 38 c. 10 - 0.58 4 

Cl 2110 ~3:50 - 4400 4 

S04 Al20 350C - 48CO 3 

]04 
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Tt1e amount of n11xrng water added to the ra.,., molasses ,can affect the 
strength of tne :>tillage. Wt1en the water to molasses ratio is decreased, 
a smaller volume of stillage results. Ther·efore, in order to minimize 
cost, most rum di~tillers maintain a low water to molasses ratio. 

The addition of ~H4 and PC4 nutrients appears to hav~ little effect 
on the wastewater character'stics. It is assumed that neuly lOC 
percent of the nutrients added are utilized DJ the yeast cells d1irrng 
fermentation. 

The use of indirect heat rather than live steam in · ~still a~~o re
sults in a lower -.'Olume of stillage. The total pe:l ~tant loaa rer.1ain~ 
tne same. The use of direct 1eat would result in a 15 to 30 percent 
reduction in water usage. Only one rum distiller i~ cur~~ntly in 
the precess of converting from li~e steam t~ incirect ~e :irg. 

T~e unique sol:.ibility pr·operties of calciur.~ s:.,~fate ~,iy:su;'l), on2 of 
tr.e r.ajor coi:i:ionerit~ of ru~ :.:~ll:!ge, has an 1~pact or. :~e treatat-i1i~~· 
of the sloVi stream. unlike rncst compound~ .• g_.-~sum bec.01.~e:> less '.,ol;.i:;,;:-
wi:n increased terrperatwres. The:--efc;re, tr:e foro.;ation of scale is an 
important considera:ion, especi!lly "Jr eva~cration. 

Boiling/Cool;ng iJates_.jnd ~-hscelianeo:.i_s ~·lashes - Boi1~ng/cooling wat2:::. 
can represen: 20 to 2~ ;;ercen:. "f t:·e ~otal flo1·1 fror.1 a r:.J;71 d;s:~11t:>r·:,. 

Most of tne wasteload is in the form of susJerded and dissol1ec so1i0s 
;1ess ~han 10 percent of the ~WL) resulting from solubi~itJ ch~nges 
Ji.;:: to tne temi)erat:.Jre fluctuati1Jns. Cooling water" is :.JSt?.d o,~ a 
non-contact basis to decrease the tec;perature of ti:~ molasses prior to 
fermentation. Boiling water is used in pasteurization cf the mcl~sses 
prior to coc1i~s and ~erme~t!tior. Suen ~ater ~s ~on-::~:a:t ~n~ 
usually recycled, thus explain!ng the minnr role in p~llutant lo~d1n~s. 
Further uses of bciling/cooling wa:ers are s!milar ~~ ~~cse c~ the ;~ai~ 
distJ11ation pr~cesses. 

i-.ashdo,;n of fern:enters USUdiiy is Sent to :11e ~ti11 wit.'1 ":.he 'viOrt.' 

Some plants ma1 follow with a :~~sti: wa~h c;c 1e whic~ is then either 
discharged or reg~~erated for future wash1n~5. Jtner plant~ JSe a 
detergent wash ~ycle wh~ch is direc:ly sewerec. rhe init1al holdir1 
tanks for molasses sPldom 1equ1re ~ashing si~ce they are rapel; e~~t;. 
A rinse once a year would be an exceptional ~ase. 

Barrelirio 0 erati0ns - Hese operations involve a "'inin1ur.i of water uco,~L-
.;pproximately l.3 gallons Jf ·water/r;alhn of ,-um). Since a1conol ],i,,-, 

for r:.im produi::icn :ierr.:it tile use of.used oak barrels for aging, tt1e 
br1rr·els are washed .:i.fter 1Jsage. Tt:P resultant wa:.telcuds are snull 
amounts of dissolved r;iaterials 1·111'c.ri have mi-:irat~d to the inside 
surface of the barrel during rriattll"ilticn. These 11astes are wushej off 
rhe barrels at the barreling site Jnc oisposed of directly. Further 
reuse of such wastes has not yet be~0 exµior~~. 
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~ottlrng_ - Due to the <,1m1larities in bot' ling operations beh1<:en grair 
dist1llerc; anu ru::i !·o1anuf.iCturer:>, :ne res. ·:;ny ·,1<Lte loads are u~:;u111ed 
i dent i ca 1 . 

Combined Pro(ess Flow 

All known existing data was collected in order to determine combined 
process flows. The ratios were calculated for flow, BOO, and suspended 
solids to proof gallons produced ar.d are prescnteu in Table (56). Ottier 
parameters requiring considera!ion are prl and temperature. pH averages 
4.9 and temperature 1G0° C (212° F) d~e to ~~e high per:entage of 
sti?lage in tne waste. 

~!od~l Plant 

~he production of the model Plant is 30,QCC prcof cal Ions per day, based 
en the mean c,f tr:ose plants in Table 56. It is assumed that sti1lage • 
is discrarged witrout trea:ment and that pro::ess and cooling ~iater are 
separate~. Based on these assu~oc1ons tne raw waste loads fer the 
.ncdei :Jan: are as fo~ lows. 

Flo11 ::i:GJ) 
BOD (reg/ l) 
SS (r:1g/i) 
Total K:1 
Total P 
Tempe'"3 t'.Jr'e 
pH 
Col or 

0.216 
J:; ,600 
6, 720 
l • 110 
5:.,. 3 
212;) c 
4.8 
1 GO,OGO u~i :s 

Plants in this suo:ategory ex~st dS an ctdjunct to ~ncse tev~ra;e alc:~c: 
producers descr'bed in ~ubcate~cries A 20, ~ 21, A 22. A 23, and A 24. 
iile ~1etnodolc•gy for determ~ni•1g 1-1ast.:·.-1a·er char=cteri sties for ::c:tle:--s, 
therefc~·e. 1·1:s an exten~;or1 '.lf :r1Jt u~e::i •or the abover·ent.10:1ed ~t.oacil':.E

gories. 

Process ~astP Streams -----------
As desc'ri::ied in SectiJn !Ii, :hes~ r;i,rn:s ··a 1 only bot:'le beverage ale:··· 
pr:::d:.ic2d in .-.1:1L1·N~s J:1J .:i:st.1J:cr:es. or :·'.ej nay c.JC.:Ji:jcn3]]y r.;.dis: 
:irw rec:ify ;>urchaseJ 1~qLlOrs fr1 J:der ~: ·:an~fac!.urr suer: products dS 
::ucktail; a11a cordial!>. iite .1as~es ; 0-.vob2d are tt~o~2 frc~• redist11·111: 
rectify111<J, and bottlin9. 111 order:.: Je:·'rnstrdte the gr:neral r.at;;rc 0:· 
th~:;e '.vastes, ctata wil1 t>e ;>re'.;e!1t»o:J 7'i-2·n Dl:tnt l)~iJlC, a larae rectF·pr· 
uot;:le•·. r11ti1ou':I" tl'l5 is not ntcr:;;.::a to represent t/1e typical 1vaste~ 
fur the entire spP.ctrum of the int.!u~tr:,-, it does 'd?nt1fy unit proces5 
w.~:.tes that niay Lle co111mon to ot112r :'1J::.·ter/rectif1ers. 

~e~istil1~ - Bo!.L vocka arid gin Jre ~""OJucts 1vhich may be redistillea. 
Tile !"esicu•j fro111 1·0d1stj];at1c:1 ~::.! ,:':~:::s tl;e r.'.ujor 1..-a:;te assoc~iiL:d 
witt1 tt~is s~91:1ent cf the process. r:e<hlS froni continuous columri distil
lation and bottoms from b.:itch dis:·1·J:1Jn are collected ~n a holding ':.J'•. 
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Plant 

8SC3.:l 

35C3.S 

85C3'J 

85C45 
1 •c-r"'•1 ,._; ,., 

TABLE 56 

RM! WASTE CHARACH:P.ISTICS 
RUM JISTILLERS 

Fl 01" Rat i c f?.()D :.at i o 
{l/prcof gaJj_ ( k91 eroof 9a, i 

25.7 0.997 

23.8 0. 922 

255.0 1. 40 

373.0 f'l.5=7 
..,.., .., .... ~ ·'".'J 
<. I • .J .J. ""(, .J 

( 7 ?., . - {. ga'. lt'q'.: : ' , .., c 
· ~. I .,u ~b/'Jg; 

SS Patio 
~~~/E'"OOf ca 1 ) 

0. i 49 

0.206 

0.265 

0. 110 

0. i fl3 

, (", ~.? 

\". ~::i ~ 
11. . ,... .., \ 

r...l/ µ•:1 I 

+E~cluje~ Pl3~ts 3S:~s ~n~ ~~rlS ~~·ch reror~ed ~r0ccss Jr~ 
ccol~ng ~·a:er corno~nec. 
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Uri iln average Qf cnce per month 3000 1 (COO ga 1) of ttli s liquid mi.;s.t be 
discharged. The approximate UUU is 245.000 mg/l, the suspended solid!. only 
6.3 mg/l, and the pH 5.6. If discharged at one~. this would represent a 
shock load of 7400 kg (16,300 lb) of BOD. The residue from redistillation 
can amount to one percent of the input to the sti 11, but this waste does 
not necessarily relate to total plant production since some alcohol u5ect 
is not redistilled. A correlation may be possible if linked to the vodka 
and gin production for each rlant. 

Rectifying - The types and volumes of wastes from rectifying for plant 
b5~10 are listed ~elow. 

Frame Filter Rinse 
Product (niller Rinse 
Vodka Column Rinse 
Product Tank, Filter, ~ine 

ancJ ?ump Rinse 
Bonded Wdret•ouse Riise 
Winery Rinse 
Liemineralizer Regeneration 

Volume l/da1 

5700 (1500 gal/day) 
600 (lGO gal/day; 

2500 (650 gal/day) 

7200 (1900 gal/aay) 
4000 (lOGO gal/day) 
950 (2SO ga;1~ay) 

1900 (500 gal/day) 

These wastes generally ccntain only dilute portior.s of <.lcohol tr.c:t ne:ve 
adhere:J to surfaces during processing, except for dero1inerali::er rege"lt'·-~:'.···· 

Periodically, the demineralizing resins must be recnarged by washing wi:n 
caustic and acid. These are presently ccllectfd and r.eutral~zed before 
discharge. 

Bott!.2!'...9. - These wastes consist mafr,Jy of fillet cieanup and r:-,i;cellar:eo:..i:, 
floor washing. filler discharge "";11 obvio1.J~.ly vary depcndin-; an tne 
number of fillers, number of ~roduct changes, and volume used. Glue and 
paper labels may also contribute tc the load. 

Bad Product - A small quantit; Jf bad ~roduc~ 1s destroyed :er1cdicai 1 ~ 
Cue tO the oroduct not meeting ::Jt..ality standards or be~ng ji:,continue:.:. 
These are crusn~d iri bottles with the liauid being sewered. This may 
amount to as much as 10,000 winE gallons per year, however it may vary 
greatly depend~ng upon the amount 0f new product activity or ;~ckage 
changes that occur. 

Combined ?roe es s Fl O'"' 

The combined process flow consists of biodegradable 1 iquids with little 
or no suspended solids. The f101-1 01ay ·of; from 1900 1 (500 gal) per jJ: .• 

for those small pia11ts cnly oottling, :JP to 40,CCO 1 (10,000 oal) per da1 
for large rec.t1f1er/bottlers. For the r:1ost part t.,ese flows will be lc1~
in BOO c~ncentration due to dilutlo~ ~Jctors. Heads from redistillat1on 
and bad product di~~harges may, however, be quite co~centrated dependinu 
on the method of disposal. There •s ~,o existing data available concern
ing conibined process flow. 
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It should be n~ted that considerable non-contact water may be used in 
large rect1fy1'1g/bott~ ing plants. Compr~s5or and redistillation column 
cooling 1-;a•:1 comprises the vast majority of i.his flow. t>lant 95010 gave 
the following treakdown of water usage: 

Model Plant 

Sanitary Waste 
Industrial W&ste 
Non-Cont1ct Oisc~ar;e 
Soi ler ~ater 
In Pre-duct 

Tota~ 

Percent 

5.9 
5.7 

67. 5 
3.9 

16.9 

100.0 

!'.'or pur-pcses of, ost analysis ar.d treatr.:ent syste~ des1s,., a rr.ode 1 ::·:·:·1".: 

nust ce Jesiyne~. The following ass~r.:Jtic~: have bee~ made: 

1. Resid~e from redist'. l1ation ~ay amoun~ to o~e c~rcen: cc ~~E 
ir;put to the stiil. ;::J,... o1ants wi:h redi'..:~lldtiJn t•11s 
wasi:E is assumed to oe c.Ji iec~ed in holding tanks. 

2. Bad ~rocJuc: r..ay a:c.r:;e ar:d ;:ieriodical"y require djsposa1. " 
pro~uct is assume~ to be coilectPd and ~eld or1cr tc disoosa:. 

3. De~1r:er~;jz~rs ~ay ~e ~sed. re~~ir1n~ periodi: re;~~ere-:1cn 
This ~s assu~ed :o be ~~1 !ec:ad in holding tanks and neutra:
ized. 

~. All ot1er pro~ess wastes are ~)Su~ed to be separated frcri r.on
con~31-: .. 'u':u. The prQces:; ;,as:es are ~ssw~ed to resu:: :,.C!-: 
wash~u.vn) pr~·~OL.Sl.v ·iter:iizea a~d to be ::'011·"?::,...a:able ·.;i:n 1c .. 
concentrat~on~ of 3C~ Jn~ :~:~erced s~~ ~~J· 

Based ein these assun,pt1ons two ;;io:Jel olant:> r.3ve been das1aned. Dlut 
is assr;med or.iy to b::.itt1e. P~an: B ~s ass'-l:ned to rectHy and ti .:::e. 
lhe r~w westeloads are as ~allows: 

Flow (cum/day) 
(MGD) 

SUBCAiEGURY A~ :b · SOFT DRINK c,;.j:,Fr:S 

.ll. 

4 
0.001 

8 

40 
0.010 

In order to deter,1:ine tile waste1·:at'"r- C!;ar:ic:cri sti cs • ;r thC? ~oft 
drink industry ;~ubcategory AZG JnJ .~2~; 74 plants wert.0 co1rtacted 
by phone, eight plar.ts 11ere vi5i:ed, .)'.'~five plant~ were sar.:pled. 
111 additio11, .i coliiµiete l1terature ~~1rc·~ ... a:; conJucted. 

·-·-·:...::..-- - - -------.. ,--..,.....-- --· ----~---- - - .. -- . 6 
·---------" 
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Process Waste Streams 

The major waste streams associated with soft drink canners are filler 
spillage, mixing tank washing, and fill tank and line washings. 

Filler Spillage - Due to the type of container and the speed of the 
line there is considerable spillage invol~ed in canning o~erations. 
This product waste r.iay be characteriz:d as higi1 in BCD, total solids, 
and acidity, and low in s~spended solids and pH. Expected rar.ges are 
as foliov1s: 

BOD (mg/ l ) 
Total Solids (mg!l) 
Sus;:Jended Solids (;;;g/;) 
l.c id i ty (mg/ 1 ) 
pH 

60,000-80,000 
lCO,CC0-120,000 
50-2CO 
1,200-3,200 
2-3.5 

Mixing :ank \.lasrn~ · l'iix~ng r'.Jo::1 l"astes originate fror.i t!1e sr.1all 
residue of syrup c~~:eJ duri~s flavor c~a~ges and the water r~quired 
to wash the nixing tanks. SyrJp useu for carbonated beverages may be 
as high as 800,000 ~g/l BCD. ~nen dil~ted Aith wash ~ater this waste 
'1as ti1e sar1e character as f~1ler SiJilia;ie, b:..t it is lower ir. concentrat":• 
and nigher in ~"· 

Fill Tan"- and !..ine ::ash:'lcrs - ""1-ese '"astes, ag3in, corre1ate c1ose1/ 
to the nur.:~er of flavor ci·anqes. ;, s:;1a l l ar~o•.mt of s;ruo, and water 
to flusn the filling lines, is :~e source of waste. T~e character 
of cne waste !s :he 3dm~ as tnat fro~ tne m'Ai~g tanks. 

Other '../as:es - Additional was:e cia1 t·e cr~ated by ·;1asliirig bull<. con
tainers, Periodic washing of syruo storage tanks, water treat~ent and 
filtration oack1 ... ash, and ;:il~nt clear.up. These are considered to be 
r.1inor process disc:1arges. Bo·:~er u.d ccr.icressor coolin~ ·..vater co~;ir~~e 
the r.ajori t; cf tne non-coritac: .. 1r:1ter. 

In orJer to demonstrate t~e ccr:·~,.:..,ec: . .-as:e ~raracteris:;i:s frorr :;oft 
drink ca;;r.e.-s, one plar1t •1as t:ee., se1ec~::~J .mien conde;ctei.J t·-;er1t.--•·:·ur 
flour samp1inq over a neriod or· ;"'::-re ::-a11 ~;ve da.-s. i~E resJl1:.s. an~ 
present"?d in. Table S?. ..\: ex~":c~eG :·~e ~ ~J .:oricentra~ ·1cr.s ~1ere hign. 
but the rat10 of pounds of GO~ ::; .~J;;c..,s ~·rodur.ca 1-,ras ,1uitc 10~1. ~i11~ 
is expiai:1ea by tne ;cw flow discnJrJPJ in conjunct·;on with a .~ign 
vo:u~e of 8roc~ct;·Jr_ The prl of ·~:h~ .~a_,:..e .·.as bi:l1)w ·~ix, indicating 
:lie ;.;r~se·:.::c cf 1i.l~v pH pmducr. in ~~e ·,·,Jste. 

3ased on the Jveraa~ of all canner5 ~urveyed 1t is felt that the 
f o 11 o 1·1 i n y r J : ; c s .:i ~ c t y p i i.: a 1. 
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TAfi_E 57 

0 

OAllY WAST( CHARAfTERTSTICS ii! 
son DR HIK CANNING PLANT 

....., 
--t 

Pl Jnt 86A27 

flOI'# BOO 
Fl0w Ratio SOD Ratio SS SS 

~ ~ ( g a 111 , ooo ... .9 .. !U 1!!!9 .. !J 1! .. b/1 ,000 ga 1) fuill (lb/l ,DOO gal) ...Etf _ 

ll. 033 281 1650 3.86 154 0.36 5.9 

2 0.0'.!l 277 960 2.22 177 0.42 4.3 

3 0.036 305 1140 2.89 118 0.30 3.5 
~ 
:::> 
~ 

4 0.'))5 280 11&0 2. 70 192 0.45 ?.9 

5 0.037 296 790 1. 94 219 0.54 4.6 

6 0.031 253 1480 3. 13 376 0.79 3.5 

Average 0.034 282 1197 2. 79 206 0.48 

(2a2 1/cu m} (.335 lo:g/cu m} (0.057 ~g/cu m) 
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Flow 741 l/cu ::1 (741 9al,'lJOO gal) 

BOO = 1.02 kgicu m (8.51 lb/1000 gal) 

SS = 0. 123 kg/cum (1.03 lb/1000.gal) 

The pH is expected to vary between 3 and 7 except during periods of 
cleanup when alkaline wastes 1-til1 be di;;charged. Based on sa~1pling il: 
Plants 86;..32 and 2bA29 the effluent appears to be somewhat deficient in 
nitrogen but adequate in phosphorus for ourposes of treat::;ent. 30D.:j 
ratios averaged 60:1, while B~D:P ratios wer~ 110:1. 

t·~odel Plant 

For the pur~cses of control and treatment technology and cost analysis 
a model plant has been designed. The productior1 1·1as set at Ju9 cu :~1 

(Bl ,500 gal) per day. Based on this production and t~e ratics listed 
above, the raw waste loads for the rncdel plant are as f011ows: 

Flow (l·iGD) 
Bou (mg/ 1 ) 
SS {mg/ l ) 
Tota 1 Ktl (ms/l) 
pH 

0.0610 
i 380 
167 
23 
3 to 7 

~ne ~et~ology for determinina the wastewater characterjstics for this 
su:::.category \1as tne same as for Su!:-category:. 2(;. 

Process Waste Streams 

The major waste stream associated wi!h b0tt~i~~ plants is t~e bott 1 i~G 
jSne1·. Mixi!'lg tarik and fi11er iine ... ,a:.ndo-.m is exDer:ted ti:' :e s~:~i:ur 

:o tr~: from :anning plants as pr~viousl:· di~~~ssed. 

l3ot.t;e ~~ast1er - As described ifl 5~c:.~on :r ! , c.he sourc~s of ;··ol :~ta":~ 
fron tne bcc:~le washer and sugdr r:::s;a·J~5 frr;r1 1°!.+t-over ;,rr.iCU~t. su~
~ended solids from labels and ~a~cr~a: ;eft 1n bottles. and caus:1r 
carry-over fro~ sprays and oakl~Q :a~ks. ~1 ~ica1 values for prer1nse 
and final rinse sections of a bo:.t:e wasrer ~Jken a~ Plart 86AJ2 were 
as fo 11 01vs : 

Prer l '~'".c r;nal 9inse --·-- -------
SOD (nig/l) l 1 .;() 35 
SS (mg/ 1 ) 76 28 
1·1 A 1ka1 in i ty (r.19/ 1 } 263 206 
pH l 0.3 10.J 

ihe flow asscciat~d with this l'rdShQr 1·.a s ~30 1 /r.ii n (6Ll GP;·i). 
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Combined Process Fiow 

The final discharge of any plant with a bottle washer will thus be 
higher in flow, pH, and alk~linity than a plant which only cans. 
Table 58 itemizes and su11111arizes the characteristics of plants in this 
subcategory. A separate mean hi!S been calculated for three pla:·.ts wh1cn 
had conducted extensive monitoring. Many of the other plants had data 
collected only from grab samples and flow estimates. ~or this reason 
it is felt that the ratios for these three olants more accurately reflec~s 
actua~ operating conditions. Based on cnese means it is felt the f0ll~n-rg 
ratios are typical for this subcategory. 

Flow 
Ratio 

(1 /cu m) 

3540 

BOD 
Rat i a 

(kg/cu m) 

2.38 

SS 
Ratio 

~urn) 

0.380 

It ~hould be noted that the three plants with the 1owest flow rat~os 
"lere pr:mari )y canners witl1 minor oottle wJshing or, i'1 the case cf 
P1 ant 36A29, a bottler ~nose bot:lQs were being wasned by an o~!si~e 
agE!"lt. 

The p~: for :1is subcdtegory is ex~e::tea to vary be:·.·1t:en 5.5 ~nd 12 ,:i:-: 
l"Ciativ~ly nigh alka1ini:; cue to ti.e bottle 1·1asner. &CD to ni:rcger: 
and phos~hor~s ra~ios are expectec to re:nain 60:1 and 110:1, respec:i·,,e: .. 

i~ode 1 Pl a r, t_ 

For the pur~oses of control and treatment technology and cost analy:~: 
a /"!Ode! p7ari.~ has been designed. The ::1rodu::~:o'1 1·:as set at ;Js ~:.i -1 
(35,900 gal) ;Jer day. Based on this prcduction arid ~r1e ratios :1:ted 
above, the r3v. waste le<...::> for t11e rnocel ;::1dnt are as fo1lc1·1s: 

'J.126 
660 
;os 

5.5 to 12 

SUBC~TEGORY A 28 · GEVER~GE BASE ~IRUPS ~~D 1 CP CO~CE~TRATES 

As discussed in Sec.ti::in Ill, it 'i:!s :;~err ::1eter-:i~ned that tne ;~!ilJU' 
individ~al waste st~eams cenerated in ~~e ceverage ba~Q manufactur~n~ 
prucess are as folh1ws: 

1. Wdshinq of illi xing tank~ and f I avor tanks il t th~ er:d of 
each day end between f7Jvor changes. 

2. Washing of :.yrup t3nk cJr'~, :18 1 (55 gal) drum:., ar.J d 
(5 gal} containers prior to refilling. 

3. Genera 1 pl.fr.-: c 1 eanu;:i. 
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TAOLE So 

RMJ WASTE CHARACT£R IS TICS 
SUBCATEGORY A27 

f~ow Ratio BOD Ratio SS Ratio 
!:_7ant (.7/cu m) _\}g I cu rn l tk~/cu m[ 

86A04 1260 0.826 D. JS$ 

86M6 1990 ~.257 0.031 

86A07 4120 0.371 0.283 

86A L3 4520 2.02 0.393 

86A 16 6780 4.68 2.29 

86A20 4290 0.806 0.322 

86A24 9370 1. 31 0.019 

86A25 5910 6. 74 0.065 

86A26 63eo 3.01 

86A29 169 0.624 0.074 

86A32 2260 3.00 0.335 

86A34 2540 3.0A 0.2?.6 

&1Sr1 3 7 3C9C 1. 72 0. 2A7 

86AJa 2760 1. 11 0. J90 

86.A.39 3991 ~ . ) ;: 0 6Z9 

86,j.4(1 lli.Q. 1 . 92 .9...: 325 

Mean 3905 '" ..... ., 
.... l . ...: 0.372 

Mean 
(38, 39, ,~r\) 3267 ., ""I~ 

.:... • j{; D.380 
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Washing of Mixing Tanks 

Plant 85S06 generates approxi;nately 76 cum/day (0.02 MGD) of wastew'lter 
from the wdshing of six mixing tanks and eleven flavor tanks whic~ f~ea 
the mix tanks. It should be noted that this figure is highly variable 
w;th the daily quantity dependent on the numb(?r of flavor changes made 
and the number of batches mixea on any given day. The equipment is 
commonly washed using autamdtic or manually operated spray ball dev1(es 
mounted within the equipment and the quantity of water us~d is usually 
regulated closely. 

Washing of Tank Cars, Dru11,:; and C_o~~iners 

The cleaning of tank cars generally consists cf a hot water wash fol
lowed by a sanitizing rinse. Orum<; are co;11110nly washed in sealed wa~h 
tank~. Each drum is fittea with one resealable opening at the drum's 
equator. The drums are pcs"itioned on a rack wih the opening fucc ds'.m. 
Hr;;t wa::;n • . .;ater fol lowed by hot 1·1n:;e water is injected into ~he d1·u111. 
After dr·~;ning, the drums are removed. Tre 19 l (~ !Jt..1l cont.)iners :1re 
washed ~; vertical placement (upeniny down' 1n a revolving washer wnicn 
reyul~te~ Lh~ water out?Ut into eacn (Ontainer. 

Plant !37S06 reported the following daily quantir.;es uf wao;.te·:•<Jter fri::>ri 
each of the~e cleaning operations durjn~ J norma: day· 

l. 

.. , .. 
3. 

T.rnk cars (dverage eleven) - s:. c~ r.1/day (G.OlS t:.GD) 

~rums - 303 cum/Jay (J.CB ~Gil) 

Containers - 7500 l/da1 (2,CUO gal/day) 

It i-; noted that th•· ;e quantities wi 11 vary witt1in !.tie plant and bch1ccn 
plants deper . .:lin; on daily clean1r,.i rec;uirement:;. 

W.J•;tr1~at1:r fll.J1rntit1c•; typic•11-, :1•r:1~'·.i•_.,,: ·~tff·r;c: clea11uu dt l'J.111~ :::_:~.·,. 

LOIH>i:>tinlJ uf pipe line ster1l1.:dl1011 a11J fioor washi11ll, dVerd~t' 30 cu 1: ... :.1. 
(ll.GOU ,jl.)l1) and this quantity ~·.m,ld n1Jt h• •.•x;iect.\.'J to var/ narkcdl. 
throuyhout !.ne indu~.tr1. 

lher·e i:, i.1 :.;111.:.ll i.1111cu11t of nu11-((1nt.,1<:~ ;n,1ct1111t>r.~· cool iny 1v.itl'f dnJ h111 ;,., 
l.Jh11;d .. 1· .. 1: O•'ner«(.f''l in ~.11e 't1an1J1,h :~:t .,. : ,., :.'t''>"t•racJ\' h.1'.;l'S .. Thi·, 111•'1· 

w.it.:r 1~ .,a.:11~r<1lly Ji~ .. 11.iryt!J 111~.; t:•l' P'"'''-l'~~ Wcl~l1! · .. t~·ed111 or i"lo ..,,,,,,,, 
(,ewers. 

TotJ1 PLi .. t Uflu1~nt ·---- - - . ·----·------
The w.i:;t,•;;.::er chJrJctcri5!.ic~ of ~''.t' ~11t.il ~'lant effluent for f·,ve 
liever,1\Jt· bJse plJnts are suiaman;:cd 11• :Jl.ile S9. The dJta indi,:at1! o 
wide ra~~t of flow and ~UO concentrat1011s but consistently sh~~ low 
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TABLE 59 

S!H·,·lARY OF WASH~AHR C11.l\RACTEP.ISTICS 0 
::0 

:.UL·'· ;1Tl 11 P 'i 1 \ 
);> ...., 
-l 

PL 1!1T f"LCW BOO SS N p 
coo~ cu m/day cu ~/cu m mg/1 kg/cu m mg/1 kg/cu-m rn-911 mg/1 

87S06 598 1.05 l86B 2.02 32 0 032 

87507 63 5910 328 

87SOO i-c <'., 0. 40 3750 1. 43 40 0.016 

8i' ... 09 ~<Jt 1 l'fO 162 35. 1 12.2 

I= l ', 14 .j ~'~ 1. l ti 3050 3.56 353 0.36 
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suspen~~~ ~~i1ds concEntrations as compared to BOD concentrations. The 
polliitdnt ratios were determined based on additional data provided by 
Plants f7C.Co. 87S08, 87Sl4. Plants 87506 and 87514 showed good agreement 
in term~ ~f wastewater flow per unit of product produced. However, the 
pollutan~ loJdings per unit of product produced are dissimilar. Plant 
87SOB whic11 '.)enerated roughly 60 percent les!. flow per unit of product 
produced than Plant 87506 had a BOD pollutant loading 30 percent less ar.d 
a suspended solids loading 50 percent less. This indicates a rcugh cor
relation of 0.5 between the two plants. The nutrient to BOD ratio 
(BOu:i~:P} ~1as determined to be 100:3.;:1.1 based on the. data obtained 
fro111 J.llc.~t 87509. lt mu'st be noted that onl; a limited number of data 
points was available in determining the data presented in Table 59. 
However, the datJ do offer sufficient information to allow reasonable 
assur:1ptions c.s to the anticipated characteri~tics of a model heverage 
base mar·,i3cturing plant. 

Model Plant 

Ba~ea on the above considerations, a hypothetical ~odel plJnt ~as develu~~c 
for Subcategory A 28 and is illustrated in Figure 133. The iJlant ger:e:rdt·"; 
an aver2ge wastc~at~r flow of 379 :u m/da) (0.10 ~GD) due to wa~hiny ~~ 
mixing and flavor tank:;, washing of tank cars, drur.1s, and containers, cJnd 
general plant cleanup. The model ;ilant has the fol lowing aver.1g~ rneir.jc
ter1stics. 

Production 
Flow 
BOD 
SS 
pH 

37Si ci m;dciv Ji.~'.) ::!10) 
379 cu :r1/day (C. iO :;i:;J) 
240G mg/l 
50 JJ1g/1 
,q. 0 

be e~pected to vary with ~~a~ona1 ~ro
cleanup ooerations conducted in the 
~.01~:e rea~on to believe t11<1: tne 11ds: .. ,· 

The assumed characteristics ~~ou1d 
ductio,1 demands and t~1e amot..0nt of 
plant on any given day. fr~n~ i•, 
str::J"l ·,:a; be sli·,;nti/ ;J~'ic;ent in 

for V1Jnt 3:·so9. 

Production of instant tea qener"<t~i::- ••·i'.:O:'l·ntc lrv•'· t· .. 10 ·,our•:•'·· 
clarifier sludge Jnd ~lcanup. 

Periodic disch<irqe of ted .-.i••due :·, 1.r•[• .inly 11rrru.•5•, w<.1~te1; .. i1('>r •JC·!:

erat.1'<1 in th" pruc~~~1ny ~)f 111~:o.1: t ~..:.:. ~herl.! ;:. 11u r~1 '.~~;I.! ·,;,J_,. :_., 
e·,timate tile qu1'rit1ties of pol lutJnt lu.:iding<; of the clant1cr 1·1d~te 
strcarn since the disc:1Jrm• 1:, •1ir_j:;i. •:J1·1o.1tJle. 

Cleanup Watr•r 

Clea:iing of equ1;iment may be done C'" :"eve1·al ditferent >chedu1es as 
ind1cated in the following: 
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SUGAR (SYF(UPS ONL.Yl. ACIDS, 
CQ..ORS, FLAVORING EXTRACTS 

I WATER ~ 
'1"REATMENT --

MIXING 
TANKS 

STRAINING 

FILLING 

CLEANUP WATER 

------------------, 

Pl.ANl' 

CLli:llNU~ 

WA.TrR 

W ASl-1 I l'olG ( CRL.MS , 

'TANK CA~S, 5 GAL. --l 
cm ff h 1 ~:F. ::-s > I 

I 
I 
I 
I 
I 
I 
I ----------, 
I 
I 
I 

~ 
WA.~.", TT: 1"1•4 'i 

MOD[~ PLANT FOR 
BF.Vf~AC:E cc~~::C~R/'\T( .\~;::: :-~: 'D '·'.·\·~-~F.\CIUr\T~;~; PROCES.S 
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1. One plant (99TQ4) operating 365 days per year implements 
cleanup of the entire plant every ten days. 

2. Two plants (99T01 and 99TC2) generally operating on a five-day per 
week basis implement plant cleanup at the end of each week. 

All plants contacted did some periodic cleaning of equipment during the 
week as needed. All plants contacted also did some hosing of floors in 
the plant for cleaning of leaks from connections. Equipment clednup is 
generally done by spray ball devices contained withi~ the equipment whic~ 
are operated manually a; needed. The cleanup consists of the followi~g 
sequential steps: (1) fresh water rinse, (2) caustic wash, (3) fresh 
water rinse, (4) acid rinse and (5) fresn water rinse. 

Non-Contact Water 

A considerable amount o' cooling water is gener~ted in the proce5~ing 
cf in:.;tant t•~~. ur:l; 0n1: pldnt contac~ed (99TO-:; :-.E:iJoratca all c'.lOl1:1·i 
water from process water. Two plants, 99T02 and 99TD3, orovided no 
seµaration of contoc't and cool inc; ,·1i:lter and· o rec_1c;in~1 of cooii 11g 
1~ater. One plant (99~·01) rcc;cled a r.1ajo 1 ity ot ~he r:ool 1ns v:ater 
used i:i the process anti tJ·isci1ar~ed :nc un,·ecycled ;r~t.o the ~ias:e::.trcc:rn1. 

Tota 1 Pl ant Effluent 
-~----

The wastewater ctiaracteri~tics of t'.1e instant tea industry .lre su1:1r:u:.:1.::J 
in Taole 60. The two o1ants (?970: ano 9~·:0~). for ,,nich ti1e ;.:ort!J"' 
of total effluent attributable to ;)rocess 1·;at~r" .·.as -.novi1., :;:·.01·;ed '.J0'1'~ 
agreement regarding process l'las:e ··;01-.·s ..;ith :he values :.;eing ·19,:~::,._; l,·:.:: 
(11,900 jal/ton) and 46,500 1/~r..g ':11,100 gal,'tcn), r"t!SDectivel_v. 
Plant3 99T01 and 99TC3 contained .i'.' ir.~eter·:nnant a::1ount of coo1inq .. ~~;.--
whicn could account for the signi1ii..ant difference 1n flo11, -

Po 1 l u ta n 't 5 i n t he vi a s t e s tr ea :n c.;: · _ : ~ ·:: ·· e d of " i : n ; ~_. i c .:rn c e i n 1 n s t d n t •_ ,, 1 
manufrJctur~q~~ dre SO[! J'~d 3:.1spe·1·.~ 1· ... ~ ,:;.Js. :.1\~~·1:: _J~~:·~~ j""'d ·;i~1·~~'-

~howeJ qood d'jrer.::i~n"I: Jf ~·;J!j'.j r)<" =·~ 11
" i ,.;:.;.•_!fl':~G ~.1i ~r: •' :'.:P•'f'il'.· . ...! I'." 

unit of ;>roduct pr•1duced. Of ~.11e r~:··J~'1;1:y ~\.O ;;1 ... n~s. ~:ilLlJ ~~n~ .... itF?·'.l 
four times the GOD load of tile twn ...... ,:11 11 at1r'!r~··:ent dr1d ~J'.l-~04 r;cr,i:·r._1~··.: 
a 800 load which was a fa<.: tor o• • • .. 1· >r.~, U~dn ~h(• '. ... :o ~.IH;'>1i11q-,1,;r• .... , ···•. 

A µossible e.xplc11wtiCtn ot the lu. .!"'.l -.w.;· 11 • w•"-~ ·.c1l :..:·. 'i:.JJ~i ;:,(;·. 
yener.:ited by >.•lant 9<;.i:J-l 1•, ::·J~ .: · :··· · ·, .. _1 '..!'•' ··. ·li~hw, r11! .. :1cr t.~1,rn 

beinq added to tile ~il'.;te5:n.:Jr::. :· .. ·1·1··r·f 1;'1P·I -111<.J ~!·~? •H!1·.Jtc1cd :1t1c~:'. 
is 50ld as cdttlefeed. 

Model Pl,'"t 

Ba•,ed on the data presented in ~ .. 1:· ·· ·:. ind ~~:r• •;re<.:eedinq Ji',cu::.'.>1on 
a hyrothet1<.:::1l instant tcJ 1:1JnufJ,'" ·:·: ; .. iJnt ... Js Jetcri:1;11ed and i:. 
illustratrod in !'igurr. :J-l. The :;i.:1: ,,;.1.·r·l.it.t!:. .::.; hours µer day, fiv11 
days per 1~ceJ.. 1~ith (.lednup of all -": 1~·:-- -.,~ .i~ t ... c ::ind of each ;H'•1u• ··· 
week. ll..1ily 1-1.i:.teflc»~ consist'.. 1.'~· · ... :''J~· <.1f ec;u1pr1ent a::. n~.:i.led, flour 
11ashdown to clean leakage fron1 eG.,':"'(''"t connections. and deposition of 
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Tl\bl [ 60 

3UbCA.1t_;;,r-:r A 30 - SUl-t1/1RY OF WASTEWATER CHARACTERISTICS 

Flow BOD 
f' 1 d l'l t l / > )(~ f9.L' KKg 

'.1') TO 1 *94,700 41.l 

~): '.-'.!. 49.: 00 : 02. 4 

-: } l _; ~ * 16 7, lJUil 196 .3 

:·;: .. :. 4f1,~UO 10.0 

SS 
K~ 

34.7 

38.2 

5.8 

··;a~ues are high Jue to indetenninant amou:'lt of cooling 
~jter i~ the p)aot effluent. 
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clarifier tea sludge into the wastestream. All cooling water is dis
charged separately from the process waste stream. The characteristics 
of the model plant are as follows: 

Production 
Flow 
BOD 
SS 
pH 

9. 1 KKg/day (10 ton/day) 
450 cum (0.12 MGO) 
1000 mg/l 
750 mg/1 
6.0 

Spent tea leaves from the centrifuge are sold as cattle feed or disposed 
as sol id ~1a s te. 

SUBCATEGORY C 8 - COFF!:E ROAS"'.":MS U"'."lllZI:lG ROASTE'1 __ i!.E SCRUBBERS 

Roaster Wet Scrubbers 

A study conducted at a coffee ro~stina ~'a~t Jtilizin; a once-throug" 
type of wet scrubber reported an e''lue~~ ~1th a BOG of 100 to SOD ~n;:. 
suspended sol ids of 180 to 24C :'''J/ ~ ,1r.d 21 fl~.,.; rate of 2i0() 1 it~rs pei
Hg' (S08 gallons per ton) of areen beans r')asted. No dHa arP 
curr-entl/ availat>le on the ~1astr."'""~er· char":teristics ,.- the rer.~rcu!J~:r.·: 
type of wet scrubbers used on co+fee roasters. 

Tot a i Lirocr.s •; i rri E ffl 1en t - ---
Roaster wet '.:crubbe1·s are ti1e :;>r;I_,. 5,_:.lirce r:·f wc!~"te1.,.ate!· fr::;:'l ,~ cof'·ee 
roast ins ;:i1ant. Table 61 ore~ · ·~~ 1 r'.J\·1 ·.-1a-:.te su1~r:ia··1 o& this ',\.JSte1·1J:c··. 

Mode 1 ;i l ant 

T~e nodcl Dl~nt &or this 5UbCJ~ecorv is ~ r~f&~~ r~~st!~~ o~ant which 
;;ti1izes a once-throul'.'1ti t\/pe of ro.,:::ter •vet scrJbber. fi1e :notlel n:.rnt 
roasts 3Q kkg ( 1J tons) per dl1y of :1reeri rnffl"e be-rn~. 

W<1st~· .. :;it<:' .. - ·~e J:1ly 5:;:.1r·::.e •.)f .... ~<;tf>;..i;iti>r r .. ,,~ ~•.., .. -:-'11"~ "1;111t ' . .. ... 
t .. r.as~.'.!r ..;.-~t :-.1:.r·Jti~er. '.J:!rJ····::?""', · •. 1 ~ 1= , .i~~.e:·1~:·:·r~ ~,·'"! .1-.":u;·'~d !· ... : t,c 
as fo 11 ows: 

L Flow r.~ te - dV('rJCj(" C' ' ,· '·~ l I I : ... ~( I • ; :.· .. : ) 

2. [lQD - .350 m9/ 1 

J. 'r. - ;:no rig/1 _,_, 

4. pl! - 4.0 . 7. 'i. 

6. 0.43 - kg SS per kkg of ~reen beans 

7. II - Q r.ig/1 (assumed, none sus~ected) 

~- P 0 m~/1 (assu~cd, none su~pected) 
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Parameter 

T A!3L E 61 

RAW WAS7E SUMMARY SUCCATEGORY C 8 
COFFEE ROAST ItlG 

L 'J'J Mean Minimum 

S;1i ft Ti r:ie Hri!Jay 8 8 

;: ; O\v :!11 t ; i) L/khj 2120 20JU 
( ga 1 I ton) 508 ,L::li 

c: 
·' D:iy B<;r.' "'"!/ 1 270 113 
!\J~io k-: ,"k_L:fJ 0. ~) 1 tJ. li-. 
(1~/t·,r.j 1.(J:> o.~'1 

cc :·:i/ 1 20~ : go ·~ . ) 

::J.iti:1 
,, . 

,. ·::"ff) c. 4 :i 0.3'.J 
: ~ b: 1.011 i 0. 136 1· ) . l7 

Maximum 

8 

2250 
qq 

6'1 1:, 

0.62 
l . '.i () 

2-iO 
i). ,4 
1 .oe 
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SUBCATEGORY c CJ • OECAFFE..!.:.~_IJ'J:l o~ .. _C8l~.rE~. 

Extract C~_uge anrJ 2l_!)_l_JLl_gwr:l01·m 

The blcwdown liquor from the solvent recovery stil1 and th! ~xtract 
centrifuge are normally disposed of as oart of the waste stream from the 
decafre1nation process. These blowdown liquors are a signifi~ant source 
of both wast:ewater strenqth and volu~1e from the <Jecaffeincllion orocess. 
They contain high concentrations (quanci:~t1ve ddta i~ not Jv3il~ule) 
of c;u~penrled sol ids, anci to a lesser 01. tent. GOD. 

f.,f~~' '.:he extract an1J the· t,. Jns h·1ve 111, .. ~n .,,,,u,:r-dtc:cJ. t~e bl' ·:·, dr'! 1·1c1'.~'" · 
and ·;rreened bdorl' 1Jr;i1v~. The de1·1<1t·~rinq ·-.. p•1>n i•; ~he ',1•·1rr.i: 01 '.!w 
~rci:.i~C~~ 'IOIU~le of Wd'.:.tCl"ill!!r 1n der.affein;itrnn f)l.ints ·tJhich cr.:plov 
thi~ deviCf'. Although no •Jata i~~ rlV,J11ah1P to f]Uclfltl~.)tivf.'lV dpfiri>:> ""··~ 
cf?l:1 :! ... t'.!r1s~ic~ of thi:, ·:·:1:.t'~'·1·1!f'r, i· . , '!'°:~~:· 1 d~f!'1 .. ,~.·it. th 1_' ',~.t~11nr:~'~ 
Of ~"ii~ ',Our':e •Jf l•til'...•e\:l~.!'r' •·; Ir:',< t 11.in a I 1 Othf'r', ('.V:µp~. ";,."'Pr··i \ 
pla•1t r.~ecmup. 

C] C.J :lUD 

jn f)~Jnt~ ~·1hirh ·~<J nc1 t ·.1~i:~:'? ·J j .. _.wd~1·t·· 1 1': · r·':' ,,. 
si·1n1f1L'dn~ so11r:€• of -;1a~'f"'l•!t0r .,01., .. ,.~ .•1 I J1! I. I ·_-r1. ·1!?1 . .J' • p 1 n,1 • . ·,, 

pr~~;:··~~inrJ plant r:lt•:1'i•1r ~·. 11 l'•:•1~r 1 .:r 1 •_ .. ,,., •• 

1n 1

.·~c proces~ ar~d drP ",~·~.; ~r1 ~,·ri !'. 1:· 1"J'."'· i~ J.1 · ! ,. 'J'H ~.' ·:1· ~h·' .. •' 
di11. The de':'~Jr~f!ind~~r)-1 f''~ll!l•'"P'l~ ··• ·•·,i"'r''•;r? ·,·. ,,,.• ·'1>-1r:u·• ".~·a:--•' .1 

'-,nn• ::~~·r1ned .1~ nec1>s·: .. Jr"1 .111r:•·•i .,,,. .. ,., .. _,,_ .. ,tf,~1111: ".r>r,1l" ,,.~':!" ,,,,. 
~~('.);~:.>~ period1~-:illy 1ir·d :il:;o 1,.Jr:• .• --: .. 1~·~ to tip 'lil'.1l.f-'l'l,1rl nt ~h" pi«••' .. 

The '.lJ Jnt i ~ ·,· and 1u,11 ii·,· ,~ ~.;i r J•. ·_._., i >' 
i::l'clf"i:?in.itP11.4 ; .. d-rnt:.. ,:,,., '-""' ;rr1:--'. ~ .,,_, '. t 1 I r1 ' .. ·I '_ l f.lri ~. 

·ll' ·\ /~"'.'"'"' ~, ... _ 
J f; J =~ iJ, I 

tr.1. n·j to •ho .11~01.1~•. _.. :~<~:\""" _,,.:<•: ' I~ : , ; , 1 I I ' 

1 82~ '!111;.1 1~·- 1 1·:,'. ·~·10 •, •. I :·I'·:· 

111 :::1;1 ·1111J three folJ -~dr '.dli1111·. in 

,~,1 • 1 cJeo;u : l 1 nq :·11" tr_.• 1 i ;1•"· 

~~ w! '--' 1 P ~ 1l n t .. ·-·· 

7111• ·1od~I ;il.int lnr 11t1'. "1~·.-1· 

W11tl. 1• 11 1)1· .l 1'f'1~1.1t1_~1.J .JI •'•'It 1.rJ: ',,,_. ,1 •· 

,r, i::q '.'•1• 1 i·tu '"·I 1n111r1 '"'-" 1 '. .,. ·' 
.1r•" .,,.., 1 1,,11•,,_l. ;i,1,; "l(._t•I ;11 .. 1,1 

l)f \l r"t>~~I b~clnS per .:lily, rper·d: '~' ~ 

; I: • - I ... • ~ • I' I • i I I ' I . I ; "' I . . I ._ 

,. '. ·'" • i ~ 1 ·_. •. ii ! , I •• r: ·~ , i , ... 

J j ! ' ( 1 (I I 1, J ! I ' 1 ~ ,. .. ' ' f ! J ~ l ,- r·· 

'i'. I• ' I' ' 1\.t 1_ l ,,, j •, 

I ' •• '. t~ ; ~ '.''JI I I i 11:· ,. • 1 ! 

l'''(l 1 I·.•, 

) qt) f l:\• 1' ' 
~'r::1:~~0 ~o or~ocQ·,.·, .,) ~~·.!J t'J;_\ ~:r· 

•• ~ 1 1t; ;: .. .,··~·I'' i;i··: .-1.1 1
·,., r,,, .. ,·:P1• 

11 ·1~.~:"'./d~f>t" - r.11•Jr··f'~. (lf ',•!d'.~• 11 ·.,1~·. 1 ' t~p .·u~,~~~ L'l·1r.t •;ri•1l11 ~'1r }1,._!11 

,,i"j-·(1-t .. ~IW ';lllJl'Ce:; li'..tl'd dbO't•' ... ~ ... "1n ·11""'.ltl''·~ quiln~ill~'· of ~ii~!·•· 
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RM: WASH su;~nARv SUL.:CAT[GOP.Y c 9 - DEl,AffEl::.·.~·;on Or CUFFCE 

Parameter 

Prnduction ~~~/day 
ton!>/day 

'1LD 
MG:J 

Flow ratio l/~lg 

l)d 11 ton 

ROD 111q / l 
kr1/H q 
lb/ton 

'· <; !'1'1 / 1 
1.c; I k ~'i 
I b '1 riri 

NP 

2 

2 

2 

., 
... 

55 
60 

0.242 
O.IJ7fJ 

440(1 
1164 

., •] 

) . 

;' '} 

i l I 

.: . : 

MiniMum 

0.213 
0.062 

JSBO 
in2s 

6fl;' 
j. () 

h. ! 

I l 11;· 
r ,, 
) . ( 

I 11 • ·1 

0. ?7~ 
'J. ()j''I 

?'> . 
1 ·; ;':: 

][)II , 
.-1, r. 
(I , . 

.,, 1' 
i I • 

·1 

l · 

• ~Jn•,~· ;,~dp·.-. ·l , ·~ 'i.,., , ,,; .,. ·:r, ... ,. i 11 . .,•,·,qt,~ i~·.J ~v'' I· J . ('JI· .•• 

·_n••1_•('. 11 1. · .. , "•l ,, •. •· 4\ •t,. 1 ,-. t'H' ·:.nJ~,r· ·~ :~d,.' 1• 

l..Ot f PP 



w.:i~i:ir coining frorn the de\·1.Jtcrin1_i ::crr?f;ri in pl.int'> whi·:fi utilize th1:, 
device. Lesser riuantitil~S of 1·1Jst~1·1<Jter arc qenerHe'l by gener;i~ 
plant cleanup and extract centrifuge and solvent rr.covr~y ~til 1 blow~ 
down. 

Par~meters of the raw wastewdter were assumed as follows: 

1. Flow rate - average· 0.24 mld (70,000 gpd). 

2. BOD - :J64 rrig/1 

3. SS · 1~90 mq/1 

~ , pH • 4 . 3 to 7 . '! 

5. ti·· 0 mg/1 (.is:.drr:rd) 

f,. fl ·· 0 11\fJ / 1 (•.I'. '.111111>rj) 

'.(.'..J~lE '::·;~~·,.!~ :~.J,.. ... '1C'r··.d~: ~- ~.·.··-·~:·if ~hl1 ;' ·,~'('fl! .-1rr'1~· 111~S b1 
1w.'rie 1·1:·:.r- :" ;,,, 1,,rni~<1''•·1 1 ·:•·:·. "p· .. : :·l 1nt~ hydr.::uli1:.111 1 
~r-i.:ss t~e -~r~:J~·,dc; t~~ r(~du..::e ~ ... i·~ ·- • ._,·s~'Jr'~! ·:<\'~!l 1 ~~ 11r1,_.r .._,., ·i 1 ~r'::, ,· 
b/ eit~1('r ·J~ ~·1ese t· ... ::i ···e~hc,~·_;·. ~h.: 1 ,.1~11.1rcr! .;~ ~ 1 i~ ·_7f·?.:t~1~<.t .-1as~e 

1 odd i r~ ... us t. '· o 1 u b 1 e c. of' e e :- ~ ) ~ ':; ' ~ ~tie •• .. '.'-: '·' ~. -:; : .- J ,. :_", r· ~:; ;:: r ,~ : : : · 
Citt-' cor-::-i1e~ dur~nn ~h~'i. r.t.J-.1.t ;11d;c.ite~ tl1C1t ~ruund~ ;::.rc·:.s~rrn :1Js:,'-
11t1t~r "1-'Y r11wt' ~ ~C'D :• :JP to Z'.J ,2C:J ::c_;/1. :. : i1r~t! diH.iunt ;if (01r:.1r· 1 :, 

a 1 s er L ha r· act er i i; ~: i c of t ti i ., ~·1 ~ ~ •. e ·' ~ ~ e ·· . 

~ ., ... (, .·)~~:::e (:.·f+(l(! ~r·~c~r,',(1t .. l .:·· ··:··· ·:· ;,·· u1·.~ 1· ,. ~,._., .... ·,_•n .,., 
t.!' P'D·11n·•p "1'.)l~tur,. 'r'.":- thr' ".:"f'r· ·:1· .. ,, .. :•, .. , .. · 1 l_.1 '•v="~"-1'.1:•!'. 

tt1('">I? pl,,nt:. the onl l ::.nurc:e '.)~ ,,.,,'.(~· .. ::t"'r 1; :1 1·:i1nJQt! ,_,. f Jf ~he 
ri~':h;nds dufit'ri ~tC·,..J·-,,~. ,,.1'.~r· .. ~1, ~t·,··. 1·, 11:-,:~1 :: .·l11J;'_f.! ·J1 t:Jstr! 
1t 1:; a lf!::.:; ~icn~fi:_.1rl .. 'r/1l~lt-1 · ... t 1 ( 1t' ·,.,.-._~fl '·i~.?rl :r··~undr, :)•·e'-:-in'"'-

1 ' ' ' t ,. , 4 I : f\ -·- - ------- _ _,, -

~: t'·" '' t-. ~ ': ''.' '~ t •. ,- I : ~ ~ •~ '·' ... , 0, U :: l 1.' , .. I •• ,j l.:' ') t; . ~ It (·1 
·, i) 1 u t : ! 1 It ,. !.~ ~ ~J i ~ . '. : 

fr· 1· •11:·. ·~· •c.p<,·. ,,;.,_,:::mt.~'·:·. 

re~.~·;eQ ~·,/ (~n:.rffJnJ~.;ori •. : ,,.,, ... ,. 
~ ~ · i · J ·~ i r ,.. "• •,.. ,~ : : .. , 1·, ~ .... ~ ; ,- ~ n t t" • • ••. 

r-:'n"._r·.'fr1 '~::JU~'! J"cJ . 
1

t'dn~:., ·II!'··. 

.i~~·~~11.1 1 '•JcU J· :--.1r~ c• ~~c ~~::.,· 

41 ti 

,,.,,!,•.j .. ,, • f.~r l) i 1 ~ \'l~l, t.~l · 1 ·u~ t !-,,_, 

Y.':H·r:~ nt 1:J:;te lotio in near! ... c 
Tne 1.· .i.-· 

·' ! '~r- ~:~ 11 ntr~ 'u,H! lt r:- nnr~·,, i 1. 

' .. .' n.• ct·: f ro:1: ~ ri e ;.. l ,;in L • 
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Extract· Concentrator Con~ensate 

Before the extracted soluble coffee materials ~re converted to a solid 
by dry~nq, the liquid extract is usually concentrated. Concentration 
is accomolished eittier by heatinq or coolino the solution. Whiche""~r 
method is utilized, a l~rge volume of condensate is generated. Th~s 
condensate is the largest single '.;0'.Jrce of 11astewater '.low from a 
soluble coffee olant. 

Genera1 cleaninc of c~JipmErt ~nd floors in a sclucle coffee :ldnt 1~ 
also a :;i~r.ificant ~ource of i~astr·:~t~r ~enerativn. =J.c.;o;·s arc .;et 
cleaned .35 necessary :!urina '.)roduc~1on and thorc,t;g:ily cleaned 1·1ee•. l ... 
The extractors and related equicment are self-cler.ned durinq oroduc:i~n. 
Once a werk during ~eneral :l~anup tne extractors are cleaned with ~ • 
cJustic sclution. 

iotal ::i-ocess~nci Effl:;ent 

The quan:ity and oual;ty charar:';•.;si;ics 0f solub'e -:::,••c·" ::rocP~:·>:·; 
waste~.ater can vary dS :i rescilt :if ::1e:rni:w procedures ar.d the ".•::!.t·· .... 

of gro:.inds hanalinq and dise>osa:. P~dnts '.Jt1l1zinci ro!.ary dryinn of 
spent c;:ccin:Js :ind e~ficie"'t ::le~nir.g procedures 3re t"e olants ,..,,; ~.". 
the l01vest :vasteload. Tat:1e 63 ·:-i::}CJdes j0t~ tJescr1bina tne t:ot.,l 
cro:essing 2ffluent. 

"1odel Plant 

The r:10c1el c:il:int for th~s sutica~::>~C'n ;5 a ~.'C'Othet1c~1 c··dnt :·rud"' 'r .. 
aooroxirniitely eau~i il'.l'IOunt<: ::-f s~""~Y 3M freeze dried :..J~.;:·.e: 1..vf:·~.,. 
~iaste r.:cFee g::>ri.Jnds .:re Dr%~..:~d t:l re-.iCJC.e ::r,e ~01 sture content i'r1.: 
used as f~;el f::ir tne ~la!'lt'; ::~ilers. Cl<:'~,..;~r; ~·r t:-e e·J.;:;-·::\:ct .. 
'.)eneral ;:il.~nt cli'ar •• :-- ·'..'C:CJrs ••e~~>. Jnd :.-:.:'.! ::ir~c2;,se;, ·.Jt1 1 1z~ ..... 

iJtdl ~p·,-)CJuct10n at~':+=- ~~o--:~1 .... :,,,~ .. s .1~ ... ,; ...... ~1 ·1 ~-,e :~ ~·t.·: ,,..._ 
r:er ja.> :"'roj:JLeJ l '1 •. ·. ·1:;dr s :~"'e'. ·:..:·,', ~: .\ .;(;JS :~~·· ~·1e(::~:. 

i~c1st.e·.·1ater - S1~urce:, :·f ~·1c1s:e1v-''_t' ... '"')i:' ·_.1,. ... Jc'.n.i :'l..?:1: incllJ'.Jr• ~: 
sources ·1 1stet'. dtlOvl! ·.:1t~1 ~ 1 1c r;r·r,!·.es: · .. .i~.~·: '.;t:·e~.;:!1 ·_::·:·11:1 f·· ..... 
nrounds n\o'"essinG o~e!"'.~t~nn. 1:·1P jr·:P.c:.t 1 · .. 11nt :;f ":.J:;:,·~ ... i~t?r' ·~, t, 

extract concentntD" c.:inJens.i:r'. ~·2s~er ., ... u:1t;, .)! :1:.ls~o l0dd ,1ri.: 
cienente<~ by cent.r'''.JGe bio·.·1•):' .. ::, :"·~:en•»·,: .P'1n'.rr:. 

rdr.r~~eti:r-' .. .J( ~ .. 1e ··.1 JS~ev.1 ~!t1_\t· tr~· !t1•! !"<.it.!'"' ;. L1n~ -~,.µ ~~ .. ·_,u1~1P.d ~·. 
to 1101·1S: 

1 . ~ 1 O\'i r ii t e · • av P 1· .J ·:: e - ·~· . t :: ;"' l d ( .~ .. 18 ;w~ d ) 

2. 1300 - 2400 :·:u/ 1 

3. SS - 1560 ·ng/l 

417 
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TJ\BLE 63 

RA'-J WASTE SUMMARY 
SUBCATEGORY C 10 - SOLUfllt COFFEE 

Parameter NP Loa "'lean Minimum Maximum 

PrJduction kka 3 78 40 153 
tuns 86 44 169 

Flo1·1 mld 2 0.617 0.355 1 . 09 
mgd i). 180 D. l 02 0. 315 

Fl 01v Riltfo l/kkq 2 7912 4505 13930 
g:ii/ton 2090 1 ~ 90 3620 

BOD mg/i 3 2377 2136 294C 
kq/kkD 18.8 16.9 23.26 
lb/~on 39.6 33. 7 46.52 

SS m]/l 3 l r.:-:-: 6eJ 356 
kg/kkg J 2. 3 5.4 28. 
lb/ ton 24. 7 10.3 56. 

Color cpu• '").,- ... 
(.I I 'j 
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4. pH - 4 tc 5 

5. lo. 8 kg 80D ner kkg of green coffee processed 

6. 12.3 kg SS per kkq of green coffee ;.irocessed 

7. N - 0 mg/l (assumed) 

8. P - 0 mg/l (assumed) 

9. Color - 2775 Cobalt - olatinum units 

SUBCATEGORY F l - TEA BLENOI~G 

The blending of tea has been detennined to be a dry process involv
ing the generation of no wastewater. 

BAKERY i\!10 cor•F::C:IGiiLRY PRODUCT'.:> 

SIJ8C A TEl:ORY 
VA:{ :~i1 s·i1 ft~-J 

• • "? • I ~ • • • I , 
• t .,.._I• , •I 

Tl1e •;ource of ~•1p ·~rP.ate~t ~~.1·.;r.• 1,,M1 i~1 i cake :_w ;Jir ~;1ker/ ,.., i:h•• 
proc.es:; .J!" 1·1asl:i1•q µ<111>. :·in .';_,-:;11i1: 1~ 1·; a l~:ost ~:.-c lus1vP to the , J• ,. 

bakin·1 inrtus~rv whetlle:· ~ 1 1(' :J~.C''.i 1n• f.111 '..i;:p 'Jr thr· sn.1L;. r:,1~e ::: ·. 
i!o!'1•:c11ly. thP p,1nc; tn,1~ .1~·r ·.1·:1>·~ 111 ~>d.~1ir1 r.,1kr'. " 0 1•.t. he 1·i<1Sh1~·1 -i"'···· 
etlC.ll use. 1~ttPr" C.H.PC, l).1Vf~ bf''' ··pr1n;i••i !r~l'l t•w;r· '1,1L-11111 ~.'<l'l, ·1 ••. 

L1·1P!. 0f cake V'"1::it:i~ uS~h1ll·1 ,.,.1-.Jl!lS in U1e pan .rn11 is rP11'<wr>d 'n t11L' 

p1111 1vi1'.'.hin1~ OUl!1-.1t1on. fh<> r:.-,1: 11b". ff'~ 0ssrn:i,111·1 oi;•(e~ ·•f tiir> (lf:1· 

.. sr1d :'1:is 11ave J h1ci1 ora.11.i• '·''"''"'ri· Prr>vious :;L;dic:; ( :· ) .. iri.i Ult:-
1vf't s.:ir.ip1in<:i a<;<:•X~1terl .... ~~~~hi~ ;:0 1·1;;.: .. :•. indi. :'.·<.!~. r:1at '''•' «1~,., ;1.1n 
1·1ush .. 1.1tcr ;,1.iy ll.JVP ,1 1>r.'..1 11 ·n1 : ., .:;,; ." 1:1 .. ,,.., '1. 

l'iP1 ,•Jd')~l 1n·; I I';·;; r·i.\"1 ~I) ~·:··:I p 1' .11 

Wd~lll11LJ 1..,.-,.; th.in 0nr-r •'\'"t"·: ·1-.r'. :"·: 
r·l i1;,in,1t<'l1 iJJll 1·:.1'.ll1n1; 1·1 '.!11·11· · ».!·. 

': 1" l· '·!oor.1 

I' l'_..l'.: : \ 1n • .. 
, I ' ~ l , : ' ' 1 

' 

.I tr,1t1Jl"C n1 v;1·•u.rllv •.".'t'"'' : .. :. ". .1 .-l:l'.h •·!i:•rn :n ·.11111 '. 11•·'.1:·.!• 
100 ;u1p1:1c11t i<; rlt.•.snPd. Jt·0,,1•; ··.ii .. , 1·. '; .. _:!~ 1·:1q•1 .. :. 111i•in:i ·:.1'.·,, 11•11.•··· ... 

ill'i''"·iif'flt :cr~r.1i•1t 1 f';, 111d '1t~::J ,.,,,. 1 '·, ,,,...,. nn1·"·,,il·/ ·fr\ 1·!,-1 ,·11··1 ·· 
L11u1.J•1\.l11iv <1'- J.••_1-,c;1!~i1• !H't~ric "''·'. ·, ,::,,,. !i1:111•1 '<J~m•11f.111:1-.·.i:,,, r-ri· 

ln ~11,_. \VJSh r.~o::i:;. ~h2·;.1 i:~···!1.-, ~···· ...... ,_. ... i;·:•1'·.; ~··1111 1 d -''·,:rlfi l11.t ~·.-1: 1 •1 

C.11..i> l1.il.pr1p<; !l~J\' h,1vl' l"Cl:·L' t'~.l"· 

i f1 t hp :'\J fl/lt' r' .f1_? r 1 ~: f' ! ~P·:1 · :)· '\' i• ., 1 • " 

tyr1es ot 1·•J'.>ll rotns .~1·L· e:.:..ent 1.1; · 

419 

·' ,.! ; 1• !I: 11'•1 .\t (•t)ll I l'''!i'll~ •" 
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pans and other items are rolled into these 11nits. They are co1·1pletcly 
closed and then the e~uipment inside is w~shed in a manner similar 
to that accompli~hed by home dishwashing equipment . 

Clean-In-Place Equipment 

Large equipment handling liquid or semi-solid materials are us1ial1y 
f;tted with clea~-in-place (CIP) equipment. This equipment includes th~ 
plumbing, controls, and sewer connections necessary to wash the 1Jnit 
without moving it to the wash room. During interruptions in processino 
caused ~Y changes in variety of product or due to end of shift cleanu~. 
equipment with CIP is normally dry cleaned as thoroughly as possihle 
and then wet cleaned using hot watPr and deter9ent supolicd through ~~~ 
CIP equipm~r.t. ~iaste\'ldter discharge frrir.1 CIP eciuipmer.t is nor~1,-;ll; 
through a direct cunnection ~:J the plant'~ plu111bir.g sys:ern. 

Examples of equipment viith LF i11clude the followinq: 

i. La~ge mixers tor cake batter 

2. Diping !.JSed t:J deliver 1:1-ie batter fror:-. t 11>? ri1ixer tu 
the deposi':.er. 

3. lhe de?ositer which &ills each cake pan with the proper 
amount of batter. 

GenerJl cleanup of other eauiµment JS~0:ldted with ~he ba~iny ~r~r~~~ 
and the plant it,;elf is a relat~vei" ::iinor c0ntributr)r to the ~..,'IS~~ 
load. Conveyor~ used for the baking ~nd coolino 0f rJkes and oiec 
.:Jre uc;ually •fr)' rleaned; howeve"', ':"1€;.' :llcJy be '11et .::caned JS f1·t:e1.,.,.,,·, 
as once a weo:k. Clean:;p procedures in 1nost plant~ strPss the cfry 
cleaning of eouioment and the flcor s;-:.,ves arounrl ·~he equ-:prnerit. ·:,;"'-'"·: 
some 'rlP.i. ::· .iniriq is normallv c!C;~.;1:•pl .tied. Sorr.e e:-:centinn,111: .111'' 
drf~d~ llldV De 11o<;~rj do~1'1: rri1•1p•1r"'·. ~'1rr .-·~T.'-li" :-•-:·-~1((.''; inr:1wf" i;.,, 

'J1 "IG;..· -1nd :·uci.l!: ,.. tile ·1:.1<.. .iu:r. ·. n:t' :: .11·~ ·,:::rcit:>:•\.'" ~ .11· '1 '.lr. r·_,. 

The quantity ilnd q,uality ch.'11',le'.'-'r1-.•; _r, of wr'l'.>t(''.'1:1tc1· fr·c1111 c.11 ~ 0 111·.! 
p1e bakeries can vctry cJnsidcrJbiy. · 111";e varic:Jt·ions can usuai iv lw 
trJcf'd t.o opercitino and clp,rn~n1 :i·nl' 1 ·'.•J1' 1 ".· ,1"."•C1r~.i':rc1 ~11th the -Jn~.-,;•:' 
dnd ~y:;r Of prOdu·~t ~einQ ;JrOr!ll(f'C1 ·1f·,cj ~hp ·l~'1 C\Cicltl!d clv11n1JHj l'C.".i~I · 

ln-pl.111t '>:.~11!1e'.; (83 i si1ow !iv!' f·:;.: .11-:.itiow. 111 GOD fro111 •)fl(' :1.:,.· • 
the nP:\t ,rnd ~hree .old Vilt"iJtion•; i:i ·.·1r1stewat.er flow. 'f<1ble 64 in::1·J".C'" 
·!ata Cescribinq thl-' total pr'JCP.'.':";;na ,oH l,1r•nt for thi<; SUbCdt.f'901-:,•. 

The •11odcl plJnt for thi'.. '.Jb.:a~e: '" ".1 hvpot•1c~ical b.1~r~r:; 11rnd1J_:··: 
ii variety ut t:<1•.e and pie items. "··~·,~"cf.1on includes both full sized 
and snad cakes, full si;:ed pies, . .lf'c1 :-:·1 •. ·et 1eJsL·9ocds. The cakes <.1n-J 
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snack cakes are baked in pans which are wa~h~d Jfter each use. The ries 
and sweet yeast goods are bak~d on conveyors or in one-way cnnta1ners 
thus the containers require little or no wet wa~hing. Operating procedur2s 
stress dry cleaning of all equioment prior to their cleaning with water. 
Total production at the model plant is assumed to be 135 kkg (150 tons) 
rer day pro~uced in 24 hours per day, seven days per week operation. 

Wastewil::er - Sources of wastewater from the model plant 1~ould in-::lude -J~ 1 
sources listed above with the greatest strength and ~uantities of waste 
coming from the pan washing equipment und the 11ash rooms. Les::.er 
qudntities of wastewater are generated by the cl~an-in-place eq11iD~1enc 
and general plant c;eanup. 

Parameters cf the wastewater are assu~ed as follows: 

1. Flo~ ratt1 - .neragP. - 0.45 mid (~20,000 gpd) 
minimum - o.;:;-i 111ld (53,00C g1•r1) 
max irtium - 0. 60 111: ,j i" 1 (;:!,'JC(; gµd) 

2. BOD - 23, OOC n;q/1 

J. SS - 5,000 mg/l 

4. Oil and Grt'ase - 500 ;nr,;;l 

5. pH - 6.0 to 7.J 

6. ~ - 2 mg/l (defi;~~en:~ 

7. P - ?'":. •ng/l (deficir.!1:) 

B. Rdtio - kg 801 tn ~~q ni ~!uduc: - J..;. z 

10. f'l,1f: i1J 

l!1P.';c:> p,1rilmet1•r:, IJ!'n~nlly fo1 ·,)1·1 
',iJ!JCuteur:r; !>JI th the f•'.(.~:it Ir. fl nl 

r:,1 tJ reported for ~>UbCil :.l''l'lr'/ '· 
'"· nart ;, u1.1r 1 

·: true 1·1hf•ri 1 '· ..... · 
.J;rr:,-, from S11ho~egorirs C l. ·: 
•.i1l.1ct1teoor1e•;. Thus. the tiq1i:·,.. 
m Gata frcmi ,• h.lkery ~p.innim) ·; .. : 

- 1 G. B 

I ' 

~:1::>:..i: i ir,t.c:i ~n fJble 6J. :or thi;;, 
" , ":·1~r1:1pr! :,i; I 1 cl";. The <,u ~ (,i:>nrlP'1 " 
::·: ''·11", ·rnr•'·1 l '",t i'.·J 11.·1 l "1v1. 7h: · 

·'; · ·. ··~.1 ~·-· :1:~'}rv; ',1_, .. 1i .. ···1 1d1»rJ ,n l 
:, 11;d ~'1lf· 1 1·j~-.~ \'d1irl1 "'d1<P) Th1 1'· 

•. ' .. ,..-;1: :il'I/ 1 \·/rl"l lJ'".e<j ·1'l(f i ·~ IJ,1 ·~1··: 

.I : "'; f) I l l' ~ [ j cl fld (. 3 . 

J' ~ l ~)I ' '. ,1·,, •• ' 'I •\lfL' ..::·i~ t.T ~·: ·\~) i "! ~.: . 

~;irh UH' l'X[eption of 111111 1·1;i•,:1"''", ~'"-' :;c1urcc~ of 1·1J'.:.t1~wd~.er in hal".,-·" 
nut ut.1 i~1rHJ p,rn ~·1ashinq ill"f• 1.:..... 1 ! t" t_t1r•.r in Suhc.:it~"JOrv C ~. 

T~P 1w111cip,ll ~:->~recs of w·JS~·-· .. ,· ... '"' '" :"il.n·1:;: 
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I. '·ldsh roon 

2. Clean-in-place equipment 

.1. Cleanup 

See the rJr·~viou~ discussion of Subcatrqory C for a de5crirtion r,f '!)"·.:· 

sourc~s dnd their effects on the totJi plant effluent. 

Thr q11<.'.nt:it·1 and quJlit; of \·1a:.,tewat.:,r f·-:11 c·1kc~ .:ind p~e tJJ::(•ri1~'., •1· · 
utilizing the pan 1"1ashinCJ 'Jilt"' cori:,1dtrr1Di/. 11·1t>se vuriat.iuns ·:an ;1r. 1.:: ·' 
be trJced to 1.perdting and cledrluP prc .. :!·~: . .ire:. rlS:.oriated t·•ith the ci"r·"; .. 

ilnd type of produrt being oroc111.:ed. ln-plont ~.~udies ( 84) sho~1 •J•• • .. 
five fold var1dtions in f10D fror.i rine do:' ~o •.h::> n2xt u'" thrrie fo 1 ·~ 
varictt.ions in the• 1 ·!aC:.~.ev1at.pr f!.1·~.·. T.1h1" 65 ;1 11 iu1£.·: ... trJtd dc:,1.f"l 1 .:r.! 
th•~ tutill ::nJcr>:;s1ng et~·luent. :nr thi'.. ·.i1b~:ir-r.·~n:-y. 

MorJ~·] ;:: 1.otrl ~ ... ·--- --- . 

The 1;;0d1:i plant for thi:; s:;bcilt~·:o1-:1 i'. ~ hvnc~~n ir:,,1 !)uker·,. uri .. ·:1? 

prr_:C;;ciny c.31-:cs and sr.ac~ ·:.H.i.:'.,. ·'1·~. !),keel i:·1 nr11:·1·1i.Jy 1.Jttr,~ .. ,,-,, .•;" 
pr0ducc~1. but account for onl ~· 'l s:«i 11 ri<1 r1 .. e•1tJ':•~' •>i tl1e r:· Lrnt · -, ·" 
pro•1ur:tifln. ,;11 of t'ic :~.P.~:5 ;iu~·1:•J 1 r1 '..ht• r;lJn~ . .tt-e produr1.~rl ~;·· "'t''. 
1·1hiC., ·~·T:::;,J0tf>]·1 r;-1 imi11ot1• ;·1J1J 1·1,Jsni111. 1)1):•• .l'.ino prnr·edJJrf~S <;~.r·'" .. '. 

1jrv ': 1 p,rn i ''1 r1f a 11 ~'.llJ i ·1:nc•ri• ~,n nr t :' ·: 1 0 ,1n 'riq ;;i th · .... Jter. ~ 0::a: .,. 
cJuc~1on at ~.he :'1Ud€'l pliln•. 1:, nc U.'j (:~".J t:in~) p~r dd.V nrn~:1rPr1 ,., .,. 
hour;. :JCr rjJ:I. fh'? Ji.Jy'i pP.r 1·11~e>· DPf'•"dt'inn 

.t;: · ... rp_Jrr.,,. :~i:-.'*-r~~~ i~:~~·'~ .. ·~·: ·.1·,_ ~ 1 1~Ll·~·.'. ·.1 :t·µq(jli1 ciflti '";1r .. ·._~ri"'". 

1)1 .•1.!·-,!.L1 r_ ·.·1irH: fr·1_· 1•
1 ttH! \•,1,:r. 1 1 1 ·r;r·•··. '. ,,,...,,,_••~ '"i·;"'·.; •. ;c··.J IJl .ttJ:.. ~!·:, 1'. '' 

,, r·p ·~PnPr-~ ... ~~ ~--·: t ~r ._ ~ P·tn ! •· -

l. i"lnl'I r.1 .. ' ·· ,,.11 .. · 1 :-· 

.) . 

. 1 

nJ i rJ l ::li/I" 

lllilX 1:!11i::: 

::; '.'i • i . ~.-,) my I I 

G . :~ • 3 0 r1q / 1 (def 1 c , er. t i 

I.·· I', i ': "",1• 1;! l''.i~ _.-llJfll'-i ~ •• "• 

1' .•• ,. -1 

::· ! . 
,,, '' 
41' '! 
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iAOLE 65 

RA~ WASTE SUl1/IARY SUBCATEGORY C2 

CAKES. PIES. DOUGHNUTS. AND Sl·iEET YEAST GOODS NOT UTILIZING PAN WASK:NG 

Parcimeter 

Prod kl:g/day 
(ton/day) 

Sl1ift tin:e hr/day 

F 1 :i•.v ., o l une ·~G'.) 

MLO 

Flow ratio l/kka 
(gal/ton) 

5 day llOD :nlJ/l 
RdtlO kq/~~'J 

(lb/ton) 

SS . .,q/l 
P. J t i o le:/'. I·.., 

(lb/ton) 

G ,9, G rrn 
11Jt'o ~1 v.::1 

~ 1 ~) t 0~1 :· 

ic"'.-;;.,;-.:...,· ------------- ---

mo 
200 

24 

0. 01! 3' 
0. i 63 

397 
215 

2191) 
2.0 
4.0 

1 o.:r1 
,J. ·J2 
1 . } ... 

f,r' '. 
"' . .., " . \'.: 
I . ~i~ 

0.037 1). ':'~, 

0. 140 0' l "i 3 

722 1064 
1 fj 11 25S 

H;3Q 2')10 
1 '7 

., ') 
~ . . } 

.'3. 4 4 '.: 

958 1 1 :)() 
'l.% l . (: 
I. /Z -; (I .. 

570 133') 
!) . 'i I () . .' .. 
112 l . :, ) 



ORA FT 

7. P - 15 1~g/l (s:J1-ficient) 

8. 2.0 kg BOD per kkg of prorluct 

9. 0.94 kg SS per kkg of ~reduct 

10. 0.63 kg 0 i G per kkg of prorluct 

SUf3C/1.E'.:n.=1Y C: .1 - Bf-:EAD :,11r:: ~3lJrJS ·-------·-------------
Mixinc ~~prien_t Cleaning 

The cleaning of mixinq eouirrnent io; the 1.1n1est ·:01ircr of .·1as~e1·1.:'.r>r ~r·" 

a bread and bun bake,.y. ihe cleanin9 ~iay he .Jorie rnanut1ll'! or 1•nth c!P·:n
in-place (CIP) equipment. which con~ist~ of the plumbing, control~. dnd" 
se\'ler connect ions necessarv to wash trP L"11!ip:11c·nt dl1torn.1t 1cJl l v. 7he 
mi~inq eouipr.:crit is normally cle,rnc·J 1:.ijl:r ~·.· fi1·:;: :;uJ1;i•1q !!'•.! 1-1dll· 
of the ~;i~ers to remove adllcrinq d(.:; 1 :1~ d111! tnr>n · .. ;11'.hln1J. T'~l' ·.o. i:! 
(dr_.,,) 1~,J~r>rial 1', r:itJ11;r ;old as Jni•::,;l ~·1,ed or 111:.dl•.?:: as c;1~i l·l .,,.,.,;. 

In pl,inr~ t:sin9 tne c0ntin;J()US -:iix :wt'f11.1d. the niHi:r~; Jnd rJ011n 1: ·,l 1J1·1. 
t .. 1111:'.; are thP'l ,·in:;ed .j,1i;y vntt1 1·1,i:e1· .. n ;il 11·,1., .i'.i1w thL· ~-"'-t•_tl ·.;. 
met hoc!. the mi xpr<. a re nL'r.:a 11 y 1·1et .< ·~·<1nC'-:l ,,nv· ,..,. t.wi ce t1 1·1t~•'". 

Gen!r,11 c'e.1ninq nf f]1)orc; .-ind 11'"""·:~ ;-, r1~C' rlf.:11·1· import.int :><JIJl""I' 

wn5~ 1~·,·1·ttc1 r from ~rP.at1 ,1ncJ bun bit~ t:, .. i•·" .!~,!n~) i · .... ir1.· 'll.11"m,1l .1 1 ,·;.1 ·~t·: 

,, J····. ;•1 the ~'l"j~~ctio11 drpd '"·,·/Ill:~- 'ii•"/ ·l•'(l J',(.I. r"/(:pr·:, 1'1 ::•:(• 

;11ixrn11 ilren are :iem>rally 11et 1le"'":''l 1:ii 1,:; usin·:; :·c~i:; .11~...: :Ju•.~-"-'~~. ,,,_,.,_.,. 
cir :.:rubl'f'r··, :·:hirh va'::;im ;!le \·1·1~•:r ;nd «11;·:._•:' :;q-~Jur~ ~.· .. ::~he :·· .. :·1· 
'"~it.;~ ·1sPd. Floor: ~l':!"OJC!i•"1l.i~ ~!."' ,·e~'- 11f · 1 .. : ~·iant .'lrl' :·.::Jr1r1p:"' 
r1C<~ncrt ~everal ti·~1es a dav usin:1 ht·0ni·1 .... ,nj .1r·: ·,.;1·-·n:!~- '- ~,.-.~,,,_.,·:;. •·· 

1.11' !:·11',·~, 1 WPPk 1)' '.'lf •hr "]'!:'•"·, .. '.·:t• ;·'cJl!t ,1! •: W•; 

and ~11,. ~.•.'tor \·.1· .. t1.1~r ·~crul.i~·'j'·· 

T!·1t• 'i'lLlnti~.y 11r.:' 'llldli~y 1)~ ~·1.1·.• 11 \·:1'•' 1 ., .. ·:· !'r''l: 11111 '1,; 1 • ::.1i.1•' I• 

< C1f''· I ·1f'r4iif) 1 v. ~hP',(' V1,r· ~ ! : i -;r1·. : t 1 • • • • 1·1 • •••. l ~ • ,~ • 1 1·~· !:··1··,• 

1•' I'':: "1 P\ I ••·,•1•' .4 1 lqo :•f>\ ,,, . 

!.t,1t.11 !r1J111 vc1r;·'~;·; :·l.tn':. ':_.h~·;\·1 '~·:l· • 1 • • : 1 .. I • ~ . -, •: ~ ' r 1 f ~ r '\'I • r~ ·I ., 11 

1 11 fl ] 1.1 '/ r (~ • ~ ~ 11 ' ~ \ •'. • • ·• \ ~ \ I 1 ' :_.: 6 1 1 I ' ' 

•. \1~1 1Pnt_ f1)t' ! 'l·: ... "~'~.\1·.1•e 1 :1> 1. 

".'hi' ,~·,1r1•:·I :!1.in~ ,,,,. :t1:s c,11bt°..1t•··: ·., 
n1·p.1,1 ..i1111 l.11111·.. :'unr, .11·r .1 ·:1i 11111· : ' 

l'l!l(Cc1, ~'"~·L"J in ;•,111s (•.nr;tt>l imp..; 1·:·•" 
in rl.1·;~1c l:i..i·.:' .. 111••.·•·111·1·1 r·· .. , ... ,.. 
µrio1· to wet clLJ111ng tif reouired 1. 
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l i·., i•11r i,,.. ,,_\1 l b.1k1'1~;· i.n·n !:;._ · 

: .. '.'··L::1 :~c:1. Fill 1te1:1<., •tl"P 11.11 • 

:. :·.\. 1n1 '"f"Chr111ic.1llv t.1111·k.1.i•·: 
I 1-,1• • , 1 tJ ~ J fll"J •f ,11 l ,·I.;.< o 

i·'l:1 i ;Jr,,ductfori l)f. ~he "'C1d0l .,, ••·' 
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DRAFT 

is assumed to be 41 r.Y.q ( 4') tons) rier da·/ r:irotl1iced in 2/l hours ;ier rJ 1·1. 
five days per week. 

Wastewater - Sources of wastewater from the model plant would include .ill 
sources listed above with nearly all of the wastewater generat~d by 
cleaning of mixing equipment and floors throughout tne plant. 

Parameters of the waste\·1a~er are assuffle,1 to b€ as fo1 ·1cw5; 

1. F 1 ow - aver a q e - 0 . l 0 rn 1 1 ( 11 . 0 2 6 mg rl } 
minirr.1;m - IJ.QS.3 mld ;0.0l.1 r~id) 
max i rnu:n - 0. 19 m 1 d : 0 . OS 1 ::,q <J ) 

2. BOD - 42:- :ng Ii 

3. 5S - 214 r:irJ / l 

4. p II - f. ') to -:J. D 

5. ,. 
r:•1j .'I ( :J '; '., J!:;('d i 

G. ri - ,) "l(J i .. ( d t.1 ~~ur· •:'!'; :· 

7. 0. ·::1 ~- 7 i.lOD per ~ Y. I j ',; : ·r·q·!·_1 l :. J 

8 D.: 6 I<,, S'i r>r>r H.'J '.d ,- ~ . 
'lu-. 

.... + ., .. · ~'~31 !_: ~'·'~ ..... · i-. "eat.·irr 
I r. ~·/h ~ .: n 
manual I/ :; .. tne ./J;,n ,·:::01; r;d/ '::~ 
,t<.I :i .1 ~€ ;•. t ~·1 i ·ir ~nt i'~'1 ~c, ~.._ ~ .... ·~ .... • •' n ,.,,.. - .. ·.;,..... .. ·1' ,. •• ... . 1' 

~('r-'7"(1•·;,, :'~ "'" ... ::~!···., .1:·,. '1 ;'l'; ...1 '..• •• •• ,, ,, •• ," I;;. ~. 
JtiJ ~r-1 t .. lt>.-1'1..li"J r1ef,·,1•u ~fl'1.''""'" i••·,.- --;· ... --: .. -.;·,-r-; ... '. '° 

·, ..! .:1 t ... J'., ···; t-,· .,., ·.~·-
•• ,_.j' v 

• ( •,, , I •. , I. '
1 

• • • I 1 ,•, ) • • • J •I ~ · :· ~ ·.~ ) : • (,I. " : •. '· 1, ! 
,·,i'.h th1" 1.:P1'" 1 '': ':'' ·r;·: 
\"1 i ~. !1 1_\)f'k 1 •.• ... ~!~...,: \ . ~. 

tt~p :111 1~tl r·:· .. •1i 1J1·11-'.',, ;·· 1<f·I;, ;1 
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of shift cleanin", ~0uir~0 nt w1~h fIP is n0rma11~ dry cle~ned as 
thoroughl; as oo~sible and thLn wet clean~d using hot water ~nd 
detergent supplied through the CIP equipment. Wastewater discharoe is 
norma1ly through a direct connection to the plant waste plumbinq system. 

Cl eanu·l 

General cleanun of other enui~mEnt associa~ed with the baking proces~ 
and the olant itself is the least signit'icant contributor to the ,.,,a~te 
load. Conve;ors used for the bakinq and coolinq of cookies and cr~cr~·~ 
are :.i:;ua l ly dr/ c 1 e:!ned; hOi:ever, they May be wet cleaned as frec:.ient ~ / 
as o~ce a week. Cleanu~ orocedures in rost olants stress the dr1 
~leanir1 of eaui~~ent and the floor soJc~s around the @quioment. 
Ho1·1e·1er, exce~t~onall; di~ty arQas may be hosed dovm, or more comonl: 
be cleaned with a vacuum t;oe wet scrvb~er or a mop and huck~t. 

The ·)uantib ,v1d ~:.ialitv o' ;iaste·.'/ater from c.ook~e and cr:ic(.er t>a~f~"'•:-. 
can vary co~si~e,..ably. -Thc~e variat1o~s are usually the resJ:! Jf 
cleanu~ procedures associJ·~: wi~~ the t;oe of oroduct be1ns oroducc~ 
.:ind thP train~r.·~ .:ind m"".'lr:C·"er.': 'J" the O'-?'"SOnnel. Data r:~1lec':.ed 
durinrj th1S ~tJ<i_'I 5!101'/ Si.; fJ]C: 1Jrl:!ti:rns in [;r'..) frori One da•1 to t'1t• 

r.ext :~rid t:·1 1; hlc ·1arHt"rno in .·;:ir:te1·.·::~er flo11111thin a :;in·1le :;\,?.,' .. 
Table 67 incl'.Jdes 1.Hil ce~c··;b::i': "..~·.> u:'11 1 ... r;ce:;~.1n·.; ·:or+~uen: •· ,
this SU~1CJte·;:··.: . 

.,.~e ~~:fol i)~.-~~: ~"Jr t~is ~Jbca~er;:;r_· 's a :1y:;cthet;c:il ~a~erv :::red;-:-···· 
a ·/<:!·:etJ· ;:,f" coo1<.ie ar;o cr:icr.er ~terr-s. Productic'1 i-ic:~ces cra:~e··c. 
ice1 Mld ::il.:,;r; cooHe!:, :.:r:.:t.;:el:; ~nd ;,i1Ji11· ,.,..,fe""s. ,.'H'! -:-~~! :lJr.t 
produces coo~·./? : :er;s 3n:i uacio;~r , te~s in ar101·0! '~·c':.r:l. e·:;,;a; 
Olh1Tlt~~~~e~. ,;11 i:er.i~ ar~e b<!t.c 1·i 1n1,.~(j, ~)-3~ed :')n ':~""'·:~.-- .·e:~- o ... 

tu1H11': -~w·er:; :'-=, ... ·:.~~t i; .... ~~r'" ·~1•e, .. ':i ... •·.~ ~:, :re ~dke: :n ·.i~ ... 1tc:·) -r. :~ ,~--,_: · 
:-"':""'1*· ... - - ...... 

·'-'"!,· ... ";, ·,~,,~· .. _; !r,· ... ·'..!"!'"":~•-·: .- ..... , .. , .. ,· 
' (•' •I ' 

(it reouit'eo'1. i~>tal r,.,.,::·ir•_•"n •~.- '''." -':'.·1·~; ·•·.··•. :. ~·:,·r·~:: '. 
'\P.·U ~kq 12CO ~011:.; ;:ier ~o. ;.r· ~.11 •:: .. ~.; •1:1ur'.., :. · ;J,, .-. ;e '.0:· 

.vce• .. 
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•• ·.•''' ·' ·n· 
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2. BOD - 1200 mg/l 

3. SS - 900 mg/l 

4. pH - 6.0 - 8.0 

5. Ratio - kg BOD to kkq of product - 2.C 

6. Ratio - kg SS to kkg of production - 1.5 

SUBCATEGORY D 1 - CANDY ANO CONFECTIONERY PRODUCTS EXCLUDING GLA?ED 
FRUITS . 

Of the total nur~ber of confectioners contacted 15 were cons idcred to 
have reliable historical wastewater data on which to characterize the 
industry as a whole. A summary of this data is giv~n in Table 68. 

Direct product contact water usage was not observed in any segment of 
this subcategory. The primary source o' wastewater with the highest 
pollutant loading is derived from the periodic or daily clean-up of 
the plant. Although wushdown is ~racticed in most parts of the µlant 
at some time, the. largest and most cons1stent area of washdown water 
9eneration ts the candy kitchen. Washdown water in the remainder o~ 
the plant is usually restricted to mopring and wipin3. Some machinery 
parts and molding pans may be removed to a separate area for cleansing. 
In addition, certain moldino machine~ were observed to use a clean-in
place system. Other areas ;hich may contribute to the total effluent 
loading are boiler b1owdown, air scrubbers and barometric condensers. 
Non-c:)ntac~ cooling water ~1u obser·.'ed to be either discharged to sto1·r.; 
sewers. surface water. sanitary so1~&rs or was recirculated. 

As noted in Table 68. the average flow rat1o l'IH 3770 1/kkg (904 gal/ 
ton). The average BOD was S.lO~g/kkg (10.2 lb/ton) with a range of 
1.69 to 15.4 kg/kkg (3.:8 to 30.l lb/toni; suspended solids was 0.648 
with a range of 0.1€8 to 2.50 kg/U.g \0.336 to 5.00 lb/ton). r~o cor·· 
re1at1on between suspended solios and BOD was noted due to the solu
b11ized carbohydrates charac:eri~tic~lly discnarged by this industry. 
Oil and grease loadings rang~d from 0.05 to 0.832 kg/kkg (0. 10 to 
1.664 lb/ton) with an average of O.Zl ~g/kkg (0.42 lb/ton) for the s1~ 
plants with this data available. ;ar;JD1lity of the wasteloadinq and 
flow wa~ signjficantly influenced nv varidtions in processin~, r~w 
materials, production level, wasnno~n anu general housekeepi~g prac
tices. Waste~ater in all plants visited was discharged to municipal 
treatment facilities. Many plan:s utilized ~ome minor form of pre
treatment and/or in-plant control~ to reduce waste loadings~ partic~
larly where oi 1 and grtase were of conc~rn. Pretreatn1ent 1Yas usually 
1n !he form of a grease trap. One olant. hm1ever, was considering 
dissolved air flotation as a method of reducing effluent concentra
tions. 
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PARAi~ETER 

PROD KKS/CA" 
c To~uDA t' 

SHIFT TIME hR/DAY 

FLm~ VDL:.JME l·lGO 

FLOI~ RAi::: L/SEC 
CGAL/MlN) 

FL :JW RATIO L/Ki".G 
(GAL /Tcr, J 

5 DAY B'J:J w~.''-
RATIO r<G/KKG 

C LS/TON> 

TSS MG/L 
RATIO r\G/KKG 

CLEJ/TONJ 

OIL [. GREASE r~G/L 

RATIO KG/Ki<:; 
C LS/TON l 

TABLE 68 RAW WASTE SUMMARY 
CAiJDY AND cor~FECTI ONE RY 

NO. PLAIH LOG M(AI~ 

15 97,0 

1 4 I 6. 8 

1 5 0.099 

14 f.>. 80 
106 

1 3 3770 
9C4 

l 4 1290 
5. 1 0 

1 0. 2 

1 5 172 
o. 6'- a 
J • 2 9 

6 S5. 7 
0. 21. 
0. ( 2 

~IWIMUM MAXIMUM 

30.7 307 

e.oo 336 

0.024 0 ~ ... ~ 2 . 
l. 71 2.., .. 

• ¥ • 

2 7. 1 ,, ?. 9 

207C 6 9" ".; 
495 155-::. 

523 3 2 C"·) 
i • 6 9 l 5 • '" 
3. 38 - c .., "'"".' 

54. I 5 '•;; 
0. J 68 2 C' f\ 

• ¥ ~ 

0.336 s. Q: 

l 3. 3 l 2 z. ~ 
a.so C.d-
0. ·1 0 i . 6 a 

PROCESS C:JDE (SJ; 65.30M, 65"&3~.;. 65·a .. r. 6:i.8!JI·:. 65.8ld, 65"2""'', 

6 s • e l N T • 6 5 s 8 0 M 2 • 6 5 3 8 2 : • 6 5 a G 3 I·' • 6 5 3 a " I • 6 s a 8 s ,... • 6 s Ha 1 M • • c (J 8 0 I 

431 

... "ui .-- -- •I"-·•• • • 



OR AFT 

Model Plant 

The following 1nfonnation reflects th~se conditions judged to be appif
cable to a representative candy and confectionery product plant: 

Prnduction • 97 kg/day (107 ton/day) 
Effluent Volume = 375 cu m/day (0.099 MGD) 

Effluent characteristics: 

BOO 
SS 
Oil and 
pH 

= 1300 mg/l 
= 170 mg/l 

Grease "' 56 mg/l 
= 7.7 

Primary source of wastewater: Washdowns. 
)pecial consid~ration: Oil and grease. 

SUBCATEGORY D 2 - CHEWING GUM 

Data from a totJl of five plant~ ~ere used to develop the w~stewater 
characteristics as summarized in Table 69. Three of the data points 
contributing to ·~his surm1ary were from plants visited by the con
tra(tor. Other data points represe~t data contributed by the National 
Association of Chewing Gum ~~anufacturers (NACG:vi). Because the NACG:1 
inclwied muci1 supplementai processi:ig and water usage inforl1lilti0'1 with 
the ntstorical data, it was concluded that such dJta could be r~liably 
utili:ed as part of the data base makir.g the necessary ·~aste1v.:iter 
characterization. ~ 

WJter used in thE: manufacture of c:1ewin~ gum 1s primarily for air 
scrubber systems with lesser quant1ties being consu111ed dur~ng plant 
washdown. No direct finished product contact water use was observed 
or indic.:itecL Washdo1·m of the plant is usually restricted to mopping 
and wiping in ~ost areas with a separJte room u~ed for clcdning ~arjou~ 
p1ec·~s of t'qui ;Y~·~nt. Some ;:ii scel 1 anel'U~ 1.;a ter use ~encrJ: 1) o;;cur~ 
in cieaning of mixi~g room floors. Air scrubber water is u5ually re-
circulated and periodically purged. · 

The ratio of wat1r use to production averages 4500 1/kkg (1080 gal/ton) 
with an expected range of 3300 to 6130 l/kkg (792 to 1470 gal/ton). 
This range is due prir.iarily to vari~tion) in pl.mt size Jnd different 
conditions affecting the performance of the air scrubber systems. 
Expected BOD ratios ranged from 1 .2 to 13.6 kg/kkg (2.~ to 27.2 lb/ton) 
with an ~ver~9e of 4.04 kg/Kkg (8.0i lb/ton). Suspended solids ranged 
from 0.175 to O.SSB kg/kii:g (0.351to1.71 lb/ton) with an average of 
0.388 kg/l,kg (0.774 lb/ton). Variability of the BOD and SS loadings 
could not be rationalized i~ all cases, but is likely to be influenced 
by variable amounts of sugar dust that is subsequently removed by the 
air sc ,·ubber sys tern. DHferenc!s i r. genera 1 cleanup prac t 1ces a re 
sus~ected to account for a significJnt variation 1n wastewat~r pollut~nt 
load. 
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TAl]LE 69 • RHI W.4S T[ SU1111ARY 
CliEWIMG GUM 

------------------·---------------------------------------------NO rLANT LO Ci t"EAN t'INI~UH xc. ir.1 ·11,;:: 

P~JJ :<K'j/QAY 5 70.9 '+Z .1 1 • '~ .. 
lTON/OAYl 78.Z 4 b. It i.:? 

:HI Fl TIHE H~/IJAY 5 1it.4 8. a o 2. .•• u 

F ~ J ~ voua:E ~1GO r; c. a 3~ u • 0 ~..., J. l ~: 

~ L ::I~~ ~AT~ L/:J~C r; 6. 7 c. 3. 3 g ! j. " 
<GAL/Ml~l> 10 i' 53.7 .:i..: 

F _ ') w ~AT!O L I< KG 5 45GO 3 J (J 0 t 1 1 ., 
~ Ju 

CG~._/TJt;I 10d0 7 r:i } JL 1 4 7 ~! 

5 !) A y tiOO MG/L 897 Jb~ 2 2 ... ~ 
~.H IO l<G/l':Kj "·"" 1. ! 0 i ~· • '. 

CL:j/TO~JI 8. l: 7 2. 4 0 : ,~ ., 
~- . -

T') <:; MG/L c:i4. 't 3 5. (; 2 '• -· 
~"!I".) KG/'< i<(, c. 3 j '\ 0 • : 7S .. • , I ~. 

c:..Jnorn [). 7 74 (),,151 -. . 
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DRAFT 

Intake waters are generally obtained from municipal water supplies; 
however, some plants do utilize well water for non-contact cooling and 
air washer make-up water. All effluents, except from one plant. ob
served during the study were discharged directly to municipal treatment 
systems. Pre-treatment was generally not employed; however, one plant 
treated and subsequently spray irrigated its effluent. 

Model Chewing Gum Plant 

BaSPJ on availab1e information, a r·epresen-:at1ve plant for this sub
category has been selected as follows: 

Production: 70.9 kkg/day (78.2 ton/~ay) 
Wastewater flow volume: 322 cu m/day (0.0~5 MGD) 
Wastewater characteristics: BOD = 900 mg/l 

SS = 95 mg/1 
Oil and Gre~se = 30 mg/1 
pH = 7 .5 

Primary Sources of Wastewat~r - Air scrubbers. cleanup operations. 

Special Considerations .. None. 

~BCATEGORY D 3 - CHEWYNG GUM. BASE 

As in the case of Subcategory D 2, data for two of the plant~ ~~pplied 
by NACGM were considered valuable for the reasons mentioned in the pre
vious subsection. Table 70 surnnarizes the data from three chewing gum 
base manufacturers. 

During the production of chewing gum base, water is used for washing of 
the natural gums, for contact and non-contact cooling, and for periodic 
cleanup. The greatest volume of water is used during the washing oper
ation with considerably less being used for general cleanup. The ratio 
of water used to production would be e~pected to range from 1030 to 
11 ,200 1/kkg (247 to 2690 gal/ton) with an average of 3400 l/kkg (815 
gal/ton). Although the range of water use is great. tne total waste
loading does not reflect the same wide range, suggesting different 
approaches to water use to achieve tne same degree of product and/or 
plant cleaning. 

Expected BOD ratios range from 1 .11 to 1 .90 kg/kkg (2.21 to 3.80 lb/ton) 
with an average of 427 kg/kkg \2.9 lb/ton); suspended solids from O.BLJ 
to l.82 kg/kkg (l .60 to 3.63 lb/con) and an average of 1.21 kg/kky (2.41 
lb/ton). The reason for the variability of the wastewater flow cannot 
be attributed to specific processing differences bP.tween plant5 but is 
most likely due to differences ·in raw mater1al quality; i.e., the amount 
of extraneous material which must be removed. 

The pH range (two plants) was from 8.76 to 9.5 with a numerical aver3ge 
of 9. 13. Sodium hyaroxide (NaOH) used as a bleaching agent. is the caus~ 
of the above neutral pH. Surges of higher hydroxide ion concentration 
would be expected during the bleaching cycle ~ump and subsequent rinsing 
of the product to remove rfs1dual NaOH. 
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PARAMETER 

PROD KKG/OAY 
(TON/OAYl 

SHIFT TIME HR/DAY 

FLOW VOLUME MGO 

FLOW RATE L/SEC 
(GAL/TON) 

FLOW R "1. T I 0 L /IC< G 
(GAL/TONl 

5 DAY BOD MG/I. 

RAT 10 KG/l<l<G 
IL6/TONJ 

TSS MG/L 
RATIO KG/KKG 

(LS/TON! 

PH 

PROCESS CD'-'E~.(Sl1 

TABLE 70 RAW WASTE SUMMARY 
CHEWING GUM BASE 

NO. PL'INT LOG fAr:AN 

J 1105 
ll.16 

2 20.0 

J 0.094 

2 8.40 
133 

3 3400 
8l5 

427 
l. 4 5 
2.90 

3 355 
1. 2 J 
z. 4 l 

2 9, I 3 

•c.:.soH, 676801, 676851 
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MINIMUM MAXIMUM 

98.1 ll2 
11.09 123 

Q6,0 24.8 

0.030 0. 3"1 0 

3.58 'l 9. 7 
56,8 30. 2 

1030 11200 
247 2690 

162 1120 
l. J 2 l • 90 

2. 21 3,80 

7 4.?. 1700 
o.aoo 1 • 8 z 
1 I 6 0 3.63 

8.76 9.50 
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During periodic cleanup of equi~ment and proc~ssing areas, various sol· 
vents are utilized to remove built-up gum res1dues. According to a treat
ment feasibility study (85) prepared for a gum base plant, a ma~imum of 
2000 gallons per week of solvent was used with a yearly average of 24,000. 
This consumption was based un a production average of 5000 lb/day. 

Of the three plants used for characterization, two discharged wastewater 
to municipal treatment systems and one plant employed its own treatment 
system prior to discharge to a local tributary. 

Model Gum Base Plant 

Production: 
Wastewater flow volume: 
Wastewater characteristics: 

105 kkg/day (116 ton/day) 
356 cu m/day (0.094 MGO) 
BOO = 430 mg/1 
SS = 355 mg/1 
Oil and Grease= 30 mg/1 
pH .. 9. 1 

Primary Sources of Wastewater - Gum base wash water, contact cooling water, 
cleanup. 

Special Considerations - Bleaching agent (sodium hydroxide). solvents. 

SUBCATEGORY 0 5 - MILK CHOCOLATE PRODUCTION WITH CONOENSORY PROCESSING 
ANO SUBCATEGORY D 6 • MILK CHOCOLATE WITHOUT CONDENSORY PROCESSING 

As noted in Section III, some producers of chocolate products may also 
engage in the condensing of milk for milk chocolate and were, therefore, 
segregated for separate consideraticn. Wastewater characteristi~s for 
~ubcategory 0 5, Chocolate Production w1th Milk Condensory, 1s based on 
six data sets which reflect the majority of chocolate and cocoa products 
manufactured in the United States. Three data sets were used i~ charac
terization of Subcategory 0 6, Chocolate Producti~n without Milk Cond~nsory, 
These data are sunmarized on Tables 71 and 72 and are further dis,ussed 
herein. 

The presence of water is not compatible with the produ,tion of cocoa 
produc~s; therefore, the open use of water is controlled so as to avoid 
entrainment 1n the product. The major portion of wastewater generation 
occurs during the periodic cleaning of holding or mixing tanks, trans-
fer buggies, and molding pans. The production area floors are also cleaned 
on a periodic hasis, usually preceded by dry collection and then moppino, 
and/or using industrial floor sweepers. Cocoa butter may be used as a 
cleaning solvent with the later rec'1very of the cocoa bl'tter and chocolcJte 
material. Washdown water is also generated during the clean1ng of the con
densed milk line and milk receivtng arees, Subcategory D 5. 

For Subcategory D 5 BOD loadings avera9P.d 7.48 kg/kkg (14.9 lb/ton) with 
an expected range of 8.69 to 25.7 (k9/kk9 (4.35 to 12.9 1b/ton); suspended 
solids averaged 1.68 kg/kkg (3.35 lb/ton), ranging from 1.83 to J.08 kg/U-.: 
(1.83 to 6. lS lb/ton). Oil and grease averaged 0.69 kg/kkg (1.38 lb/ton) · 
with an expected range of 0.32 to 1.06 kg/kkg (0.64 to 2. 12 lb/ton) and for 
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TABLE 71 RAW WASTE SUMMARY 
C~~COLATE, WITH MlLK CONDENSORY 

P~.RAMETER NO. PLANTS LOG MEAN MINIMUM 

PROD KKG/OAY 5 333 a. a. 7 
CTON/OAY) 367 1.29 

SHIFT TIME HR/DAV 5 .2 2. 4 16.8 

FLOW VOLUME MGO 5 0 • .2 01 O.'J77 

FLOW R~.TE L/SEC 5 7 • 2 .2 1 • 5 1 
(GAL/MIN) 10.4 24.0 

FLOW RATIO L/KKG 5 4070 23)0 
(GAL/TON) 975 553 

5 DAY BOD MG/I.. 5 IZ 81'i0 1300 
RATIO KG/KKG 7.48 4.35 

(L.8/TONI 114. 9 8.69 

TSS MC.11.. 5 413 306 
RATIO K\j/KKG a.. 6 8 0.915 

( 1..8,'TON l 3.35 l • 8 3 

0 II .. £. GqEASC MG/l.. 1169.S ?IL 6 
RATIO KG/KKG 0.69 0.32 

C LB/TON l 1 • 3 8 C.64 
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MAXIMUM 

944 
104 0 

24,0 

0. 5.? 4 

3 4 • 4 • 
546 

7J70 
1720 

2600 
1 2. 9 
25.7 

553 
3.08 
6. IS 

260.4 
l. 06 
?. • I 2 
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TABLE 72 RAW WASTE SUMMARY 
I 

'· 
CHOCOLATE, WITHOUT MILK CONDENSGRY 

-
PARAMETER ND. PLANTS LOG MEAN MINIMUM MAXI~UM 

PROO KKG/DAY 3 253 SiJ. 3 12 '.' 0 
<TON/DAY) 278 S~i. 5 14C•0 

SHIFT TIME HR/:)AY 3 a. 3 • 3 e.oo 15.0 

FL.OW VOL.UME MGD 3 O.Z43 0.103 0. 519 

FLOW RATE L/SEC 3 20.2 12. 6 3 2 ... 
(GAL/MIN) 320 200 51.:. 

F1..ow RATIO L/KKJ 3 fi560 5000 6620 
(GAL/TON) 1570 1.200 2070 

5 DAY 800 MCdL 3 ros 145 34 2, 
RATl:J KG/KKG 3 4,63 1 • I 8 I e. 1 

( LB/TO~I) 9.24 2.36 3 (;>. I 

TSS MG/L 3 229 ei. e 6&1 2 
RATIO KG/KKG '.I.. 50 0.669 J. :rn 

ILB/TONl 3.01 1. 23 6.76 

OIL & GREASE t-IG/L.. 1 l.. 5; 
RAilO l<G/!<.KC. 1 • 0 Eo 

( L.6/TO!'.J l 2. I 2 

. "" ··-·--
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Subcategory O 6, the BOD averaged 4.63 k~/kkg (9.24 lb/ton) with an exp~cted 
range of l. 18 to 18. 1 kg/kkg (2.36 to 36.1 lb/ton)i suspended solids averaged 
1.50 k91kkg (3.01 lb/ton), ra~ging from 0.669 to 3.38 kg/kkg (1.34 to 6.76 
1b/ton). 011 and grease for the one plant which analyzed this parameter 
was 1.06 kg/kkg (2. 12 lb/ten). 

BOD ar.d suspended solids loadings appear to be dependent on tne relative 
amounts of chocolate products produced, i.e., cocoa, syrup, sweeten~d, un
sweetened, and milk chocolate. Of special note is the necessary cleaning 
of tanks and product containers of the chocolate syrup line. Oil and 
grease variability is due to the efficiency of general operating house
keeping practices ~sed to minimize entrainment of cocoa butter in the 
wastewater. In addition, Subcatego.·y 0 5 is influenced by w&shdcwn from 
the milk condens1ng process and milk receiving area; the total wasteload\ng 
for any one plant being deper.dent upon the a'IX)unt of dry milk and/or con
densed mi1k which may come from other sourcP.s. 

Pla,,ts in these subcategories characteristically discharge their wastewater 
to municipal treatment systems, usually after some form of preliminary 
on and grease removal. This pretreatment may involve onl_y a grease trap 
or, as in the case of one plant, a flotation unit. Non-contact cocling 
water may either go to municipal treatment or be discharged to s~~face 
~aters; the lattPr being the situation in the larger plants. 

Model Chocolate Plant with Conden~ory 

Production: ~~O t~n/day 
Wastewat~r flow volume: 761 cu m/day 

0.201 MGO 
Wastewater characteristics: 

SOD • 1840 mg/1 
SS !I 415 mg/l 
Oil 1nd Grease • 170 mg/1 

\o/asMOWM. 

~ithout Condensoi:.t 

240 ton/day 
920 c11 m/day 
0.243 MGO 

705 mg/1 
23Q mg/1 
160 m9/l 

Primary source of wastewater: 
'>pecial consideratio11s; Oil and grease removal. 

PET ~GOD 

SUDCATEGORY B 5 - LOW ME.AT armrn PET FOOll 

General Plant C1e~nUJ?. 

Clean up 1n u low meat canned pet food plant is a continuous, mt~ute
to-m!nute process which co~tributcs by far the largest share of b~th 
vn1u~ and pollutants to tP'le waste1·,ater stream. C1ean up r~n basically 
be divided i~to two m~in types: in-plant housekeeping and end of shift 
clean up. 
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.Housekeeping- Housekeeping is the most continuous of clean up steps. 
The various operations throughout a typical low meat pet food plant . 
generate considerable amounts of scrap. Included in this would be various 
spillages from gravy tanks, can filling, meat thawing, gr1ndfng, etc. 
Grinders as well as mixing tanks, filler bowls, double seamers, etc., 
also require periodic washdown to comply with 1n·plant and regulatory 
sanitation requirements. All of these individual operations contribute 
heavily to the organic waste load. These streams are characterized by 
small pieces of grain, star~hes, blood, meat scraps, and other formulation 
ingredients. These waste streams constitute a major portion of the total 
plant effluent. 

End of Shift Cleanup- End of shift clean up is to some extent similar 
to the daily minute-to-minute operations inasmuch as all the floor and 
equipment surfaces are thoroughly washed and rinsed. Additionally, howe11er. 
the larger cooking kettles are typically "boiled-out" with the aid of 
detergents. Pipes ~~Y be disassembled and scrubbed with brushes. Large· 
pieces of equipment such as extruders, grinders, s~rew conveyors, etc., 
may also receive a final "sanitizing" step. These types of cleaning opera
tions are usually responsible for peak loadings and probably contribute 
an equivalent amount of µoiluta~ts as would be experienced by an entire 
shift of housekee~ing washdowns. 

Retort Cooling Water 

The only other process contributing to the wastewater stream is retort 
cooling 1~ater. The water which is used to cuol the cans is basically 
low load water, typically continuously circulated, although some plants 
were observed to discharge this segmant directly under NPOES permit. 
Some of the plants not only recirculate cooling water but reuse it for 
clean up, but tnis was atypical of the plants visited. No quanti:ative 
data are available to determine its relative proportion in the was·.:e stream. 

Model Plant 

The model plant is one that produces 159 kkg of finished product generat~~g 
0.147 mgd of wastewater. T~e average BOD loading as shown in Table 73 ,, 
3.55 kg/kkg with a range of 1.62 to 7.82 ~9/kkg. The average BOD concen
tration is 1,130 mg/1 with a range of 497 to 2,560 r.ig/1. The reason for 
the wide variation in concentration is principally due to the variou~ 
product styles ano types found within this subcategory. The other 
flow related param~ters follow this same pattern. 

SUBCATEGORY B 6 - HIGH MEAT_SA~NED PET FOO~ 

General Plant Cleanup 

Clun up in a high nieat canned pet food plant is a continuous, m1n1,1te
to-m1nute process whit:h contribut~~ by far the largest 5hare of both vol~1:-;e 
and pollutanu to tne wastewater stream. Clean up can bas1ca11y be div1~~d 
into two main types: in-plant housekeeping and end of shift clean Yp. 
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TA~LE73. ~AW W.GSTE Sl1"MAR~ 
LOW ~lAT CANNfO PET FOOO 

·-----------------------------------------------------------·---NO 1-'LANT LOG MEA I~ Mt.XI '~L'"I 

·---------------------------------------------------------------
P?OJ KV.G/OA'1' 

!TO~UOAYJ 

S~IFT TIME H~/OAY 

F'LOI~ RATE L.15EC 
( G AL/'q NI 

F_~w ~ATIO L./~~G 

< U·LI TOid 

5 HY 3'JD MC/l 
~.'U iO 1Cito<KG 

( l :l IT 011 ) 

T::; S "'(;IL 
~.\TI 0 ~::;I '<I<.; 

IUITo·11 

?~J:Es:. co.;.:c~11 
c. 7 ~ ? 1 I , 1t 7 :·6 .; I 

i.7N6iti. 
,i.1s1,o! 

'5 

8 

11 

11 

,1.7:154I 
,i..75b75 
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15 c; 
175 

1Y.8 

o.1i.r 

9. J 0 
1 i.. ~ 

j 1s0 
75:. 

1 lJ 0 
~. ~ c; 
7ol1 

"I+ 5 
2. ~" 
s.JJ 

,4i''i5t+W 
1 47$5~1 

l&.q 
, ... 3 

12·0 

o.osg 

I+ • 7 1 
71+ • 7 

1 7SC 
l, ~· 0 

I+'; 7 
1. b 2 J.' 3 

39 7 
l • 2 1 
2 ... ?. 

,t+"'"-lSOM. 
,i.7':.Sol 

32'~ 

.H.12 

2 t-. ~ 

(, . .P: 

1 ~. !'.' 

?]~ 

'-;;.. ?' ~ 

: 3bC 

2:>0:. 
7 • ..;? 

1 r, • •:. 

.l r~ ~i ~· 

·~· . . -.. 



, .. 

DRAFT 

Housekeeping • Housekeeping is the most continuou~ of clean up steps. 
The various operations throughout a typical high meat pet food plant gener
ate considerable am~unts of scrap. Included in this would be various 
spillages from gravy tanks, can filling, meat thawing, grinding, etc. 
Gdnders as well as mixing tanks, filler bowls, double seamers, etc., 
also require periodic washdown to comply with in-plant and regulatory 
sanitation requirement~. All of these individual operations contribute 
heavily to the organic waste load. These streams are characterized by 
small pieces of meat. fat, starches, blood, and other. formulation ingredi
ents. These waste streams constitute a major portion of the total plan: 
effluent. 

End of Shift Cleanup - End of shift clean up is to some extent similar 
to the daily minute-to-minute operations inasmuch as all the floor and 
equipment purfaces are thoroughly washed and rinsed. Additi~nally, howev~r. 
the larger cooking kettles are typically "boiled-out'' with the aid of 
detergents. Pipes may be disassembled and scrubbed with brushes. Large · 
pieces of equipment such as extruders, grinders, screw conveyors~ etc., 
may also receive a final "sanitizing" step. These types of cleaning opera
tions are usually responsible for peak loadings and probably contribute 
an equivalent amount of pollutants as would be experienced by an entire 
shift of housekeeping washdowns. 

Retort Cooli~g Water 

The only other process contributing to the wastewater stream is rP.tort 
cooling water. The w~ter which is used to cool the c3ns is b~sically 
low load water, typically continuously circulated, although some plan~s 
were observed to discharge this segment directly under NPDES per~1t. 
No quantitative data are available to determine its relative prop~rtton 
in the waste stream. 

Model P1ant 

The canned high meat pet food suhcJtegory is characterized by several 
different product styles as de~cribcd in Secti0n !Ii. The proccs~ing 
and meat hancling techniques are diverse, and as such the dd~a presen~ed 
show e~tr~me ranges for concentrations and loadings for all of the flow
related parameters. 

T~e model plant is one that produc~s 1G7 ~kg of finished product genera:1n~ 
O. 17~ mgd of wastewater. The average BOD loading as srown in Table 74 
was 48.6 kg/kkq with a range from (9.2 to 80.8 ~g/kkg. The average aon 
concen:ration was ll,800 mg/1 with a rang~ of 6,910 to 20,200 mg/l. The 
reason for the wide variation in concentrat;ons 1s pr1nc1pally due to 
the various product styles found within this subcategory. The other flow
related parameters follow this !>a1;1e pattern. 
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TABLE 74. RAW WASTE SUMMARY 
HIGH MEAT CANNED DOG AND CAT FOOD 

- PARAMETER - - - - NO-P[Ai~-T- -LOG-MEAN - MIN.UMUM - MAXIMUM --------------------------------
PROD KKG/DAY 

(TON/DAY) 

SHI~T TIME ~R/DAY 

FLOW VOLUME MGD 

FLOW RATE L/SEC 
(GAL/MIN) 

FL 0 I~ RA T I 0 L I K K G 
(GAL/TON) 

5 DAY BOD MG/L 
RATIO KG/l<KG 

( L O/TOtl) 

TSS MG/L 
RATIO KG/KKG 

{LB/TON) 

3 

2 

J 

., 
(, 

3 

3 

3 

1 6 7. 
i84 

24.0 

0. 179 

7.84 
124 

4120 
98/ 

11 • 800 
48.6 
97. 2 

9130 
37.6 
7 5. 1 

PROCESS CODE(S): 47N79W , 47N79I , 47No3H 
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7.78 
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J820 
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6910 
29.2 
58.4 

2520 
1 1 . 1 
22.2 

182 
201 

o. 1 a.o 
7. 9 o. 

1 2 5 

4430 
106G 

20,200 
80.8 

162 
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SUBCATEGORY B 7 - ORY PET FOOO 

General Plant Clean U2 

Clean up in a dry pet food plant is generally a comhination of both dry 
and wet methods with each coming at different times within a processing 
period. 

Wet Clean U~ - Wet c1ean up generally consists of periodic floor washinqs 
along wit:"! some "end-of-production" equipment clean up. At 11 start-up" of 
a production run, some "off-test" material is usually genera~~d. The 
excess is generally scooped away, but the floor are~s around the extruder/ 
expander equipment is typically washed. Similarly, in some plants, the 
fat application areas were observed to be periodically wet-clea~ed to 

.maintain sanitary conditions. Some plants had pre-blending or tempering 
chambers i~ which water or steam was added to the pre-mixed grains before 
the extruders. These chambers were periodicaly scrubbed and rinsed. 

The principal components discharged are ~its of grain, finished ~roduct, · 
and minute f~t coated particles. Volume, however, from these clean up 
operations is generally minor relative to non-contact co~1ing water. 

Dry t~et~ • Dry pet food is i?Ssentially a blend of dry ingrei!ients to 
which water or 5team has been added to facilitate the extruding/expanding 
process. As such, most of the periodic, housekeeping type clean up involves 
handling dry or semi dry materials ~hi ch have been lodged between ~ieces 
of equip~ent or have fallen on the floor. Continuous dry clean up is 
a necessity for good h0Ysekeep1ng. 

Non-Contact Cooling Wate~ 

The largest source of water in the manufacture of dry pet food 1s non
contact cooling water and steam condensate from the extruder/exoander 
opera t1on. This water acts as a d11utar for the clean up water, the 
results of which are very iow 'l'laste loads in terms of the various flOl~-
r~lated parameters. · 

Mod~l Plant 

Ory pet foods are typically manufactured with similar equipment and proce~
sing techniques. 1\~. a result, the wast,,"? 1oadings and concentrations (wit 1• 
the exception of plant 470611) show lim1t~d and predictable ranges. The 
model plant produces 211 kkg/day of finished product with a resulting 
effluent 0.019 rngd. As can be seen from Table 75 the flow ratio is 
only 155 l/kkg is an indication of the small amount of waste loads 
from these plants. 

Average BOD loading was .032 kg/kkg with a range from .011 to .096 kg/kk~. 
The average BOD concentratinn was 202 mg/1 with a range of 51 to 796 mg/1. 
The other flow-related parameter~ fol low the ume pattern as described 
above. 
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SUBCATEGORY 8 B - SOFT-110IST PET FOOD 

Gene~al Plant Clean Up 

Clean up ,;n a soft-moist pet food plant is a function of the type of scft
moist product style manufactured. The products which call for the direct 
use of meat, fish, or poultry generally require more periodic cleaning 
than do the grain-based formulations. As is true in all of pet foods, 
clean up can be divided into housekeeping and end of shift clean up. 

Housekeepino - Housekeeping is the most continuous of clean up steps. 
The various grinding, mixing, extruding, and conveying operations generate 
scraps of grain, meat, and finished product. Typically these are disposed 
of by dry methods such as scoops, shovel~. or brooms. Occasionally the 
floors will be washed to remove minute particles which can't be removed 
by scraping. These few uses of water contribute a small percentage of 
flow and pollutants to the waste stream. 

End of Shift Clean Up - End of shift clean up with regards to soft-moist 
production is g~nerally end of production dry clean up. At this time, 
grinders, augers, mixing tanks, extruders, conveyors, etc., are com;:iletely 
and thorough!~ washed with detersents. A final sanitizing rinse sometimes 
follows. This type of cleaning generates a peak flow and loading condition 
which is generally responsible for a majority of the f1ow and almost ai1 
of the pollutants. 

Non-Contact Cooli.!!g Water 

The on, other source of water used in the production of soft-moist ~et 
food b ~xtruder coo1 ing water or condensate from an expander. Flows 
var.I' widely according to the type of process. No quantifying data are 
available to further delineate these effluent streams. In some plants, 
these non·contact ccoling waters were observed to be discharged directly 
unaer NPDES permit. 

Model Plant 

The model soft-moist pet food plant produces daily 51.4 kkg of finished 
product while generating a1 effluent of 0.017 mgd. As shown in Table 76 
average BOO loadiny is 6.73 kg/kkg with a range from 6.28 to 7.20 kg/k~g. 

The average 000 concentraiion was ~600 mg/1 with a range of 3420 to 6200 
mg/1. The reason for the wide range of concentrations is due pri~:ipall; 
to the surges of water attributable to the various clean up cycles within 
varied time spans. The other flow-related parameters follow the same 
pattern as described above. 
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Ti.13LE 76. RAW WA~H SU'111A~Y 
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MISCELU\llEOlJS AND SPECIALTY PRODUCTS 

SUBCATEGORY A 29 - FLAVORING EXTRACTS 

As discussed in Section III, it has been determined. that a typical flavor 
manufacturing plant produces flavoring extracts which are subsequently 
combined with other extracts and/or ingredients to produce fin1shed 
specific flavors. 14atural extracts are produced by vacuum distillation, 
solvent extraction, or expression of whole plants, plant parts, or plant 
essential oils, while synthetic extracts are produced by the combination 
of ethyl alcohol and organic acids. A discussion of the waste strea~s 
which would be expected from the manufacturing of f'nished specific 
flavors is presented below. 

Vacuum Distillation 

Wastewater generated by the vacuum distillation of essential oils and 
plant tissues consists of still bottoms. The still bottoms from dis
tillation of essential oils would be expected to contain terpenes while 
distillation of plant tissues would result in remnant tissue in the 
still bottoms. 

Solvent Extraction 

There is no wastewater generated from the solvent extraction of plant 
tissues. All installations participating in the study ;ndicated that 
solvents were recovered and that spent plant tissue was hauled to 
landfill. 

Expression 

The expression of essential oils from fruits generally results 1n the 
generation of fruit water and spent fruit tissues. Fruit water becomes 
part of the plant waste stream and spent plant tissues are generally 
sold for production of pectin (citrus fruit only) or sold as cattle 
feed. 

Synthetic Flavoring Extracts 

The organic synthesis of solvents such as ethyl alcohol, methylene 
chloride, benzenP., and toluene, with organic acids results in the 
production of synthetic flavoring extracts. Based on available in
formation, there appears to be no wastewater generated in this pro
cess other than equipment cleanup. 

Dehydration 

The dehydrat1on of flavoring extracts to produce dry concentrates 
generates no process water other than cleanup since all liquid is 
released into the atmosphere as vapor. 
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Evapor'ation 

The evaporation of flavoring extracts to produce concentrated flavors 
generates no process wastewater other than cleanup since all evapo
rated liquid fs released into the atmosphere as vapor. 

Finished Specific Flavor Blending Tanks 

The blending of flavoring ingredients to produce finished flavors 
generates no wastewater other than cleanup water. 

Plant Cleanup 

Plant 87E05 reported that organic synthesis tanks were cleaned either 
by hot water flushing or steam, while stills and extraction tanks were 
steam cleaned. The waste streams from the cleaning of organic syn
thesis and solvent extraction tanks contain a certain amount of sol
vents. The cleanup waste stream from the stills would not be expected 

. to contain toxic solvents unless the flavoring extract distilled had 
been initially produced by organic synthesis or solvent extraction. 
Plants 87E03 and 87E05 both segregate these three cleanup waste streams, 
a1ong with still bottoms, f'rom the remainder of the plant effluent.· 

ihe cleanup of finished flavor mixing tanks is generally done bet\'leen 
flavor changes and consists of a detergent wash followed by a final 
rinse. Floors in the blending tank areas are hosed as needed to remave 
spills and leaks from equipment connection$. 

Non-Contact Water 

Non-contact condenser cooling water is generated in the va~uum dis
tillation process. Boiler blowdown is another source of non-contact 
water. 

Total Plant Ef~luent 

Based on the a~ove considerations it may be conclude~ that the quantity 
and quality of tile wastewater generated from the manufac;turing of 
finished flavors could be dependent on the following factors: 

1. Jf the flavoring extracts u~ed in thr: manufacturing of 
finished flavors are produced in-house or purchased. 
Purchasers of extracts would generally require no dis
tillation, solvent extraction, expression. or organic 
synthesis equipment anc consequently, the 1·1aste streams 
from these processes would be eliminated. 

2. The form 1n which the finished flavors are prcduced. A 
plant producing dry flavor conc~ntrates and/or concentrated 
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flavors might conceivably have a smaller waste flow with a lower 
pollutant ioading, especially if dehydration equipment is cle3ned 
without use of water. 

Wastewater characteristic data was obtained for two plants during the 
course of this study. The average wastewater characteristics of pl~nt 
87E02 were determined to be as follows: 

Flow 5.7 cum/day (0.0015 MGD) 
BOO 0.017 cu m/cu m 
SS 0.0155 cu m/cu m 
pH 7.4 

The plant's production op~rations consisted of the following: 

1. Production of natural vanilla flavoring from the alcohol 
extraction of raw vanilla beans. 

2. Production of finished specific flavors from pu~cha~ed 
flavoring extracts.· 

3. Production cf spices by dry grinding and blending. 

4. Production of certified colors. 

The total wastewater flow was attribu~3ble to cleanup operations sue~ 
as washing blending tan~s between f~avor change~. The average flow 
from the plJnt was estimated to ~e 5.7 cu m/day (0.0015 MGD) with a 
range of 0 to 11.4 cu m/aay (0 to .003 MGD). 

The averag~ wastewater characteristics of plant 87E03 were determined 
to be as follows: 

Flow 125 cu m/day (0.033 MGD) 
BOD 0.56 cum/cum 
SS 0.054 cum/cum 
pH 7. l 

The produc~ion operations at this plant consisted of the fJ11owing: 

l. Producti~n of synthetic flavors by organic synthe~is. 

2. Purification of essential ~ils by vacuum distillation to 
produce Stdndard eAtracts. 

3. Blending of flavoring materials to produce finished 
specific flavors. 

The wastewater from the organic synthesis and vacuum distillation pro
cesses was segregated from the re~t of the waste stream, neutralized, 
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and contracted to a private service for ultimate ~isposal. According 
to plant personnel the contracted waste is compo~ed of "soluble organics" 
and totals 23 cum/week (0.006 mg/week). A similar waste generated at 
plant 87EOS was reported to be comp~sed of the following constituents: 
still bottoms. methylene chloride, m~thyl ketone, methyl hydroxide, 
toluene, benzene, and carbon aromatic~. 

Model Plant 

Based on available information from industry, it appears that plant 
87E03 is m~r~ typical of the 1ndustry than plant 87EO? .. Therefore, 
plant 87E03 was selected as the model plant for Subcategory A 29 and 
1s illus ated in Figure 135. The major wastestreams gener~ted at the 
plant consist of still bottoms, and cleanup of stills, organic synthesis 
tanks. and blending tanks. However, the wa~testreams from the cleanup 
of stills and synthesis tanks as well as still bottoms are segrP.gated 
from the remainder of the wastestream. All non-contact water is also 
separated from the waste stream. 

The wastewater characteristics of the model plant are as follows: 

rlow 125 cu m/day (0.033 MGD) 
BOD 1350mg/1 
SS 130 mg/ 1 
pH 7. 1 

SUBCATEGORY A 31 - 3uur:.LON 

Th~ process description of bouillon manufacturing was presented ~n Section 
III and it wcs de~ennined that eouipment cleanup water constituted the 
total waste~&te: flow from a bouillon manufacturing plant. 

Eguip~ent C1~anu~ 

Plant 99Q01 cc~ducts ~daily pl~nt cleanup of equipment us~d in bouilloi 
processing and thi~ wastewater wa~ found to have the follo~ing charac
teristics: 

Flow 114 cu r.i/day (0.03 llGD) 
BOO 4~0C rng/1 
SS 192 mg/l 
FOG 150 m~/1 
pH 10.4 

Plant 99002 w~ich conducts periodic daily plant cleanup Jnd weekly cleanuo 
of all equipm~1it generated wastewoter with the following charactel'i:.tic$: 

Flow 720 cu ~/day (0.19 MGO) 
BOO 1610 mn/1 
SS 239 mgil 
FOG 82 mg/1 
pH 6.9 

451 



DRAFT 

' . 

ESSENT JAL 0 Il..S 

ORGANIC SOL.VENTS, 

Ol<GANJC AC JDS 

Ct..EANUP WA-ra:! --VA_C_U._lx-1---..------, 

ORGANIC 
SYNTHESIS 

DISTJt..L.ATlON ,------~ 
STIL .. t.. J 

:LEANUF' , .... ' BOTTQ\115 i 
-----------~ ~--------~~ ~T~ I 

I 
NATl.J:W,. I 

5 VNTHe:T I C: I 
F~V~S ~ 

FLAVORS 

BOIL...ER 

lllJN-CONT ACT 

BOIL.ER SLOWDOWN 

BL.E".O I NG 

TO PRIVATE 

SANITATION S~VKE 

CLEAt'-JP WATER 
BLEN:>lNG -------1 

I 
I 
I 
I 
I 

CL.EANJF' WA.,.~ I 
BLEl-0 I~ ---------------,..1 

I 
I 
I 
t 
I 
I 

CLEM-A.JP WAT~ I 

-------------~---~-----.... ! 
I 
I 
I 

GENERAL.. I 
Pl.Al~T CLCANl.JP ______ .,.I 

I 

' FIGURE 13$ 

MODEL PLANT FOR SUBCATEGORY A ·29 
F lJ .VOR It(; EXTRACTS 

45Z 

·- • •I •• • --

. ..-.;.·?=:"--·~-- ·---=·-- ;. 



-- a 

DRAFT 

Ory Cleanup 

A11 plants contacted utilized dry cl~aning and generated no wastewater in 
packaging areas. 

Total Plant Effluent 

The tota! plant eff1Yent is at~ributable to equipment cleanup and conse
quently ~he waste characterisr·cs pres~nted for equipment cleanup also 
apply for total plar.t cleanup. -

l·~odel Plant 

The_model plant for tnfs Sl•bcategory is a hypcthetical plant producing 
bou1llon µroducts exclysiveiy and is illustrated in Figure 136. The 
plant operates 16 hours per day, five days per week with daily equip
ment cleanup. The wastewater cha•acteristics of the plant are as 
follows; 

Production: 
Flow: 
B(10: 
SS: 
FOG: 

7.3 kkg/day (t.O ton/day) 
151 cu m/day (0.03 MGD) 
3000 mg/1 
2.00 mg/1 
150 mg/1 

All cleanup in packa9ing areas is done with air. A gre~se trlp prior to 
discharge from the plant is provided to decrease the fa:s and oil con:ent 
of the 1vastewater. 

SUBCA1EGORV A 32 - NO~-O~IRY CREAMER 

Based on processing information obtained during the course of this 
study, tne major source of wastewater generated in the manufacturing 
of both liquid and powdered non-dairy creamer i~ determined to be equip· 
ment cleanup water. Generally, dean-in-place systems are used for 
equipment cleanup. i·l1nor contributors to wastestream quantity are 
nosing of floors and wet scrubt>tr d1scharge. 

Clean-in-Place Systems 

The clean-in-place systems used for equi~~ent cleanup in non-dairy 
creamer plants generally employ s1x cleaning cycles cons1st1ng of the 
fol101"ing sequent.ial steps: (1) hot water pre-rinse, (2) caustic wash, 
(3) chlor~ne rinse, (4) final rinse, (5) sanitization, and (6) air drying. 
The quantity of water used in each of the siK cycles is usually fiKed 
and thus water requirements are minimized. For plants of equal size 
there is no indication that the quantity of water necessary for the 
cleaning cycles would vary markedly. However, the frequency of cleaning 
does vary, causing significant differences in wastewater quantity. 
Within the industry three dist.inct patterns of CJP system cleanup exist: 
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(1) cleanup at the ~nd of each day, (2) cleanup at the end of each we~k 
(plants operating 24 hours per day}, and (3) cleanup at the end of eacn 
processing cycle (plants which produce creamer on an irregular basis 
and for varying l~ngths of ~rocessing). Assuming recycl;ng of caustic: 
and acid rinse water, a iypical plant will use about 7.57 cum/day 
(0.002 MGO) of water for each CIP system cleanup. 

General Plant Cleanuo 

Uquid non-dairy crun1er plants generaily hose packaging area floors 
continuously to remove product spills. 0 owdered non-dairy creamer 
plants periodically hose floor~ in areas where spills of dry product from 
equipment connections o:cur. The qu~~tity of water used in hosing of floors 
is unregulated in both r.ases. 

Wet Scrubber 

In the case of powdered non-dairy creamer manufactL;ring, wet scrubbers 
are used over the spray dryers to prever.t dispersion of fine particula~es 
into the atmosphere. The effluent from each scrubb~r at Plant 99NN01 
is approximately 16,000 1/day (4000 gal/day). The pollutant characteristics 
were detennined to be: 

BOD: 4.6 mg/l 
SS : 7 mg/ 1 
F&O: 0.1 mg/1 

Non-Contact Water 

A substantial amo:.~t of cooling water is needed in the manufacturtno 
of non-dairy cr!amer. Based on plant water intake m1nus the quantity 
of waste1.,.ater generated, the Quantity of non-contact cooling water and 
boiler blowdown for 4 tyoical plant would be about 378 cum/day (0.10 MG~) 
One multi-product plant (99NN02) orodu~ing liquid creamer recycled cooiinri 
water and oniy make11p woter was rieeded. A po1.,:dered creamer plant (99·;:,c1 1 

dischar1ed non-cont~ct cooling and boiler blowao~~ water seoaratelv fr~~ 
the wast! stream wfth the quantity estima~ed at 454 cum/day (0.12-MG0 1 . 

Tota.l_ProE~Ss Effluent 
< 

Pla~t 99~N01 producing only powdered non-dairy creamer generated a totJl 
process effluent with the followinj averaqe chara,teristics: 

Flow: 
BOO 
SS : 
F&O : 
pH 

56.8 cu m/day (0.015 MGD) 
1250 mg/1 (rangP. 1000·15000) 
415 mg/1 (range .355-475) 
2~0 mg/1 (range 227-275) 
7.0 (range 6.a-7.2) 

Plant 99NN02, producing 11qu1d creamer in a multi-product fac11ity, 
generated wlstewater with the following average character1st1cs: 
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Flow: 1800 cu m/day (0.47 r1GD) 
BOD 3000 mg/1 
SS 2200 mg/1 
F&O 140 mg/1 
N 15 mg/1 
p a.a mg/1 

Although 1t is not possible to determine which portion of these pollutan~s 
is specifically attributable to the manufacturing of liquid creamer, 
the data are presentP.d to indicate that the wastewater from the plant 
is nutrient deficient. This particular plant produces a wide variety of 
product~. each of which is composed of the same basic ingredients as 
liquid creamer but in varying proportions. Therefore, it can be concluded 
that the wastew~ter from a plant producing solely liquid cr~amer would 
alsc be nutrient deficient. 

Model Plant 

The model plant developed for Subcategory A32 as illustrated in Figure 
137 is a hy~othetical plant which would produce either liqid or 
powdered non-jairy creamer. The plant operates five days per week 
with two eight hour ~hifts per day. Clean-in-place system cleaning is 
conducted peri0Jically as needed and at the end of each day and generates 
approximately 7.57 cum/day (0.002 MGD) cf wastewater with recycling of caw$:~c 
and acid rinse water. If the plar.t produced liquid creamer, tne only other 
wastestreams generated would be hosing of floors in packaging areas and 
other general plant cleanup amou'1ting to about 56.B cum/day (0.015 MG~;. 
If thP rlant produced powdered creamer, two spray dryers would be needed 
and therefore two wet scrubbers are necessary. Combined flow from wet 
scrubbers woul~ be 30 cum/day (0.008 MGD). An additional wastewater gerer~
tion of 26.4 cu m/day (0.007 MGD) would be generated by hosing or dry pr~c~:: 
spills and general plant cleanup. In either case the total plant wast~ 
eff1'.len: is approximately 64.3 cum/day (0.017 MGO). 

Non-contact 1·1ater is df scharged se:;•arately from the waste streal'l and ar-..,:,.,7· 
to dbo~t 3CO cu :··/day (0.10 '·1GD). 7here is no recyclinq of tne non-cur.~J1.:. 
cooling or boiler blowdown 1¥ater. 1 he proposed model plant would have 
the fol~ow1ng cnaract0ristics: 

Production: 90 KKg (100 tor.) dry product 
or 180 KKg (200 ton) wet product 
rfow 64.3 c..u m/day (0.017 MGD) 
BOD 1100 mg/1 
SS 440 mg/l 
F&O 265 m9/l 
N 5. 5 mg/1 
P 2.9mg/1 
PM "! .O 
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SUBCATEGORY A 33 - YE~ 

The use of water in yeast factories includes: (1) feed wort preparation; 
(2) fennenter start water; (3) steriliziltion of molasses and feed wort 
tanks, fennenters, and piping; (4) separation wash water; (5) cleaning 
of separation and dewatering equipment; (6) miscellaneous floor and 
equipment cleanup; (7) cooling water; and (8) boiler feed. Considering 
strength and volumes, the wastestreams from yeast production can be 
ranked in the following order: (1) first separation beer, (2) second 
separation beer, (3) third separation beer, (4) filtration v1a":er from 
yeast dewatering; (5) fermenter and storaje tank cleanup water; and 
(6) floor and equipment cleanup water. 

Table 77 shows the pollutant loads of. the above operations at a typical 
plant (99Y03) producing 76.5 kkg/day (84.3 ton/day). First separaticn 
beer accounts for 43 percent of the total flow, 78 percent of the BOD, 
and 31 percent of suspended solids at this plant. The high strength wast~ 
of combinea first and second separation beer account for 92 percent of 
the total r:~w. 90 percent of the BOD and 58 percent of the s~spended s61td: 
reported from in-plant sampling. Third separation beer is reused for cold 
washing during second separation. 

Rudolfs and Trubnick (86) reported that first separation beer at a si~i1ar 
µ1ant (99101) producing 82.2 kkg/day (90.6 ton/day) was respcr!sibie for 
approximately 70 percent of t,ne plant raw waste load. The BOD of spent 
beer may vary from 2000 mg/1 ~o 15,000 mg/l. Wide variations in flow also 
occur as the result of different water usag~ by individual plants durir.g 
centrifugal s~paration of yeast from spent nutrients. 

Third separation beer was reused in the second separation by 66 percent 
of plants supplying data, since it contailis only ·a small portion of plant 
waste. First and second separation beer tyoically account for 50 percent 
of tne flow and 75 percent of the BOD and SS plants that do not reuse 
process weter. 

Discharges from yeast dewa teri .·g cons is~ of water removed from t~e ye3~: 
cream by rotar; vac~um fi1t~rs ard rece~~~d-plate filter presses. Tacle 7? 
presents the wa.tewater characteristics for five composite samples (P1ar.t 
99Y03) dewatering operations. Filter discharges, containing vilrying a1~:ur.::. 
of yeast and spent filter aid, cause substantial daily fluctuations in 
strength. Quantities of water discharged depend uµcn production levels 
iind the moisture content of trie final p1·odu1"t, but are generally less tha~: 
10 percent o• plant riow. 

Cleanup of fermenters and feed wort storage tanks is normally perform~d 
using hot water and steam between batch operations to prevent bacterial 
contamination duri~g fermtntat1on. Molasses storage tanks are cleaned 
weekly using clean-in-place systems with hot water and a 3 percent sodium 
hydroxide solution. Tank cleanu) varies accordin~ to cleaning technique~ 
and equipment, .and the age a:1d size of t!1e plant storage facilities, but 
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lABLE 17 0 
;:r:i 

> ...,.., 
YEAST PLANT 99Y03 -i 

UNIT OPERAIIONS WASTEWATER CHARACTERISTICS 

Oeeration flow (cu ~/~ayl_ % Total e!l_ Bod (~/tla.r) % Total ss {kg{dal'} S Total 

First Separation 1. 0118 43 6.8 P.,656 78 317 '.>1 

Second Separation 1, l 32 49 7.0 1 ,317 12 273 27 

Third Separdtion szg(l) G.8 324 3 142 14 

Tank Hilshdown 79 3 5.B-13.5 571 5 121 12 

'teas t De1Ja ter 1 ng 109 5 6.8 )91 2 15 16 
""' l.n 
\0 

101AL 2,328 lOO ll,059 100 1 ,(J ~ 2 100 

(1) Third separa.tior wash reused ~n second separation. 



TABLE 78 
0 

YEAST DEWATERING EFFLUENT CHARACTERISTICS 
:;o 
lo> 
"Tl 
-i 

PLANl 99Y03 

Oay Flow Production coo BlJO Rd ti o SS SS Ratio coo COO Ratio COO/COO 
(cu m/d_ay) (kkgL__{!_l!gjJ) {kg} ~kg L kJ;_g > {mg/l) {kg) {kg/kkg) {mg/1} (kg) {kgLkkg} Ratio 

290.0 103 4fi0 140 1. 4 ~60 30 0.29 2880 835 8.1 0.17 

2 -:t77 .0 76.5 700 263 3.5 680 256 3.4 1532 578 7.5 0.46 

3 492.0 85.0 1180 876 10.3 1320 650 7.6 3210 1579 18.'l 0.56 

4 95.4 85.4 l36G 130 1. 5 1540 141 1. 7 3085 294 3.4 0.44 
~ 
O'I 
C> 5 307. 3 9g_3 960 295 3.0 1080 332 3.3 2410 741 7.4 0.40 

Avertlge 312.3 89. 9 431 ~.9 287 3.2 805 9.0 0.41 



TABLE 79 
0 

WATER USAGE AND WASTEWAtER CHARACTERISTICS :x:> 
)> 
"Tl 

YEAST PLANTS RECYCLING SEP~RATION WATER-PLANTS 99Y01. 99Y05 ....... 

STANDARD COEFFICIENT OF 
VARlABlE M HEAN DEVIATION VARIANCE MINIMUM MAXIMUM CONVARIANCE (1) 

Flo111 (MGD) 126 0.6933q9 0.083141 0.0069 0.440000 0.910000 11.991 

Prod. (ton/day) 126 90.408730- 3.742085 14.0032 69.200000 96.200000 4.139 

BOiJ (mg/l) 126 6252. 944444 1023.914718 104'8401.3489 3600.000000 10800.000000 16.349 

SS (mg/1) 126 1822.230159 999.185341 998371.3~66 4ZO.OOOOOO 8900.000000 54.833 

COD (mg/I) 14602.000000 0.0 0.0 14602. 000000 0.0 o.o 

A 
BOO (lb/day) 126 36214.451772 7280. 916476 53011744. 7306 195Z7.300000 68495.760000 20.105 

Ol 
COO {lh/day) \ 9199~.535950 0.0 0.0 91999.535950 91999.535950 0.0 

SS (lb/day) 126 10570. 723429 6041. 406934 36498597. 7454 2593.626000 5273i!.055000 57 .152 

lb/ton-BOO 126 401.560349 84.916591 7210.8215 202.986486 794.614385 21.147 

Kg/klcg-800 126 200.780174 42.458296 1802. 7069 101.493243 397.307193 21.147 

lb/ton-COO 1091.JJ494fi 0.0 0.0 1091.334946 1091.334946 0.0 

Kg/kkg-COO 545.667473 0.0 0.0 545.667473 545.667473 0.0 

lb/ton-SS 126 116.654232 66.615573 4437.6346 28.532739 584.612583 57.007 

Kg/kkg-SS 126 58.427116 33.301787 1109.4086 14.266370 292.306296 57 .007 

BOD/COO Ratfo 0.461649 0.0 0.0 0.461649 0.461649 0.0 

flow Ratio 126 7679. 939779 958.015079 917792;8924 4695 .Fi37780 9790.979098 12.474 

ti ~ Number of data points. uote: Computer calculations for this table show no regard for sfgnlficdnt figures. 
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it typically generates less than 5 prrcent of the total flow, 5 percent 
of the total BOD, and 15 percent of the su~pended solids. 

Floor and equipment cleaning is performed as needed to maintain bacterio
logical cleanliness. Hot water and occasional small amounts of detergent 
or caustic are used to clean molasses clarifiers, centrifugal separators, 
filters, and packaging equipment. Cleanup effluent is a small part of 
combined plant waste. 

Table 79 presents a statistical analysis of combined plant raw effluent 
data for plants that reuse third separation beer during second separation. 
Although flow was found to range as high as 6800 cum/day (1.8 MGD) in 
a plant not recycling separation water, the generation of pollutants per 
unit of production varied le5s than 10 percent for similar production 
levels. The two largest producers both reported an average of 170 kg/kkg 
(340 lg/ton) of SOD, while suspended solids varied from 50 kg/kkg (100 lb/ 
ton) to 76 kg/kkg (152 lb/ton}. 

Yeast effluents (86), composed predominantly of highly putrescible dis
solved organic waste substances, ~ave a specific yeasty odor that ra~idiy
becomes unpleasant (87), a coffee color, and fairly high turbidity. The 
wastewater contains yeast cells, fatty residue, albumens, and their de
composition products and carbohydrate~. Inorganic compounds include, 
phosphates, large amounts of potassium, and sulphates. These effluents 
putrefy easily as sulphates are biologi:ally redYced to sulphides, and 
require oxygen for stabilization in much the same manner as domestic 
sewage. They are usually acidic since a pH of 4.5 is maintained durir.; 
fermentation. The pH of a total plant effluent samples collected duri~g 
this study ranged from 4.2 to 7.7, but more typical values were in the 
range of 6.0 to 6.8 

Since molasses is deficient in nitrogen and phosphorus, arrmonia, and 
phosphoric acid are botn required chemical nutrients added in fermenta;ion. 
After yeast growth, the effluents from production are again nutrient 
deficient. Analyses (7~) of similar spent molatses in the rum industry 
found the distillery slope to have a 94 percent phosphorus deficie~cy and 
a 56 percent nitrogen deficiency. Plant ?9Y20, operating an oxygen 
activated sludge treatment system, adds ar.imonia and 227 l/day i60 ga1/ 
day) of 70 percent phosphoric acid before treatment. 

Model Plant 

Based on the above discussion, a model plant for Subcategory A33 ;s 
defined as follows: 

Production 
Flow 
BOO 
SS 

82 ~kg/day (90.4 ~on/day) 
2650 cum/day (0.7 MGD} 
6300 mg/l 
1850 fTlg/1 

It is assumed that the model plant practices reuse of third separation 
spent beer, and that first and ~econd separation beer constitute 50 
percent of plant flow and contribute 75 percent of the BOD and t~spended 
solids of raw w~ste. 
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SUBCATEGORY A 34 - PEANUT BUTTER WrTli J/l.R WASHING 

The uses of water in peanut butter processing plar.ts include: l) jar 
washing, 2) floor and equipment cleanup. 3) cooling.water, 4) boiler feed, 
and 5) vacuum seal water. Peanut butter is invniscible in water, and does not 
not require the addition of water to the product during processing. In 
fact, bacteriological cleanliness demands special attention to insure that 
water does not enter the interior of pumps, piping, and other process 
equipment. Water use varies widely for individual plants due to produc-
tion requirements, and dissimilar water conservation and recycling tech
niques. For example, grinder cooling water may be di3charged directly 
after use or recirculated through cooling towers. Table 80 presents a 
breakdown of water usage per operating day by a plant (99P21) producing 
59 to 77 kkg/day (65 to 85 tons/day) and demonstrates that over 98 percent 
of all water used does not contact the product. 

Sources of polluted wastewater f~om pednut butter n~oduction ca~ be ranked 
in the following manner: 1) jar washer discharges, end 2) floor and equip
ment cleanup discharges. All of the plants surveyed dispose of jar was~er 
effluent and cleanup related wastewater, mixed with substantial amounts 
of non-contact water. to municipal sewer systems. 

Jar Washinc - In plants employing jar washing to reclaim glass for pack
aging. the detergent rinse is normally discharged and constitutes the 
major process wa~te stream. Plant 99Y20. producing 10 kkg/day (11 tons/ 
day) has a jar washer di schar'.}e of 680 1 (180 ga 1) per SOD jars washed, 
and a maximum daily discharge of 2040 1/day (541 gal/day). Approxima:eiy 
6000 jars/month are washed at this plant. Jar washer effluent is a 101~ 
volume, high strength waste that produces 10 gm (0.022 lb) of BOD, 3.8 gre 
(0.0081 lb) of suspended solids, 125 gm (C.0275 lb) of COD, and 4.5 gm 
(0.01 lb) of fats and oils per 510 gm (1.125 lb) jal" washed. Table 81 
shows the calculated results of plant 99P20 jar washer effluent sampliny 
after correcting flow to account for non-contact water. 

Bad product manually scraped from improperly filled or sealed jars is 
sold as inedible cfl stock. Vari~tions in pollutant loading per unit of 
product~on may be attributed to differences in the n1:mbl!!r and size of j.ir~ 
washed, and the method of product removal from rec1,.;,,,able glass. 

The largest plant (99Y01) in the industry, producing 140 to 230 k~g/day 
(150 to 250 tons/day), reported BOD concentrations nearly doubled and 
suspended solids concentrations tripled while practicing glass reclama
tion. Waste load data from this plant was not used in selecting a model 
plant because the wastewater contained large, undetermined amounts of 
non-contact water and re5 u l ted from the produc; ti on of several products. 

Floor and E3uipme~t Cl~ - Other than jar washer effluent, floor and 
P.qu1pmP.nt cleanup are the only other sources of process wastewater from 
peanut butter production. Prod~:tion facilities typically operate five 
days per week, 24 hours per day. Floors in processing areas are normally 
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TABLE 80 

APPROXIMATE WATER USAGE PER OPERATING DAY 
FOR PEANUT BUTIER PROCESSING PLANT 99P21 

sour.CE 

Coo 1 ; na iowers 

Cooiing of Refrigeration and 
Air Compressors 

Boiler Fe~d Water 

Sanitary 

Cleanup and Miscellaneous 

With evaporation loss, estimated 
discharge 

LITERS 

37,000 

16,000 

9,400 

16,000 

1,100 

65,000 
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VOLUME 
GALLONS 

9 ,700 

4,300 

2,500 

4,200 

300 

17,000 
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TABLE 81 

JAR WASHER WASTEWATER CHARACiERI'STICS PLANT 99P20 

Flow 2040 l/day (540 gal/day) 

BOD 7320 mg/1 
BOD Ratio 1.41 kg/kkg (2.82 lb/ton) 

·coo 9150 mg/1 
COD Ratio 1. 77 kg/kkg (3.53 1b/ton) 

SS 2810 mg/1 
SS Ratio 0.58 kg/kkg (1.15 lb/ton) 

FOG 3550 mg/1 
FOG Ratio 0.69 kg/kkg (1 .37 lb/ton) 
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scrubbed daily using a small quantity of water and detergent, and the 
water ~£collected ~sing mops or vacuum ~quipped floor scrubbers. 

Water use for equipment cleanup is typically less than 757 l/day (200 
gal/day) and is normally sewered. One plant (99P13) reported an esti· 
mate based on hose flow rates of 2710 1/day (715 gal/day) used for 
cleanup. Table 82 lists cleanup frequency and quantities of water 
used for equipment cleanup by a typical plant (99P21)\ Pe,iodic equip
ment clean~p occurl"ing at weekly or less frequent intervals is usually 
done using steam hoses in a specially designated area equipped with 
grease traps on all drains. Equi~ment cleanuo is performed between 
shifts or on weekends, and normally is not done while production pro
tesses are in operation. Plant cleaning procedures are subject to 
occasional revisions due to equipment changes and constantly improved 
progra~s of houseKeeping and sanitation. Although no data is available 
to document ~he strength of combined cleanup wastewater, an estirroted 6.8 
to 14 kg/day (15 to 30 lb/day) of product is reported lost to sewers. Resid
ual prod•Jct clinging to equipment may contain up to three percent added 
veget3ole oil. 

Model Pl ant 

Based on the atove discussion of wastewater characteristics, the follow· 
ing model plant was defined: 

Daily Jar Washer Effluent 2044 l/day (540 gal/day) 
Avg. Daily Cleanup Efflue~t 757 1/day (200 gal/day) 
AT""v"""'g--. "'""D""'a'"'"i ..... 1 y._,.F..,..1 o~w--'-"--"----~-'--2""'8..:0,...l __ l ..... /"""d.;;;.,t...a y ( 7 40 g a l /day ) 

The model plant assumes separation of all domP.stic sewage and non
contac~ water from the process wastewater. Since strength of cleanup 
wa~tew3ter is unknown, no detennination of combined waste strength can 
be made. 

SUBCATEGORY A 35 - PEANUT BUTTER W!THOIJT JAR WASHirlG 

The uses of water J~d wa~tewa!er c~aractcrtstics for peanut but~er pl~nt~ 
in Su~c3tegory A 35 are identical co those in SubcategJry A 34, ~xcept 
that jar washing is not practiced. 

Model P~ant 

The model plant is defined as follows: 

Flow = 757 l/day (200 gal/day) 
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TABLE 82 ~ 
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-i 

OCCASIONAL CLEANUP WASTEWATER DISCHARGED-PLANT 99P21 

FLOW 
~CE DETERGEIU FREQUENCY PER YEARLY BOD COD SS fOG pH 

ClEAltUP lcu m) (mg/l) 
_.1.!l_ __ 

(1119/l) (mg/1) (1119/1) 

1. Warehouse concrete floor scrubber 1.1 I llqutd dally 114 29521 37600 85760 89800 189 10.8 

z. Productt1S1 bul I ding wood floor 
scrubber Concentnte 2/week 95 9680 28433 42346 16600 571 8.0 

l. Chunk ~fpment cleanup Hone I/wee .. 76 l'll6 i267 6788 2880 1217 6.1 

4. [Qulpl!lfnt eaterlor wipe-down Concentute I/wee .. 1136 59046 3050 8.\64 370 126 11.S 

~ 5. Equipment eater(Qr wipe-down C.oncentr• te 1/weelt 379 19~08 11766 17352 6460 399 9.9 0\ 

" 6. Elevator conveyor bucket cl~•nup None 1/w.?ek 189 9841 

7. Process line piping cleanup llone 1/lllOOll\ 946 11155 

a. Bucket ind drip pan cleanup II one 1 /inonth 1514 18168 

9. Qt I s tocl drta wiSh •one l /lllOl\tll ~68 681) 

10. tlew1tor conveyor buclet cle111up Z.J kg POMdtr 4/7ear Bll JJJZ 

11. ~ nlll elevator conveyor cle1n141 2. 3 kg P«Mler 'l/1e::.r 883 3332 
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SUCCATEGORY A 36 • PECTIN 

As described in Section 11;. there are two methods of manufacturing 
pectin; precipitation by alcohol and precipitation by use of aluminum 
compounds. The characteristics of each waste stream generated in the 
alcohol precipitotion process at plant 99K01 are presented in Table 83. 
The waste stream characteristics of plant 99K02, which uses alumin~m 
precipitation in the recovery of pectin, are ~ummarized in Table 84. 
Comparison of similar waste streams from tr.e two plants yields the 
following observations: 

1) 

2 )_ 

3) 

The quantity of alcohol still bottoms generated per day 
by plant 99K01 is approximately 4.5 times grea:er than 
at plant 99K02. This is attributable to the fact that 
more alcohol is used in the process at plant 99K01 and 
therefore mo~e still bottoms from the recovery of the 
alcohol would be expected. 

The amount of peel washwater generated at plant 99~02 is 
greater than at plant 99K01 which is expected due to the 
higher production at the former. 

The quantity of general plant cleanup water is larger at 
plant 99K01 than at plant 99K02 which is probably attrib
utable to an unknown amount of cooling water included in 
the waste stream of the former. 

It shnuld be nnted that t~ere is no evaporation of pectin solution pr~or ~~ 
precipitation at plant ~~~02 and therefore no caustic wash wast~ stream ~s 
generated. ln contrast the pectin mother liquor waste strea~ at plant 
99K02 is not 9enerated at plant 99K01 because th;s waste stream is ul:i
mately d~stil1ed for alcohol recovery .·t plant 99K01 and as 3 result b~
comes a uortion of the alconol st1ll bottvms. This observation suµpor:s 
the previous ccmoar1son of still bottom waste streams. Additiona~ly. 
press liouor wast~water at plant 99K02 is generated when filter sluice is 
pressed to separate water from diatomaceous earth. 

The was:e·.-1ater ana1ysis for the total plant effluc·:t from three plant!:. 
(99K01, 99K02 and 99K03) 1~ pr~sented in Table 35. It should be noted 
that the alcohol sti11 bottoms and filter sluice waste strpams at plants 
99K01 and 99K02 were not C0'1sidered in arriving at the fig1ires i)resente:J. 
Plants 99K02 and 99K03 showed goc~ agr~~ment between was:e flow gener3:eJ 
per unit of product produced. The slightly higher flow figure at plJnt 
99t:Oi c·an be partially attributed :o an undetermin3ble amount of non
contact cooling water in the waste str~am. 

Model PlJnt 

Based on the information presented above a model plant was chosen fo~ 
this suhcategory. The plant operates 2A hours per day, 365 days per 
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TABLE 83 

WASTEWATER CHARACTERISTICS OF INDIVIDUAL 

Wastestream 

1. 

2. 

3. 

4. 

5. 

Alcohol still 
bottoms 

filter sl\iice 

Peel washing 

~'!~para tcr c~~·s tic 
wa~h 

Genera 1 cleanup, 
non-contact cooling 
water 

Total (excludir.g 
items l & 2) 

Flow 
cu m/day 

170 

223 

424 

0.0008 

681 

1 '105 

• Estimate based on plant intJke water. 

coo 
mg/1 

11.000 

4,050 

18,800 

1.190 

500 

7,521 

i.IASTf STRfAnS AT PLANT 99K01 
0 
;o 
):> 
........ 
~ 

TS C1 pH 
mg/l mg/1 

19,200 9,930 0.8 

4,500 146 6.5 

20,800 37 4.5 

29,700 12.3 

•( 1~ *(7 .0) 

7,981 25.J 6.04 



TABLE 84 

WASTEWATER CHARACTERISTICS OF INDIVIDUAL ~ASTE STPEAMS AT PLANT 99K02 
0 
;o 
'.):> ,, 
-f 

wast es tream Flow r.on Cl N pH 
cu m/day my/1 mg/1 mg/1 

1. Alcohol still 
bottoms 37.9 2,800 

2. Filter sluice 757 3,200 160 25 7.0 

l. Peel washing {leach) 662 14,600 95 235 4.0 

4. Pectin .. other 1 iquor 492 2.150 38 406 4 .1 

~ 5. Press liquor '-.J 
0 wastewater 189 11.425 170 224 5.5 

6. Genera 1 Plant 
cleanup 189 2.000 *(20) *(7.0) 

Total (£xcluding 
it ens l & 2) 1,532 8,65~ 76.7 259.6 4.59 

•Estimate based on plant intake water 



PLAiH 

99K01 

99K02 

99K03 

TABLE 85 

SUMMARY OF WASHWATER CHARACT£RISTICS 

FLOW 
cu m/kkg 

955 

844 

821 

Subcategory A 36 - Pecttn 

coo 
~g/U~g 

10, 160 

7,30~ 

BOO 
kg/kkg 

*(4,821) 

3,476 

* Estimate based on BOO:COO ratio of 2:3 at the plant. 

SS 
kg/kkg 

l '753 

Cl 
kg/kkg 

21.6 

64.7 

pH 

6.04 

4.59 
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year and has the following characteristics: 

Production 
Flow 
600 
SS 
N 
pH 

1.8 kkg/day (2.0 tons/day) 
1530 cu m/day (0.404 MGO) 
4950 mg/1 
2100 mg/1 
260 mg/1 
5.0 (4.6 to 6.0) range 

The above characteristics are averages only and would be expected to vary. 
Production is dependent on whether rapid set or slow set pectin is pro
duced and whether the raw material used is dry or wet peel. It is assumed 
that still bottoms, pressure filter cake sluice, wet spent peel, and non-
contact water are separated from the process waste stream. 

SUBCATEGCRY A37 PROCESSING OF ALMOND PASTE 

There are currently four known processors of almond paste in the 
United States. All four discharge their process wastewater to 
municipal facilities. Results of a telephone survey to three plants 
and one plant visitation indicate that the production of al~~~o paste 
contributes a relatively insignificant wasteload to the total waste
load of the four multi-product processing plants. The priduction of 
almond paste exists in combination with the production of a large 
variety of other products such as nut pastes {i.e., pecan, walnut, 
hazel nut, cashew, and apricot kernels), granulated nuts, and nut 
toppings. The wastewat!r character1st1cs of a1mond paste processing 
are currently unavailable for the following reasons: 1) the multi
product ~lants contacted were unable to furnish historical data on 
almond ~aste production alone, with the only available information 
being that of the final combined products wasteload, 2) the actual 
sampling of the almond paste production line was impractical due to the 
combination of wastestreams from other product lines, and 3) produc
tion data was unobtainabl~. 

The industry has m~de no future plants for the construction of any 
new almond paste processing pla~ts and, as previously mentioned, dis
charges its wastewaters to municipal facilities. Theref~re, the 
possibility of a future point source discharge from an inst~l1ation 
primarily engaged in the production of almond paste i~ minimal. Due 
to a lack of information on the industry's p1·oduct line, production 
var1ability, and wastewater chardcter;sti~s. the develop~ent of ef
fluent gu;delines for almond paste processing at this time is not 
feasible. 
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SU!lCATEGOR~ B l - FROZEN PREPi',RED OJ.INERS 

General Plant Clean Qp_ 

The wastes generated from these types of processing plants are a direct 
function of the various raw ingredients used and suuse~uent handling steps 
involved in transfonr.ir.g these ingredients into finisht~ products. By 
far the predominant waste loadings (flow, BOD, SS, COO, and oil and grease) 
are generated during clean up. Sanitation requirements are such that 
in-process clean up is virtually continuous with one large entire-plant 
clean up performed at the end of each operati~g day. 

In-Process Clean Up - The raw ingredients are usually pre-processed elsewhere 
and are then further processed, cooked, assembled, packaged, and frozen 
at the prepared dinner plants. Consequently, the majority of the wastes 
from these types of operations ori~inate from clean up of vats, kettle~. 
fry·ers, mi,,;ers, and other equipment used in the preparation. Included • 
in this group would be various spillages from gravy tanks, tray filling, 
meat t~awing, grinding, etc. In addition, equipment coming into contact· 
with food must be cleaned every four hours. 

End of Shift Clean Uo - Because of sanitary requirements, a :omplete olan: 
clean up is performed after ~ach shift, and a general plant clean up is 
undertaken at the end of each processing day. The flcors as well as immov
able equipment are cleaned, and this operation may involve the disasse~bl1ng 
of the equipment for a thorough cleaning and inspection. Included in 
this ty~e of equipment would be pipes, cooking kettles, infra-red cookers, 
extruders, and injectors. T.'1e ~1astes generated typ1caliy contain fine 
particles and dissolved organics from each ot the unit operations; consL
quently the pollutants 9enerated may vary widely from day to day within 
a part;cular plant, depending on the products produced. Contributing 
to the waste stream's pollutants :re the necessary chemicals and dete~gents 
required to remove the various organic stains and residues from the various 
units of processing equipment. 

Defrost \.later 

The p~epared diiners are assembled and then individually quick-frozen 
and stored in lar~e blast refrigerated warehouses, along with raw ingredient~ 
a~1aiting movement to the preparation area. Because of the large capacit/ 
of the storage facilities, a considerable volume of waste1~ater is generatec. 
The water which is used is basically low load water, typically contim:oi.:s~_, 
circulated, although some plants discharge this segment directly under 
ti PD ES permit. 

Model Plant 

The subcategory for frozen prepared dinners includes T.V. dinners, meat 
pies, and other frozen dinners and entrees. Ingredients usually include 
meat, fowl, or fish; vegetables; gravies; and minor additives. In addition, 
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there may be added star.::hes (such as noodles), grains (such as rice), 
and a variety of small dessert di~hes. The b~lk of the wastes generdted 
originates from clean up of processing equipment. 

The model plant is one that produces an average BOD loading of 15.6 kg/kkg 
with a range from 9.41 to 25.9 kg/kkg as shown in Table 86 . The average 
BOD concentration was 1530 mg/l with a range of 718 to 3260 mg/1. The 
wide range in concentrations was due largely to the pr~duct type and style 
variations as outlined abc·1e. The other flow-related parameters folio1v 
this same pattern. 

SU&CATEGORY B 2 - FROZE:~ BREADED A:m BAiT~RED SPECIALTIES 

Genera 1 

This subcategory has marked similarity to the other frozen specialties 
for two important reasons. The first is the multiplicity and variation • 
of products within the subcategory - breaded fish fillets, ~hrimp, scall0~£. 
mushrooms, onions, etc. Seconoly, a majority of the waste loadings a~d 
flows are a result of the extensive clean ups necessary for adequate sani:a
tion. In addition t~ plant clean up, a considerable volume of waste c~~ 
be generatEd from thawing and washing operations. 

Thawi~a Jnd Washwater 

Thawing produ~es a substantial waste volume ~ince it is followed by thoro~~h 
washing and clean up of equipment and spills. if the shells, neads, ard 
tails a1e included in the washwater, tr.~y constitute a major o~gan~c 1ccc 
and should oe re~oved as solid waste. 

Froze~ onion rings are by far the major item in battered and breaded ve~eta
ble s~ecialties and a considerable portion of the 1vastewate1 1;;ay origina"e 
from the onion ~~as~.ing operation. However, in most pla;·,t~. they arrive 
already washed. 

Mode 1 Pl ant 

Ti1e breaded anc battered frozen spec:,~lty s..ibcategory is characterizec 
by extre:ne ranges due to the various oroduct1on techniques ar.d raw ~at.:ria;s 
handled. Wastel'i·Her generation re:-;ults from clean up o7 eouipment and 
spills, and juices from the onicn sl~cing and w~shing operation. The 
batter is very high in organic stren?t~. and t~e clean up wastes ~re corre
spondingly stror:9. A process :::u:ri;":.ry is ;:;rP.sented in Table 87. 

The model plant produces an average BCD 1c~1ing of lf.2 kg/ kkg with a 
range from 8.98 to ?9.3 kg/kkg. Tne averoge BOD co~centration was 1 ,350 
mg/1 with a range of 244 to 7,510 :ng/1. The 1vide range in concentration 
was due larg~ly to the procuct t.1;:.ie and st.Yle variations as :>utlined above. 
The other flow-related parameters fo1low this sa~e ~attern. 
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SUBCATEGORY B 3 - FROZEti BAWH nms 
General Plant Clean Up 

The subcategory frozen bakery items inciudes an assortment of commodities 
such as frozen pies, cakes, doughnuts, cheesecakes,· sweet rolls, etc., 
utilizing ingredients and techniques as detailed in Section llI which 
are unique to this subcategory. The majority of pollutant loadings are 
the result of clean up of the various mixing, extruding, ar.d forming equip
ment. The various cleaning techniques, additives, and deterg~nts used 
to remove hardened dough, eggs, milk solids, and the like contribute sig
nificantly to the wastewater loadings. 

Jn-Process Clean.!:!.£. - The raw ingredients, e.g., butter, sugar, cream, 
etc., are purchased in bulk, received, blended under controlled conditions, 
furthe~ assembled in the final product form, sometimes baked, packaged, • 
and frozen. In order to maintain sanitary conditions, the frozen bakery 
dessert plants m~st thoroughly clean with hot water all the many mixir.g · 
vats, cooking Kettles, measuring devices, puwps, piping, etc., which he~e 
come in contact ~ith the ingredients and product. This clean up is contin
uous during tne shift as different products are manuf~ctured. 

End of Shift Clean Up - Because of sanitary requiremeits a complete plant 
clean up is performed after each shift. and a general plant clean up is 
undertaken at the end of each processing day. The floors as well as im
movable equipment are cleaned, and this operation may involve the disas
semoling of the equipment for a thorough cleaning and inspection. Also 
included i~ this type of equipment would be pipes that are cleaned in 
place as well as small mobile p·ieces used in batch µreparations. The 
wastes gene~ated typically contain fine particles and dissolved organics 
from each of the unit operations; consequently the pollutants generated 
may vary widely from day to day within a par~icular plant, depending on 
the products produced. 

Defrost Water 

The dessert items are assembled and then individually quick-frozen and 
stored in large blast refrigerated warehouses, along with raw ingredients 
awaiting movement to the preparation area. Because of the large capaci~y 
of the storage facilities, a considerable volume of wastewater is genera:e~. 
The water which is used is basically low load water, typically contin
uously circulated, although some plants discharge this segment directly 
under NPDES permit. 

Model Plant 

The model plant for th1s subcategory would be one manufacturing frozen 
dessert items including pies, cakes, pastries, and rolls. The bulk of 
the 11astes generated originates fro1:1 clean up of precessing equipment. 
The model plant has an av~rage BOD loading of 22.4 kg/kkg and the average 
BOD concentration was 2,090 mg/1 as snown in Table 88. Average TSS loadjng 
1~as 13.6 kg/kkg at a concentration of 1,270 mg/1. 
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SUBCATEGORY S tl - FROZE~~ TOMATO-CHEESE-STARCH COMOINATIONS 

General Plant Clean Up 

The processiilg of frozen tomato-cheese-starc!t items (frozen pizza, macaroni, 
lasagna, ravioli, etc.) inv91ves the combining of preprocessed ingredients 
into the final product form. The principal waste g~nerati~n step is plant 
clean up. The cleaning procedures are si~ilar to those described for 
the frozen prepared dinner subcategory, and its clean up, with very little 
modification, can be applied to the frozen tomato-chees~-starch subcategory. 

Defrost Water 

Refrigeration water is generally recycled, but, if not recycled, contribytes 
a significant volume of clean water to the waste stream. 

Soillage and Clean Up 

The types of pollutants generated by a plant are a direct function of 
the various raw ingredients used and the subsequent handling steps involved 
in transferring these ingredients into finished product. An efficient 
plant can hold its waste ingredients to under one percent of the incoming 
ingredient weisht, e.g., loss of less than one pound of tomato paste used. 

Model Pl ant 

All major ingredients are preprocessed elsewhere and arrive at tne manu
factur~ng plant in bulk containers. These ingredients incl~de to~ato 
paste, cheese, flour, milk, oil, noodles, seasonings, and meat. The waste 
generated from plant clean up contributes the most significant por~ion 
of the waste stream. A process summary is presented in Table 89. 

The model plant is one tl1at prod:.ices an average BOD loading cf 18.8 kg/kk;. 
The average BOD concentrat~on ~·1as 239 mg/l. .i.he average SS loading was 
14.3 kg/kkg with a concentration of 180 mg/l. 

SUBCATEGORY B 9 • PAPR ! KA ~NO CH I LI PEPPER 

The subcategory paprika and chili pe~per con~ists of wet sampling data 
from two plants -- 99CSOW and 99C~1w. As shown in Table 90, avE:rage 
BOD loading was 8.44.kg/kkg ~ith a range of 6.32 to l~.3 k~/kkg. The 
average BOD concentration was 391 mg/l with a range of concentrations 
from 253 to 604 mg/l. SS and flow ratio parameters showed similar 
consistencies. 

Model Plant 

The model plant for Subcategory B 9 was selected to have a flow of 
2000 cum/day (0.5 l·lGi)) with the following characteristics: 

BOD 400 rng/l 
SS 250 mg/1 
pH 6 to 9 
N&P Sufficient 
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SUGC:'IT~GCP.Y c 4 - EGG rr.oc~ss: .'JG 

Liquid Egg Process1nq ~guioment Cleaning 

According to Siderwicz (88 ), cleaning of liquid egq handling equipme~t 
is the 1argest source of ;astewater from eg'J processing plants. Virtuill ly 
all egg processors have clean-in-place systeMs for the cleaning and 
sanitizing of their nasteurizing equipment, liquid P.gg holding tanks 
and associated pipinf). This equipment is ncr~a1ly drained of egg 
product as cor~letely es aossible before cleaning. The cle~~inQ 
is accomplishe~ in thr~e steos; pre-rinse, washin'J, and rinsing. So~e 
e9g processors have reduced their water consu~ption by recoverin~ t~~ 
final rinse 1·1ater and reusing it in the ore-rir1se step of the next 
cleaning cycle. The qu~ntity ~f wastewater and the waste load fror th~~ 
cleaning process depends on whether the eJg product ~emaining in the 
pipes after the pumps are shut off is dischar'jed to the se~er or ~oes 
to inedibles. No data is availaole to cJantit~tively define the was~~-· 
water generated ~y thes2 cleaning pr~cesses as opposed to an egg proc~s;:~~ 
totai effluent. 

Egg Breaker ~astewater 

When a substandard ea~ is broke1 the cur and sometimes the entire 
breaking machine rriust.re ::as'ed -::\m. Sicer·1icz (38) indicates t"at tne 
washing of the e~g breaking 0auio~er.: is t~e second largest sourc2 J~ 
wastewater flow and th-: t:iird r'10s: ~";l:J:Jr·.ant so•irce of 1-1astewa:er 
strength. Schultz (89) reocrts ':hat t:!99 brea"er 1:1aste·.Jater fro"l a 
p1ant procPssir.~ 7~ ~.~~ ·.;..: :::~:: o"' ?~:;s per ::::iy has a BO:J of 45·'.:':: 
mg/1, a susoe,.,:'.s>d sol ids -:'.ln::21t··:;:~2r. ~f iOSC' -:g/l 3.nd a f101-1 uf ::·. '.:':.: 
mid ( 0. 8C6 mgd). 

E-:ig ~!ashing 

Sidenlicz (88) notes that eg'J 11ashing is another important source :i-:
wastewater volu1e and tr.e -;e::.:·r...: ·:.cs: 1;:;Qor:ant sou1·ce of \·1astewater 
str~ngth. EG'J :·13sr.ers wa:·.h <'~ ··:;~,~; r-e::~r:~ 1J~ing jetergent/disi:-
fe~tant solu:ion a~d :Men ~i.,s0: ~he~ ~it~ pot~~le w2ter. Tne rins2 
wHer is added to the \:asher :ar:·: .::.,i:: ::irovides a continuo1Js 0•1erflo\•1. 
Every four hours the \·tasner ti.Ir:,, ;s Oj:7'~'?j and refi1led witl1 fresh 1·:C!:c.·. 

Schultz ( 89 ) has .. e:>orce"! t'iJ~ .... " ·.-.Jd~e·· \·:;i~~~e··1at.er fror~ a o1ant 
;:irocessing 7') ~ 1'.g )7'- tons/ c~ ::::: :--:r· 1a1 1.::s a :.;OD of l~SIJ mg/l, ,; 
susuended soiics concen:rJticr, r.· .:.>: :;1 ~.and 3 flo1·1 of 0.917 :nld 
(Cl. 004 mgd) . 

General cleaning of egg processi~1 plants is also a source of wastewa!er. 
Some eg~s fall to the floor d~r;r·~ 'i:1ndling .:inli ::iust be scrc;pcd up. 
mopped up or rinsed into a floor ~rJ1n. All enui~~ent and flcors must 
be cleaned periodically. The fre~uency of general plant cleaning varie• 



from plant to plane, a~d the waste load varies dramatically, depenc~ng 
on the housekeep~ng practices. 

Combined Plant Effluent 

Total discharge volumes from egg processing plants range from 0.015 to 
0.53 mld (0.094 to 0.14 mgd). Total discharge per units of produc:i~n 
varies from 0.9 to 17.3 1 per kg (0.5 to 10 gal per lb), with remar~.sble 
differenc~s in wastewater discharge for apparently similar ooerations. 
Total production rang:cs from 4 to 85 kkg per day (4.4 to 94 tons r-1=: 1 • 

day). The data collec:ed indicated no rel.1tionship between tne tct~1 
production per GJy and the total discharge per unit of production. ~-~ 
SOD values of the total plant effluent from the plants surveyed rc~0 e~ 
from 1,800 to 8,600 mg/l and thP su~pended solids concentr~tions rl~:~~ 
from 540 to 1,600 mg/l. iaole 91 is a sulllllary of the plant effluer.:. 

Model Plant 

The mocel p1ant ~or this subcategory is a hypothetical egg processin: 
pla~t which ;roduces frozen, li~uid and dried egg products. Thee;=~ 
are trucked to the c1n'l': in 21 k; cases (30 dozen eggs}. After a s•1::r·-: 
period of refr~gera~eJ s:o~age, the eggs are loaded, candled, washe~ 
and broken as 1escrihej in Section III of this document. The eggs ari: 
then pasteurized anj frczen, drieu, or sold as liquid egg. Total ~~== 
broken at ti1e model pl:!'lt in a 2~ hr per day operation (including ar: 
8 hr cleanup shift) is assurr.e::i tc be 30 kkg per day (33 tons per da.1). 

Wastewater • Sources cf wd5:e'.·iater from the model plant would incL:e 
all sources listed above. :ne~'~le eggs are recovered and sold or 
handled as solid was:e to heir reduce the waste strength. Tot~l 
wastewater flow 'Jr ~he ·.~de 1 J1ant is assumed to be 0.2 ~Id (0.0~ -;: 
and flow per kkq of e~gs oroKen is 6.5 1. Effluent BOD is 3,70G mg · 
and the effiuent sus;~nde~ soi 'js :oncentratio~ is 850 mg/l. Thus. :~0 
waste load from ~he ~ode1 plant ~111 be 23 kg BOD and 5.4 kg SS pe~ •·: 
of eggs brr.l:er.. !: is aLo J'.:S.i"e:.: ::h.;t this :nodel plant utilize: ~ 
catch basin tv rer.iove :.hel:s ;·!'":-:-: ·ts waste s~rearr.. Same of the 'r:
technology described in Sec~~cn ;;; is Jtilized by the model plant. 

SUBCATEGORY C 5 · SHELL EGGS 

£ g 9 l·I as hi nri 

Egg washing is the mJjcr sour:e ~f wastewater strength and volume fr~:·· 
shell egg plants. Ec:ig 1·1ashinG .. :Jc'1inesuse a recirc11latin9 disinfe·~:·,:·: 
detergent solution For 1vJsnili~ .... .,1.-'1 i<; follo\·1ed by a potable 1•dt~:· 
rinse. The rinse water added to the washer tank provides a continuo~s 
overflow. Every four ho·Jrs t'ie ... ~sher tank is dumped and refilled.,.,':~ 
fresh ~1.Jter. Schul:: l[i9) repor-:0::: :Mt contin~ous overflow from t:°'lP 

egg washer had a C00 of 935 ~g'l and suspended solids of 150 mq/l. 
SilnH>les taken fro1:i an egg 1·1::1sher :,rnk during th;s study had !30[) vaL~: 
between lBOC and 3600 mg/1 anj sd:~e~1ed solids va·~cs between 240 
and 1400 mq/1. 
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P 1 ant C l ea n i ng 

General cleaning of shell egg plants is a significant source of 1~a<;tt>l'later 
aeneration. Some eggs fall to the floor during handling and must be 
icraped up, mopped up, or rinsed into a floor drain. All equi~nent ~nd 
floors must ~e cleaned periodically. The frequency of general plant 
cleaning varies frorn plant to plant, and the 1·1aHcload varies dra:.:atic'1 .. , 
depending on housekee;:iing practices. 

To~c 1 Processing Effluent 

~1e qu3ntities and characteristics of wastewater from shell egg plants. 
vary considerably. These variations are usually the result of ooerJ:i~~ 
and ·:ieanu::i procedures, 1~hich de;Jend on the trai1ing and managemen! 
of the personnel. Wastewater flow per unit of Oroduction varies from 
olant to plant, but is generally consistent wit~in a given pl3nt. 
Table 92 includes data describing t~e total processing effluent for 
this subcategory. 

:~e 1•ode1 :::>l:ir.t for ~.his sub:::ite;ory is a hy8<JtheticJ1 shell q.;; ;;: .... 
7rH? E''J'lS :ire :rucke1 -:o the i::lant in 2; kg cases (30 dozen eoc:s). :,•:-"·
J s~crt oeriod of re~r~gerated storage. the eggs are loade~.-~ashe~. 
cJnc~ej. graded, and ~a:~aged as aescribed in Section III of !his 
aoc:,r;ient. 

0oer~ting procedures stress the recovery of inedible e9gS for sale as ~ 
cowconent of ani~al feed or disposal as sa:~d waste. T~e e~uio~e~t 
an-:! f 1 oors =1r~ "'!~ c:e~r.ej ~fte..- rec')·:er .. 1 'Jf the inedib~e e·::? :>r•~a• .• -:·. 
:G":.1i ~, ... c::'.;~:.:on :it t':e nc,,J:?l ~ianL is ~s~:Jrae,J to be 12.5 kkJ ~l~ ~:r~::: 
per '.i:lJ i.:r-oouced in e~ J'i: hours per da;, five da::s per 1·12ek opera:~.-,•: 

l~~ste~1ater - Sou!"'ces '.lf wastc.,:at0 .. frcm the "'10del plant incluje ;}1~ 
of tne sources liste~ above. !~e~'~le e~'JS are recovered and sold. 
7.:ta1 ,.,·~s:e .. c.:er ·1c1t.;:~e is ~ssu•··~·..: tc :.ie O.J13 rnld (3500 a::ia). ;t 
is a!sumed that this ~odel piant utilizes a catch b~sin o~ a larqe 
0. 6 err. (0. 25 in.), mesh screen to remove she1 ls from the waste s trei!-. 

436 

··CT TtT!rf!"'"EFS 127 -· -f#·frtn 'tY 



DRAF'T 

SUBC1,TEGOP.Y C 6 - :-tANUFACTUi'.ED ICE 

The Quantity of "'ater that is wasted is the rarll:.1eter of rnost concern. 
In fragmentary ice manufacturing the quantity of wastewater discharged 
approximates the quantity of water incorporated into the ice. The 
range in d1schar~e is relatively narrow and is not highly operator
dependent. On the other hand, the quantity of water used and waste· 
water discharged from block ice manufacturing has up to 20-fold variaticns 
frorn plant to plant. These variations are pri~~rily due to w~ter con
scrvati~n practices or lack therPof, and mo~t of the variations in 
water use are attributed to discharge of once-through cooling water. 
The thrust of this program, however, is directed to precess water and 
the waste load in terms of kg of pollutint per kkg of product. There
fore, the following discussion is ~irected to ~aste load ratner tha~ 
discharge volume. 

The concentration of pollutants from ice manufacturi~9 is nominal. 
P0llutants, if tnese constituents should be classified as pollutant~. 
consist predominately of dis~olved ~olids (salts) with very low 
s•ispended solids, BOD, 3nd nitrogen concer.trc1tions. The corcentration 
of sJlts and suspended solids in the waste stream is dependent on the 
characteristics of the water supply. 7he water used in ice manu
facturing must be potab1e, but if the water had a relatively high salt 
and solids concentration, the :oncentration cf these constituents in 
the waste streum will be proportionately high. 

The major sources of these pollutants are the followiny: 

1. Water pretreatc,ent, if re~uired to remove suspended 
solids. Predomina~t treotnent methods are li~e. 
sand filters, and carbon filters. 

2. Core pumping. A number of block ice p1ants purr.p out 
the unfrozen core water prior to complete freezing 
of an ice block. Thi' c're water ~as a volume of 10 
to 22 liters (3 to 6 gal) per bloc.::, ariJ i~ crmtcir.s 
much of the solids and other imourities found in the 
water supµiy. 

3. Can dipping in a block ice plant is a source of a 
small amount of salts. Pollutants in the waste stream 
from can dipping are pri~aril1 brine re~ain:ng on the 
ex:erior of the cans when they are removed from the 
brine tank. However, prior to can dipping but after 
lifting the cans from the brine tank, the cans are 
suspended for several nir.utes to allow n1ost of ~he 
brine to drip back into the brine tanks. Chloride 
concentration!:> in the dip tar:k are not.na1ly below 
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that which would pro~uce a sa1ty ta~te in the watnr and 
the solids are usually dissolved and of relatively low 
concentration. 

J. Slowdown from fragnientary ice making r.iachines has 
approxir.iately twi:e the concentrations of dissolved 
and suspended solids as the water supply. 

4. Snow and end pieces generated by crushing, scoring, and 
sawing block ice into sized or cub( ice contribute re
latively pure 1vater tiith virtually no pollutants. Sorr.e 
plants recycle this water for ice-~a~ing and others 
discharge it as wastewater. · 

Total Processins E&fluent 

The quantity and quality characteristics of wastewater from ice ~Jnu
facturing plants is relatively co~st~nt in any p~rticular plcnt. The 
~ame process~s are used fepeatedly in both block and fragmentJry ice 
production. ihus, the only variations in quantHy or quality cf t:~e 
waste~1ater co~e from variations ir. tr.e product mix. Waste1:ater frc. 
ice manufacturing plants is clean in comparison with ot~er industrial 
waste streams. Characteristics Jf the wastewater is s~milar to those cf 
the 1;ater suoply \>1ith slic:;r.t to 100 perc,..,t increase in chlorice a~d 
dissolves solid concentraticns. Table 93 includes data ~scric~ng 
the total processing effluent for this ~ubcategory. 

~odel Plant 

The rr.cdel plant for this sub:ategory is a hypothetical ice manuf~ctur
ing plant producing both b'1ock and frasr.ientHy ice. The block ice is 
prod~ced as described in Section i!l and core ~ater is pumped from 
the clocks. Both once-through co~pressor coo1ir.g water an~ core pw~p
ing 1-.ater are discharged to tr.e ~1aste stream. The fragmentary ice 
mac~ine is loc~ted in the sa~e building as the block ice fQcil~ty and 
its waste is discharged to the ~~ste stream. Aver~ge totJl prccuc:~o~ 
is 17.2 kkg per day (19 tons cer aay). Production is 24 hours per 
day, five dayi ~er week for six ~cnths a year. 

Wastcwster - Sources of wastewater from the mode~ plant include all 
s0ur;.~Slisted above. 

Parameters of the wastewater are assu~ed as follows: 

1. Flow vol~~e - average - 0.04 mld (11 ,000 gpd) 
minimu~ - O.OT mld (3,COO 9pd) 
maximum - 0.19 ml~ (50,000 gpd) 

2. BO~ - 1.2 mg/1 
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a3L: 93. R.lfol w:.~TE SU'IHAR'I' 
MLNufACiu~rJ ICE 
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3. SS - 5.2 mr,/l 

4. 0.004 - kg 800 per kkg of product 

5. 0.012 - kg SS per kkg of product 

suac~7ESORY c 12 - SA~D~!CHES 

Cleanu:; 3n: :'Jta 1 Corbin<>':l flr'JCCSS t·/aste 

Gerer.:il cie:inin·::; is the c:r.ly SO'Jrr.e of ·.-1as'.:~'.:Jter generation in f!:QSt 

pre-:dclacect sar:~wich plants. Gcner~l clea~ing consists of washing ~~~~ 
utensils in :i S1!1k or dish1-1asher, ·.~ipirig off count:?r tops, a:id r.ior::';:.:: 
floors. These orocedures ar~ nor~ally e~olcyed on a daily basis. ~~rtat:~ 
c~op~irig ~~chines used 1n clants t~3t blend salad-type sandwic1 till1ri;s 
are cle::ned da:l; 1vitn a :iose. i'ie total voiJ~e of process •.,r;;;te·.·iatt>'" 
from the o:ants contacted ran~ed fro~ 400 to 11,000 lpd (lCO to 
3000 gpd)'. -

Model Plari .. 

He ·10del ;:i1ar:~ for this subcate·::::ir--, is a h_v:iothetica1 rilant 1·:hic'1 
assi:~~.1es a variety of pre-:-i:ic;'.age:l sa".:1;i:nes. Al~ of the :-:-:.-:.2i-i~i:, 
frrn:i 1~riich t•,e sand:iicriec; are :.s;e:1;:iled are :ro::essed be.;o,-e :~eli;er. 

at t~e sanc~ic~ p1art. 7~tal cr~du:t~0~ at ~~e ~odel plant ls ass~-~= 
to be ~.S ~~g '.5 :o~s) per ddy ~rodJced ~n 3 ~ours per jay, fiv8 d0y3 
per \1eek. 

',-la:re·.·1.::.ter - So'.irces cf v1as~e~·1a:e,- fro'.'.: :.he ,:'.odei phnt incl:.ide gene.-:~ 
c·ear.1r:g :f ;iana 1Jtensils, '=:ur.~er- ~c~s ar:::1 flo:'rs. The 1:Jaste'.·1ate,... 
CcM from tf1e model plr.nt is 7,6'.JO 1 \20CO gc:1) per <:a_v. 

Two days of sampl 1ng vJere conducrc·i at il major prod;;c..e:r cf pre-ocJc::a.~ed 
sanawicnes. However. the samoles were taken by Jn employee of the ~1 ~~:. 
and app3v-er.tly ca~e fro'l1 the surface of the ~ ease trap. As a re~:.~ t. 
the va'.ues s::i:~ined •.:ere not rec,r·es•.:nt:ir.:ive o: :re ;:ilant's 1vas~e·.1a:':'". 

SUBCA7EGORY D 4 - VJNEGA~ 

Wastewater characterization i5 based on data from ~our plants engage~ in 
the production of vinegar from ape le oroducts. Altt Juqh vinegar is also 
produced fror.i grape oroducts and DurC"'ased "?':r.ariol, no :1i:;tori::al data 
for processors utilizing thes~ ra~ ~aterials was available. Vinegar frc~ 
apple products represents the largest segment of the industry and is a 
good representation of the incwstry as a whole. Table 94 su1TJ11arizes 
the data collected. 

Water use in the vinegar plant is prir..arily in the filtration operati::in 
with lesser amour.ts consumed for d.:iily plant c:leanup. Wooden holding 
tanks, when not in use for v:negar storaqe, are filled with water to 
avoid shrinking of the wood; draining of.these tanks occurs as necessery. 
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Non-contact cooling water ;s also used in the vinegar aenerators and may 
or may 'lot be rec.vcled. The ratio of wastewater to production averaged 
1170 1/kkg (1170 gal/1000 gal) wtth a range of 540 to 2550 1/kkg (130 
to 610 gal/ton). 

The expected ran~e of BOD ratios ts from 1.20 to 3.07 kg/cum (10.0 to 
25.6 lh/1000 gal) with an average of 1.92 kg/cum (16.0 lb/1000 gal}; 
suspenoed solids is from 0.317 to 1.36 kg/cum (2.63 to 11.3 lb/1000 
gal) with an average of 0.654 kg/cum (5.46 1b/l000 gal). The range of 
waste loadings is not directly related to any observed differences be
tween tl;e processors. However, the handling of filter washwa ter and 
storage tank sedimentation can greatly influence the waste loadings. 

Of p~rticular importance in the vinegar µrocess is the presence of acetic 
acid in the effluent. The arithmetic average pH for three plants with 
raw effluent data was 5.17 with a range of 4.59 to 5.50. Surges of wast~
water \o.'ith lower pH can be expected during the flushing of holding tanks 
and clednup of spillages. 

~odel Vineqar P}.ant 

Procuction: 
Wastewater flow voiume: 
Wastewater characteristics: 

Primary source of wastewater: 
Spe~ial consideration: 

78 cu m/day (20,000 gal/day) 
90.8 cum/day (.024 MGD) 
BOD = 1950 mg/1 
SS .. 660 mg/1 
pH = 5.2 
filtration operatf on, washdown$. 
pH adjustment. 

SUBCAi'c•:;o~IES E 1 MOLASSES HOflEY GL.AZEO FRUIT' AND SYRUPS • E 2 
PCS?..;; , E 3 PRE?ARED GELATW DESSERTS , E 4 SPIC S , E 5 D • 

HYOP.ATE.'.l SOI.JP , AND 6 MACARONI, SPAGHETTI, VERMICELL· , N ,'\Q OLES) 

The processes associated with Subcategories E 1 through E 6 have been 
found ·,o generate little w3ste~1ater. What 1 ittle wastewater that is 
generated results from equ;pment cleanup and f'loor washing. The volume 
generally amounts to less than 4000 l/day (1000 gal/day). The po11u· 
tant loadincr is comparable to that of domestic sewage. The develop
me~t of model plants is not necessary for these subcategories. 

SUBCAT~GGRIES F 2 BAKING POt~DER). F 3 (CHICORY), ANO F 4 (BREAD CRUMBS 
NOT PRUDUCED IN BAKERIES) 

As de~cribed in Section III, t~e processes assJciated with these sub
categories are dry processes that generate no contact process waste
water. Therefore, development of model plants is not neces~ary for 
these subcategories. 
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SECTION VI 

SELECTION Of POLLUTANT PARAMETERS 

WASTE~IATER PARAMETERS OF POLLUTIONAL SIGNIFICANCE 

Major wastew~ter parameters of pollutional significance for the 
miscellaneous foods and beverages industry include BOD ( 5-day 
20°C), COD, suspended solids, and oil and grease. Minor parameters 
of significance include pH, nickel, alkalinity, total dissolved 
solids, nutrients (fonns of nitrogen and phosphorus), color, chlorides 
and temperature. On the basis of all evidence reviewed, there ~oes 
not othe~ise exist any purely hazardous or toxic pollutants (e.g., 
heavy metals, pesticides) in waste discharged from the mi~cellaneous 
foods and beverages industry. 

When land disposal of waste1-1ater is practiced, contribution to ground 
wJt~r pollution must be prevented. Under land dis~osal procedures, 
a 11 practices sllou 1 d be in genera 1 accord with the Env i ronmen ta 1 
Protection Agency's "Policy on Subsurface Emplacement of Fluids by 
Well Injection ... with accompanying "Recommended Data Requirements 
for Environmental Evaluation of Subsurface 'Emplacement of Fluids 
by lo:e11 Injection" ( 90 ). 

Significant pollutional parameters for the protection of ground 
water from land disoosal include BOD, COD, pH, temperature, total 
dissolved solids, and nut.rients. 

RATIONALE FOR SELECTIOU OF IDENTIFI.ED PARAMETERS 

The rationale for selection of the significant parameters for the 
miscellaneous foods and beverages ind~stry is given below: 

Organics 

Biochem·i cal oxygen demand (BOD) is a semi-quantitative me.?sure 
of the biologically degradaole rirganic matter in a wastewater. For 
this reason, in wastewater· treatment, it is commonly used as a ~easure 
of treatment efficiency. ! t is a part·i cul a rly app 1 i cable parameter 
for the m;sc:1laneous foods and beveragPs industry since the ~astes 
are highly biodegradabl~ with very few exceptions. 

The primary disadvantage of the BOD test is the t;me period required 
for cl''l~lysis (five days is normal) ar.d th~ considerable amount of care 
that mL'st be taken to obtain valid results. 

Under proper conditions, t~e chemica) oxygen demand (COD) test can 
be used as an alternative to the BOD test. The COD test is widely 
LJSed as a means of measul'ing the total amount of oxygen required for 
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oxidation of organics to carbon dioxide and water· by the action of a 
strong oxidizing ager.t under acid conditions. J·~ differs from the BOO 
test in that it is independent of biclogical assimilability. The major 
disadvantage of the COD test is that 1t does not distinguish betweer. 
biologically active and inert organics. The major advantage is that it 
can be conducted in a short period of time, or continuously in automatic 
analyzers. Jn many instances, COO d~ta can be corr~lated to BOD data 
and the COO test can then be used as a substitute for the BOD test 
where a reliable relation~liip can be de:nonstrated to exist. Considerable 
difficulties ~ccur with th~ COD tej~ i~ the presence of chlorides. 

The measuremer1t of total organic carbon (TOC) offers a third alter
native for an indication o organic concEntrations. This test offers 
the potentiality of a high degree of rel1atility and produc~s results 
in a matter of minutes. Howevt:r, at the present time the equipment 
required for the test is relatively expensive, has not bee~ used 
extensively to date, and has had 1 ittle exoerience in thP. ·niscP.l litnPn11c; 
foods and beverages industry. · 

With a few exceptions, the wastP.~·aters generated by the miscel 1-'!neous 
foods and beverages industry con!ain relatively hi:Jh levels of readily 
biodegradable organics. 

Sus~nded Solids 

Suspended solids serve as a parameter for measuring the efficiency 
of was~ewater treatment facilities and for tile design of such facilities. 

Suspended solids concentration in water affect light penetration, 
te~perature, solubility products, and aquatic life. Upo~ settling, 
solids may blanket organisms or their habitats, either killing the 
organism or rendering the habitat unsuitable for occupation. Suspended 
solids conc~ntrations greater than 80 mg/1 in fresh water streams have 
been reported ( 91 ) to be detrimental to fisheries. 

Suspended solids arc a major pollutant paramet~r for most of the 
subcategories discus~ed in this document. It is relatively niinor for 
most of the confectionery opt:rations as well as for a few other products 
for which carbohydrates are of greater importance. 

Oi 1 and G"ease 

Floating oils may interfere with reaeration and photosynthesis 
and prevent respiration of aquatic insect:; which obtain their oxygen 
at the water surface. Free and emulsified oils may interfere wHh 
fish respir~tion ~nd destr~y algae dnd other plankton. Deposited 
oily substances on the bottom of a stream bed may destroy benth;c 
organics. 
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Oil and grease is a major parameter for the vegetable oil processing 
and refining industry, the bakery and confectionery industry, the pet 
food industry, and fnr several of the miscellaneous products. 

These oils and gr~ases of animal and vegetable origin should not be 
confu~ed with petrole11n wastes. The oils and greases generated by 
the industries which are subject to this study are readily biodegradable 
in both municipal and private treatment systems. 

pH is an important criterion for in-process cuntrol, odor control, 
and bacterial growth retardation. Highly acidic or caustic solutions 
can be harmful to aquatic environments and can interfere with water 
or wa~tewater treatment processes. The acceptable range for successful 
performance of biological treatment and a healthy fresh water habitat 
is between 6.0 and 9.0. 

Several of the subcategories dlsc~sied in this document require 
mir.~r pH adjustment before discharge or biclogical treatme~t. It is 
perhaps m~st significant for vinegar which prod~~es an effluent 
with high co~centrations of acetic acid. 

Nickel 

Nickel as a pure metal does not consitute a serious threat tG 
receiving waters~ however, many of the salts of nickel are soluble 
in water and may be hazardous to aquatic life. Since t~~ acute and 
chronic toxicity values of nickel vary widely, the EPA ( )2 ) has 
proposed a limiting application factor of 0.02 of the 9E ~our LC50 as required to provide adequate protection for aquat;c life. 

The only kr.own source of nickel fn pr~r.ess w~ste water from the 
miscellaneous foods ard beverages industry wou1.i be attributable to 
the edible oils refining iniustry ""·here small J.mounts of nickel are 
used in ~he process. The discharge of nickel from editlf oil refining 
plants .has been found to t.e very in-significant under presE.::t operating 
practices. Effluent limitation of nickel within technological capa
bilities ilnd pollution control requirements is justified in a P'~
r.autionary sense, due to the potential pol11;ting effects attr;bu!:.a:/1e 
to this material. 

Alkalinity 

Alkalfoity in·water is a measure of hydroxide, carbonate, and bi
carbonilte ion-;. Its primary significance in water c;hemistry is lts 
indication of a water's capacity to neutralize acidic solutions. 
Jr high concentrations, alkalinity can ca1Jse problems in water treat-
mer.t facilities. However, by control of pH, alkalinity is also controlled. 
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Total Dissolved Solids 

The quantity of total dissolved solids in wastewater is of little 
meaning unless the nature of the solids are defined. In fresh water 
supplies, dissolv~d solids are usually inorganic salts with small 
amounts of dissolved organics. and total concentrations may often 
be several thousand milligrams per liter. 

It is not considered necessary to reconmend limits for total 
dissolved solids since hannful salts and organics are limited by other 
parameters. 

Nutrients 

Fonns of nitroyen and phosphorus act as nutrients for the growth 
of aquatic organisms and can lead to advanced eutrophication in surface 
water bodies. In water supplies, nitrate nitrogen in excessive con
centrations r.an cause methemog 1 obinemia in human infants and for this 
reason has been limited by the United States Public Health Service to 
ten milligrams per liter as nitrogen in publi\ water sup~lies ( ~3 ). 

Under aerobic conditions arrrnonia nitrogen is oxidized to nitrite 
ar'ld ultimately to nitrate nitrogo;n. Phosphorus compounds are corr:nonly 
used to prevent scaling in boilers and orthosp~osphate may occur in 
boiler b101vdowns. The use of phosphate detergents for g~neral cleaning 
can contribu~e phosphates to total wastewater discharges. When applied 
to soil. phosphorus nonna11y is fixed by minerals in the soil, and 
movement to ground water is precluded. 

Colc.r 

True water color is a result of substances in solution after 
suspended materials have been removed. It may be derived from mineral 
ur organic sources and may be t~e result of natural p~ocesses as well 
as manufacturing processes. 

The effec~ of extreme water color on aquatic life is to limit 
light penetration, the re by restrict 1 ng the photosyn th et 1 c zone and 
in::iactin') bent!ios. Ot!1erwise, color r.ia~· serve as an inrJirec-: ini:1ica
t"ion of pol1:.Atio11 and be aesthetical 1y objectic,:iable. 

The production of sol1ible coffee, tec1, rum. and yeast results in a 
wastewater with considerable color. The effectiveness of biologica·! 
t~eatment for color removal is ques.tionable. :arbon filters or other 
devi,es may be necessary for color remo1al in some instances, but present 
technology for color removal fro~ these wastewaters is nonexistent. 

The acceptable limits of color in na~igable waters are highly 
dependent on the natural levels of color in the waters and the degree 
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of available dilution. The Environmental Protection Agency ( 92 ) 
has proposed that acceptable conditions regarding the conmined effect 
of color and turbidity in watE:r wnl be met ·if the water's compen
sation point 1s not changed by more than 10 percent from its seasonably 
established norm, and if no more than 10 p~rcent of the biomass 
of photosynthetic org~iisms is placed below the compensation point 
by such changes. 

Ch1orides 

Chlorides can cause detectable taste in drinking water in salt (sodium, 
calcium, magnesium) concentrations greater than about 150 mg/1; 
however, the concentrations are not toxic; drinking ~"Ater standards 
are generally based on palatability rather than health requirements. 
In the application of wastewater to land, no practical limits can te 
reccnmericea by this document since chlorides are generally non-toxic 
to crops, alth~ugh some fruit trees are sensitive to chlorides. A 
consideration of crop irrigation with wastewater should take into 
acccunt chloride concentrations. 

The operations discussed in this doct•ment which discharge significant 
chloride concentrations are block ice produ~tion, olive cil production, 
and pectin production. In the case of block ice production, the 
concentrations in the wastewater are within drinking water standar-ds. 
The concentrations for olive oil and pectin are con~~dcrably higher 
and attention must be given to specific. discharges. 

Te:nperature 

The discharge of heated waters, with inadequate dilution, may result 
in serious consequences to aquatic enviro~~ents. Generally, problems 
of heated water are associated with various cooling waters that are 
not subject to recommendatior1s in this docume,,t. One process stream, 
currently discharged in some cases frcrn rum distilling. approaches 
the boiling point of water; however, recommended control technology 
developed in Section VII woul~ eliminate this problem. 

METHODS OF ANALYSIS. 

During the course of this study a number of wastewater samples were 
co11ected and analyzed at the laboratories of Environmental Science 
and Engineering, Inc., r.ainesville, Florida. The following outlines 
the analytical methods used. 

Solids 

Total solids was detennined by drying an aliquot of sample at 
104°C according to lPA methods (EPA. Methods for Chemi~al Anal~sis 
of Water and Wastes, 1974, p. 270~ S~andard Methods. pp. 535-5 6). - -
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Ois~olved and ~u!:pcnded solids 1·1ere deteM'lined by glass fiber 
filtration and drying at 104"C, (Standard flethr,ds, pp. 535·536). 

Volatile solids was detennined by combustion at 550°C, (EPA Methods, 
1974,_p. 272; Standard Methods, p. 536}. 

pH and Te~p~rature 

pH and temperature were de:ennined at the time of sample collection. 

Nitrogen anc Phosphoru~ 

Total nitrogen vias detennined by thC! '~jeldahl digestion procedure 
(Standard Metli'Jds, p. 469) and total pho~phorus by the ascorbic acid 
method (Stanaarc Methods, p. 526, 532). 

Oil al'd Grease 

Oil a~d g~e~se was determin~d gravimetrically by the liquid-
liquid extraction tecr.nique wjth hexr.ne. The procedure is a modif
ication of the technique ~Pscribed in EPA Met~ods, pp. 226-228. 

BOD was deter-mi r.!?d by oxygen dep ., et ion i.i: 20° C using a membrane 
electroJe tc me3sure DO (Standard ~~ethods, pp. 439-495; EPA ne:n~ds, 
197~. ~p. 11-12). 

COD 

COD was deter;iiined by dichror:iate oxida:ion fol101-1ed by titration 
with ~errous ammJnium sulfate (Stardard ~et~ods, pp. 495-499i EPA 
Metrods, 1974, p. 20). 

Co~or was deterriined colorimetricai ly on a Klett-Sl•ll'VTlerson colorir:if'.'tr::r 
and is renorted in chloroplatinate units, a variation Jf the method 91v~~ 
in EPA rtet~::ids, 197A, pp. 36-18 and Standard ~1ethods, pp. 160-162. ~;hiie 
this method is designed for natur11l 1·1aters, the r.1ajcr need for color 
a~31yses has been in the tea and coffee industries where the nature 
of the color of the wastewaters aoproxiMates that of natural waters. 

~ 
Ar.~:inia was detemined by a selective ion electrode (EPA tlethods, 197~. 
pp. 165-167). 
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Chloride 

Chloride was detennined by titration with mercuric nitrate (EPA Methods, 
1974, pp. 29-30 0 Standard Methods, pp. 97-~9). 

!Q£. 
TOC was detennined !>y catalytic combustion to C02 followed by infrared 
analysis of the C02 with a Dow-Beckman Hodel No. 915 Carbonaceous 
Analyzer (EPA tlethods, 1974, pp. 236-238; Sti!ndard r-~ethods, pp. 257-259). 
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SECTIOi~ VII 
COfffROL AND rnrnrnrnr TECHl:OLOGY 

This section identifies, documents, and verifies as completely as possible 
the full range of control and treiltment technology 1·1hich exists or has 
the potential to exist within each industrial subcategory identified 
in Sect·ion IV. In addition H develops the control and treatment al
ternatives arplicable to the ~odcl plant~ developed in Section V. 

The development of model treatme~t alternatives for each ~ubcategory 
is based on the treatr.1ent modules listed in Tuble 95. 

The modular approach to treab~ent is used in order to allow the eval
uation of alternative treatment chains, both in terms of probable 
treatment efficiency ar.d co)t effectiveness. 

In those cases where plants wit~in a subcateg~ry are expected to be 
distrib~ted tnroughout the United States, the prime choice of trea~
ment for t 11at subcates0.ry has beer. developed as tile lPast land· de
pendent a;ternative. lJevertheless, ~ince it l'/Ould normally be expected 
that at least sc~c members of the subcategory would have available 
land (1·1i1ere "available land" is defined as land that is 01·med by ti".e 
processing plant or can be leased or purchased fvr a reasonable price, 
and thi!t can be SL.iitably used fer ;:aste disposal), more land depencent 
alternatives have also been develo~·ed. 

Other factors which could affect the ~hoice of a particular treatme~t 
train for a particula.· plant i11clude the following: 

1. Seasonal~ty of plant operation, 
2. Expected skill of operating personnel, 
3. Non-1·1ater quality aspcc:s (as described in Sec:icn VII:-) suc1 

as noise, odor, solids residue disposal, etc., 
4. Degree of pollution reduction within the process. 

Since the pur~ose of this docu~2nt is to deveiop recor~ended efflu~~t 
limitation guia(lines for point source discharges in:o na~igable wa:~rs, 
municipal treat.~:ent is net directly considered as a tre:itr.:ent alterr~.:i:ive, 
t.ut it 1·1ould obviously be econo:::ical ly attractivt: in many cases if 
avai1~bie. For overall co~plctcness, ccsts associated with municipal 
treatmenr ~ill be ~iscussed in Section VIII even thou;h not directlJ 
applicab'.e to tl:e study. 

Jn a1~r.1tion to the treatment niodult?s discussed herein, a considerable 
num~~.>r of ot~er r:iodules could be con:;idered. For exa1 .. ple, anaerobic 
dig~stion could be usQd in most instances ;nstead of aerobic dige~tion 
(and tile possible recovery of methcJne gas as an energy source ~hoi.Jld 
r.ot be discounted); ho11ever, for the purposes of this document. it. 
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TADLE 95 

WASTEWATER TREJ\TMENT UNITS USED IN TREATMEIH TRAIN ALTERNATIVES 

A. No Treatment 
B. Pumping station 
C. Equalization 
D. Chemical Flocculant Addition 
E. Clarifier {incl~des s1udge pumping) 
F. ~cid Neutralization 
G. Caustic Neutra1iiation 
H. Nitrogen Addition 
I. Phosphoru~ Addition 
J. Air Flotation (includes pu~pi~g station) 
K. Activate1 Siudge (inc1Jdes sludge pumping and clarifier) 

Aerated Lagoon (inclvdes sett~ing pond) 
M. Stabilization Pond (aerobic, an3erobic, flocculation) 
N. Dual Media Pressure Filtration (includes pumping station) 
o. c~ntrifugation 
Q. Sludge Thickening 
f. Aerobic Digestion 
5. Vacuum Filtration 
T. Sand Drying Beds 
U. Spray Irrigation 
V. Truck Hauling 
W. Pipe Line 
X. Roughing Filter 
Y. Storage Tank 
Z. Activated Carbon 
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was determined th~t aerobic digc~tion woJld be quite effective 
and would adequately represent the a~sociatcd costs. In add1tion, 
anaerouic cJigcstion systems m.Jy be more land d-:µcndent as compared 
to aero~ic processes. 

Biological filters or discs could be used in some cases in lieu of 
activated sludge systems, and, in fact, activated sludge systems are 
currently employed by several plants. Also, various modifications 
of activated sludge other than the complete ~ix system could be 
successfully used by many plants. However, complete mix activated sludge 
was selected in this document because of its demonstrated ability to 
effectively treat high concentration \'1aste loaJs on a reliable and 
sustained basis. Other treatm~nt unit processes were not considered 
with similar justifications applicable for biological f1lters. 

It must be noted that the treatment systems considered herein are for 
subcategories containing, in most cases, numerous plants located through
out tl1e United States. lf a treatment plant is to be designed for a 
particular industrial operation, the d:sign should be p~eceded by a 
characterization of the process wastev1ater of th~ specific plant a11d 
by pilot plant studies in order· to provide an optimum trcat~ent sys~e~ 
for the given process. To the extent possible, the performances of 
the treat~ent systems discussed herein has been reflected by the de~cn
strated perfornance of treatr.:ent facilities presently designed for the 
waste, or as reflected by pilot plant studies for the same or similar 
1"1astes. 

The operational theory and design procedures for the treat~ent proces~es 
discussed herein may be found in any of a r.umber of sources, includi~g 
Metcalf and Eddy (94); Fair, Gey~r. and Qkun (95); C1ark, Viessman, anJ 
Ham~er (96); ~emerow (97); and Eckenfelder (98). 

Unless indicated by per~ormance of exis:ing or pilot plant results for 
the specific wastes, determinat1on of pollutant reductions through 
conventional secondary treatm~nt measures has been strongly guid~d by 
experience in treating general food processing wastes. Ample evidence 
exists as to the ready biodegradabi1 ity and treatability of food r;ro~~s
sing was:cs, and studies have cont1nuea to support the ability of 
properly designed, operated, and maintained activated sludge syster.is 
to achieve high efficiencies of rcr.1ova 1 of BOO ( 95 percent or greater). 

The following discussion of each module includes assumotions that, 
unless othen~ise stated for a subcJ~e1Jor:1, are applicable to all suti
categorics. Unit,\ is defined as''') 1id1Lt1or.al treat;;1cnt above that 
already employed by the mOdf'l plant; it does not nece:;s.:irily mean tl1at 
no trcat1;1ent whatsoever is bein9 used. For exainple, an plants repre:;ent"'~ 
by the model pl.:int may er1ploy pr11:.ary sedimentation. In such inst.:inc'-'"• 
ra1v 1~aste1·1atcr from the model plant would be the effluent from the µrir.:ar.J' 
sedi111entat.ion process. 
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Ur.it ~. tt.c pu111pin~ st<.iLion,iltustr.:itcd in Fi~url'.! 138, is as!iumed 
tc ~onsi~t of t1·:0 ru:.1p:;, each cuµJbll: of pu1nr>ing 100 pcrcC!nt caµucity 
at rs pEm:1:nt effic~cricy. The pumping station operates at a head of 
70 :1 ('3G ft). 

un;t ~. the equalization basfn, provides twenty-frur hour detention 
tim0. Mixing is provided by 0.05 cum (0.5 cu ft)'~f diffused air per 
liter (g~llon) capacity. The basin is a circular. 0.794 cm (5/15 in) 
steel tank on a concrete base. 

Unit D provides for the addition of chemicals for flocculation. 
The system consists of chemical storage ~nd dry ch~mical fC!ed through 
a vibratory ho~per. 

Unit E consists of a circul~r steei clarifier as shown in Figures 
139 anc'. 140. Tl1e system inc)udes sludge ant sl:um collectors, sludge 
pumping with two pumps .:it 100 percent capacity, and all necessary 
~lectrica1 and mechanical facilities. The clarifier is designed for 
a surface over-flow rate of 20,400 l/<lay/sq m (500 gpd/sq ft). 

Unit F, acid neutralizdtion, is provided by a 50 percent solutio,., of 
sodiur.i hydroxide (:~aOH). The systein includes tv10 chemical pu1:1ps, a fiber-
glass lined tank, with 30-day storage capacity, and a pH central syste~. 

Unit G, caustic r.eutralization, is provided by a 93 percent solution 
of sulfuric acid (H~S04i usiny the same syst~rn as used for sodium 
hydroxide addition. il1e feed syster11 i5 ~llustrate~ in figure 141. 

Unit !i, provides for addition of nitrogen i'F the w.Jst1?1•ater to be 
biologically treated is considered to be deficient in nitrogen. A 
deficiency is assumed if the BOD:N rat·io is less than 20. As illus
trated in Figure 142, the system for nitrogen addition consists of 
a steel pres~ure tank ~1hic.h provides 30 days storage fnr anhydrous 
ammo111a, and an a!T11loni ii tor for feed control. 

Phosohorus additio'lt 1f necessdry for birJ'1ogic.;al treatment, is provided 
by Unit 1. Phosphorus addition is considcri:d neces5ary if the SOD:P 
ratio"i!: less than 100. This sy!'.tem 1 illl1strated in Ffgure 143, 
consists of a 30-day capacity ffb~rglass lined ~torage tank for phos
phoric acid and a chemical pump. 

Unit J is a dissolved air flotation module for the removal of oil 
and grease from 1vastc1·1a':er. It is designed fo1· 4n overflow rate of 
24tOOO l/day/~q m (600 gpd/sq ft). 

Unit K is a comp1ete mix ac:fvatecl s1udqo? unit, as shown 1n 
Figure 144. 1vhich includes a clarifier such as that described for 
U1l1t E. The ll!.<>S f:; assumed to b~ 3SOO ·:1g/l and the OOD lcadin~ iat~ 
to be O.Sf. 1<9/cu ni (35 lb 1300/1000 cu ft). lleturn sludge c.:i1>ac'ity is 
150 per~ent of influent. Aeration is provided by fixed surfa~a o~r~tors 
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(as illustrut~cl in Fi~ure 1~5). It is as5umed that 1.5 kg of oxygen 
(1.5 lb oxyyen) arc required per kg (pound) of influent GOD. 

Unit L is an aeratad lagoon system as illustrated in Figure 146. It 
is assumed that the lagoon achieves the Sume level of pollutant reduc
tion as Unit K; the 1Jgoon has a length to width ratio of 2:1. and 
is lined with 10 mil PVC. It has a depth of 3.7 m {12 ft) and is 
completely mixed. It 1s designed based on the relation 

8/~ ~ 1/ll+K(V/Q)J 

where 8 .. effluent BO~. mg/1 

A • 1nfluent 800, mg/1 

K ,. BOD removal rate co~stant, 1/days 

v • volume, cum 

Q • flow rate, cu m/~ay 

The va 1 ue of K is as~umed to be 1 .o for soluble wa5te~. 

Aerat~on is provided by surface aerators and the same basic assumptions 
are ust:d as were used for Unit K, except that a mixing requirement of 
26.3 kw/cum (0.5 hp/lOuv cu ft) may be an overriding factor. 

A sepi!rate Sf!·ttl ing lagoon (Unit II) is providEd for sedimentation of 
solids. The lagoon is 2.4 m (8 ft) in depth ~nd a mini~um of two 
settling lagoons are used. The lagGon is lined with 10 mi1. PVC lininq. 
It 1s assurr.~d that ti)e sludge accumulates for five years, is 60 percent 
oxidized, and consolidates t~ a solids content of 15 percent. OncP. 
each five years one pond 1s decante~ and the s1udge is removed by 
dragli~e and hauled ~way. 

Unit N 15 dual ~cd~a pressure fil~ratir,n using anthracite and ~anrl. 
Pumping is provided to riroduc~ an influent heacJ at 30 in (100 ft). 
Backwash 1~ f1ve percent of flow. The feed is applied at a loading 
rate of 2.7 1/sec/sq m (4 gpm/~q ft). 

Un1t 0, centr1fugatfon, is a unit orocess applicable to only a few 
subcategories 1~ithin tile miscpl l,111'.!ous food and bcvertlges industry. 
The assui.1ptions used for eaci1 ar:1l~cJlio• will be di!;CU'.;~ed for cac11 
subc~tcgory using centr1fugation. 

The sludge thickener, Unit Q, is a conrrcte basin usin9 mechanical 
agitation. It is conservativclv aViu1;,.;>{j that the sludge is thickened 
to 1 solids content cf 2.o perc~nt. 
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Unit R, ucrobic ~ludg~ digestion, shown in Figure 147, consists of a 
ci:"cular tank constructed of 0.6·1 cm (0.25 in.) steel. It hcls J. depth 
of 3.7 m (12 ft) and a detention tin~ of 20 days. Aeration is provided 
by floating surface aerators at the rate of 75 rng/1/hr. It is assumed 
that a sludge thickener prccecds this unit and the solids content of 
the influent sludy~ is 2.0 percent. It is further assumed that 30 percent 
of the influent solids are volatilized during digestion. 

Figure 148 illustrates Unit S, vacuum filtration. The loading rat~ of 
sludge onto the filter is assumed to be 20 kg/sq m/hr (4.0 lb/sq ft/hr). 
Each filter operates for 12 hr/day. It is assumed that the effluent 
solids concentration is 15 percent. Chemical addition, in the form of 
ferric chloride, is at the rate of 7.0 percent by v:eight of dry solid.>, 
and this weignt is included in the design loading rate. 

The sand drying beds, Unit T, include a tile ur.derdrain system with 
one collection sur.:p cor.~rnon to all beds. Each bed is 6.1 m 
(20 ft) by 30 m (100 ft) and has 15 cm (6.0 in) of sand over 30 cm 
(12 in) of gravel. The beds are constructed with a slope of 0.5 
percent. It is assumed that five dryi~gs of a 20 cm (8 in) layer of 
sludge is possible per year. It is further assumed that the volume 
of the dried sludge is 50 percent of the applied volume and that tl1e 
dried sludg~ is trucked to land disposal. 

The spray' irrigation syster:i, Unit U, consists of 10.16 cm (4 in.) 
PVC laterals plc::.ced at inte,·vals of 30 r.i (100 ft) on a 25.4 cm (10 in.) 
PVC main. "Rainbird" type sprinklers are placed at intervals of 24 m 
(80 ft) o~ each lateral. A shut-off valve is located at each connectisn 
of a lateral with a main. ThE wastewater application rate is assumed 
to be '6,800 l/ha/day (5000 gal/acre1tay) and, if sludge is t0 be applied 
for irrigation, the application rate is assumed to be 56 kkg/ha/yr 
(25 ton/ac/yr). 

Unit V consists of disposal of process wastewater and/or sludge by 
truck hauling to an approved se1·1age treatment plant or land disposal 
site. It is assumed for cost purposes thclt an outside contractor is 
empl::J~.:ed to pe;-form this service. 

Unit W includes a cast iron pipeline requiring 1.2 m (4 ft) excavation. 
The line has a gate valve at every 300 m (1000 ft) interval and an alr 
relief valve every 600 m (2000 ft). 

Unit X is a tricklina filter for biolooic)l waste treatment not follo:.cd 
by a solids settling.unit. Such filters are commonly termed a "rough~ng" 
biological filter. 

Unit Y is a storage tank which may be used f~r storing P.ither wastewater 
or sludge. 
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Unit Z is Jn activated caroon module. The uctivated carbon unit is 
employed commonly for rcliloval of color Jnd organics from ~1aste1·1atcr. 

All treatment trains to be developed include flow measurement devices 
(Figure 149j a flO\'/ proportional sampling -;tation, and if the size 
and complexity of the treatment plant justifies, an. office-laboratory 
building. 

SUBCATEGORY Ai - OILSEED CRUSHI~G. Excr~r OLI~E OIL. FOR DIRECT SOLVENT 
ffiTIA'CTIO:i f~lllJ PREPr.lSS SOLVEl;T l::XTR/..CTi:~ll OPEMTIUNS 

The process wastcwatcrs generated from the solvent extraction of oilseed 
and by-prbduct cake or meal represent a relatively minor waste load i~ 
comparison to the ru1·11·1aste load generated by edible oil refineries (i.e., 
Subcategories A 5 through A 12) as average BOD and oil and grease conc~1-
trations for the fori.1er facilities a~erage 311 and 252 mg/1, r·espec~ive;y. 
The average flo1v rate is 140 cum/day (0.037 llGD). • 

11aste~1ater discharged from the solvent extraction proce;)s results fr'.)::i ~~.c 
fo1l01·1ing processes. 1) soybean oil degumming, 2) l'Jaste1·1ater genera:ed 
by wet scrubber syste~s. 3) steam condensates contaminated by oil, fatty 
acids or !iexan~ solvent, and 4) in-plant clec:nup of oil or rr.iscella spiliii~(?. 

Existinq In-Plant Technology 

Waste1.,.aters generated from the drying of 1·1et lecithin in the degun'.r-:'. ..... g 
of soybean oil represents a major co'1tribution to the total 1~aste load of 
a soybean solvent extraction operation. At the ·present time the indus:r} 
has not developed an economical in-plant method of reducing degurr.min~ 
wast~ louds. 

Only one plant (755-13) was observed tu utilize a wet scrubber system 
for the in-plant reduction of air particulates in milling, handling, and 
unloading art!as. Rock1.,.ell (21) reoorts that tt~e use of dry cyclcne 
systems is still the most corr.men dust collection system used in the c:;n~ri 
industry. >~t present, tile inau::.tr1 ha:; not dcveiooea ,, 1:icthod for re
ducing. the relatively high volume, low conct-ntrat1on 1·:astes generated 
from wet scrubber systems. Existing trea::r.~cnt and control te::hnolo<;j' 
applicable to general cleanup and housekeeping practices consist~ of 
observance of in-plant water conservJtion mc~hods through dry cleanup 
of floors and eouipracnt. In practice, solid materials arc removed by 
sweeping, vacuum or air cleanin']. T!l~ use of 1·i.Her in oilseed r.i111;,.,~ 
arPas is p1-rhibited due to the nt1ture of the product being proces~ed. Mid 

for reasons of mold and rodent control. 

End-of-Line Technology 

Process \~astewaters prior to discharge to a municipal sc1.,er or treat:r.ent 
faciiity are: co11naonly directed to a grease trap, sump decanter, or gravity 
separation and ski1nniing unit. Becker (54) illustrates ,1 sump decanter 
system in Figure 150. 
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Floatable oils and sludges removed from grease traps and gravit; scpara
t1on basin~ arc commonly trucked to landfill operations by either 
plant per~onnel or a contractor. A number of plants recover the floatable 
oils and p~mp them to a reprocesstng system. 

The raw process wastes generated from solvent extraction and prepress 
solv~nt extraction operations after the pretreatment step of gravity 
separation con~ist primarily of errulsif1ed hydrocarbons and other 
associated compounds that are not readily separated by pretreatment 
practices. Resu1ts of plant visitations and verification sampling 
cond..;··ted during this study demonstrated that these process wastes, 
after pretreatment for the removal of floatable oils, are readily bio
degradable in normal biological waste treatment systems. Plant visita
tions and historica·1 data received from one South Central and three 
Mid1·1est secondary treatment systems clearly indicate reasonable removal 
rates for BOD, suspended solids, and oil and grease. T~ble 96 presents 
a summary of these treatment systems and indicates treatment chains, the 
percent of BOD removal across the syst~n. and final discharge data for • 
each system. A more detailed discussion concerning the trcatability 
of edible oil wastes is presented in this section for Subi:ategory AS. 

Selection of Control and Treatr.ient Technology 

Jn Section V, a hypothetical model plant was developed for S1ibcategory A l. 
It was assumed that the model plant provided the following treatment units 
before final discharge to a treatment facility: 

1. Separate discharge of proce·.· ·•.Hers and non-contact water, 

z. Gravity separation and skimming of the final process water 
effluent, 

3. Floatable oils and sludges removed by the ~retreatment s~ep 
of grav1ty separation and skimming either hauled to land
fill facfliti~s by in-plant personnel or pumped to an of 1 

· reprocessing system. 

The raw wastewater charcteristics after gravity separation and skimming 
"'ere assumed to be u fol lows: 

BOD 340 mg/1 
SS, 210 mg/1 
O&li 380 mg/1 
Flow 146 cu ~/~ay (0.039 MG~) 

Table 97 li!ts the pollutant !ffluent loading from the Subcategory A 
plant and the e5'timated operating efficiencies of each of the eight 
trea tmcnt trains se 1 ected for this s ubca ti? gory. 
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Production 

Plant kkg/day 

75SOlb 635 
75S01b 635 
75SQ2C 454 
75$C2c .; 5 .i 
75Sl3d 1189 
75 :)\ 3d 1500 
75Sl3d 1646 
75;;13d 14~3 

7 :is i 1 e 8i6 

Flow 

TABLE· 96 

FiNAl DISCHARGE DATA FOP TREATMENT SYSTEMS HANDLING 
SOLVENT EXTRACTION PROCESS WASTES 

Percent BOO final Discharge 
Treatmenta Efficiency BOO SS on & 

Across Grease 
cu m/day Chain System ~) ~ill.> (mg/1) 

1087 C,l,E.M.Cl2 82.7 17 31 9 
420 C.L.E.M.Clz 96.5 9 24 35 
871 ~T.(2)l 76.4 33 52 50 
939 GT 0 (2)L 86.2 11 23 26 

1226 GT,(2/l ND 10 38 rm 
1154 GT .(2)L ND 13 94 37 
1097 GT .(2)l ND 13.5 87 13.5 
1200 GT, (2)l NO 23 70 NO 

897 f ,G,S,G,J, I 96-99 40 50 1.0 
l,N,Cl2 

Reference 

1972-73 Survey 
1973-74 Survey 
1972-73 Survey 
1973-74 Sun-ey 
1912-73 Survey 
1973-74 Survey 
October 1974 Survey 
~ove~ber 1974 Survey 
November 1974 Surv~y 

a) C = Eqaal1zation basin; l c ,.~rated lagoon; G-= Caustic addition; Jc Air ·flotation; N = Dual Media filtration 
E = Cldrifier; H = Sta~iifzation pond; c1 2 = Chlor;nation; GT= ~rease trap; GS= Gravity, separation & 
ski11111ing; t:O = tlo data. 

b) Treatllent system handle\ boiler ~lowdown, storm water runoff, soybean oil degu1T111ing, and solvent 
extraction plant '"'astes. · 

c) Treatment system handles soybean oil degunming, solvent extraction process ~astes, and cooling tower 
blo,idown. 

d) Treatment system handles cooling tower blowdown, caustic refining, feed mill elevator, stonn water runoff. 
boiler blowdown, and solvent extraction plant w3stes. · 

e) Treatment systen handles raw edibl~ oil refinery wastes and solvent extraction process wastes. 



TABLE 91 
0 

S~191ARY OF TREATJIENT TRAIN ALTERNATIVES FOR SUBCATEGORY A l ;;:::J 

> 
"'Tl 
~ 

Effluent Effluent Effluent Percent Percent Percent 
Treatment Tratn BOO SS O&G BOD SS O&G 

Al ternat 1 ve _i_g~ kg/kkg kg/l:kg Reduction Reduction Reduction 

A 1- t A 0.061 0.038 0.069 0 0 0 

A 1-11 a1BCKQY 0.0072 0.0090 0.0054 88.2 76.3 92.2 

A 1-I II e1BCKQYBN 0.0036 0.0045 ~. ~a21 9-1. 1 88.2 96.0 

A I-IV BCL 0.0072 0.0090 0.0054 88.2 76.3 92.2 

A·l-V f!CLBtl 0.0036 0.0045 0.0027 94. l 88.2 96.0 
"-. N A 1-VI e

1
ecJ 0.018 0.011 0.021 69.8 70.2 70.3 (.J 

A 1-Vll e1scJKQY 0.0036 0.0045 0.0027 94.1 88.2 96.0 

A 1-VI II BCJL O.OC36 0.0045 0.0027 94.1 88.2 96.0 



liltc:rncJtivc A 1-I - This alterncJtive provides no additional treatment 
othc:r-t.hJn gravlly ~cparation ancJ skinu11in9. 

Alternative A 1-lI - Alternative A 1-1 with the addition of a flow 
equaliziltion basin, an activated sludge unit, secon<.Jary clarification, 
a sludge recirculating pump, a slud9e thickening tank, and a sludge 
holding tank. Sludge is hauled to a landfill factlity every twelve 
days. The activated sludge unit also includes a control house and one 
full time operator. 

Alterniltive A 1-III - Alternative A 1-II with the addition of dual 
media pr~ssure fi 1 tra::ion with a pump station to generate sufficient head 
for the filter operction. A sch~matic diagram of Alternative A 1-111 is 
pres~nted in Figure 151. 

Alternative A 1-IV - Alternative A 1-I with ::he additives of a flow 
equal1zation basin, an aerated lagoon with a settling pond, and one full 
time operator. 

Alternative A 1-V - Alternative A 1-IV with the addition af dual mediil 
pressure filtration ·and a pump station to generate sufficient head for 
fi1ter operation. A schematic diagram of Alternative A 1-V is presented 
in Figure 152. 

Alternative A 1-Vl - Alternative A 1-l with the addition of~ flow 
equaliza~ion ;;:isi;1 and pressuri.::ed air flotation ut~lizing chi:mical 
flocculating a;ent5 to enhance floe formation and floatability of wastQ~. 
Oil, water, and solid waste skir.il!lings are pumped to an in-p·1ant oil re
processing system. 

Alternative A 1-VII - Alternative A 1-VI with the addition of a complet~ 
iiiTXacmi:ed sludge unit, secondary clarification, sludge recirculating 
pump, sludge thicken~ng tank. and sludge holding tank. Sludge is hauled 
to a landfill every 30 days. The L(nit also includes a control h?use ar.d 
one full time operator. F1gure 153 presents a schematic diagram of t.reat
ment Alternative A 1-Vll. 

Alternative A 1-Vlll - Aiterniltive A 1-'I! 11it.h the addition of an aerJted 
lagoon-i·iffti a settlTng pond and cne full time operator. Figure 154 IHr.
sents a schematic diagram of treatment Alternative A 1-VIII. 

SUl3(1iTEC.~rlY A 2 - OILSErn CR~:::n·;G, t.VC[P'!' OLIVE Oll., BY MECIWIJCAL 
SBITh'"PifCssoFTlV~7 fo: ;-5 --------- ----

Existing and Potential In-Plant Technolonv --
The extr.1c~ion of vageta~le oils from oi lsceds by tM mecnan1cal ~Crl•'.v 
press o:ethod results in a rel.Hi'.·~ly 5ma11 volu111e of wastc1~ater genera:·~J. 
i.e., 11'.'S!; than 4,000 liters (lOJJ g.l1lons) per day. Because of the sr:.J1 l 
volu111e of 11aste1vater produred, t11e industry has not made an effort to 
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reduce the resulting waste load. The majority of process wastewaters 
generated from me!chanic11l screw press operations results from two sources: 
contamination of steam condensates from steam cooking operations, and 
general floor \'lashing and equipment cleanup of oil and miscella spillage. 
Exhting tre11tment and control technology applicable to mechanical scrc1v 
press facilities consists of observance of in-plant water use conservation 
through dry cleanup of floors and equipment. In practice, solid materials 
are removed by dry cleanup procedures such as floor sweeping and/or 
vacuuming. Cont11inment devices are corrmonly utilized in oil storage areas 
for the entrapment of spillages. Dry cleanup of oil spills is presently 
practiced within the industry but does not presently receive widespread 
application. Th~ maj~rity of plants visited during the study utjlized 
both \'1et and dry cleanup procedures. Plants which prilcticed wet cleanup 
generally employed high pressure, low volume hoses in their cleanup pro
~edures to reduce water usage. Hoses are generally equipped with automatic 
shut-off valves. 

End-of-Line Technology 

The majority of plants visited discharged their small waste volume to 
lllJnicipal sewers or landfill facilities. A number of plants trucked 
their wastes to a nearby edible oil refinery where the oils were re
covered in the acidulation process. These plants were observed to 
recycle their process wastewater into boiler feed makeup \'Jater. 

Sel.~ction of Control and Treatment Technolog.t 

In Section V it was determined that it was •Jnnecessary to develop a 
model plant for mechanical ~~rew press operltions due to the small 
volume of wastewater discharged per day. The most practical disposal 
of these wastes would be to municipal waste treatment systems, or by 
hauling to suitable land disposal sites for 1and application and disposal. 

Alternative A 2-1 - This alternati've provides no additional treatment. 

Alternative A 2-II - This alternative consists of a storage tank and 
truck ha<Jling of the wastewater to a municipal sewage treatment facility 
or suitable lar.d disposal site. 

SUBCATEGORY A 3 - OLIVE OIL EXTRACTION BY HYDRAULIC PRESSING AND 
SOLVENT EXTRACTION 

As discussed in Section III, there are only two olive oil processing 
plants in the United States and both are located in California. 
Furthennore, plant 79102 is the only plant which utilizes either the 
hydraulic press or solvent extraction processes for th~ recovery of 
olive oi 1. The cont1 ol and treatment practices at the plant are pre
sented below. 
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Existing In-rlant Technoloyy 

Plant efflu~nt consists of centrifuge fruit water and a SITlc'lll amount of 
water \·1hich drains from cannery pits and culls during storage. Any 
equipment cleanup is done by dry processes resulting in no additional 
discharge of waste~1ater. 

Potential In-Plant Technology 

Examination of in-plant processes su~gests no additional method or pro
cedure to further reduce pollutant loads and wastewater volum~ for this 
industry. 

End-of-Line Technology 

Plant i9I02 is presently achieving zero discharge of waste\'1ater by col-. 
lecting and track hauling its effluent to a municipal treatn~nt fa
cility without adverse effects on the system. Bio7ogica1 treatment of . 
similar olive oil wastewater at plart 79101 has been atte~pted and, 
although a 97 percent treatment efficiency was achieved. th~ initial 
high strength of the waste resulted in an average effluent BOO of 1300 
mg/1. Since the ability of advanced waste tredtment for tile same or 
similar wastes ha~ no~ been proven, biological treatment is not recom
mended as an alternative for olive oil process wastewater. However. 
due to the dis?osal practices of plant 79102 and the proven biodegrad
ability of the waste at plant 79101, there is no reason to suspect that 
olive oil processing wastewater is inherently incompatible if discharsed 
to a pr~perly designed well-operated municipal treatment facility. 

Selection of Control and Treatment Technology 

rn Section V the rah waste load of the model plant was pr2sented as 
follows: 

Flow 10.9 cu m/day (0.0029 MGO) 
BOD 63.000 mg/1 
SS 14,000 mg/l 
FOG 3,220 nig/l 
pH 5. l 

Taking account of the basic olive oil production process and the 
fJct that cill olives are grmrn in California, it may be logically 
assumed that new oJite oil plants using hydraulic press or solvent 
extraction ·1il 1 be located in areas with the same or similar con
ditions to those of California, i.e .• locations near olive orchards 
and in rural arras where 1 and is available and suitJble for waste
water applicat1on. These c:onc"lusions lead to the following possi
ble disposal alternatives. 
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Alternative A 3-I - This alternative cnnsists of spray irrigating the 
process effluent. An area of 0.23 ha (O.G acres) of land would be re
quired. It is assunicd that the effluant woulcJ not need to be pumped 
more than one-half mile. The overall benefit resulting from this 
alternative is a 100 percent reduction of process wastewater pollu
tants to navigable "'aters. 

Alternative A 3-II - This alternative consists of four 0.10 ha (0.25 
acre) ponds with a depth of two feel to retain the yearly effluent 
expected from the plant. The yearly net evaporation in the climates 
where olives are grown ha5 been conservatively estimated at 0.86 meters 
(3.4 foches). The operation of the ponds ~1ould consist of completely 
filling the pc~d~. o~e at~ time, so that \'tastewater in the first 
pond would be allowed to evap0rate as the secJnd was filled. the 
·second pend a 11 m·1ed to evapcra te as the third pond was fil 1 ed and so 
on. In this way 1 the first pond would be dry at the time the fourth 
became full, and the filling cycle could continue. Whr:-·, dry, the 
ponds would be dredged periodically to remove accumulated sludge. The 
ponds would be lined to prevent percolation of wastewater into the 
fresh water aquifer. 

Alternative A 3-Ill - This alternative consists of land application of 
the waste effluent and would require 0.4 ha (1.0 acres) of land. The 
land would be terraced with each terrace graded to level. Waste ef
fluent would be piped onto the terraces (one terrace at a time) and 
the depth of coverage regulated to about 7.6 cm (3.0 in.). As a ter
race dried, it would be plowed in preparation for the next applica
tion of waste material. This system is used extensively and effec
tively by wineries in the same area of California as a means of ulti
mate waste disposa1. 

SUBCATEGORY A 4 - OLIVE OIL EXTRACTIOtl BY MECHANICAL SCREW PRESSING 

As discussed in Section III, there are only two olive oil processing 
plants in the United States and both are located in Cal1forn1a. 
Furthennore. plant 79I01 is the only plant which uti1izes the scre\·1 
press.process for the recovery of olive oil. The control and treatment 
pract1ces of the plant are presented below. 

Existing Ir.-Plant Technology 

Wastewater generation is minimized to some extent by the retention of 
fruit wash water until it becomes obje:t1onable in quality. 

Potential In-Plant Tecnnologx 

There appears to be no technology which coula be a~p11ed to decrease 
the quantity of wastewater generated from fruit washing or the centri
fuge discharge since the water in wash tanks ;s commonly ri:ita1ned as 
lon~ as possible already and since centrifuge discharge is a function 
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of th~ amount of welter contained in the fruit initially. The pollutJnt 
loudings in these two discharges are also a function of the raw material 
and cannot be significantly reduced through in-process controls. 

Centrifuge sludge is the one area where improvement can be made. Since 
the sludge has such a high fats and oils concentratlon, a considerable 
portion of potenticll product is being wasted. T~erefore, techniques 
su~h as solvent extruction might conceivably be utilized to remove a 
portion of the oil from the sludge. 

General plant cleanup generated little water and need not be seriously 
considered as a means to substantially reduce the waste load. 

End-of-Line Technology 

At present plant 79101 is achieving zero discharge of all process waste-
1-1ater by means of land application. Plant 79102, .,.,hich generates a 
similar strength waste strea~ as plant 79101, is also achieving zero 
discharge of wastewater by collecting and truck hauling of its effluent 
to a municipal treatment facility. Biological treatment of olive oil 
wastewater at plant 79101 has been attempted und, although a 97 l)ercent 
treatment efficienc} was achieved, the initial high strength of the 
waste resulted in an average effluent BOD of 1300 mg/1. Since the 
ability of advanced waste treat'Tient for the same or similar wastes has 
not been proven, biological treatr.ient is not recommended ls an alterna
tive for olive oil process wastewater. However, due to the disposal 
practices of plant 79102 and the proven biodegradability of the wast~ 
at plant 79101, there is no reason to suspect that olive oil process~r.g 
wastewater is inherently incor.ipatible if dischdrged to a properly de
signed well-operated municipal treatment facility. 

Selection of Control and Treatmer.t Technology 

The model plant for Subcategory A 4 was presented in Section V with the 
raw ~asl: ~ater characteristics assumed to be as follows; 

flow 114 cum/day (0.030 MGD) 
BOD 30,000 mg/1 
SS 57,000 mg/l 
O&G 20,000 r.ig/1 
pH 5.5 

Since olives are grown solely in California, both olive oil manufac· 
turing plants are located in close proximity to olive orchards in 
that state. It is therefore concluded that any new source olive oil 
manufacturer would locate 1n California in rural areas where land is 
readily availublc. These conclusions result in selection of the 
following recommended treatment cJl tcrnatives as presented below. 
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AlternDtive A 4-1 - This alternative consists of spray irricration of the 
process <:(f°lucmt ~1hich 1-1oulcJ require 2.4 ha (G.O acres) of land. It is 
assumed that the waste effluent would not have to be piped more than one 
half mile. The overall effect of this alternative 1s a 100 percent reduc
tion of all pollutants from naviga~le water~. 

Alternative I\ 4-II - This alternath1e consists of four, one acre, lined 
evaporation ponds ~17th a depth of two feet. The evaporation to be ~x
oected from the ponds. based on conservative estinates from meteorologi
cal data for olive ~rowing areas of California, is 0.86 m (34 in.) per 
year. Thi!. evaporation rate led to the selection of the two foot depth 
requirement. The system would operate by completely filling the ponds, 
one at a time, so that the first pond f111ed ~1ould be allowed to evap
orate as the se:ond was filled, the second ~llowed to evaporate as the 
third was filled, and so on. Ir. this way the f1rst pond would be dry 
at the time the fourth became full and the cycle continues. When dry, 
the ponds would be dredged to remove accumulated sludge. No discharge • 
of procezs wastewaters to navigable waters would result. 

Alternative A 4-III - This alternative consists of land \pplic3tion of 
the waste effluent and would require 1.6 ha (4.0 acres) of 1ar1d. The 
land ~1ould be terraced 1·1ith each terrace graded to level. Waste ef
fluent would be ~iped onto the terraces (one terrace at a t1me) and 
the depth of coverage regulated to about 7.6 cm {3.0 fn.). As a terrace 
dried it would be plol'led in preparation for the next appl·ication of waste
water. This system is used extensively and effectively by wineries in 
the same area of California as a mean; of ultimate waste disposal. 

SUBCATEGORY A 5, PROCESSfNG OF ED18LE OIL B~ CAUSTIC REFINING METHODS 
ONLY 

The following discussion of existing and potential in-plant treatment 
and control technology may be gener-a11y applied to subcategories A 5 
through A 12. Table 98 pre~ents & summary of the present in-plant 
treatment 11nd control technology for theedible,.,11 refininq industry. 
The principle source of process wastewater qenerat1on for Subcateaorv 
A 5, edible oil refineries. is the caustic refining operation 1tse1f, 
tank car cleaning, material storage and handling, and general depart
ment cleanup. Non-contact coo11ng wat~r 1s not 1nc1uded within the 
definition of process wastewater. 

In-Plant Technology 
< 

The centrifuged wash \·;aters containing sodium so4ps, free fattv acids. 
phospholipids. and residua1 oils from the unit proce~~ of caustic re
fining represent a major ~on~ri~ution to the total waste load of an 
edible oil refinery. Data compiled from six caustic refining operat;ons 
found 000 and oil ~nd grease concentrations to average 6,900 and 5,000 
mg/1, respectively. Currently, the ediblP oils industry has not developed 
an econo~1ical in-olant mPthod of reducing thPse caustic refintnq waste 
loads. 
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'.);..~-~·;,;n OF P?.ESE:H U~PLA:iT co:ITROL A~;o TREATr'.rnT CO:ITROL T(Ol~iOLOGY FOR THE 
EDIBLE OIL REFINING 1"DUS1RY 

'· •~elwtn9 er.d stor119e 
(f111Cludln1 t1nlt cl~ln9 
ind Hor1Je t1nksl 

2. ~iwral D!cl1rtinent1l sources 
lnclirdlng floor wasa, In-plant 
lt&ki, 1cctdent11 sptlls, and 
pu.7+ fataure, and seal leakage. 

J_ '41ustlc leftnlng 

ln-P:ant Control 

11. SPCC rtgu\atlons as required undeT £P~ title 
40. 

lb. Rectrc•l1tton of tint: car cleaning solutton. 
le. litve lopr,ent of • systeeattc tanlt car •ash 

procedures with ~h•~•· on reduction of 
water YOllSll!. 

Rtrlrh 

11. Cover\ng sptll preventat\on, contal~nt ar.d 
recovery. 

le. Steam cleaning 11111, be ~std as 1 vtable 
1 lternat Ive. 

21. General: lmprowed .. tntenance and house- 21. Redu~tton of BOD suspended solids, end 
le-eping prallces; l111»roved operator awareness 
anci tr1inln9. 

oil and grease levels; plants should u:i~er
lake a pro9ram to \dtn\ify sources of in
plant generation of wastewater and encoura~e 
employre participation in reduction etfurt. 

2b. Wet cleanup: ~p1rt..,.ntallred cont1t1111ent 2b. Derertr.iental localization of spills Is highly 
desirable to red~ce lhe lm~act of e~~lsific~tion 
u wuteo; are co:;i':>lntd prior lo treat~.~M. 
therefo~e n?ductng the cost of final treat;;:e:it. 

basins; tnpl1n\ spill plans; reduction of 
water usage to absolute mini.,,., by use of low 
volurre high pn!ssure no•zle hoses and standard-
ized cleanup procedures. Eslabllshnent of oil 
reco~ery s1ste.s for resale as ln•dible oil pro-
d•x: ls. 

2c. o,., cle;inup: fll•t- "1pl-11tltlon of dr' 
. clear.up procedures• yacu1111 cleaning, sweeptng. 

dry chealca1 adsorption of splll material. 

J. llo controls presentl1 recoa1tnded. 

Zc. Presently pr&ctlced but not cocnonly 1p,lled 
throughout the !ndustry. lmplernent~tton of 
dry clean~p subslanttally reduces end-of-line 
lreatllll!nt costs. ---



. . ::. . :. 

-..... 

~•ttt V•ter Sour~ ln-Phn! Control ~ 

•• So1pstoct A~l6'11ttD11 c. lie controls p~sently rrcona.ndrd. 

s. ll•IC~tng s.. Grt cle1m.;p of spent blt1chln9 adsort>~t. 51. Elt~tnatton of thts dlsthl1'9e paint -111 

5b. Reclrcul1tl011 of c0Pt1ct coollng v1ter 
sl9nlflcantl7 reduce conctnlr1tto.,1 of 
800, !'>usptnded s0Hd1, 9renes 1nd ot h 

froe :..1r'1Dttrlc cOPd•aser. tn the final "aste loads. 

r. ~ecovtry of oil froa fflttr cake to be Sc. Technology to date Ills not established 
sold JS Jn tnedtble oil product. econoailc feasibility for 111 ~lints. 

6. llfd~tlon 6. Ury cle~nu:> of filter press. fi. Reduce or ell•lnate dlsch1~s of catalyst, 
t.e., nickel. 

7. llln<.P.rintt~ 7. llr' r.ontr>ls presently recllllllll!nded. 

r.r. 8. rleotfc r;utt on 8 lnstalh~hn <f dlstllhte recover1 systems 8 Reduction In entrlllllll!ftt or f1tty llllterials w 
•~ tnt ~\•~trtc condtnser syst"8S. on cooling t~r 9rlll1te 1nd to~r b~sln V' 

~suiting In fewer manual c1eantng operations 
of cooling tow.er. 

9. Plas:tciztn9 6 P~~g~ng ~- Cle..-n-tn-Pl1ct ~ulp!"'1t wtth containment 
~r•~tu-:1 and rectrcuhtlon. 

10. llan-Co:itact too1"'9 W.ter 10. ~t:Jt:lt 111d re.\e. S~ratton of non- 10. Essential In <he reduction of tot11 plant 
;LPt•cl cool1•1 .. t~ frOll process wastes. "ater usage. 

11. hKHs Waste na11 Efn::emt 1\1. P,:' lllOflt\Ortr>g Md ldjustllfflt wre MCH11'7 11 •• Where destrable or rwcessary. 

~lb. Fl cw cqui II zatlon where nee es ury 11 b. l~ortant where nrl1blltt1 NJ Induce upStt of 
treatment train or munlctpal trHtllent facility. 

l1c. 6rntt1 s•rettoa Ind skt..1119 for ti:. llc. Essential pretreatir .. nt before discharge Into 
r8'!0'Jal of flo.lable olls. bto1og,cal s1sta1s. 



DRAFT 

~lash ~1atars dischurgcd from the cleaning of tank cars 1s a major 
source of 'flilstev1uter generation for all edible oil refineries. Tank 
cars are c1eaned to remove and recover crude oils and fats that adhere 
to the walls of the tank car. Tank car wa~hing fs conmon1y accomplished 
by the use of a mechclnical rotating-head spray ass·embly that appl ics 
a detergent solution followed by rinse water to the tank car interior. 
Waste~1ater from this operation may represent once throu~h water use 
or the \'1ash water may be rec.Ycled 'flith makeuo water. BOD and nil ;:inri 
grease concentrations for tank car cleaning operations at five edib)e 
oil refineries averaged 2950 mg/land 930 mg/1, respactively. Currently, 
the industry commonly practices recirculation of caustic tank car clean
ing solutions to reduce waste loading. In addition, several plants have 
established systematic tank car 1qashin~ procedures with the emphasis on 
reducing the volume of water used to wash each car. An alternative method 
utilizing steam cleaning has been found effective for a limited number ~f 
facilities. Wastewater from tank car cleaning is cornnonly collected in. 
sloped drains t~at empty into baffled gravity separation basins. FlcataJle 
oils generally are recovered for resale as an inedible oil.pr0duct, and · 
the resulting wastewater 1s discharged to final gravity separation 
facilities, ski1TV11ing devices, and pH control facilities. 

Another major source of wastewater generation occurs ~n conjunction 
with receiving, storage, and transfer areas within the plant. Waste 
waters from thes~ areas result from general cleanup procedures, acci
dental spills, valve or tank leakaqes, and/or pump failures. BOD and 
oil and grease concentrations from transfer and storage areas 
average 8,000 mg/1 and l 200 mg/l, respectively. Ex1~ting treat
ment and rontrol te~hnology applicable to receiving, storage, and 
transfer· areas consists of observance of in-p1ant water use conser· 
vation through dry cleanup of floors and equipment. In practice, 
solid materials are re~oved by dry cleanup procedures such as floor 
sweeping and/or vacuu~ing. Containment devices are corrmonly utilized 
1n oil storage areas for the entnpment of spi11ages. Plants which 
utilize strictly wet cleanup procedures find tMat the fina1 waste 
treat~ent of oil spills is most diffic~lt when these wastes are 
combined with e~ulsified conta~inants fro~ Jther areas of the plant. 
Ory cleanup of oil spill$ is presently prAct1ced wft~1n the fn~ustry 
but does not presently receive widespread application. The majority 
of plants visited durinq the study utilized both wet and dr; cleanup 
procedur~s. Plants which prncticed wet c1eanup generally employed 
high pressure, low volume hoses in their cleanup procedures to reduce 
water usage. Hoses are generally Pquipp~d with automatic shut-off 
vahes. 

PotentiJ1 In-Plant Techno1o2i'., 

Potential in-plant control and treatment technology would include 
1mprove~enti i~ g~neral plant mainten~nce and housekeeping practices 
with m11ximization of dry cleanup prccedures (i.e., vacuum cleani'lg, 
end the utilizntion of dry chemical obsorption) where feasible. 
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The effect of these measures would !>ubstanti.illy reduca and m1n1mtZe 
potential pollutant loading resulting from the process. The industry may 
also very advanta9eously adoptan industry-1oJide approach towilrd im
provement of operator awareness regarding general dry cleanup pro
cedures, ~nd pollution control methods. In addition, individual 
plants may well develop a program to identify sources of in-plant 
wastewater generation and encourage employee participation in reducing 
water usage and related wastewater generation. Each plant should 
establish method~ and procedures for the localization and convenient 
cleanup of oil spills 1nd seal or valve le~kages. The establishment 
of revetments or spi 11 age containment structures in tank storage areas 
in all cases would provide for positive control of accidentally 
spilled materials. Dry cleanup is much preferred in comparison to 
wet cleanup procedures. These measures would significantly reduce 
both the amounts of floatable oils in the total ~:'as~e1~ater and the 
additional emul~ification of oil and water discharged to final treat
ment which occurs where wet cleanup is employed. The localization of 
oil sp~lls by the installation of spill containment str·uctures and de
partmental catch basins wi 11 improve the effectiveness and reduce the 
cost of subsequent final treatment. 

End-of-Line Treatment Technologx 

The conb~ned raw wastes from edible oil refineries after the pretreat
ment steps of gravity separation, skil11lli"g, and pH control consist 
vrimarily of emulsified hydrncar~ons, triglycerides. sterol esters, 
fatty acids, compound lipids, and other associated substances that 
are not readily ser.arated by pretreatment practic,s. All edible 
oil refini~g plants prestntly provide th!? uforementioned pretreat
ment measures. Grinkevich ( 99) h1s reported some typic~l ranges of 
pollutant concentrations for edible oil refining wastewaters as 
fol lows: 

BOO 
SS 
011 and Grease 

600-6,700 mg/1 
S40-5.S50 mg/1 
300-4,200 mg/1 

Results of p1ant visitations and verification sampling conducted 
during this study de:r.onstrated t:.at these process wastes, after 
pretreatment of floatable oils, are readily biodegradable in normal 
biological wastetrcut~ent systems. Plant visitations and h1storica1 
data receivec from t110 identical secondary treatment systems (n1ants 
75F-10, 7~F-11) i~ the south central United States indicate th~t 
both facilities are achieving high 5ustair1ed removals of BOD, 
suspended solids, and oil and grease by aer.1ted lagoons preceded by 
gravity separation. sk1m1ng, pH control, and dissolved air flot.Jtior •• 
Eacl'i of th~se systems a1so has dual media filtration and chlorinc..tion 
efter seconcary treatment with a final discharge of 40 mg/1 BOD• 
50 mg/1 sus~ended solids; 1.0 m~/1 oil and greasei and a pH range 
of 7 to 8. Percent removals of ~OD were 96 to 99 percent; suspended 
solid:;, 99 percent; ~nd 011 and 9rcase, 99 ,!) percent. Table 99 presents 
the •~1sting unit tr~otinent chain and de~ign feature$ for p1ant 
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TAGLE 99 

EXISTltlG TREATMEriT CllAltl AND MAJOR DESIGN FACTORS OF PLANT 7SF-10 
FOR THE BIOLOGICAL TREATMEllT OF EDIBLE OJL REFINERY WASTES 

Number Treatmerit Unit 

First pH mix tank 

Signf f;cant Design Features 

8.2 1/sec (130 gpm) capacity. adjust the raw 
waste pH of 1.5 to 3 to insure ade~uate separa
tion of oil and water for gravity separa-
tion. 

2 Flow equalization tank 851.6 cu. m (225.000 gallon) capacity. 

3 

4 

5 

6 

7 

8 

9 

Skinming tank 

Second pH mix tank 

Dissolved ai1· flota
tion (2 units) witl. 
chemical addition. 

Aerated lagoon (2 
units) 

Stabilization lagoon 

Dual media filter 
wilh chlurination 
before and after 

Final Effluent 

1135.5 cum (300,000 qallon) capacity operating 
at a fixed level for continuous mechar.i~al 
skfmm;ng. Recovered oil w!ll be pumped t~ a 
·oil holding tank. 37.8 cum (10,000 g31Ton) 
capacity. Here steam and gravity will be j~e~ 
to sepuate on and water with the \'later befrg 
sent back to the f1ow equalization tank. 

Anhydrous ammonia addition with auto~atic 
pH control and alarm equipment to raise the 
pH to 7. 

Retention t1me, along with the ratios of 
lime. alum, and polyel£~tro1ytes are 
varied to produce the maximum amou~t of 
pollutant reduction. 68. 1 cum (18,vOO ga11cn) 
capacity eac:h. 

4542 cum (1\2 million gallon) caoac1ty, wi~~ 
five 14.9 kw (20 hp) floating surface ee~a~or~ 
and a five to six day retention time ?~r l~~c:1. 

Same design as above but without surface 
aerators (overall retention t1me 1n the 
three ba~ins is 15 to 18 days) 

Suspendc-d solids and bacteria removal. 
No data on retention time dosages or 
design. 

BOO, 40 m9/l; SS, SO m9/1 ~Oil ~nd Grea~e 
l.C mg/1; Total Phosphorus, 9 mg/1• Nickel, 
0.02 mg/1; pH, 7 • 8. 
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75F-10. The trl'!cltmcnt efficiency dcltcl ·for oil und grusc compiled 
from plant 7~F'-10 arl? con~idcrably higher than those reported by Loehr 
( lC-0 ) for several i·:idv:est municipalities. The following total grease 
removal efficiencies ~ere reported by Loehr for municipal activated 
sludge units: 84 percent, Topeka, Y-ansas; 85.7 percent, Cleveland, 
Ohio; and 94 pcrc~nt, Madison, Wisconsin. Progres~ive grease removals 
indicated by the Topeka, Kansas, study •11ere45 percent by primary treat
ment~ 75 percent by secondary trca11ncnt; and D4 percent by complete 
treatment. Avera9e removals of BOD and suspended solids were 85 and 82 
percent respectively. Results of this study also 1nd1cated a reasonably 
relia~le correlation between oil and grease ~nd suspended solids con
centrations in the biologically treated final effluent. 

Presently over 95 percent of the edible oil refineries within the 
United States discharge their process 1·aste~1uters into municipal seh·age 
systems. As concluded by this study, pretreatment technology for the 
edible oils ind~stry involves gravity separation of floatable fats, 
oils, and greases, and pH control of the remaining wastewuters. Tre~t
ment of the resulting 1-1astev1aters in municipal systems aft~r su~h 
pretreatment is reported to be acccmpl ished 1·1ithout difficulty. In 
fact, it is the industry's contention that joint treatment of edible 
oil refinery wastes with domestic sewage is the most efficient and 
economical method of wastewater tr~ ment. 

The treatabi1ity studies by McCarty ( 101 ) give further support to the 
biodegradability of edible oil refining was:es. Ejible oil processing 
and soac ma~~facturing wastes were combined on a one to one ratio 
on a COD basis with domestic waste in a laboratory scale activated 
sludge unit. Results of the study lndicated that mixed wastes 
occurred at normal operating efficiencies of 60 to 80 percent for 
oil and gredse removal, 1;ith nonnal sl:.;Jge digestion and 1-1ith no 
significant adverse ~ffett on oxygen transfer. Adams and Eckenfelder 
(102) report that biological treatment of oil and greases of vegetable 
and animal origin is the best means for reducing the 011 content of 
these wastes to acceptable levels before final discharge to receivin9 
waters. They also note that pretre:itc:e11t precautions be observed to 
remov·e floating and non-emulsified oils and greases before subsequent 
discharge tc a treatment facility. Occasionally, pH neutralization 
1s nece5sary before discharge to the biolog;cal ~ystem. Adams and 
Eckenfclder also re>~ort the reduction of ~ pretreated influent of 
hexane extractible content rangino frcm sn~ to 1500 mg/1 to an effluent 
level of less thdn 15 mg/1 using eitr:Pr l'crate~ hcoons or activated 
sludge f.1cilitir.s (97 to 99 percen~ eff1c~e1.cies). In addition, no 
abnormal b~havior w~s observed in s:udoe handling processes such as 
gravity and flotation thickening, stabili~ation by aerobic o1gestion, 
or by de1vatering using vacuum ar ['r~:;sure filtration. Wcltson et al 
(103) rei;orts on the performance of a pretrt!atment facility in 
Cha111p1'i9n, lll1nofs. trea~ing the cc:-:?bined· 1vastes from an edible oils 
rr.finery and a margarine>, sal.:id dressing, and cheese prOCl!SSing 
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T ML E 1 ()0 

EXISTING TREATME/IT CHAIN MID MAJOR DESIGN FACTORS FOR THE EDI!lLE 
OlLS·f-tARGARWE, SALAD DRESS IllG ArlO CHEESE PRETREAMEtlT 

FACILITIES AT CHAMPAIGN, ILLINOIS 

Number Treatment Unit 

1 (2) lift stations 

2 Surge tank 

3 Flotation clarifier 

4 Grease ~torage tank 

5 Aeration basin 

6 Final clarifier · 

7 Aerobic digestor 

B (2) sludge lagoons 
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Si9nificant Design Features 

Cheese Plant, two 7.5 ~w. 850 1/min 
(10 hp, 225 gpr.i) pumps. Oil Plant, 
two 5.6 kw, 945 1/min (7 .5 hp, 250 g111) 
pumps 

Capacity 302 cum (80,000 gallons) 
minimum detention time at average 
flow-·1.5 hours maximum detention ti~~ 
at average flow·-4.5 hr 

Capacity 288 cum (76,000 ra11ons) 
air pressurization on recycl~. surface 
settling rate, 58 square M (625 square 
feet), 50 percent recycle, average flow. 

Heated, capacity 68 cu m (18,000 gallon) 

Capacity 8,600 cum (2.27 million 
gallons}; detention, 4.5 days at 
average flow; aeration, 3.5 k~1. 224 
cu ~·~;n (4.75 hp, 8,000 scf~) and six 
floating derators totaling 157 kw (2i0 
hp) . 

Capacity, 379 cum (lOD,000 ga11ons); 
surface settling rate, 11 cu m/day/ 
sq m (270 gpd/sq ft) 

Capacity 1,400 cum (3f.S,OOO ga11ons); 
three 20 cu m/min (50 hp, 700 scfm) blower5 

Located at Champaign·Urbana sanitarv 
di~trict site. Each lagoon is 0.40~ hJ 
(1 uc1e) x 2.4 M (8 ft) deep 
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opcrJtion. The Chamr~ign pretr~atmcnt fucility was reported to 
typically operate within the following ranges of removal efficiencies: 
BOO 96.4 to 99.4 percent~ susp~ndcd solids 90 to 9~ percent; ard oil 
and

1

grease 93 to 99.5 percent with about 72 percent being removed in 
primary treatment and about 25 percent removed by the sccondar.Y unit. 
In order that the plant could meet the municipal ordinances 
of 200 mg/1 000, 200 mg/l SS, and 100 mg/1 of fats, oil and greases, 
the design features listed in Table 100 were adopted for the Champaign 
plant based upon a 1980 waste loading capacity. 

Se1ections of Control and Treatment Technology 

In Section V, a hypothetical model plant was developed for Subcategor~' 
A s. The model plant was developed t~ include the followi~g treatment 
units before final discharge to a treatment facility: 

1. Surge control and/or flow equalization, 
2. Gravity separation and skimming, 
3. In-plant oil recovery system, 
4. pH control. 

The raw wastewater characteristics after gravity separation, skimming, 
and pH control were taken as follows: 

BOD 
SS 
o; 1 and Grease 
Flow 

6,600 mg/l 
3,600 mg/1 
3,500 mg/1 
314 cu m/day (0.083 MGD) · 

Table 101 iists the pollutant effluent loading from the Subcategory 
A S plant and the estimated operating efficiencies of each of the 
eight treatment trains selected for this subcategory. 

A1t~,.na11ve_!j,:J - This 111t~rriative provides no additional treatment 
other tnan gravity separ~tion. skinming, and p~ control. 

Alternative A ~-II - Alternative A 5-I with the addition of pressurized 
a1r-flotation utilizing chemical f1occulating agents t~ ~nr.ance flryc 
fonnation and floatabi1ity of 1·1a~tes. Oil, 1vater, and solid waHe 
skirrmings are pumped to an in-plant oil reclaimation syste~ for dewatP.ri~~. 
and recovery of inedible oils. 

'.lt~rnative ~ 5-JII - Alternative A 5-IJ with ~he addition of activat~d 
s 1 Jdg~. secondary clarification. sludge recirculating pump, sludge 
~hickening t~nk, vacuum filtration, and a sludge holding tank. Sludge 
1s hauled to a landfill fac111ty every seven days. The activated 
sludge unit also includes a r:nntrol :1ous~ and ·~wo full time operators. 

Alternative A S·IV - Alternative A 5-III with the add1tion of dual 
media pressu1·e filtration l'li th pump stations to generate sufficient 
head for th~ fi1tcr operation. · 
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TABLE 101 
0 

,:;::;> 
> SUMMARY or TREATMENT TRAIN ALTERNATIVES ..,, _, 

Effluent Effluent Effluent Percent Percent Peri:ent BOD SS O&G BOO SS O&G kg/kkg ~~ k2/kk9 Reduction Red~ Reduction 
A 5-I A 4.59 2.4') 2.39 0 0 0 
A 5-11 BJ l. 37 0. 75 0. 73 7h. 1 70.0 69.5 
A 5- I 11 BJr.QSY 0.069 0.069 0.069 98.5 97.2 97. 1 
AS-IV BJK()SYBN 0.035 0.035 0.014 99.2 99.2 99.4 t 

U1 .f 
A S-V BJKQSYBflZ 0.021 0.017 0.C07 99.5 99.6 99.7 ' ~ 

I r'-1 

' j 
A 5-VI BJL 0.069 0.069 0.069 98.5 97.2 97 .1 
A 5-VII BJLBN 0.035 0.035 0.014 99.2 99.2 99.4 
A 5-V II I BJIBNZ 0.021 0.017 0.007 99.5 99.6 99.7 
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Alternative A 5-V - Alternative A 5-IV with the addition of activated 
carbon before final discharge. A schei.1atic diagr~m of Alternative 
A 5-V is presented in figure 155. 

Alternative A 5-VI - Alternative A 5-II with the addition of an aerated 
1agoon including a settling pond. 

Alternative A 5-VII - Alternative A 5-VI with the addition of dual 
media pressure filtration and a pump station to generate sufficient 
head for filter operation. 

Alternative A 5-VIII - Alternative A 5-VII with the addition of 
activated carbon before final discharge. A schematic diagram of 
Alternative A 5-VIII is presented in Figure 156. 

SUBCATEGORY A 6 -PROCESSWG OF EDIBLE OILS OY CAUSTIC REFH!HIG AND 
AC!DULATJ0:1 METHODS 

The existing and potential in-plant treatment and control techno)ogy 
and existir.g end-of-line technology for Subcategory A 6, Edihie Oil 
Refineries, are essentially as those discussed in Subcategory A 5 and 
outlined in Table 98. 

Selection of Control and Treatment Technology 

In Section V, a hypothetical modei plant was developed for Subcategory 
A 6. It was assumed that the model plant provided the following treat
ment units before final discharge to a treatment facility: 

1. Surge control and/or flow equalization. 
2. Gravity separation and s~irnming. 
3. In-plant oil recovery system. 
4. pH control. 

The raw wastewater characteristics after gravity separation. skim~ing, 
and pH control were assumed to be as fol 101 ... s: 

BOD 
SS 
O&G 
now 

7 ,600 mg/1 
3,400 mg/1 
3,000 nig/1 

534 cum/day (0.141 MGD) 

Table 102 lists the pollutant effluent loading from the Subcategory A 6 
fll(Jdel plant a~d the estimated operating efficiencies of edch of the eight 
treatme:1t trams selected for this subcategory, 

Alternative A 6 -I - This alternative provides no additional treatment 
other than gravity separation. skinrning, and pH control. 
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TO IN-PL.ANT OIL 
RECOVERY SYSTEM 

• I 
' 

SL.I.OGE 
TMICl<ENI,._.'.i 

VACV>'I 
FILTRATION 

IflFLUENT 
8°' = 6.600 MGIL 
SS= 3,500 MG/L 
ot.G = 3,SOO MG/L 
FLOW= 0.314 CU MICAY (0,083 MGO> 

DISSO...VED Al~ 
FL..OTATION 

,-------- •AL TERNA TI VE 
A5-J I 

EFFLUENT 

•• 
ACTIVATED 

SLl...OGE BASIN 

' 
SECOr-()ARY 

CL.A~ IF !CAT ION 

I 

BCD = 1980 MG.'L. 
SS ::: 1080 l'IG/L. 

Ot.G = 1050 M:>I\.. 

~------- - - ~L. TER~ TI VE 

1 
WAL-MF.Cl A 
F!1..niATIQN 

A 5-I I I 
e:FFLl.ENT 
BID = 100 MG/:._ 
SS • 100 MG/L 
Ot.G • 100 MG/L 

. -- - - -·· - -· - --AL. TER~TIVE 

' ;:ARSON 
AOS~PTJON 

}- - - --

FIGURE l!iS 

SUBCA"TC~ORY AS 

A 5-JV 

EFFLUENT 
AOO ,. SO MG/L 
SS :.: 4'.J MG/L 
Qf.G = 20 MG/L 

- - - -- ..-ALTERNATIVE 
A 5-V 

l!?'f'LU!NT 
BID II '30 ll'IG /L 
SS = 20 MG/L 
Ot.G ,. 10 MG/L 

TREA™ENT AL 1'tRNATIVE$ I I "l'HROUGH V 
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i11X .... 

JRA~T 

TO ?~P\..ANT OIL 
RECOVERY SYSTEM 

ll'Fl.L.£NT 
800 = 6,600 MG/L 
SS = 3,600 MG/I. 
O&G :: 3,500 r.«;/L 

FLOW = 0.314 CU liVOAY (0.083 MGO> 

DISSOL\/EO AIR 
FLOTATI0-.1 

-------... AL TERNATI\/E A I I EFFLUENT 
BOO = 1980 MU/L 
SS = 1080 MG/L 

AERATED O&u : LOSO MG/L 
LAGOON 

SETTLING 
PCJljOS 

·-------.- AL TERNA TI \/E A VI EF'FLl.£NT 
800 = 100 '«i/L 

OUAl. "EC I A 
FILTRATION 

·-------+ 

ACTIVATED CARBON 

-------· 

F ISURE 1 ::i6 

SUBCATEGORY A!5 

SS = JOO "1:0/L 
O&G = 100 MG/L 

Al. TERNATIVE A -VI I 
EFF\..l.ENT BOD = 50 MG/L 

SS a 40 "1IC&IL. 
Ct.G = 20 MCi/L 

AL~NATIVE A -VIII 
EFFLUENT BOD = 30 MG/L 

SS = L'n MC'.IL 
Ct.G :. 1 0 MG/I. 

TREAMNf ALTERNATIVES VI THROUGH VI II 
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I I~ 

I' 

'~ i~ 

Treatment Train 
Alti?matives 

il6-I A 

P..lj- JI B ,J 

A6- I l I BJKQSY 

A6-I'J BJKQSYBN 

A6-V B.JKQSVBUZ 

A6-Vl eJL 

.t.6- VII BJL BN 

A6- VII I BJL BNZ 

TABLE 102 

SUfittARY OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY A6 

Effluent Effluent 
BOD SS 

kg/Hg kg/Hg 

Effluent Percent Percent 
F, O&G BOD SS 

k9/kk9 Reduction Reductfon 
R.95 4.03 3.51 0 0 

2.68 1.21 1.05 70 70 

0. 134 0. 121 0.105 98.5 97.0 
0.067 0.061 0.023 99.2 98.5 
0.035 0.030 0.012 99.6 99.3 
0.134 0. 121 0.053 98.5 97.0 
0.067 0. 061 0.023 99.2 98.5 
0.035 0.030 0.012 99.6 99.3 

Percent 
F, O&G 

Reduction 

0 

70 

97.0 

99.3 

99.6 

97.0 

99.3 

99.6 
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AltcrnJtiv~ A 6 - II - Alternative A 5 -I with the ilddition of pressuriz~d 
ilir flotilt.ion utilizing cll~mical flocculating ugcnts to enhilnce floe 
formation ilnd flo<ltability of wastes. Oil, water, and solid waste ski1i1111ngs 
are pumped to an in-plant oil reclamation system for dewatering, and re
covery of inedible oils. 

Alterniltive A 6 - !1I • Alternative A 6-It with the addition of activated 
sludge, secondary clarification, sludge recirculating pump, a sludge thick
ening tank, vacuum filtration, and a sludge holding t~nk. Sludge is hauled 
to a landfill facility every four days. The activated sludge unit also 
inclucJes a control house and tv10 full-time operators. 

Alternative A 6 · lV - Alternative A 6-III with the addition of dual 
media pressure fiitration with pump ~tations to genera~e sufficient 
head f0r the filter operation. 

Alternative A 6-V - Alternative A 6-IV with the addition of dCtivated 
carbon before final discharge. A schematic diagram of Altarnative A 6-V 
is presented in Figure 157. 

Alternative A 6-VI - Alternative A 6-II with the addition of an aerated 
lagoon including a settling pond. 

Alternative A 6-VI! - Alternative A 6-VI with the addition of dual media 
pressure filtratio~ ~nd a pump station to generate sufficient head for 
f)lter operation. -

Alternative A 6-vrrr - Alternative A 6-VII with the addition of activated 
carbon before final discnargc. A schematic diagram of Alternative A 6-
VIIJ is prese11ted in Figure 158. 

SUBCATEGORY A 7 P~OCESSING OF EDIBLE OIL~ BY CAUSTIC REF1NING, AC!OU
[Afr6:;1 OIL : :assl:;G, AND ct~!ZATic/;ffiTROciS --

The existing and potential in-plant treat~~nt and control and end-of-1ine 
treatment techn::ilog1es for Suocategory .:, 7 ar<? esser.tially as those dis
cussed ~" Suocate9ory A 5 and outlined in Table 98 with the add~tior. of 
the fol1Qw1ng disclssion of in-plant tec~nolosy for the unit pro~esses of 
oil processing and deodor!zation. 

In-Plant ier.hr.olcgy 

011 pror.essing includes the waste11aters :ien~rated from the lmit processes 
of ble~ching, hydrogenation, and winteri=atiun. 

In genen1l, the majority of blea~hing op~rations visit~d practiced dry 
cleanup cf the spen~ bleachi119 al>sorber:t. However, mc,~t plants discharge 
a significant portion of tile ebsorbent to the scwe'" ciuring floor washing 
operations. In the hydrogen.it ion proce?ss, the indu~try conrnonly ut11 izP.s 
dry cleanup ot the spent nickel cataly~t from the filter press ,,rea. Ho1v· 
ever, a fe1., p1;ints discharge small amol:nt:. of ciltalyst to the sc·.~er during 
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floor Wil~hinrJ operations. A ;;mall nurnbnr of p1ilnts hilve dcvelop~d the 
tecllnolouy for recovcrin9 nickel fro1'1 th~ spent Ciltalyst, but this riro
cedure i~ not widely a~plied throughout the industry. In the unit Droccss 
of deodorization, fatty milterials are concentrated within the deodorizer 
stripj)ing steam and are removed by burometric condenser water 1'/hcre they 
are eventually deposited in the cooling tower basin and subseque~t b1ow
down. Di sti 1 late recovery systi?ms are COr:'lmonly emp·loyed by the industry 
to reduce the concentrations of these materials in the wastewater dis
cnarge fro~ the contuct coolin~ tower. The distillate reco~ery system 
utilizes a l1Quid 011 spray which condenses the fatty materials before 
they reach the barometric co~denser, thus removing ao~ro~imatel~ 90 to 
95 percent of the waste distillates. The recovered dlst1llate is sold 
as a by-product. 

Potential In-Plant Technol.£.9.l 

Potential in-plant techno1ogy would inc rude improvement in generul house
keeping practices, in the bleaching and hydrogenation processing areas • 
maximizing dry cleanup procedures were possible. The industry ~ay ad-' 
vantageousl}· deve 1 0p a program toward improvement of operator awareness 
regarding generai dry cleanup procedurEs and polluticn control methods 
in the aforeme~tio~ed processing areas. 

Selection of C_f.ntro1 and Tr:eatment Techno_!,Qu 

Jn Section~. a hypothetical model plant. was developed for Subcategory 
A 7. I~ wa:; assume·~ that the model plant provided tre following treat-
ment un1ts before final di5charge to a treatment facility: 

1. Surge control and/or fio~ equalization. 
2. Gra\·ity separation and skimming. 
3. In··plant oi 1 recovery system. 
4. pH control. 

The raw wastewater character1st1cs after gravity separation, skimming, 
and pH control were as~umed to be as follows: 

BOD 
SS 
O&G 
Flow 

6,400 mg/l 
3,100 mg/l 
1,500 mg/1 
1,147cu rn/day (0.303 MGO) 

Table 103 Hsts the po17utant effluent loadin9 from ~he Subcategory A / 
model plant and the estimated operating efficiencies of each of the ~ig .. t 
tr1.>atment trains sel'!cted for this subcategory. 

Alternative A 7-l • Th1s alternative provides no add1t1onal treatm~nt 
Other th.rn gravity :;.Jration, skin;rning, and pH control. 

5~0 



TABLE 103 
c 
:::::> 
> -, 

Sl1fto1N:Y OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY A7 --l 

Effluent Effluent If fluent Per~ent Percent Percent 
Treatment Train BOD SS F, O&G 600 SS f, O&G 

I Alternative kg/kkq kg/Ug k9/kls9_ Reduction Reduction Re-:luction 
! 
i 
i 

i A7-I A 16.09 7.04 3.93 0 0 0 
i 
I A7-ll B.J 4.85 2.35 1.13 69.8 70.0 71.3 
l 
: A7- l I l BJKQSI 0.252 0.l52 0.252 98.4 96.8 93.6 

I.I' A7-JV 8JKQSY8N 0.126 0.126 0.051 99.2 98.4 98.7 ........ --
A7-V SJKQSYBNZ 0.076 0.063 0.025 99.5 99.2 99.4 

A7-VI BJL 0.252 0.252 0.252 98.4 96.8 93.6 

A7-Vll BJLBN 0. 125 o. 126 0.051 99.2 98.4 98,7 

A7-Vlll BJlBflZ 0.076 0.063 0.025 99.5 99.2 99.4 

I 
I 

i I 



Altern~tive A 7-ll - Alternative A 7-I with the addition of pressurized 
tir flotation ut1Jizi~g chemical flocculating agents to enhance fl~c 
format~on and floatability of wastes. Oil, water, and solid waste skimmings 
are pumped to an in-plant ~il reclamation system fo~ dewaterfng, and ;e
covery of inedible Qt1(. 

Alternative A 7-IIr - Alternativ~ A 7-II with the addition of activated 
sludge, secondary clarificatic:n, sludge recirculating pump, a sludge thick
ening tank, vacuuM filtrat~cn, and d sl;dge holding t~nk. Sludge is hauled 
to a landfill facility every ten days. fhe activated sludge unit also 
include~ a control ho~se and two ful~·time operators. 

A~ternative A 7-IV - Alternative A 7-llI with the addition of dual 
med1a pre:>sureffitration ~iith pump stations to generate sufficient 
head for the filter operation. 

Alternative A 7-V - Alternative A 7-IV with the addition of activated 
carbon tefore final discharge. A schematic diagram of Alternativ.e A 7-V 
i5 prese~ted in Figure 159. 

Alterna~ive A 7-Vl - Alternative A 7-II with the addition of an aerated 
lagoon including a settling pond. The aerated lagoon uni~ a1so includes 
a contro7 house with two full".'!!._me_ op~rators. 

Alternative A !-VII ·Alternative A 7-VI with the addition of dual media 
pressure filtration and a pump station to generate ~ufficient heed for 
filter operation. 

Alternative A 7-VlI! - Alternative A 7-VII with the addition of actfv~ted 
carbon oefore finar-disr.harge. A schematic diagram of Alternative A 7-
VIII is presented in Fi~ure 160. 

. ....... 
SUBCATEGORY 8 • PRQCE~~t1;~ O~ EDI6LE O!LS UTILIZING CAUSTIC REFINING, 
6IL PROCt:SSlNG, ~.:::Jr)[O-DORI Z/li !C~I 

The existing and potential 1n-µlant treatn1ent and control techno'fogy 
and end-of·line treatment technology for Subcateqory '' 8 are essentidlly 
as those previously outlined in Table 9B and discuss~d in euiui~ oil 
refinery Subcategories A 5 and A 7, 

Seler.tiori of C:ontrpl and Treatr.:ent Technolooy 

In Section V, a hypothetical model plant was developed for Subcategory 
A 8. It 1vas assu::~cd that the r.1odel ularit provided the fol 1oviing treat
ment units before iinal disc;harue to a tr~Jtment facility: 

l S~rge control and/or flow equalization. 
2. Gravity separation and skimming. 
3. In·plant oil recovery system. 
4. pH control, 
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DRAFT 

lhe rtl\'I v1astev111tcr chiJrilcteristics ufter gra·1ity separation, skin1ning, 
and pH control 1-1erc assumC!d to b~ as follows: 

BOD 
SS 
O&G 
Flow 

5 ,700 mg/1 
3, 100 mg/1 
1 ,400 mg/1 

927 cu m/day (0.245 HGD) 

Table 104 lists the pollutant effluent loading from the Subcategory A B 
model plant and the estimated operating efficiencies of each of the eight 
treatment trains selected for this subcategory. 

Alternative A 8-1 • This alternative provides no additional treatment 
other than gravity separatio~. skin111ing, and pH contrJl. 

Alternative A S·!I - Alt~rnative A 8-I with the addition of pressurized 
air"flotat1on utilizing chemical flocculating agents to enhance floe . 
formation and floatability of wastes. Oil, v1ater, and solid waste sl<irrvning~ 
are pumped to an in-plant oil reclamation system for dewatering, and re
covery of inedible oils. 

Alternative A 8-ITI - Alternative A 8-II with the addition of hCt1vated 
sludge, secondary clarificatio~. 5ludge recirculating pump, a sludge thick
ening tank, vacuum filtration, and a sludge holding tanK. Sludge i~ hauled 
to a landfill facility every s~ven days. The activated sludge unit also 
includes a control house and two full-time operators. 

Alternative A 8-IV - Altern~tive A 8-III with the addition of dual 
media pressure filtration with pump stations to generate sufficient 
head for the ~ilter operation. . 

Alternative A a-v ·Alternative A C·IV with the addition of activated 
carbon before final discharge. A schematic diagram of Alternative A 8-V 
is ~resented in ~igure 161. 

Alternativ~ A 8-VI - Alternative A 8-lI with the addition of ~n aerated 
lagoon including i settling pond. The aer3ted lagoon unit also includes 
a control house with two full-time operators. 

Alternative A 8-VII - Alternative A 8-VI with the addition of dual media 
pressure filtration and a pump station to gen2~ate sufficient head for 
filter oµeration. 

Alt~rnativ0 A 8-VITT - Altern~tive A 8-VII with the addition of activ~ted 
carbon before finildischarge. A schematic diagram of Alternative A 8-
VIII is presented in Figure 162. 
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TABLE 104 
0 

$! ..,, 
..... 

SUK'iARY OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY A8 

Effluent Effluent Effluent Percent Percent Percent 
Treatment Tratn BOD :;s O&u BOO SS O&G 
Alternatives kg/kkg !.gjkicg__ kg/kkg Reduction Reduction Reduction 

A8-I A 11. 73 6.30 2.81 0 0 0 

A8-ll 8,J 3.53 1.90 0.859 69.9 69.8 69.4 

...,.. A8- I JI BJKQSY 0.204 0.204 o. 102 98.3 96.8 '1. 4 
;.ri 
:7\ 

AB-IV BJKQSYBN 0. 102 0.102 0.041 99. l 98.4 .2 

AB-I/ BJKQSYBNZ 0.051 0.051 0.020 99.6 99.2 99.3 

AB-VI BJL 0.204 fl.20-t 0.102 98.3 96.8 96.4 

AB-VII BJLBN o. 10_ 0.102 U.U4 I 99.1 98.4 98.5 
, 

"ct-VI II BJLBNZ 0.051 0.051 0.020 99.6 99.2 99:3 
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DRAFT 

SU~CliTEG()RY 1\ 9 PROCESSH:G or [O[[lLE OILS UT!LIZIIJG cr.usrrc REFINirlG, 
;ti'CTIJ(j[J\TIO;:, OIL PROCESSrnG, DLGuOrUZ/1TfoU1iUliUUS, /\ljO TllE PIWUUCTIU1~ 
Of !>tlUl<TL1ll11li ~11u T1~1.!Lt. iJlLS 

The ~xisting and potential in·plant treatment and control and end-of·line 
treatment technologies for Subcat~gory A 9 are essentially those pre· 
viously outlined in Table 98 and discussed in edible oil refinery 
Subcategories A 5 and A 7. A detailed discussion of the existing and 
potential in-plant treatment and control technology for the processing of 
shortening and table oils is presented in Su~catcgory ~ 14. 

Selection of Control and Treatment Technology 

In Section V, a hypothetical model plant was developed for Subcategory 
A·9. It was assumed that the model plant provided the following treat
ment units before final discharge to a treatment facility: 

1. Sutge control and/or flow equalization. 
2. Gravity separation and skimming. 
3. In-plant oil recovery system. 
4. pH control. 

The raw wastewater characteristic:; after gravity separation, skimming, 
and pH contrcl were assume~ to be ~s follows: 

BOD 
SS 
O&G 
Flow 

5,900 mg/l 
3,000 mg/1 
1 , 500 mg/ l 
1 ,321 c~ m/day (0.349 MGO) 

Table 105 lists the pollutant effluent loading from the Subcategory A 9 
model plant and the estimated operating efficiencies of each of the eignt 
treatment trains selected for tnis subcategory. 

Alternative A 9-1 - This alternative provides no additional treat~ent 
other thdn grdvity separation, skimning, and pH control. 

Alternative A 9-1! - Alternative A 9-l with the addition of pressurized 
air flotatior1 utilizin'g chemical flocCJlatir.c; agents to enhance floe 
tormation and floatability of 1·1astes. Oil, .·1ater, and solid waste 5~i:;1r:1~'" .. :·:. 
are pumped to an in-plant oil reclamation system for dewatering, and re
covery of inedible oils. 

Alternative A 9-Ill - Alternative ~ 9-ll with the addition of activated 
sludge, secondary clarification, sludge recirculating pump, a sludge thic~
ening tank, vacuum filtration, anJ a sludge l1olding tank. Sludge is hau~c:rJ 
tu a landfill facility every nine dJys. 1he ar.tivated sludge unit also 
includes a control house and two full-time operators. 

Alternative~ 9-iV - Alternative A 9-III with the addition of dual 
n1edia pressure filtrai:i0n 1'f'ith pur:p sta~ions to generate sufficient 
head for the filter ope1·ation. 
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TABLE 105 

0 .,._, 
SU!·IMARV OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY A9 :> ..,.., 

-i 

Effluent Effluent Eff1 uent Percent Pen.ent Percent 
j: Treatment Train BOD SS F, O&G BOD SS F, O&G 
11 Alternative kg/kkg_ !g/kkg kg/Hg Reduction Reduction tteduction r 

A9-l A 17. 12 8.66 4. 35 0 0 0 

M-11 B,J 5. 15 2.62 1. 31 70.0 70.0 70.0 
A9-lll BJKQSY 0.252 0. 262 0. 131 98.5 97.0 97.0 

II /..9-IV 8jKQSYBrl 0. l 3 I 0. 131 0.058 99.:: 9B.5 98.6 '• n 

ii r, 

:i 
'.> A9- './ 6JKQSYBrn 0 073 0.073 0.029 99.6 99.2 99.3 

ii A'3-Vl BJL 0.262 0.262 J. 131 98.5 97.0 97.0 
A9-Vll BJLBN 0. 131 0. 131 0.058 99.2 98.5 98.6 i 

II A9-V II I BJLBUZ 0.073 0.073 0.029 99.fi 99.2 99.3 ,, 
:c 
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Alternative A 9-V - Alternative A 9-IV with the addition of activated 
carbon before final disch.irge. A sche•natic diagra1:1 of Alternative A 9-1/ 
is prcsentec in Figure 163. 

Alternative A 9-VI - Alternative A 9-II with the addition of an aerated 
fagoon including a settling pond. The aerated lagoon a1$0 includes a 
control house and two full-timer operators. 

Alternative A 9-Vll - Alternative A 9-Vr with the addition of dual media 
pressure filtrat1cn and a pump station tc generate sufficie11t head for 
filter operation. 

Alternative A 9-VIII - Alternative A 9-VIl with the addition of activated 
carbon before final discharge. A schematic di~gram of Alternative A 9-
VIII is presented in Figure 164. 

SUBCATEGORY A lG. PQOCESSING OF EDIBLE OILS gy CAUSTIC REFINING. OIL 
PROCESSiiiG, DEODC?.JZJIT!!Jil ··it.THUS. ;.i.;,i.J -::E PLP-S:TI(!ZI;,G A1~J PACr.J..GI,.G 
OF SHUkH!JlilG ;.,:,J iKdLEl7fLS . 

The existing and potential in-plant treatment and control technology and 
existing end-of-line tecnnology for SuDcategory A 10 ref~neries are es
sentially as those previously outlined in Table 98 and discL·~sed in detai~ 
in edible oil refinery Subcategorjes A 5, A 7, and A 14. 

Selection of Control and Tre:.tment Technology 

In Section V, a hypothetical model plant wa~ developed for Subcategory 
A 10. It ""as as5umed that the r.i.odel p1e1nt ;:>rovidec tr.e fo~lowir.g trea':.
ment units before final discharge to a trea~ment facility: 

1. Surge control and/or flow equalization. 
2. Gravity separation and skimming. 
3. In-plant oil recovery system. 
4. pH control. 

The raw wastewater characteri!;tics aftH gr<"vity separation, skimming, 
and pH control ~ere assumed to be a:; to 1lc.vs: 

BOD 5 ,250 mg/1 
SS 3,000 mg/l 
O&G l ,300 mg/1 
F1ow 1, 101 cu ~/duy {0.291 M~J) 

Table 106 lists the pollutant eff1~cnt 1oJding from the Subcategory A 10 
model plant ilnd the esti1T1cJted ooerati:ig efficienciP.$ of each of the c1~1ht 
treatment trains selected for this subcJ~ego:-y. 

Alternative A 10-I - This alternative provides no additional treatment 
other -tl1an gr .. wity separation, 'ikfr~~1i11q, .;nd pH control. 
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TABLE 106 
0 

s: ..,, 
SUMMARY OF TREATMENT TRAIN ALTERNATIVE~ FOR SUBCATEGORY AlO -I 

Effluent Effluent Effluent Percent Percent Percent Treat.men! Tra1n BOO SS F, O&G eoo SS F, O&G Al te!'"nat tve kg/kkg kg/Hg_ kg/k!!L_ Reduction Reduction Reduction 

A10- I A 12.76 7. 14 3.23 0 0 0 
Al0-11 6,J 3.82 2.18 0.947 70.0 69.5 70.0 
Al0-111 BJKQSY 0. 194 0.219 0.097 98.5 96.9 97.0 

·J'I AlO- l'J BJi<QSYBN 0.097 0.1Q9 0.048 99.2 98. 5 98.5 
.:;.. 

""' 
AlO- ·: BJr:QSYBNZ 0.048 O.G56 0.024 99.6 99.2 99.2 
A 10- 'i I B.JL 0. 194 0.219 0.097 98.5 96.9 97.0 
A1U-VI I BJLBN 0.097 0.109 0.048 99.2 98.5 98.5 
AlO-VllI OJLBNZ 0. :J-l8 0.056 0.024 99.5 99.2 99.2 
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Altcrn~tive A 10-f I - Alternative A 10-l with the addition of oressur1zed 
air flotation utilizing chemical flocculating agents to enhan~e floe 
fonuation and float.:ibility of wastes. Oil, water, and solid waste sldnimings 
are pumped to an in-plant oil reclamation system for dewatering, and re
covery of inedible 0ils. 

Alternative A 10-Ili - Alternative A 10-II with the addition of activated 
STudge, secondary clarification, sludge recirculating pump, a sludue thicr.
ening tank, vac.u1!m filtration, ar.d a sludge holding tank. Sludge is haulec.' 
to a landfill facility every six days. The activated sludge Jn;: also 
includes a control house and two full-time operators. 

Alternative A 10-JV- Alternative A 10-III with thl addition of dual 
iiiedla pressure-rntration with pump stations to ge11erate sufficient 
head for the filter operation. 

Alternative A 10-V - Alternative A 10-!~ ~•ith the &ddition of act'.vat0: 
carbon before final discharge. A schema:ic di.:igram of Alternative: A iU-'/ 
is presented in Figure 165. 

Alternative A 10-VI - Alternative A 10-J[ with the addition of an aerHtcd 
lagoon inclua1ng a settling oond. ~he aerdted lagoon also inclua~s a co:i::r:.i 
house with two full-time operators. 

Alternative A 10-Vll - Alternative A 10-VI with the addition of dual medi~ 
pressure ti1traf;cn and a pump $tation to generate sufficient head for 
filter operation. 

Alternative A 10-VIII - Alternative A 10-Vll with the addition of activac~~ 
carbon Defore f~nal discharge. A sc~ematic d1~grJm of Alternative A 10-
Vlll is presente~ in Figure 166. 

The ~x·;sting and potential ·in-plM;t trc:'.ltJ.,r:nt and control an<;; e.··ist1rH: 
end ... J f ·· 1 i ne tech r. o 1 o a i ~ !; for '.;!.I b ca : ? , ;:, r ·: ;"\ ~ 1 re f in r r i t! s i.! r I! P s ::. er t ~ J ~ · .. 

as those previously cut-lined in T.:ibi~ ':;S . .ind di~,cus:.cd in detail in ~d;;·,;,. 
oil refinery ~ubi::.:iti:?gories A 5, A 7, I\ lJ and 1\ 14. 

SelcctiC!!' of Cc:ntrcl ilnd Tre_atmr~.-~~:: . .::_'.'._'..-_·.:J~:.2L 

In Section V, a hypothetical model plant ~as develop~d for SubcJtc1ory 
All. It was assumed tl~at the r.iotJel i)Lrnt f)r~viocd the following treat-
ment units before fin,ll di'.>charge to J treat:r.ent facility: 
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1. Surge control and/or flow equalization. 
2. Gravity separation and skimr.ing. 
3. In-pl~nt oil recovery system. 
4. pH control. 

The raw wastewater characteristics after gravity separation. skimming, 
and pH control were assumed to be as follows: 

BOD 
SS 
O&G 
Flow 

5.900 mg/l 
3,200 mg/l 
2 ,BOO mg/l 
),574 cum/day (0.416 MGD} 

Table 107 lists the pollutant effluent loading from the Subcategory A 11 
model plant and the estimated operating efficiencies of each of the eigh'L. 
treab1ent trains selected for this subcdtegory. 

Alternative A 11-t - This alternative provides nn additional treat~ent 
other than gravity separation, ski!':llling, and pH control. 

Alternative A 11-II - Alternative A 11-l with the addition of pressuriz~a 
air flotation ""lit"ITizing chemical flocculating agents to enhance floe 
formation and floatability of wastes. Oil, 1-Jater, and solid l'laste skir·::1ir,ss 
are pumped to an in-plant oil reclamation ~ystem for dewaterins, and re
covery of inedible oils. 

Alternative A 11-111 - Alternative A 11-II with the addition of activa~ed 
sludge, seconaary clarification, sludge recircJlat~ng pump, a sludse t~i:~
ening tank, vacuum filtration, dnd a slucge holding tank. Sludge ·i-; lldJ:L':i 

to a landfill facility every eight days. The activated siudg~ unit al~o 
includes a control house a~d two full-time operators. 

Alternative A ll-IV - Alternative A ll-111 with the addition of dual 
media pressure t1ltration with pu~p stations to generate sufficient 
head for the filter operation. 

Alternati1e A 11-V - Alternative A 11-IV wit~ ~he addit~on of activat~~ 
carbon before tinal disi:harge. A :;cher.idtic diagrJm of A1tcrr.ative All-'/ 
is pre~ented in Figure 167. 

Alternative A 11-Vl - Alternativ~ A 11-II with ~h~ addition or Jn J~rJ'~d 
lagoon including a set~ling pun1. He aerated la<;Qon al'.:.o incl:.;dc~ ii ,_r,:-.:: 
house and two operator~. 

Alternative.~ 11-Vll - AltL0 rnative ,~ 11-Vl ·.vith the 11drlit;o11 of duill !r":!i.1 
prc:;~ure filt.rw~ctr1d a pui11p :;tJtion to ge!11.:.Jl<: suffic.if!nt t1ead for· 
filter operdt1on. 

Alternative All-VIII - ''ltP.rnativ!! A 11-VII 1«ith the addition of act;•;.:tcJ 
c11ruon-bcfore tinal disclldrge. A :chcmJtic c1i<1grJm of /\lterr.utiv~ A li
VJIJ is presented in f;siure 168. 



TABLE 107 c 
:=> 
'.)::a 
""T\ 
-i 

SU""1.ARY OF TR£ATMEHT TRAIN ALTERNATIVES FOR SUBCATEGORY All 

Effluent Effluent Eff:uent Percent Percent Percent 
Treatn-ent Trair. BOD SS O&G BOD SS O&G 
Alternative ~_k_!L kg/Hg ~/kkg Reduction Reduction Reduction 

All-I A 20.';)7 10.98 9.95 0 0 0 

All-11 B,J 6 .14 3.33 2.CJ2 70 .l 69. 7 70.6 

A 11- II I BJKQSY 0.312 0.347 0.295 98.5 97.2 97.0 

n A 11-1 V BJKQSYBN 0. 156 0. 174 0.069 99.2 98,4 99.3 
" :> 

A\ l-V P.JKQSYBtE 0.076 0.087 0.035 99.6 99.2 99.6 

Al 1-VI BJL 0.312 0.347 0.295 98.5 97.2 97.0 

Al 1-VII BJLBN 0.156 0. 174 0.069 99.2 98.4 99.3 

A11-VI ll 8JLBNZ 0.076 0.087 0.035 99.6 99.2 99.6 
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SUOCATE~ORY A l2 - P~OCCSSING OF (OIOLE OILS BY CAUSTIC REFINERY, OIL 
Pl<UC E ~:;n T;TI1'.Df~i;·0TTitPI:i'iS"f ilTilii I cm fli :u PAC YJ\GI1iGOFSi!cTIITtN'"iiffi. 
TAOLE OILS, /\rm MM<GAlilllE 

The existing ar.d potential in-plant t~eatment and control and existing 
end-of-line technologies for Subcategory A 12 refineries are essentially 
as those previously outlined in Table 98 and discussed ;n detai~ in edible 
oil refining Subcategories A 5, A 7, A 13, and A 14. 

Selection of Control and Treatment Technoloo~ 

In Section V, a hypothetical model plant was developed for Subcategory 
A 12. lt 1"1as assumed that the model plant provided the following treat
ment units before final disct1arge to a treatment faci~ity: 

1. Surge control and/or flow equalization. 
2. Gravity separation and skirrrning. 
3. In-plant oil recovery ~ystem. 
4. pH control. 

The raw wastewater characteristics after gravity separation, skimming, 
and pH control were assu~ed to be as follows: 

BOD 
SS 
O&G 
Flow 

5,400 mg/1 
3,200 mg/l 
3,000 mg/1 
1,355 cum/day (0.358 MGD) 

Table 108 lists the pollutant effluent loading from the Subc~tegory A 12 
model plant and the estimated operating efficiencies of each of th~ eight 
treatment trains selected for this subcategory. 

Alternative A 12-I - This alternative provides no additional treatment 
other than gravity separation, skirroning, ar.d pH control. 

Alternative A 12-II - Alternative A 12-I with the addition of pressuriz~d 
air flotation utilizing chemical flocculating agents to enhance floe 
formation and floatability of l':astes. Oil, water, and solid 1vaste ski~~~ir•·;'> 
are pumped to an in-plant oil reclamation system for dewatering, and re
covery of inedible oils. 

Alternative A 12-III - Aiternative A 12-II with the addition of activated 
sludge, secondary clarification, sludge re~irculating pump, a sludge Lhic~
en;'lg tank, vacuum filtration, and a sludge holding tank. Sludge is hauled 
to a lar.dfill facility every five days. The activated ~ludge unit also 
includes a control house a~d two full-time operators. 

Alternative A 12-IV- A1 ternative A 12-III with the addition of dual 
media pressure filtration with pump stations to generate sufficient 
head for the filter operation. 
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TABLE 108 0 
:;:o 
> 
"Tl 
-i 

SUMMARY OF.TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY Al2 

Eff1 uent Effluent Effluent Percent Percent Percent 
Treatment Tra1n BOO SS O&G BOO SS O&G 
Alternative !9.l~ kg/kkg kg/kkg Reduction Reduction Reduction ----

A 12- I A 16. 20 9.44 8.83 0 0 0 

Al2-ll B,J 11. 84 2.87 2.69 70. l 69 ,6 69,5 

A 1 Z- l If BJl<QSY 0.239 0.287 o.26q 98.5 9i.O 97,0 

A 12- IV llJKQSY Em 0. 119 0. 143 O.OF.O 99,3 98. s 99.,3 

Al2-V BJKQSYENZ 0.060 0.072 0.030 99,5 99,2 99,6 

A12-Vl BJL 0. 239 0.287 0.269 98,5 97.Q 97.Q 

Al2-Vlll BJLB~I 0. 11 g 0.143 O.GoO 99,3 98 .. 5 99,3 

A12-Vll I BJLBN'l 0.060 o.on 0,030 99.6 99.2 99.6 
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Altcrncltivc A 12-V - Alternative A 12-IV v1ith the addition of activilted 
carbon before final discharge. A schemiltic diagram of Alternative A 12-V 
is presented in Figure 169. 

Alternative A 12-VI - Alternative A 12-II with the addition of an aerated 
lagoon including a settling pond. The aerated lagoon unit also includes a 
control house and two full-time operators. 

Alternative A 12-VIr - Alternat;ve A 12-VI with the addition of dual media 
pressure filtration and a pump station to generate sufficient head for 
filter operation. 

Alternative A 12-VtJf - Alternative A 12-VII with the addition of activated 
carbon befcre final discharge. A schematic diagram of Alternative A 12-
VIII is presented in Figure 170. 

SUBCATEGORY A 13 -PLASTICIZitJG AllD PACKAGirlG OF MARGARJNE 

Existing In-Plant Technology 

The wastewaters generated from equipment cleanup, sanitation, and floor 
washing, represents the major wasteload contributfon to margari~e pro
cessing operations as reported ~verage pollutant concentrations for BOD 
were 1437 mg/1; oil and grease, 1760 mg/1; and flow volume of 170 cu rn/ 
day (0.045 MGD). Information received from the National Association of 
Margarine Manufacturers indicdtes that all plants utilize clean-in-place 
(CIP) systems for equipment cleanup. Most plants colTfTlonly practice the 
recycling of caustic or acid rinse ovaters, and sanitation solutions, ~here
by limiting the CiP system wastewater discharge. During floor cleanup, the 
industry corrmonly uti !izes High pressure, 10~1 volume hoses with autC'rnatic 
shut-off valves for the reduction of water usage. 

Potential In-Plant Technology 

The quantity of wastewater produced by c~ean-in-place systems could be 
reduceg by the f~rther recycling of tne final chlorine rinse to be used 
as the initial rinse water. Improved equipment connections in packaging 
practices could result in decreased pollutant loading of wastewaters by 
decreasing the amount of spills in tre packaging area. The e::tabl isfir::ent 
of dry cleanup procedures sur.:r1 as the 1·ri ping do~-m of equipment before 
cleaning woul~ reduce pollutant waste loads. 

Existing In-Plant Technology 

There pre~ently exists no complete treatment system handling margarine 
processing wastes alone. Watson, ~t.al. (103) reports upon the pe. formancc• 
of a pretreatment facility in Chan:pJign, Illinois treating the combined 
wastes from an edible oils refinery and a margarine, salad dressing, :lnd 
cheese processing operation. The Champaign pretreatment facility was re-

574 

•• ,_- .- •• 'S?ft!'-' m:e~-- -'*"fl??- ,-,·t---·..-uu----v·y siishf/'1',----;;m • ., ···- ........ _, ,, .. ·- ....... • • .... ••• 



ORArT 

,- :.· ~~··-::::: 

iO tN-?LANT OIL 
><EC::;Ve;RY SYSTE"4 

:NFLl.ENT 

BCD = 5,400 MG/L 
S5 ::: 3,200 Mc./L 
O&G = 3,000 ~/L 
FLOW = l I 355 cu WOAY ( o. 358 MGO) 

D 1 ssa... VE:) A i;;; 

~L:JTATI.JN A'-.TE~ATIVE A12-I! 
EF Fl-'..ENT 

----- ----- ... BOO ::: l 62 0 r.t:; /l 
SS = 960 ~/L 
:J(,G = 900 MG/L 

' 
AERATE:) 

_AGCDN 

' 
SE'TTL :•-IG 
"'~'l:lS 

ALTERNATIVE Al2-VT 

=FF"U.ENT 800 = 80 11/!G/l 
'- - - - - - - - - - -- SS =: 96 M-'.;/L 

O&G : 90 '·IC,/:_ 

• 
i)l.iAL - ME.JI A 

FIL''"<AT!ON 

' 

AL":'ERNATIVE AJ2-VII 

EFFL.1..ENT BOD = <+) ....,G/L.. 
SS = .:. 8 "'IC./\.. 

·:CG ::: 2'..' %/:... 

AL TERt-..A-:-I v'E Al 2-VI:: 

EF;:UJENT 500 == 20 "IC/ .. ,---- -----~ SS = 2<. f'4G/:... 
G&G = i J •1G/'--

Sc:BC:. 7E:SCIPY .\ l 2 
7REA~E·i~ J.l..-~or~ATT/ES 1: IHRU VIII 

575 



DRAFT 

I 

T::J IN-PL.ANT CI-. 

~EC OVER 'f 5 v $ rEM 

• 
---------·-

S-\...lX"oE } --
T"°'ICKENI~ 

I 

' \IACUl.>4 
~IL 'mATI~N 

' $LUDGE 

ST~AGE 

' 
;1_..0GE r·~ ,_ 
~UCK .-\AUL. 

INFL1..ENT 
BOD = 5,400 MG/L 
SS = 3,200 MG/L 
O&G = 3,000 MG/L 
FLOW = l,JSS CUM/DAY (0.358 r-IGDl 

f 

D!SSDl..JED AI~ 
FL'.:TO. TI Oi 

_ -• ~ TE~A TI VE A~::-! l 
E~L.t::NT 

BOD = 1620 jlo1;j/L 

SS = 960 MG/'._ 

:JVi "' 900 '14()/t_ ----------, ' . 
A.CTI VA TED 

'=iLLOGE :;:AS!"-

' Si::<::r-.DARY 

-:~A.., rF I CA"< ION 

~ _______ - AL TE~A ":TIE •"1 ;:- r i : 

' 
WAL. -MEDIA. 

FJL -..A-:-!:JN 

EFFU..ENT 

BOD :: 80 MG/L 
S5 = 96 MG/L 

-·- - --- - -- -- - ._.:IL_ 7"E:R~<AT I VE A 1.2-: • 
~!:"':"~.J:'.tlT 

- ,:;;,·act. 

81;9 = "0 MG/L 
'.'.:5 = 48 MC:/L. 

0[,G = 2~ MG/L 

- - - - AL TE~A 11 VE Al::'- ; 
Ei="'UE.N1' 
.~{;IJ ~ .:!~ ~ ~~./L 

SS = ?4 MG/',_ 

:::JC.G = I 0 MG/L 

$(;BC,~ "'=~C;P.Y A 12 
-;;~~TME'lT .:.i.. '.:' ~· .c.- IV£S I i -:"~QU \/ 

in ,_:t+;-; = 

~ -_., •' 

-- C;- wttiEtrri?if!vin · ··r;,. -;::'ri+bn~..;,,. ·;. -.... ·.: 



DRAFT 

ported ~o typicallyoper~te ~lithin the following ranges of removal efficiencies: 
COO 96.4 to ~9.4 percent; suspended solids 90 to 93 percent; and oil and 
grP.ase 93 to 99.5 percent with about 72 perr.ent b~ing removed in primary 
treatment and abollt 25 µercent removed by the secondary unit. In order 
that the plant could meet the r;1unicipal ordinaces of 200 mg/1 noo, 200 
mg/1 SS, and 100 r.19/l of fats, oil and greases, the design features liste~ 
in T.lble 100 .1ere adopteci for the Champaiqn plant based upon a 1980 "'i\Sto 
l~ading capacity. · 

Selection of Con~rol ano Treatment Technc-..!...Qfil: 

In Section V. a hypothetical model plant was developea for Subcateaorv 
A 13. It 1·:as assumed that the mode1 plant provided the fol101·1ing trejt-
~ent units before final discharge to a treatment facility: 

1. Surge control and/or flow equalization. 
2. Gravity separation and skirrroing. 
3. Jn-plant o 11 recovery system. 
4. pH 'ontrol. 

The raw \<1a-;tev1ater- characteristicc; after gravity sepilration, skimr.ing, 
and pH contro7 wtre as~ume~ to be as follows: 

BOD 
SS 
O&G 
Flow 

2,600 mg/1 
1,aon mg/ 1 
3.900 nig/l 

340 cu m/oay (0.09 MGD) 

Table 109 lists the pollutant effluen· loading from the Subcategory A 13 
model plant and the Pstimated ~pe~~tin; effi,iencies of each of the six 
treatment trains seiecte~ for this subca~€gory. 

Alternative A 13-I - This alternative prov:des 110 aciditiona1 treatment 
otherc'than gravity s~paration, skinTTling, a1d oH :ontrol. 

Altern~tive A 13-11 - Alternative A 13-I with the dddition of pressurized 
a1rTG~a:ion utilizing cherni,al flocculating agen~s to ennanc:e fl.Jc 
formation and floatability 0f 1vastes. Oil, \'later, and '.>Olid waste ~.kirr.11:'·~.; 
are pvmped to an in-rlant oil ~eclamat~on systtm for dewatering, and re-
covery of inedible oils. · 

Alternative A 13-!Ir - Alterndtive A 13-[l with the addition of activateu 
sludg€, ,;ecor;oary cforification, ~ludge re-:irculating pur1p, a Sl1Jdge thicl.
ening tank, vacuu~ filtration, and a sludge holding tank. Sludge is hauled 
to a landfill :'acility every tHenty days. The activated sludge unit also 
includes a control house and t\·10 ful1-trn~e operators. 

Alte~~ative A 13-IV- Alternative A 13-JII with the addition of dual 
111ed1a pressure fiilration witti pump stations tc generate sufficient 
head for the fi1te1· operation. A scher.1atic diagr<.m of Alternative A 13-l'J 
is prescntcc in Fi~ure 171. 
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TABLE 109 c 
~ ..., 

SUMMARY OP TREATMENT TRAIN ALTERNATIVES FOR Sl~CATF.CORY A13 -4 

Effluent Effluent Effluent Percent Pen:ent Percent Treatment ira1n BOD SS O&G BOD SS O&G Alternative kgfkkg kg/kkg kg/kk'.] Reduction Reduction Reduction 

A13-I A 3.92 2. 72 5.81 0 a 0 
AlJ-1 l 8,J 1.17 0.811 l. 75 70. 1 70. 1 70.0 
Al J-11 I BJKQSY 0.060 0.075 Q.075 98.5 97.2 9B,7 I 

U"1 
!I ....... A 13- IV E.J '<QS~ BN 0.030 0.037 0.037 99.2 98.6 99,4 
\i 0 

1r 
Al 3-V BJL 0.060 0.075 0.075 99.2 97.2 98.7 
AlJ-VI BJLB:~ 0.030 0.037 0.037 99.2 98.6 99.4 
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Alternative A 13-1/ - Alternative A 13-11 ·.-1ith the addition of an aet.'lted 
lagoon including a settling pond. The aerated lagoon also includes or.e 
full-time operator. 

Alternative A 13-VI - Alternative A 13-V with the addition of dual media 
pressure filtration and a pump station to generate sufficient head for 
filter operation. A schematic diagram of Alternative A 13-VI is presented 
in Figure 172. 

SUOCATEGORY A 14 - PLASTICIZING Arm PACl-:AGitJG OF SHORTENING AND TA[lLE 
OILS 

Existing In-Plant Technology 

The wastewater generated from equipment clednuo and periodic floor 1-1ashing 
procedures represents a relatively insignificant waste load contribution to 
the total waste lo~d of an edible 01; refinery. fn general, fi:hng equip
ment is wiped clean before being subjected to cleanirg solutions. Acr:iaer~:al 
spills result in infrpquent floor \·1ashing operations. The indus:~·y co:;;:;:cr.iy 
separates their ncn-contdct water discharge from its process waters with the 
non-contact water being recycler.I. 

Potential In-Plant Techno1-.2.9.l. 

Because of the small volumes of ¥tater used and the relatively insignficant 
waste load resulting from shortening and table oil packaging, no recom
mendations are made for the further reduction of waste strengths or volu~P.s. 

End-of-line Technologl_ 

No kn01.,in end-of-line treatment system pr~sently exists for the packaging 
of shortening and table oils alone. All present plasticizing and packagin; 
wast~s are handled by r.iunicipal treatment. 

Selection of Control and Treatment TP._chnoloay 

In Section V, a hypothetical model plant was developed for Subcategory 
A 14. It was assumed that the model plant ~r~vided the following treat
ment units before final discharge to a [rratmcnt fucility: 

1. Surge control' and/or flow equalization. 
2. Gravity separation and sb--:1ing. 
3. In-plant oil recovery system. 
4. pH control. 

The ra\\1 1"aste1·Jater characteristics after grJvity separation, .:;kimr.;in~, 
and pH control were assumed to be as follows: 
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COD 
SS 
O&G 
Flow 

1 '500 ing/1 
1, 100 mg/l 

550 .~j/l 
87 cum/day (0.023 11GD) 

Table 110 lists the pollutant effluent loading from the Subcategory A 14 
model plant and the tstimated operating efficiencies of each of the ~ix 
treatment trains selected for this subcategory. · 

Alternative A 14-I - T~is alternative provides no additional treatment 
other than gravity separation, skimming, and pH control. 

Alterf!.ative A 14-II - Alternative A 14-1 with the addition of pressurized 
air flotat1on utilizino chemical flocculating agents to ~nhance "loc 
fonnation and floatability of wastes. Oil, o,.1ater, and solid waste sk1r-.·:iny; 
are pumped to an in-plant oil reclamation system for de~atering, and re
covery of inedible oils. 

Alternative A 14-III - Alternative A 14-II with the addition of activa:e~ . 
sludge, secondary clarificaticn, sir...dge rec1rcu1ating pu~1p, a sludge thi;_: .. 
ening tank, vacuum filtration, and a s1udge holding tank. Sludge is haul~~ 
to a landfill facility every five days. Yhe activated 5ludge ~nit a1s~ 
includes a control house and two fu11-time cperators. 

Alternative A l'·IV· Alternative A 14-III with the addition of dual 
media pressure filtratio~ with pump stations to generate sufficient 
head for the filter operation. A schematic diagram of Alternati~e ~ 
is i:-resented ir. Fiyure 173. 

~ "' ' \ ' 
I "'t - ... i 

Alternative A 14-V - Aiternatbe A 14-IV with the addition •)fan aerat~d 
lagoon including a settling pond. The aerated lagoon also inc~udes one 
half-time o~erator. 

Alternative A 14-VI - Alternative A 1a-v wi!h t~~ add~t~~n of dual ~cdiJ 
pressure flltrat·;on and a pump s~:2tion :o qer.erate ~:ufficient head for· 
filter operation. A sche:inHic dlilj!""·~~ of Alte,.r.ative ,", 14-'JI is pr·-·:.,~·"~···: 
in Figure 174. 

SUBCATEGORY A 15 - OLIVE OIL R[Fl',J'!'.j 

A~ rliscussed in Section V. there is on1_:,· rJne oliv~ 0il rl.;nt in the 
United States which refines oiive uil by the cJustic refining process. 
The control and treutment prac:1ccs <it the plcJnt are pn:sent.ed 1;e~o1~. 

Existing ln-Plant Technolo9y 

As discus~ed in Section V the quantity of wustewater discharged from the 
causti:: refining of olive oil is Jpproxin1i1tely 1100 l/day (:OD gal/da~.:1 
All equipment is wiped ciean, thereby generlting no additional wastewater·. 
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TABLE 1 ~O 

0 
:::0 

~Ul'fo!ARY OF TREATMENT TRAIN Al TEP.NATIVES :J:> ..,., 
-i 

Treatment Effluent Effluent Effl:.ie:nt Percent Percent Percent 
Train 900 SS O&G BOO SS O&G 

Alternative kg/kkg _!g[~ kg[kkg Reduction Reduction Reductf on 

A 14- IA 0. 56 0.42 0. 21 0 0 a 

A 14-IIBKQSV 0.029 0.038 0.(J2l 94.8 90.9 90.0 

A 14-IIISl<QSVN '1.015 0.015 0.008 97.3 96.4 96.2 

A 14-IVBKQSVflZ 'J.008 0.008 0.004 98.6 98.1 98. l 

A 14-VBl 0.029 0.038 0.021 94.e 30.9 90.0 

A i4-1.'IBLN 0.015 0.015 0.008 97.3 96.4 96.2 

A l 4- "II IELNZ O.G'J8 0.008 0.004 98.6 98.1 98.1 
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Potrntia1 lnrPlant TechrJlO~J:'.. .----· 
Examination of in-plant process suggests no additional method or proc
edure to further reduce pollutan~ loads and wastewater volume for this 
subca tcgory. 

End-of-Line Technologl 

At present, the v1astewater is hauled weekly to a municipal treatment 
facility with no apparent adverse effects on the treatment system. 
However, the wastewater flow is considered too small to warrant recom
mc:idation of biological treatn1ent as a viable treatment alternative for 
this subcategory. 

Selectiori of Control and Treatr.,ent Techn.QJ..Q.gy 

The ~odel plant for this subcategory was presented in Section V and had 
the following wa~tewater characte~istics:· 

flJw 1100 1/day (300 ga1/da;) 
BOD 5700 mg/1 
SS 296 mq/l 
FOG 195 mg/1 

Three tretitment alternatives were selected for this subcategory and are 
· discussed below. 

Alternative A 15-1 - This alternative consist~ of spray irrigation cf t~2 
'toldSte\·1acer which 1-.ould require 240 sq in (2600 sq ft) of land. The overall 
benefit of this alternative is a 100 percent reduction of pollutants to 
navigable waters. 

Alternative A 15-II - This alternative consists of land spreading of the 
effluent. The da1 ly waste\-1ater would be a ilrn·1ed to flow onto a 0. 05 h3 
(0.12 acre) plot of land at a depth of 7 .6 cm (3 in). The lanrl 1 ... ouic 
be disced monthly. Tne over~~l benefit of ~his alternative is a ~oilu:~~r 
reduction to navigable waters of 100 percent. 

~J.!.~rnative A 15-III - This alternative cons"-.ts cf hauling t~E Wils":e1·1n'.:·.!!. 
to a mumcipal treatment sy-;trm or to en api::-ove.:-1 !arid disposal site. 

SUBCATEGORY .fl. 16 - NEW li'RGE M.1'L T Bfl!EPJ:.GE 5REhCP IE~~ 

The discussion in this section applies ~lso tu brewer~es in subcategories 
A 17 and A 10, unless otherwise notid. 

In-Plant Te,hno1~ 

Jn-plant technology for waste r~duc1ion relates directly to those waste 
streJJllS a•scusscd in Section v. 
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Existing In-Plant Techr.olo!!l_ - Spent grain liquor consists of liquid from 
dc1·1atcring screens and 1·1et grain pre!.scs. tn order to eliminate this v1aste 
some plants feed wet spent grain into gas fired rotary dryers~ howC?ver, 
because of the high moisture content of the wet spent grain (80 to 90 percent) 
fuel costs a~sociated with this method of recovery can be quite high. 
Plant 02A16 centrifuges spent grain liquor and returns it to the brewing 
process. Although this alternative eliminates spent grain liquor as a 
source of waste, the decision to return it to the process stream affects 
the taste of the final product. 7his method, therefore, can not be recom
mended for all bre11ers. If spent grain liquor is to be discharged, several 
methods, all of 1-1hich i'lre primarily directed toward reducing concentrat ior.s 
of suspended solids, exist for reducing the levels of waste. Any solids 
produced would the~ be returned to ~1dins drying. Many plants use vibrat~nJ 
screens. Centrifuges have been shown to decrease suspended solids from 8 
to· 0.4 percent \·1hi le producing a 25 percent cake. Plant 82A58 has taken 
spent grain liquor and passed it thrOU£h a hydra-~ieve. Reverse osmosis 
and vacuum filtration were cestea ~y Plant 82F04 b~t were found unfeasible: 

As explained in Section 'I, lost beer is genera-::ed from filler-closers, cz , 
and bottle crushers, and ke'3 dumps. This beer r.,ay be wholly or partially 
collected and sent to ~ultiple effect ~vaporator5 as it is ~t plant 8?.A16. 
Waste beer at pla~t 82A61 :s collected and fed to a sub~erged combustion 
concentrator. The more volati1~ alcoho: is ~vaporated dnd the residue 
added to spent grains. _ This procedure 1 eads to a 50 to 60 percent red•ic
tion in EOD loaaing from w<lste 0~er. in gene:--al, waste reduction through 
beer recovery involves first the co1lectio~ then the disposal of lost bee:-. 
In terms of economy, rej~cted can~ ar.d bottles are most easily recovered, 
followed by lc,st beer fro:n keg dumping ~1h~d. might be collected prior to 
reaching floor drains, ano finally oeer on t~e floor around fillers and 
seamers which is most effectively recovered by ori9ina1~y designing separate 
drainage and collection systems. 

Alkaline wastes are generated in the brew house ~nd ir. packaging. the 
latte~ resulting rrom caustic sol~tions used in bottle washers. In some 
bottle washers caustic may be used until exhausted. and sewered as often as 
once per ... t!ei<, but in n1any plan':s caustic is recla·:r.1ed. In this pro
cedure causti: and label pulp are pumped to holding ra~~s. screenec, re
adjusted in make-up tanks, and returned to the soaker. At periods 
ranging from four to six months the contents of the soaker is sewered. 
Some plants may add a final holding tank from which caustic is metered 
to the s~wer system. 

Brer1house caustic is not contaminated 1-:ith ldbel pulp. This caustic 
~iay be dur.:ped every two to four 11eeks or readjusted and reused for 
longer periods. Here again, holding tanks n~y be utilized to prevent 
shock loadiogs to t'."'eatment sy~tems. Sulfu:-ic acid may be added to 
lo1~er tile pH, or carbon dioxide gd~ n.dy t:e lilixed with the caustic in 
recarbonation pits to produce the same eff~ct. 
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As described in Section V, spent hops, trub, a~d yeast may be hauled 
away by truck or add~d to spent grains as an alternative to discharge to 
sewers. 

Suspended solids resulting from the discharge of diatomaceous earth may 
a110unt to as much as 4400 kg (91300 lb) per day in " large brewery such 
as plant 82F04. AlternJtives to discharge are decant tanks or vacuum 
and pressure filters, with the resulting coke bein1 hauled by truck. 

Potential I~-~iant Tech~ology - Foree (104) reports that the stabiliza
tion of br~~1ery press liquor by the submerged anaerobic filter proc~ss 
results in COO removals of 90 percent at loading rates up to 5400 kg/ 
cu m (400 lbs/cu ft) per day, however, no cost d~ta was presented. Stein 
(58) tested the use of the submerged combustion e aporator for concen
trating bre1-1ery spent grain liquor. DuP ~o the h;gh fuel cost associated 
with the evaporator it was considered not to be an economically viable 
alternative to conventional ~ultiple effect evaporutic~. 

Other waste red~ctlon possibi1'ties are tot3l efflu~n~ pH control, 
hydraulic equalizatiol'I, and scr~ening prior dis~harge. These are corr~ein 
methods of operation for those breweries mJint~ining tr~atment systems. 

End-of-Line Technology 

. Knowledge of preser:t waste t~eatment practices is limited to those t1vo 
breweries treating their own ·.·:astes, and to those rnui'icipal systenis that 
receive a substantial ;:iart of their flow from breweries. :ich~nirtz 2nd 
Jones (105) repor:ed th~ effects of brewery waste on r.ine munici~ai 
treatnent systems receiving ~~.:>re than ten percent of the~ r total wastes 
f:-om breweries and the method of treatment of each of the bre1-1eries is 
itemized in Table 111. The performance of plants utilizing tric~ling 
filters for comriete secondary tre~tment has been below standard; low 
BOD removal efficiencies and ndcr proble~s caused two of the facilities 
to convert to variations of the activated sludge process. The ~se of 
tricklino filters after crimary clarificJtion can achieve 45 to 6n 
percent -C:;oo re1:;oval althvugn odor rr:ay st1 ! l be a problem. Eig!1t cf 
the nine p1ants use some form of the activated ~ludge process. 
Sludge bulking has tieen a major problem with plug-flow and ccnventiona1 
activated ~luclge systems, although the kraus process has controlled this 
problem to some degree. The complete mix activated sludge system, opera:oc 
at about: 0.25 to 0.30 kg 800/lg/1-'.'...SS, should help :r.aintain adequate di5-
solved oxygen levels t.hrougllour tr.e aeration basirs. In a pilot plant 
study, Schwartz and Jones (105) found that the sludge could be treated 
aerobically without odor problems. 

D.1rin9 ~he course of t..his study each of the two br~weries that treat their 
own wastes were visited and san1pled. A flow diagram f..:i:-o the waste tre<H.:-:-".::.t 
system at plart f2A43 is sho1m in Figure 175. Mean operating values for 
significant pc:.t·arncters over a six month period are as follows: 
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TABLE 111 

WASTE TREATMENT PLArHS Hi\NDLI NG BREWERY WASTES 

Treatment 
Plant 

(Brewery) 

A 

8 

D 

E 

Haste 
Treatment 
Sccuencc 

Clarifier 
roughing fil
ter, act lva
ted sludge 
(contact st.ab-
1 li zat ion), 
clarifier, 
chlorination 

Grit chamber, 
clt.rifi~!". 
nt '. Y·' .. -.• j 

siullt:1r (Y.1·~us 
process), 
clarif;Pr, 
chlorination 

Settling basin 
act i \la tcd 
sludge (t:ra•H 
process), 
settl i11g ba.;in 

Gri ~. ch.:irr.ber, 
settling 
basin, acti
vated sludge 
(Kraus ;iroces~). 
settling bas ~n. 
chlorination 

Preti-ea trccr. t 
(bre~1ery 
wastes) 
equal izat ~on 

S1udge 
Ois.posa 1 
Seou~ 

A~robic dit:1cstion 
sludgC' lagoon 

Storaoc, 
flot!~~oi, vacuum 
filtration, la~d 
di sposa I 

Anaerobic digestion, 
dryir.g t-cds, 
larid disposal 

Flotation, 
anaerobic digestion 
sludge 'agoon 

Thickener 
anac1·ob i c d: ~est i Jr; 
dry',,g te:d-;, -
lane t1i=.po::.al 

bas fo , c 1 a ri -
f1er, roughing 
fi"lter, c1.i:·if-
1er, tricl:l inq 
nltcrs. cidrif
iP.r, lagoons 

l)Q() 

Total 
fl 011,. 

2!9L 
i' .65 

4.6 

5. 6~. 

(!. 7 0 

B.5 

llrcwery 
Flow, 

29L_. 

2.65 

J.4 

1.2 

0.3~ 

(l,$5 

Appro•1matc Treat~Pnt 
Efficiencies, percent 

· Suspended 
BOD Soli~s 

80-85 30-70 

90 85-90 

94 92 

90 

60-i'O 35-6C 
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TAC LE 111 (COrlT'O) 

F £qualizat1on Flotation. 3.2 3.2 
basins, c lar- thictcnccs. 
1ficr. \l'acuvrn f i l tcrs, 
rouyhirlg 1ano uis;:osal 
filter, acti-
vatcd sludgc, 
(convcntiondl), 
clilrificrs, 
chlorination 

G Cl~rificrs, Anaerobic digestion 20 1. s 
tricl:1ing drying beds, 
filters, kiln drying, 
e-:tivated sa 1 e as fort: 1 izer 
siuc!gc, setti-
1ng Lcl!>ins 

H Gr H :har;;t:e,., Aerobic d~gcst;on 1. 0 1.0 95 95 
clarifiers, sludg~ lagoClns, 
roughing spray 1 rriga t ion 
filters, dCti-
vatcd sludge 
(contact stobil· 
iza ti on i, c: 1.:r if-
iers, l;iyoon 

Clarificrs, Thi c i<l'ners, *9.6 *5.6 90-t 
act 1 va tcd spray irrigat~on 
sludi;e ( c en-
pl etc r.iir.), 
clarificrs, 
i:hlorina t 10n 

* Design Values 
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Influent 
Loading 
{kgLduJ'.'.~ 

BOO 11 1 100 
(24,600 lb) 

Suspended Sol ids 3,940 
( 8 .690 lb) 

Percent 
Ren10va 1 

97.3 

89.3 

Effluent 
Concentration 

(mg/1) 

56 

78 

Ou! to excellent in-plant control no equalization was required. Both 
caustic and decant are ~ctered into th.:? treatment system. Wastes from 
spent grain liquor were eliminated by direct dryins; in gas fired rotary 
dryers, thus contributing to lov1E"r than mean waste loading compared to 
other new large breweries. P~imary ~larification removed settleable 
solids before roughing fi1~ers. No phosphor~s adjustment was required 
The trickling fil!ers were operating at about 45 percent BOD removal at 
hydraulic leading of 44 1/sq m (l gpm/sG ft) with no objectionab~e odor. 
At the ti~e of the visit, the reaera:ion basin was operated as a. contac: 
basin. BOD removal through final clarificJtion was approxirna:elj 90 
percent. Approxi~ate1y 5.4 kkg (6 ton) of sludge per dJy was beir.g 
spray irrigated ever a 32 ha (80 acre) acre. Llesign load~ngs presenteo 
by McWhcrter (106) are given in Table 112. A flow diagram for the was:e 
treatment syster.1 at plant 82A16 is shov;n in Figure 176. ~:ean operat·i~g 
values for significant parameters over a one year pericd are as follows: 

Influent Effluent 
Loading Percent Concentration 
( kg/da 'I) Removal (mg/l) ----

BOD 10 ,800 94.6 48 
(23,800 lb) 

Suspended So: . ~' 3' ~ 10 87.7 32 
~ 7. 000 1 b; 

Due to excellen~ in-plant control, the raw waste BOD ratiJ delivered 
ti) the treatmer1t system is apprr,xi:r:at2ly 17 percent of the mean for 
ether new laroe breweries. The trea:-~nt system is a high rate acti
vated sludge ~lant ~sing a modificJ:1cn of t~e Ha:field prncess. E~uali
~ation is provided by a surge ~asin w•th four hours detention ti~e. 
Durin~ plant visita~ion, the effl~ent fro~ the surge tank by-passej ~r~ 
primary clarifier ana entere1 t~e stao1lization section of the der~t~or 
basin. Loading rate for aeration is 21.3 kg/cu r.1/day (l .2j lb/cu ft/da_1 1 • 

Thircy percent of the sludge from secondary clarifiers is returned to 
the aeration Jasins. Waste acti~~:c~ sl~oge is concentrated to S.5 percc~~ 
solids in dissolved air flotation cells and ~~watered on vacuum filt~r~ 
used alternatively at 38 kg/sq rn/~:r (7.5 lb/~.q ft/hr). Ferric chlorioc 
and lin:c are added tn producr: ~ f·;i~.:rcd sludge containing 18 percent 
solids. Durinn the visitation, filtra•e ~1as being returned to the prirr:ary 
clllrifier Jfter dcc.rnting. APp1·oxi·:;a~ . .:ly 12 kkg (13 ton) of sludge p~r 
day is l1au 1 ed by truck and :;µread on CC?.1puny property. 
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TADLE 112 

TREAntENT PLANT DESIGN UNIT LOADINGS. 

Primary Clarifier 

Trickling Filters 

Activated Sli.:c·,e 

Final Clarifier 

Polishing Lagoon 

Aerobic Digesticn 

SJudge Spray o;sposal 

Surface Louding 
~leir Loading 
Detention 
BOD loading 
Hydraul ·;c l.oading Inc 1ucir.g 

Hinirr.uni 
Max irrur:; 

BOO Loading 
Aeration Capacit, 
Return Slu~:e Rate 
B00/11LSS ratio 
HLSS Concentrat~on 

Contact Bas'n 
Reaeration easin 

Detention 
Contact Cd sin 
Rcaeration gasin 

SUrfa ce Lc3d ~ n~ 
Weir Load 1 ng 
Detention 
BOD loading 
Detentio;; 
Solids Ret~nt:cn 
MLSS Conc~;tration 
liquid Loadi:-1:; 
Solids Loadfrg 
Applic~t;cn lnterval 

593 

665 gpl.i/SQ ft 
5820 qp<.!/ft 
1 .9 hr 
300 lb/1000 cu ~t 
Recirc:.i1.J~icn 
1 gpm/sq ft 
2 gpn/sq ft 
100 lb/100~ cu ft 
1.5 lb 02/l~ SOD 
50 percer,t 
0.38 

2000 mg/l 
6000 mg/l 

4.9 hr 
14.5 hr 
509 gpd/sq ft 
5950 g~d/sQ ft 
3.7 hr 
SO lb/day/acre 
15 days 
10 days 
15,000 :::g/1 
1 inch cc~th/upplic~t~cn 
0.1 lb/sq ft/apol1cat'.:r. 
l to 7 nee:k~ 
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Win<lel1 (107) reports that dried sludge is a suitable ingredient when 
substituted into ani~al feeds. In 1975 plant 82Al6 will install a sludge 
drying evaporator using vey~table oil as a carrier liquid. Th~ oil will 
then be removed by centrifuging so that the sludge can be used as animal 
feed. 

Potential technology for bre.,.1ery waste is centered around the control 
of sludge bulking caused by filamentous organisms. Eckenfelder (108 
109) has reported the advantages of oxygen aeratio~ in the activated 
sludge system in order to maintain F:M ratios conducive to brewery waste. 
l.ewis (110) has reported O!'l tests at p1ilnt 821~16 to apply pure oxygi:n 
treat.rent through ceramic diffusers. At present, a biogrowth probler.i h;::s 
halt£d their ccnsideraticn for use u~til further research is completed. 

SELECTION or CONTROL ANO TREAT~ENT TECH~QLOGY 

In Section V a model plant \·1as developed for n~w breweries. The raw 
waste was assumed to be as follows: 

Flow (MGD) 2.2 
BOD (mg/l) 1900 
SS (mg/ l) 700 
Total KN 40 
pH 2 to 12 

Table 113 lists the eff1uent loadirg and the esti~ated cpera:ing 
~fficiency of each of the thirteen treatment tr..iins for this subcategory 
as illus:rated in Fig~res 177 and 178. 

Alterndtive A 16-! - This alternative ir1volves no added c~ntrol or ~reat:·c::it. 
The ~ffic1ency of BOD and suspended sol~ds removal is zero. 

Alternative A 16-~l - Thb. alternative .:onsists of a screen and grit cha;··:"'"•', 
pumping station, ~iffused air flow equalization with twenty-four hour 
detention t~r.-:c, pH cdjustr.ient, nutrient addit:ion, aeratecl la::oons, sett>:-..: 
ponds, land at SlG50 (1?7?~ per acre, and sludge removal one~ every r•v~ -
years .. _The pre·Jic:ed eff1ut:nt ccncer.tra~irms are 50 mg/1 8CiJ ar.d ·;.) .::·~ ~ 
suspended so1iJs. The overall ef~ect of ~lternative A 16-11 is a BOD 
reduction of 97.4 percent and a suspenced solids rcd~ction of 90.0 perce~ :. 

< 

Al~ernative A 15-III - T~is alterr:ative adds d~,al r.1edia filtrc:ition to 
the treatmen': r.;oauit::s in Alternative A 16-!I. The predicted effluer.t cc"
centrations are 25 mg/1 COD and 35 rg/l suspended solids. The overall 
Pffect of AlternJtive A 16-lII is a SOS reduction of 98.7 percent ano a 
suspended sclids reduct1on of 95.0 percent. 

Altern~tive :\ 1GhIV - T:1is alternilthe adds activated carbon to the 
treat1:1e;1t ;~oculcs in .l\1tcrnative A 16-III. The predicted effluent con
centrations are 12 mg/1 GOD and 17 mg/l suspended solids. The overall 



TABLE 113 

c 
;:o 

SUMMARY OF TREATI-IENT TRAIN 11.l TERNATIVES > ..., 
-~ 

Subcategory A 16 

Treat11ent Tra fn Effluent BOD Effluent SS Percent BOD Percent SS 
Alternative (kg/cu rr;) _.i_kgLcu m} Reduction Reduction 

A 16- I A 10.55 3.89 0 0 

A 16- II ElSCFHL 0.?8 0. 39 97.4 90-0 

A 16·111 El 9CFHLB~f 0. 1 t1 o. 19 . 98. 7 95.0 

A 16- IV ElBCFHLBNZ 0. 07 0.09 99.4 97.6 ... ., 
~ 

°' A 16-V B1£1BCFHKQRSY 0.28 0.39 97.4 90-0 

A 16-VI Bl ElSCttJVJ)RSYBN 0.14 I 0. ~9 98.7 95.0 

A 16-VII BiElBCFHKQRSYBNZ 0.07 0.09 99.4 97.6 

A 16-VIII ulElBCFHKQRYU 0.28 U.39 97.4 90.0 

A 15- iX 31 El BCFHKQRYUB!~ 0.14 0. 19 98.7 95. fl 

A 16-X elElBCFHKQRYURB~Z o.o, 0.09 99.4 97.6 

A 16-) I Al ElBCrttli'.QRT 0.28 0.39 97.4 90.0 

A 1G-X:I Bl ;.::1BCFHKQRTBN 0.14 0 .19 98.7 95.0 

A 16-n !I Jl El~CFHKCRTBNZ 0.07 0.09 99.4 97.6 
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800 = 1900 MG/L 
SS :. 700 llt'.i/l. 

FLOW= 8300 CU M/OAY !2.2 llt'.iDl 
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effect of Alternative A 16-IV is a BOC reduction of 99.4 percent and a 
suspended solids reduction of 97.6 percent. 

Alternative A 16-V - This alternative consists of a screen and grit 
chamber. purnprng station. diffused air flow equalization with twenty-four 
hour detention time, pH adjustment, nutrient addition, complete mix 
activated sludge system with fixed surface aerators, secondary clarifiers, 
control house, sludyc thic~ening producing two percent solids. aerobic 
digestion producing a 3.5 percent solids, vacuum filtration producing 15 
percent ~olids, sludge storage. and tn1ck hJuling. The predkted effluent 
concentrations are 50 mg/l BOD and 70 mg/1 suspended solids. The overa11 
effect of Alternative A IG-V is a BOD reduction of 97.4 percent and a 
suspended solids reduction of 90.0 percent. 

AlternJtive A 16-VI - This alternative adds dual media filtration to the 
"treatnlc11t-111_0_dUiesTn Alternative A lG-V. The predicted effluent concen-
trations are 25 mg/l BOO and 35 mg/1 suspended solids The overall effect 
of AlternJtive A 16-VJ is a ODD reduction of 98.7 pPrcent and d suspended 
solids reduction of 95.0 percent. 

Alternative A 16-VJI - This alternJtive adds activated carbon to the ------- - - ---- -treatment H:udules in Alternative 1\ lb-VI. The predicted et fluent con-
centrations are 12 mg/1 DOD and 17 mg/l suspended solids. The overall 
effect of Alternative A 16-VII is a BOD reduction of 99.4 percent and 
a suspend~d · olids reduction of 97.6 percent. 

Alternati·, 1 1)-VIJJ - This alternJtive rcplJces vacuum filtration in 
Alternl1·.·1-:. i,;·~-·~W1th sludge storaf)e .1nd spr11y ir-rigation it the ratt: 
of SOCD g~: .. ~tric acre/day with land at $1660/dcre. The predicted 
effluent c:0ric::-ntrations are 50 mg/1 BOD "ind 70 mg/1 suspc.1dcd solids. 
The o~erJ11 ~ffect of Alterrative A 16-VII! is a BOD reduction of 97.4 
µercent .rnd a susµendl!d :;ol ids reduction of' 90.0 percent. 

Alternative A 16-IX - This alternative add~ rlual media filtration to 
the tn"rHttll~ntm"oaufes in Altcrntltivc A 16-Vlll. Pw predicted dflucnt 
CC"llccn~r,•tions Jr~ 25 1 .. q/l Bl:· 1111d 35 mn/1 ~.u~.11e11ded c;·:licJs. The overJll 
effect lJf l\ltE>rn.itivc A lli-!X is .1 i3l.JU r<'t1ur.t1on of ~!3.7 percent a.ml 11 

suspended ~olids reduction of 95.0 pcrccn1. 

Alternt.ltive A 16-X - This altrrnativr Jdd~ JctivJte~ carbon tu the 
fi.-t;·aTnit'nC1;10-uu--l~s-··in 1\1tcrnat1v1' i\ lti-IX. Ttie rrNlii.:tc:d effluent con
centrat11Jn'i are L.: 1119/l UOU t.lnd ll 111~111 ~uspendcc1 solids. The overall 
effect ot f\JtcrnJtivt~ A lG··X is a BO;> rl'uuction of 99.4 percent and a 
su~plndcd ~olids reduction of 97.6 rcrcent. 

~l_t~rn.1tivi> 4 1_~.21_ - This il1t(lt'11Jti11e replaces var.uum filtration in 
Altern.itive /',, 1b-V 1~it.h sJnj dry11l•J IH'ch at J l1111d co-:.t of ~P.3'.l0/,1cn>. 
Dr1l'.j sluJge is trucked. Thi? µn·d1ll1·tl cfrlucnt concentrations are 
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50 mg/l ~OU and 70 mg/1 suspended so1ids. The overall effect of Alter
nativ·· .. 1:-x1 is a BOD reduction of 97.4 percent and a suspended solids 
reducti 0.1 ~; 97. 4 percent. 

Alte,r.ativ~ A 16-XII - This alternative adds dual media filtration to 
the t~Patme~t modules in alternative A 16-Xl. The predicted effluent 
concentrr.tions are 25 mg/1 OOll and 35 mg/1 suspended· solids. The overall 
effect of Alternative I is a 000 reduction of· 98.7 percent and a suspended 
solids reduction of 95.0 percent. 

Alternative A lG-XIII - This alternative adds activated carbcn to the 
treatment rnodules in Alternative A 16-XII. The predicted effluent concen
trations are 12 mg/1 BOD and 17 mg/1 suspended solids. The overall effect 
of Alternative A 16-XIII is a BOD redu~tion of 99.4 percent and a suspended 
solids reduction of 97.6 percent. 

SUBCATEi;ORY A 17 - OLD LARGE MALT BEVERl'l.GE BREWERIES 

In-plant technology for this sutcategory is t~e same as that for Sub
category A 16. No breweries in this subcategory operate end-of-line 
treatment systems. 

Selection of Control and TrPatment 

In Section Va model plant was developed for o1d large breweries. 
The raw waste was assumed to be as follows: 

flow (MGD) 
BOD (mg/l) 
SS (mg/ 1) 
Total KN 
pH 

7.5 
1700 
670 

34 
2 to 12 

Table 114 lists the effluent lo~ding and the estim~ted operating ~fftti~nl; 
of each of the ten treatment trains for this subcategory as i11ustrJt~d 
1n Figures 179 ~nd ~&O. 

Altl!rnafiv~ A 17-J - This alternative invuives nu added cor;trnl or treat.::· 1:•1t 
The .. eT+iciency of BOD and suspended solids removal ;~ zero. 

Alternative A 17-II - This altcrnat1v<> (Onsi t:> of a c;creen and grit 
chamber, pum~ing station, diffused air -::Jmy eq.iali::i:ition with t1venty-fc;ur 
hour detention time, µH adjustr.1ent, nutri!"nt addi~1on, '!Hated laqoons, 
settling ponos, arid sludge remov.ll oncP every five years. The pt"edictPd 
effluent concentrations are 50 mg/l COD rind 70 mg/l su!;p('ndcd sol ids. Tl1t: 
overilll effect of ~.lternative I\ 17-II 1:; .:i 000 reduction of 97.0 percent 
and a ::.11:;pendl!d !'.ol·ids reduct'ion of 89.5 percent. 
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Treatmer:t: Train 
Alternative 

A 17-J A 

A 17-II ElBCFHL 

,i A 17-III ElBCFHlBN 
.J 

i 0\ 

i 0 A i7-IV ElBCFHLBNZ 
;~ 
:r 
"ij, 

ii 17-V SlflBCFHKQRSY •' ; 
I 
f. 

A 17-Vl Bl~ 1 BCF'ir:)RSY131! 

A 17--Vtl Bl ElBCrH~:QRSY~mz 

'ii 
A 17-Vlll BlElBCfil!<QRYU 

'I A 17-IX BI El BCfi l•:CH. 'fU6TI 

A 17-X BlElBCFHKQ~YURBNZ 

TABLE 114 

SUf>t!ARY OF TREATMENT TRAH: ALTERrlATIVES 

Sl!bcategory A 17 

Effluent oOD Effluent SS 
_fut:· _ _&_ _Mcu m) 

18.56 7.32 

0.55 0. 76 

0.27 0.38 

0. 13 0. 19 

0.55 D.!"6 

0.27 0.38 

Q_ 13 0.19 

0.55 0.76 

0.27 0.38 

0.13 o. 19 

rercent BO!l 
Re'1uction 

0 

97 .o 
98.5 

99.3 

97 .0 

98.5 

99.3 

97 .0 

98.5 

99.l 

Percent SS 
Reduction 

0 

89.5 

94.7 

97.5 

39.5 

94.7 

97.5 

89.5 

94.7 

97.5 
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Alt~rnativr ~ 17-III - This altQrnative adds dual m~dia filtration to 
the trea~ttcnt modules in Alternative A 17-II. The predicted effluent con
centrtitions dre 25 r119/l 1300 and 35 mg/1 suspended solids. The overall 
effect of Alt2rnative ~ 17-111 is a DOD rcauction of 98.5 percent ana a 
suspended sol~ds reduction cf 94.7 percent. 

~lternative A 17-IV - This alternative adds activated carbon to the treat
ment modules in Alternative A 17-III. The nreJicted effiuent concentrations 
are 12 mg/1 COD and 17 my/I suspended solids. The overall effect of Alter
native A 17-IV is a COD reduction of 99.3 percent and a suspended solids 
reduction of 97.5 percent. 

Alternative A 17-V - This a1ternative consists of u screen and grit 
chamber, pu~ping station, diffused air flow equalization with twenty
four hour detention time, pH adjusti~ent, nutrient addition, complete 
mix activated sludge system with fixed surface aerators, secondary • 
clarifiers, control house, sludge thic1:ening producing two percent solid~. 
atrobic <lise~tion prnduci~g 3.5 percent sr;ids, vacuu~ filtration pro
ducing 15 percent solid~. sludge storage, true~ h~uling, and ldnd at 
$20,000 per Rtr~. T~e predicted effluen~ concentrations are 50 mg/1 8(~ 
and 70 mg/1 su~oe~ded ~olids. The overall effect cf Alternative A ~7-V 
is a B80 redt•cti,;n of 97.0 percent and a su~penJed ~olids reduct~on of 
89.5 percent. 

Alternative A 17-VI · •his alternative adds dual media filtration to the 
treat';iierit mooul?.s in A!ternative A 17· ·. The predicted efflur-nt concen
trations an· 25 mg/1 UCO al"ld 35 my/1 s11spended solids. Ttie· overall effec!. 
of Alternative A 17-Vl is a BOD reduction of 98.5 percent and a suspe~d~d 
solids reduction o~ 94.7 percent. 

Alternative A 17-VII • This alternative adds activat~d carbon to the treat
ment modufe3 in tl.lte'rnati'le A 17-·VI. 7he predic-:ed effluent concentra".:iJ~~ 
are 12 mg/1 GOD a~d 17 mg/l suspe~~~d solids. The overall effect of Alter
native A 17-VII isl aoo reduction ot ~9.3 percent and a suspended solijs 
reduction of 97.5 percent. 

Altern~tive A 17-Vl!I - This altQrnative replace~ vJcuum filtration 1~ 
Arte,..r:at.i\;e-··~·T;·:y·\.i'."tl! ~1ud9e storo']e and :;pri!y irriqatiun at Lhe r<'lte 
of 5000 gal/~c,..e/d.:ty. ·The :-1·edicted etflucr!t oncentrations are 50 m·~ · l 
BuD and 70 i;1c:i/l ·;uspencled ~olids. The overJll effect of Alternative,\ 
l 7~V l l I is ii BCD reduct ion of 97. J ~.er-cent Jrrd ii <;u!:pendcd so 1 ids reuuc -
Lion of 89.5 pcl"cent. 

Alternative~ 17-iX - This alterniltive adds d~al m~dia filtration to tnr 
trf'atrne11T·r.·;-,)·(;:;1csf"n .'\lternativc ii 17-VIJI. The predict<'d effluent con
ccntrati~1ns Jn~;!~ :;icJ/l GOD and ·3c. :·:·;/~ :;u:;pe:~1~cd solid;.. The overall 
effect M tllLerr.ative A 17 is a OUD reduction of 98.5 percent. a'ld a sus;··e!"•'J·•d 
~olids rcduc:ion of 94.7 percent. 
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Alternative A 17-X - This alternative adds activated carbon t~ the treat
iiient modulc:STnhlternative A 17-JX. The predicted effluent conccntr.:itions 
are 12 mg/J l.lOO and 17 r:ig/1 suspended solids. The overall effect of 
Alternative A 17-X is a UOD reduction of 99.3 percent and a suspended solids 
reduction of 97.5 percent. 

Sandbed drying was not deemed to be an economically feasible alternative 
due to the large volume of siudge produced. 

SUBCATEGO~Y /I 18 - ALL ornrn MALT flEl/EPME BRF.LTD.rES 

In-plant technology for this subcategory is the same as that for 
Subcategory A 16. No breweries in this sub~ategory operate end
of-line treatment sy~tems. 

Selection of (ontrol and Treatment Technology 

Jn Section Va model plant was developed for all other breweries not 
included in Subcategories A 16 or A 17. The raw waste was assumed 
to be as fo1lo~1s: 

Flow (MGD) 
BOD (mg/l) 
SS (mg/l) 
Tota 1 Kii 
pH 

1. 2 
1400 
640 
28 
2 to 12 

Table 11~ lists the effluent 1 0ading and the estimated operating 
efficiency of each of the th .. :.een treatrnent trains for ttiis sub
category as illustrated in Figures 181 and 182. 

Alternative A ~8-I - This alternative involves no added control or 
treatment. Tl'e efficiency of BOD and suspended solids removal is zero. 

Alternative A 18-T! - This alternativ0 co~sists of a screen and grit 
chamber. pi.;;r.ping station, diffused air f101-1 equali;:11tion with t~l~l'1ty
four ~our detention time, pH adJu:t~ent, nutrient addition, ~~rated 
lagoons, settling ponds, land at ~!!'O ~er a:re, ~nd s1ud;e re~oval 
one~ ~very five years. The predic:rd effluent conccntrJtions are 
50 mg/l BOD and 70 "'9/1 suspended ·.olids. The ov·~rall c-ffccl cf 
Alternative A 18-11 is a BOD reduct~on of ~6.a percent ~nd a suspcnj~d 
solids reduction of 89. 1 percent. 

AlternativP A lA-lTI - This alternative adds dual ~ediS filtraticn to 
the treatn~nt modules in A~ternatne A lf!-11. Th~ prr>dicted effluent 
co!'lcentraticns are 25 mg/1 DOD anci 35 m9/l suspended sol ids. The 
overall effect of Alternative A 10-111 1s a oro reduction of 98.2 
percent and a suspended solid~ rcdu~tion of 94.5 p~rcc~t. 
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TABLE 115 
0 
:::::J 
:> 

Sl!!Y11\f'.Y OF IREATMEtH TRAIN AL TERM Tl VfS 
.,, 
--1 

Subcate9or1 A 18 

Treatment r .. af n Effluent BOD Effluent SS Fercent BOD Percent SS 
Alterr.ative ~ic~.&_ p(g/cu m) Reduction Reduction 

A 18-I p. l3. 53 6. 19 0 0 

A 18-11 E iBCFHi 0.48 0.68 96.4 S9. l 

A 18-ilJ El3CFH!..e'4 0.24 0.34 98.2 54. 5 

A I ~- l l/ E 1 GCft-:~ :.:.~iZ 0.12 0. 17 99.0 97.3 
O"I 
0 
C'I f~ r,_ ,, oiC:~e·:~ilH)P.SY I). 48 0.68 96.4 o9. i 

;.. 10-~'I l3iE1 t: ·:F11~·:cs13~1 0.24 0.34 98.2 9.:. ~ 

A 1·3-V[ I S l E 18 C Fl!·~G='S1 m~ 0. I Z c. l7 99.0 97.3 

A 18-·tl II Bi E 18Cftffi)R'tU 0. ~3 0.68 96.4 89 .1 

;... 18-JX e.1£1 au11~ r,;uu~m 0.24 l) -;,~ 98.2 94', 5. 

A 18-:< Bl~ l BCFf-!K()RY!JF WZ 0. 12 f). 1 7 99.0 97.3 

A i8-XI ii 1 E me FHK:!RT 0.48 0. t>B 96.4 89. I 

P. i8-X!! 81£ E uw·r:;;, TCN 0.24 '). J4 93.2 94.5 

A 18-Xl!i BlElE~:W °i')Ti;:<l 0. 12 1i l ., 
.I. 1 'J'::I. 0 S!.3 
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A1tcrnnt1v~ A 18-IV - Th1s alternative adds activated carbon to the 
treatJTicnt modules in Alternative A 18-JIJ. The predictad effluent 
concentrations are 12 mg/1 000 and 17 mg/1 suspended solids. The 
overall effect of Altcrnat1ve A 18-IV 1s a BOD reduction of 99.0 
percent and a suspended solids reduction of 97.3 percent. 

Alternative A 18-V - This alternative consists of a screen and grit 
chamber, pump1ng station. diffused air flow eQua11zation "dth twC?nty
four hour detention time, pH adjustment, nutrient addition, complete 
m1x activated sludge system with fixed surface a~rators, secondary 
clarifiers, control house, sludge thickening producing two percent 
solids, aerobic digestion producing 3.5 percent solids, vacuum fil
tration producing 15 percent solids. sludge storage, truck hauling, 
and land at Sl6,GOO per acre. The predicted effluent concentrations 
are 50 mg/1 BOD and 70 mg/1 suspended solids. The overall effect 
of Alternat;ve A 18-V is a 800 recuction of 96.4 percent and a 
s~ ~ended solids reduction of 89.1 ~ercent. 

Alternative A 18-Vl - This alternative adds dual media filtration to 
~tr~nt modules in Alternative A 18-V. The predicted effluent 
concentrations are 25 mg/1 BOD and 35 mg/l suspended solids. The 
overall effect of Alternative A 18-VI 1s a EDD r~duct1on of 98.2 
percant and a suspended solids reduction of 94.5 percent. 

Alternative A 18-Vll - This alternative adds activated carbon to the 
treatrr.entr;;odules to .~.lternative A 18-VI. The predicted effluent 
concentrations are 12 mg/1 BOD and 17 ~g/1 suspended solids. The 
overall effect of Alternative A 18-VJT is t! BOD reduction of 99.0 
percent and a suspend~d solids reduction of 97.3 percent. 

Altern~tive A 18-VIfl • Thjs alternative replaces vacuum f!ltration 
1nITt'eimt1v~ . .fitf-V vtith ~ludge :torage 11nd spray irrigation. The 
predicted eff1u@nt concentrJt1ons are SO mg/1 BOD and 70 mg/l susp~nded 
solids. The c.era11 effect of Alternative A 18-VJll is a BOD reduction 
of 96.4 p~rcent and a s~sp~"1eJ solids redu~tion vf 89.l percent. 

AltPrrat1ve A 1B-TX - Thfs alternative add5 dual media filtration 
to the treatment r..:i-ctulc' 1n Altern.:.t1ve A 18-VJlt. The pred1c~ed 
effluent concentr~tions are 25 mg/l 808 and 35 rn~/1 su~pended solid~. 
The overall effect of A1ternat1ve ~ \E-'X is ~ 000 rerluction of 99.2 
pcrc~nt and a suspended solids rcduLticn Jf ~4.5 percent. 

~~~rnati\I." :! lli-X - This altl!'rnativr .:i·1ds JCt1vatt.\d carbon to the 
treatment r.'.'cu1cs 1·1 Alternative'' lfi-D.. ihe prP.dicted effluent 
concentraticns are J;? mg/1 000 and 17 r.ig/1 slispendr.d sohds. The 
overall effect of Al~crnative A 18-X is a GOD red~ction of 99.0 
P~rc@nt and a ~u~pended solids reduction of 97.3 percent. 

609 



O~/\F'T 

l\ltcrniltive fl 18-XI ·This. altern.ltivc replaces va .... L!..im filtration in 
Alternative.A 18-'w' with sand drying beds. Dried :lucJge is hauled l>y 
truck. The predicted effluent concentrations are 50 mg/1 OOD and 70 
mg/1 susp~nded solids. The overall effect of Alternative A 18-XI is a 
BOO reduction of 96.4 percent and a suspended solids reduction of 96.~ 
percent. 

A1ternativ~ A 18-XII - This alternative adds dual media filtration to 
the treatment modules in Alternative A 18-XI. The predicted effluent 
concentrat;rins are 25 mg/1 OOD and 35 mg/1 suspended solids. The 
overall e ~ct of A1tetnative A 18-XII is a BOD reduction of 98.2 
percent ar.a a suspended sol ids reduction of 94. 5 percent. 

Alternative A 18-X:Jt - This alternative adds activJted carbon to 
the treatr.'ent modules i~ Alternative A 18-XII. The predicted effluent 
concentrations are 12 mg/l noc and 17 mg/1 su~pended solids. The 
overall effect of Alter~ative A 18-XIJI is a BOD reduction of 99.0 
percent and a suspended soiids reduction of 97.3 percent. 

SLBCATEGORY A 19 - MALT 

~xisting In-Plant Technolo~y 

As discussed in Section v. steepinq and germinating create soluble 
organic wastes which may con~ain hish 1evels of suspended solids if 
not prooerly screened. Plant BJA13 has installed a 30 mesh vibrating 
chai~ link screen prior to final discharge. This effect~vely removes 
all the sprouts in the waste strea~ in addition to creating a n~rketable 
by-product. The eliminatior of these solids enhances biological treat~ent. 

Potential In-P1ant Technoloqy 

Potential v1aste reduction centers arour1d good in-plant supervision. 
For exu~1ple, the number of steep chi!nr]cs und the a11;vunt of woter required 
is, of course>, a <11.1ality dec~:;ion. :>;rm·_< :..t!?~;:ir:'J, :1c..c·.'(~r. clo~1: 
operator supervision can mi~im'.ze :~e amount of overflow in the ~tcep 
tanks 1vithout affectin.g quality stCJnj.;irds. Water reduction can also be 
exercised in germination by rnaintainir.IJ a closed spr.:iy-anc-refriger·at~ur 
cycle so that only makeup is required. \·il1ile t::oth of th<?se mC<Jsures 
ar~ undoubtedly practiced by some ~Jlts:ers it is felt that t~e~e are 
areas of possible pollution abater.tl::'nt f.:>r other members of tl1e indus .. ry. 

End-of-Line Technol.2.gy 

There is currently one one separate ~alt house treating its own waste. 
Figure 183 iilustrates this treat1:~cn:. ~:,,:;tc:1 as it now oper.:ites. Current 
removal rates are 97.7 percent SOD ~rd 01.6 percent susp~nd~d ~olids. 
Originally t!ie final clarifier efti:J•!n~ 1·1i1S bcir,g discharged to nav~']ab10 
waters with O"lY a 77 perce11t ;·educ:.:.:·11 of BOO. In 1971 the aerated l<vH:•·n~. 
w~re added on to the origin.:il ::.yH1.:;·:. 1~pµrox1mate unit effluents as o( 
August 1974 are as follows: 
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BOD SS 
{m~/l i (m~/l ~ 

Influent BOO 84.2 
Primary Fn ter 450 67.4 
Secondary Filter 210 251.4 
Clarifier 200 51.0 
Lagoons 18 7 

No sludge disposal has been required during the last two years 3lthough 
spray irrigation facilities are ava1lable. 

According to !sale (~2) t~e two principal biological processes used 
for the treatment of ~al ting wastes outside the United States are 
bacteria beds (trickl ;n;i filters) and activated sludge. The bacteria 
bed sys:rm 45 actually quite ~imilar to that originally employed by 
P1ant ~3Al3. The Pasveer ditch, a modification of the activated slud~e· 
process, is used in Eur~pe and Englund. It consists of elliptical di~ch 
of trapeLoidal cross section with a liquid deuth of 1 M. The mixture 
is oxygenated and kept moving by means of an aeration rotor. Final 
settling may be cat·ried out either in the ditch or in a separate tan~. 

Selection of Control and Treatment Technology 

In Section V a model malt plant based on typical effluent churacteristi:~ 
was developed for purposes of developing control and tredtmerit . .,lternJ~·;v\·s. 
The wastewater characteristics of the model plant are: 

Flow 
BOO 
SS 
Total KN 
Total P 
pH 

2590 cu m/day (0.685 MGD) 
615 mg/l 
l 04 mg/ l 
17 mg/ 1 
7 mg/l 

6 .0 to <L 0 

lt was a!:;o;urncd that procc~c .:ind oi0'1-COnt.:ict w.Jter ~rP. segregoi:ed, a:1J 
that.screening remove~ grain and '.;;?rout'.; prior to discharge. 

T.lble 115 pr~$ents treater! effluent ~o.1dings .:tnd removal efficiencie~, 
for each of the treatment a ltern,1~1 Vl"S chosen for Subca tego ... y A 19. 
Figures 184 and 1/35 stiuw simplified flow diagr.:im:; for eacl1 of the 
six treatment trains. 

lilternative A 19 - I ··This trcut:r!'nt alternative adds no treatment JnJ 
·co1frt-or-t0-the mod-el p 1 ant. 

Alterrilltiv.~-~ 19 - rI - This alternative consists of a control house, 
pumpi!!I) ~.tat ion, fl~\o.' l'QUJlization, ni;trit~nt addition in the form of 
43.24 l:g/day (95.32 lb/d.:iy) dnl1y..::·,,;u$ d111111011ia, aerated lagocns, and 
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Al9 - I 
Al9 - tr 
A19 - Ill 
Al 9 - !V 
fllCJ - \j 

Al9 - VI 
t119 - Vil 

~ C" 
" o;.• 

TABLE 116 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES - SUBCATEGORY A 19 
MALT 

EFFLUENT EFFLUENT PERCENT 
BOO SS BOO KG/KKG KG/KKG flEt10Vl\L 

4.55 0. 77 0 
0.22 0. 1 z %.2 () 11 0.06 97.6 ........ 
0.22 0.13 95.2 
0. 11 0.06 97.6 
0.22 0.11 95.2 
:J. 11 J.06 96.6 

PERC:ENT 
SS 
REMOVAL 

0 
83. l 
92.Z 
83.' 
92.2 
83. l 
92.2 
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settling ponds ~1ith dredging every five .vctirs. The pr-cdictcd treated 
effluent concentrJtions ilrc 30 1119/ I £!00 and 17 mg/1 suspended sol ids. 
The ovcrJll eff~ct of Altcrn~tivc A 19-lI is a BOD reduction of 95.2 
percent and a suspended solids reduction of 83.1 percent. 

Altern~tive A 19 - III - fhis alternative consists of adding dual media 
mtraticm to tile trc•atmcnt chain in Alternative A 19-11. The predicted 
treated effluent concentrations are 15 mg/1 aoo and 8 mg/1 suspended solids. 
T~e overall effect of Alternative A 19-III is a reauction of 97.6 percent 

Alternative A 19 - IV - This alternative consists of a control house, 
pumping stJtion, flow equalization, nutrient addition in the form of 
43.24 kg/d.ly (95.32 lb/day) anhydrous ammonia, a complete mix activated 
sludge system, sludge thickening, aerobic digesuon, and spray irrigation. 
The predicted treated efflue?nt concentrations ilre 30 mg/1 BOO and 17 r,g/l 
suspended solids. The overall effect of Alternative A 19-IV is a reduc
tion of 95.2 percent of the BOD and 83.l p~rcent of the suspended solids~ 

Alternative A 19 - V - This alternative co~sists of adding dual media 
filtration to the treatrr.ent chain in Alternative A 19-!V. Tl1e .,;redictr:J 
treated effluent concentrations are 15 mg/l COD and 8 mg/l suspended 
solids. The overall effect of Alternative A 19-V is 96.6 percent GOO 
reduct~on and 92.2 su~pended solids reduction. 

Alternative A 19 - Vl - This alternative replaces sp1·ay irrigation of 
sludge in Alternative A 19-IV with san~bed drying and truck haijling. 
The predicted treated effluent concentrations are 30 mg/l GOO and 17 ms/l 
suspended solids. The overall effect of Alternative A 19-Vl is a redur:icn 
of 95.2 p~rcent of the BOD and 83. 1 percent of the suspended solids. 

Alternative A 19 - VII - This alter~ative adds dual media filtration to 
the treatment chain 1n Alternative A 19-VI. The predicted treatccJ eff:;;ent 
concentrltinns are 5 mg/1 BOD and 8 mg/l su~pended solids. lne overa11 
effect of A1ternat1ve A 19-VII is a reduction of 95.2 percent for GJD 
and a reduction of 92.2 percent fer suspended solids. 

gl_!3.f.EGTG~£.~ A 20 - t.JHlrRiES ~l!Tl!OU1 5~ 

Jn·Pli1nt TPchnologl_ 

As de:;cribed in Section v. strr.i'.;, pn::.;sed µo:n.Jcc, und filter airJ arp 
assumed to be separated from wJslc ·~tcr to be sent to trcatm~nt 

. facilities. If these are proocrly dh11(.)sed, the lees from racking 
repr:sent the greatest potenti<ll sourer nf high strength wJ~tc. ff 
tank!; are tully d1·Jined and lees p .. ',:.t-d throuqh filter presse5 or 
centrifu;;e!., little 1·1aste results. If lees are ~e1·1c:red, the strength 
o~ the waste will change appreci~blf. SeparJtc w~tar met~rs 5hould be 
instalh:.i ·11 .Jli maJor departn:ent<; of the winery such as crushing, 
ferinent,ltio:i, pressing i\nd llottl i•~CJ. f\y i1Ccurat1?ly identifying water 
usage, bo·th reduction p1·ocedures a111.1 t~turc planning wi 11 be b~nefited. 
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Water pressure rcgulutors und prc:.surc nozzles 111.iy ulso be used to 
rcJuce the quantity of ~1utcr l.OSP.d for clc;inup. Sweeping rather than, 
or prior to, hosing do~m floors rnc>y be appl ica~le in some areas of 
the \'1inery.. Reused water from tank cleaning ITlily be used as makeup 
wash ~1ater for other _nearby tanks. Blo\'1down from water-cooled re
frigeration units may also be reu~ed. Wastewater which is not suitable 
for in-plant reuse may be suitable for such ari?as a~ lawn and land
scaping, vineyard frost protection, vineyard irriga'tion, erid vineyard 
heat protection. 

End-ot··Line Technology 

As described in Section V the effluent from wineries in this sub
category is a medium to high strength organic waste deficient in 
nitrogen and phosphorus. It is amenable to treatn:ent by a number of 
alternatives including aerat~d lagoons, biological discs, activated 
sludge, und land irrigation. During tre course of this study six 
wineries with treatme~t sy~tems were visited. Figure~ 186 through 191 
show a block diagrJm o~ each of these systems. 

Plant 84*10 utilizes four ponds, each of 5700 cum (1 .5 MG) volume 
with a total aeration capacity of 27 kw (36 hp). According to Ryder 
(111) average effluent concentrations were 22 r:ig/1 300 and 29 mg/1 
suspended solids in March 1973. The treated effluent is utilized to 
irrigate approximately 6 ha (15 ac) of landscaped areas adja~ent to 
the winery. A similar system operated by the saMe company has achieved 
BOD removal ""ate~ of 97.2 percent. P~ .. • 24""'09 has recently completed 
construction of a tivo l~goon system as sht:i1·111 in Figure (187). The 
efflu~nt from this system will also ~e use1 for win~ry irrig~tion. 
TofflcMire, et al (112) reports th.:it tl1e dual lagoon system as it was 
originally constructed at Plant 8il*03 achieved a SOD rerr:o·J3l of 96 
perce11t. According to Rice (113i BO~ removal rl!·nain.?d ~et1·1een 94.7 
and 95.6 percent from 1971 through 1974. Su:pended solids levels in 
the aerated lagoon remained high due to bdcterial and algal growth~. 
Jn general, 1 a goon systems per fo,...., wel 1 ~,; ~h winery waste 1vheri suf
ficient land is available. Lit:le :.ut10rvisio.1 is requirt?d Jnd lC!rCJe 
volwr:ci: or watt:;· ~ct as il buffe·· ~or ::1uc'::Jation5 iri prl iJnd waste conc~r> 
trations. 

Two activated sludqe system~ are brin~ usc1 to treat winery waste ex
clu!;ively. Figvres (1Fi8) and (11!.()) ~hm1 t,1cJrk dia'.)rams of each systcr.1. 
Annua; opera :ng efficiP.ncies are ilS folli.'"'''>: 

Plant Plant 
84AOl 84A03 

BOD Remove1 97.3 '.)7. 6 

Suspended So 1 ids 
Removal 89.5 G6.S 
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On a short term basis, considerably hiyhcr suspended solids removals 
have been achieved by Plant 84A03. Tertiary treatment by sand filtra
tion at Plant 84A01 has not uchieved the predicted 50 percent reduc
tion, hence suspended solids removal is also somewhat lower than ex
pected. Both plant~ provide aerobic digestion for sludge, although 
infrequent wasting of a~tivated sludge has been required. Close 
operational control of pli is required, especially at PLmt 84A01 where 
the aeration volume of 2360 cum {624,000 gal) is rel~tively ~mall. 

A rotating biol0gical disc has been wsed at Plant 84*02. A flow diagra~ 
of the complete system is shown in Figure 190. The original pilot plant 
study (114) indicated a BOD removal 0f 95 percent at a loading rate of 
2.8 1 (0.75 gal) per day. Data collected during this study indicated 
BGD and suspend~d solids removals at 93.0 and 56.l percent, respective1y. 
Once again, the low level of suspf'.11dea solids removal is due to the poor• 
operation cf the sand filter; in many cases solids were increased by 
filtration. 

Several wineries in this $Ubcategory discharge treated waste to irri
gation systems. Due to c·:imate and soil permeability, this method of 
disposJ~ is almost exlcusively ~racticed in California. A further di:
cussion is included in Subcatesory 21 fer those wineries disp0sir.g stil
lage by intermittent irrigat~on. 

Selection of Control ar.d Treat~ent TechnolQ9.i'_ 

In Section V a ~odel plant was developed for the manufacturing of wine 
in wi'1eries not utilizing stilis. It ~1as as~umed that thP r.:ode 1 pL-!nt 
provided screening of its wastewater prior to discharge. 7he raw 
~astewater characteristics after screening were assumed to be as follcws: 

Flow 
BOD 
SS 
p 
Total N 

Crushina Season 

0.073 :~G;) 
2300 r..g/ l 

760 mg/1 
13 rng/l 

7 rng/ l 

Proces.:; i nE._ S~ 

n.060 MGD 
1200 mg/l 

42u ~g/ 1 
7 mg/l 
4 ms/ l 

Due to the fact that larger flow and pollutant loadings are generated 
during the crushing season, the treJt•~ent syste 1n des·igns arc based on 
the crushing seas0n values presented above. Tables 117 (Crushing Sea~r~J 
and 118 (Processing Season) list the pollutant effluent lo~Jing and 
the estimated operating efficiency of each of the ten treatment alter
natives selected for this subcategory. It should be noted that the 
pollutant. conccl)trations in the treated effluent remain the same dl;rinq 
the crushing and processing se.3son. The treatment alternatives presenteJ 
below are illustrated in Figures 1~2 Jnd 193. 
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Alternative 

A 20-1 

A ZO-II 

A 20-II I 

A 20-IV 

A 20-V 

A 20-VI 

A 20-VII 

A 20-VI II 

A 20-IX 

A 20-X 

TABLE 117 
0 

$ 
~ 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES - SUBCATEGORY A 20 -I 

~!NERIES (CRUSHING SEASON) 

Effluent Effluent Percent PC?rcent 
BOO SS BOO SS 

kg/Hg kg/kkg re;~,oved remo\•ad 

3.57 l.16 0 0 

0.77 0.115 97.B 90.1 

0.38 0.054 98.9 95.3 

0.23 0.031 99.4 97.3 

0.77 0.115 97.8 90.1 

o. 38 O.Cr54 93.9 95.3 

0.23 0.031 99.4 97.3 

0. 77 0.115 97.8 90. l 

0.38 0.054 ~8.9 95.3 

0.23 0.031 99.4 97.3 



TABLE 118 

SUMMARt OF TREATMENT TRAIN "LTERNATIVES - SUBCATEGORY A 20 
0 \IINERJES (NOtl-CRUSH!NG SEASON) 5 ..,, _.,. 

Effluent Effluent Percent Percent BOD SS 800 SS Alternative kg/ Ct,; !T"i ~g/cu m removed ~ved 

A 20-I 6.63 2.33 0 n 
A 20-11 0.217 0.415 95.8 82.2 
A 20 I II 0. 133 0.194 ~7.9 91.7 

A 20-IV 0.(133 
'· 

0.111 98.7 95.2 

·:1 

A 20-V 0.277 0.415 95.8 82.2 
c;'I 
N 

A 20-VJ 0. 133 0. 194 97.9 91. 7 
d C'\ 
,1 

ti 
A 20-\' II O.G33 0. 111 98.7 95.2 

•, 
I ,. 
i 

A 20-\111[ 0.277 0.415 95.8 82.2 
L 
I 

A 2i.J-f X 0. lJ8 0.194 97.9 91. 7 
i ~ A 20-X 0.083 0.1 ll 98.7 95.2 

I I' 
!. 

I '. 



ORAF'T' 

S.ANO DRYil".G 

BELlS 

AE~BIC 

DIGESTION 

SL.UOGE 
THICl<ENIN:i 

I 

J~l..ENT 

F~OW: 276 CUM/CAY (0,013 MGC) 
BOO = 2,300 ~/L 
SS : 760 MG/L 
N = 7 MG/L 
P = 13 MG/L 

FL0\11 
EOUALI ZA TI ON 

ACTIVAT'EC 

SLl.OGE BASii'• 

SECO-.OARV 
CLARIFICATION 

...._~4~~ .......... ~_T_~_R_•_~ ____ _..I DVAL•MEDIA AL~ATIVES 

FILTRATION A 20-IJ I v 
- .• - - __ EFFLl.ENT 

GL..A L. -MEI) I A 

"!L ~AiICI'. 

eco = ~o MG/L 
SS = 75 MG.IL 
Al.T~N.ATJVES 

A 20- I I I , VI 
. - -- -~FLUENT 

......... C•A•P~E•C•t•:_.., ... .,. BOD = 25 MG/L 
SS = 35 MG/L 
ALTERNATIVES 

A 20-IV, VI I 
-- --- - •EF~LUENT 

FIGLiRE 192 

SIJBCATE'_,CPV A20 

'mEAi"'"'El'ff AL TERNAi!VES I I TMRU VI I 

627 

BCD = 15 MG/L 
SS ., ZO MGIL 



DRAFT 
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Al tcrnative A 20-I - This alternative provides 110 additional treatment 
to the screened ~1as tewa ter. 

Alternative A 20-II - This alternative consists of a control house, a 
pumping station, flow equalization, nutrient addition, acid and caustic 
neutralization, a compl~te-mix activated sludga system, sludge thickening, 
aerobic digestion. dual media filtratio11, a sludge holdin9 tank ar!d s.pray 
irrigation of digcstor sludge. Flow equalization is provided to dampen 
tho effect of shock loadings to the activated sludye system. Nitroqen 
and phosphorus addition is provided to incrP.ase the deficient raw 
waste1·1ater 130D:ll:P ratio of 100:0.3:0.57 to the :-equired 100:5:1. 13oth 
acid and caustic neutralization are provided to accormiodate the model 

·plants pH range of 4.0 to 10.0. The combined efficiency of the activated 
sludge system and du.:il media filtration module is estimated at 97.8 
percent during the crushing se~son and 95.8 percent during the processing· 
season. Sludge thickening and aerobic digestion are orovided to decrease 
the volume of sludge which is subsequently spray irr~gated. 

The overall benefit of this alternative is a BOD red~ction of 97.8 p~r
cent and a suspended solids reducti~n of 90.1 percent during the crush
ing season and 95.8 and 82.2 percent respectively during the orocessing 
season. 

A1ter-native A ?.0-llI - This alternative is identical to Alternative 
A 20-II except an additional dual media filtration module is provided 
to fu1·ther reduce the effluent BOD and suspended solids loadings. 

The overall effect of this alternHive is a BCD reduction of 98.9 per
cent a s~spended solids reduction of 95.3 percent during the crushing 
season ~nd 97.9 and 91 .7 percent, respectively, during the processing 
sea~on. 

Altern~tive A 20-IV - Thfs alternative is 1denti:al to Alternat;ve A 20-!!I 
witT\The -:idd1 ti on of activated carbon adsorption to furt;1er reduce the 
effluent BOD and ~uspendcd solids loadin9s. 

The ~vera11 benefit oi this alternative is a BOO reduction 0f 99.4 
~ercent and a suspended solids reduction of 97.3 percent during crush-
1ng season a~d 98.7 and 95.2 percent, resµectively, during the proces
sing season. 

Alt~rna_t_jye A 20-V - This altcrn<1tive replaces the spray irrigation of 
dig~stor sludge in l1lternative A 20-II with sand drying beds. The 
overall benefit of thi~ alternative is a BOD reduction of 97.8 per-
cent ~nd a suspended solids reduction of 90.l percent during the 
crushing season anJ 95.8 and 62.2 percent, respectively, during the 
processing season. 
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Alternative A 20-VI - This ulternativc is id~ntical to Alternative 
A20-V v1ith the Jdclition of duul media filtr<1tion. The overall bE!nefit 
of this alternative is a COD red~ction of 98.9 percent and cl suspended 
solids ~~duction uf 95.3 percent during crushing season and 97.9 and 
91.7 percent, l'espectively, during processing season. 

AltP.rnative A 20-VJr - This altc1·native is irlentical to l\lternative 
CTO-:vi ~lith the ad-dition of activated carbon adsorption. 

The overall benefit of this alternative is a eoo recluction of 9'J.4 per
cent and a suspended solids reduction ~f 97.3 percent during crushing 
season and 98.7 and 95.2 percent, respectively. during processing 5eu:on. 

Alternative A 20-VlII - This alternative consists of a pumping station, 
TIOw equalization, nutrient addition, acid 3nd caustic neutralization, 
aerated lagoons, stabiliz<Jtion ponds, and dual mecia filtration. Flow 
equalization, nutrient 11ddition Mill neutralization provide the same 
benefits as previously discussed in Alternative A 20-II. The 1erdted 
lagoon and dual media filter would be expected to provide the same 
treatment efficiency as the activated sludye system and dual media 
filtration module of Alternatives A 20-Il dnd A 20-V. 

The overall benefit of this alternative is a BOD retJction of 97.8 
percent and a suspended solids reduction of 90. 1 percent during crush
ing season and 95.8 dnd 82.2 percent, respectively, duri1•g processin'.J 
season. 

Alternative A 20-IX - Thi'.i alternative is identical to Alternative 
A20-Vlll with tne addition of a second dual media filttation module. 

The overall benefit of this alternative i:; a !30D reduc:ic· of 98.9 
percen: and a suspended sol ids reduction of 95. 3 percent a:1rinq crn'.Jhin') 
season and 97.9 and 91.7 percent, rl!SPt!1..tively, during processin13 sea5N1

• 

Alt1.?rn,1tive A 20-X - This alternativP is ide~tir:al t0 AltrrMtivr> 
~""20=-r.i:-wi"fr1t:fic"dddition of JctiviJ~cd ~art;on uJsorp!.~on 

The overall b~nefit of this Jlterna:ive is a BOD reduction of 9~.4 
percent and a suspended solids rcduc.t10n of 97.) percent durin~ cru:;hinc; 
season and 98.7 and 95.2 µercc;1t, n!'.;;er_tively, durinq ;1rnr:e'.:.:;inq s.P.a~.::n. 

In-Plant Techno1ooy 

IJ 1Jrfog the processing :oeason the san1~ 111etl!ods of in-plant reduction 
arc applicable for thi: subcate<;ory J~. for wineries •lithout stills. 
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During crushing, however, stillage disposal requires additio~al meLhod~ 
of conser'l'lttion. 

Physical Methods - The volume of thP. stillage may be reduced 15 percent 
by using ind'.rect heat rather than live st~am in the still. In additior:, 
the amount of water used in the prepuration of distilling material will 
have a direct effect on the total volume of stillage. The Coast Labora
torfos (115) recommended n1aintaining distilling material at eight percent 
a)cohol by volume in order to reduce di~tilling and handling costs. In 
a separate report (116) the following methods of separating solids from 
sti11age were investigated: 

1. Settling by grnvity 
2. Filtrati(Jn 
3. Screening 
4. Centrifuging 
5. Flotculation ~Y chemicals 

Centrifuginq and screening were proven to be lhe mo~t effective and al~ 
wincrie:::. 1-1e:·e advised to use one of these two types of mechanic~l !:.epar:i::'·:·~. 

Chemical Methods - Solids removal by chemica1 means has been investigated 
by 'Jaughn ar:d i·:arsh (117) dnd Schroede:r (118). 1.iming causes the 5L'Speric·_j 
solids ~nd colloidal material to settle as a sludge. This treatment pr~
cipitates t!1e ~.ai·trates and red:ices the &OD L/ 50 per:::ent, althougr. de
wc:terins the sludge may be difficult. 1otflemire (119) indicates, h01·;r;·,.d 
that this problem can be overcome. Detart~at~0n, coagulation, and tl~c· 
culation with polyelectrolyte addition were all cons~dered to be less 
effective tnan centrifugation. 

End-of-Line Techn~ 

In consideration of the seasonal natur~ of stillage wa~tes, the locat~cn. 
climate, and soil of winerie~ discharqi~a stil~ace, ana the lack of an~ 
demor1:;trated cost effective a1tern.::-:.i;1e,-it is c.onsiderecJ thdt 1"1aste :J-~·-
posal by intcrmit~Jnt irrigatiJn is J satisfactory method of tre~·~e~~ 
proviJi!d r:o ~1··ou11cJ \\dt~r t:(lntJ·:.1,'.<:t•c>n 0 .. :::~.r'.· .. 

Intern:itt,.,nt !rr1'u~ion - ThC' rccc··1.1:iendc~..: r;eUod~; f:Jr lne dispcsal cf 
wTnery st1 JTagc ~JY i11tern1ittr.11t ;:·n(~;1~H1'1 ::.; Jec.criL•!d in c<:r.a' l Ir,· 
the CoiJ~t Laboratories (114, 11'.i. L:o. L.'.l. E?, 1231. Ha~·ic..;llv t.11L' 

sy:.tein is as foll01·1s: con·.·c11'.ic•1..1 1 .,l1ll<1· .. w i:. pu:nped to d !:.erie::; of 
"checks" at loading rJtes of 9:~.c:o l/d,1::.·i·,a (Jor_i,c.-:;o GPd/oc). Tl:e 
liquid, 1:hic.1 :;l1oulJ accumulate t.ll ·~,, :i;1)1·e t.11ar Hi cm (4 in.) in di:pth. 
is al 101ved to~crco 1 atc and e•:.11>;.;1.1'.•: 1 ·11~: l a cJl:r: fr,,.,",:; .rnd brPaks in:o 
small piccr.::~. -The plot is then di~-::ed ana l~veled for rP.us! 11pproximatc1~. 
7 ~a 10 days after the initial loading. 
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Studies by York (124, 125, 126) indic.:ite thut intcnnittcnt irrigJtion 
has no deleterious effect on the ~oi I us mc.:isur~d by salt content, nilrutc 
concentration, ancJ soil clogging. imperviousness, and ir:ipucting. A study 
by the City of Fresno, Culifornia (127) indicutcs that some degradation 
of well water exists. but that this may be controlled by proper measures, 
i.e., control of nitrate leclching by elimination of anvnoniu, removing 
leathers, and nitrogen-harvesting of winter crops. 

Anaerobic treatment of wine sti llage appears to be feasible, 1ilthough 
further treatment would be required. Stander (128) experimented with 
a clarigester with 7.2 days detenticn time. The system resulted in a 
COD removal of 96 percent. Tofflemire (119) rioted, ho1·1ever, that amr:icnia 
in the digester would cuuse an additional oxygen demand in the receiving 
water. Chadwick and Schroeder (129) studied both aerobic and anaercb1c 
treatment of settled stillage on a pilot plant scale. Effluent of l ,100 
tJ 2,500 mg/1 of COD. which appeared to be nonbiodegradable, existed aft~r 
ti"catment. Schroeder (118) suggested that centrifugation follo~1ed by t".·.'Q 
aerated lagoons and a stabilization pond in series will produce effluent: 
of 75 r.ig/1 BOD, !:>ul ncted that biJlogical treatment ~1ill not s:1bsteinti.:il~ / 
aiter thE salt content of tne ~1aste1·:ater. Since the r<:?sultant \·;.:istc"·:J·.c:1· 
wi'Jl probably be used for irri~ation, direct land di:;posal by intem11tte•1t 
irrigation is a more cost-effective method of disposal. 

Seiectio~ of Control and Treatnent Techno.J...Q.9.l. 

In Sectiun Va model plant was developed for winerips with stills. The 
raw waste voli..me due to cr1Jsliing and distilling was assumed to be l6EO CJ 

(0.4~3 llGD). file operati .. .:: efficienc 1/ of th2 treatr.ient r.hain sE.lected ~i...I' 
:his subcateqory is 100 ~ercent BCD Jnd suspended ~olids rennval. 

Alternative A 21-l - This alternative provides no additional treatment 
to the ral't' wa~ -

A1ternati·1e A 21-ll - This altcrnati·;e ::onsi~ts of a holdin'.J ta~k pur:~:~· ~ 
station, 2.3 kin of pipeline. and land at 4,100/ha (~.1.r.t,,)/.)'~-r). r1: .. · _. 
f101·1 is Jpplied at c1 r:1te of 'J15 Cl; ~;.'',·;ee:'.'!;il ,,CO>:~O ':i:i:'\l•": .. :/<.JUC~. 
Lev~l111g .Jnd di~cing are assu1r·ed to cost :.n;:/year. l1a (:;L;.;/,;·L"J1'/.:icrc). 

SURU1T[GORY A 22 - GRAP~ 01'.;ilLLrRS nr.f:~/\_2_!~ SI_!i.L}GE f\[CJ'J['.~Y SY~T;.:". 

The discussion in this section ;qiplics to both S•Jbcategory A 22 and :.ul1-
cate9ory A 23 (e.~cept for t!Vaporation). 

1 n- rl .:int Te_~hno 1 ou 

As described in Section V, many plants operat~ baron1~tr1c condenser ~·(s·.·~"·s 
for nl.lsh cookers, mash coolers, and evaporators ~nd, as reported by pl•11•: .. 
05A01 and 85i\Z9, th)s can amount to JS r.1ucn as 2il percent of the total i".:; 
lo.:id. By replacing the b~ro;:·etric (;;ndensers with surfilce condensers 1.111·. 

load can be ~lin1inated from the ~y~:l~1:1. This water may them be recycled 
for ottier in-~lant uses. 
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Since the evapor.:itor conc.Jens.ite contritiutcs a mJjority of the totul piant 
waste, any po:;:;iblc re?ductions in this ar·ca should not be overlooked. /IJdcd 
in~trumentation for automJtic operation of ev.-.porators ~1ill tend to reJucc 
the load. ~eplacing worn out evaporator sections wtih newer designs will 
also reduce the waste. The load to the evaporator can be reduced by using 
spent stillage as a sterilizing medium and by using indirect heating retlier 
than live steam )n the still. 

Water usage can be considerably reduced by recycling non-contuct wat0rs. 
11any plants have, of course, already made s:.ich changes. M<.sh cooling 11ilt!'r, 
still condenser woter, and refrigeration con1cnser water are all suitable 
quality for other in-p1ant uses. 

End-of-line Tech no l.£9i'._ 

Grain distillery wastewater treatment encompasses a wiae range of bio
lo9ical proces·(;s. The::;e include aeration lagoon, tr-ickling filter, and. 
activated sludge ·~;sten~. During the courSL of tt~2 study eleven of ther;:· 
syster:is "'ere v1~.i:ed. Table: 119 sur11J1arizes the type and efficiency of c::~:..•; 
of these sy'.:.t:<?1r:s. Figures 194 through 20i pres.cnt flow diagram::; for eacr · 
of these syster.is. 

Many plants operate variatio~s of t~e a~rated lagoon. Plants 82A02 ~nd 
82A22 both have o~e aerated lagoon and or.e stabilization pond. Alth0u~n 
both system~ had comprehensive effluer.t data, the influent 1·1as riot reg~J.~·-: .. 
monitor~d. Both ~aintJined ~~~roximately 30 days detention followed bv 
chlorination (since sanitary sewage wa~ present). Plants 8~A04 and as:c~ 
employ as many as five lasoon~ in series to achieve as much as nine won~·· 
detention. Plant 85A27 hJs ~nstallea SJD~erged helical aerators. This 
treatment system 1"1as only receiving one-third the expected load durir.s :i ·' 
per10d of 92.7 percent 60J re~oval. In gener~l, BOD remov~ls of 96 per::..~~ 
can be expected from thest ty;)es of s,.-s::e~s. Suspended solids re"'loval:.. 
are son:c1·1hat lol':er than exoected cue to the growth of alsae 11'1 the sta:~;: ~ -
zation ponds. ~and filtration ias bee11 dE<r1onstrated to improve su!'.pe:~;r:·: 
~olir.!:. removal:. i..onsi.:Jera;;l 1 ;;~ ~uch casec;;. 

Several activated sludge systl·~·-; e:w'.i'.':~ ':~r!"lughc!:t ~he product~on ~pee~".· 
in the ir.dustr··. Pla11ts ~,~.;.i;· Jni.J ('.:_,\!.;' in-::tall~d ~ocl<. filter:; in 1:~ ... 
These ,;ystems (;p1.:rati?d we~l 1n:o tl~c~ ·:i .. !-1:•60'::. 1·1hrr1 the filter r.iccfi:· 
began to break dovi. At tht1l ti~e :t 1:a:. dE~cidr.!d to upgrade the s:,::;tr"· 
by adding contJct stabili;:atic·~1. PlJnl SS/i07, Figure 197, opc1·ate~ a ~.L.!: 
activated slud9e ~Y'>~etn 1v1~h siudcw t111.~!enins;. Considerab1e foa1Pir.g 
was ev1de1~t duririn vis1t,1tiori ·n •.hr! ~r.1·.:tion t':<Jsins and fi:i..:il ciarifi•_·1 
Thi5 1·1ac; attnbu~~J to the fac:. tnat t·1e ril,•nt diJ not practice cau!',ti-:: 
equall;:ation after weekend cleanup~. Figure 194 demcnstrat@s th! comb1:ic~ 
acth·,1ted s1Jd9e·-oio-di·;c s:::>':~r.1 c;:·cr-1:-·:d by plJnt 85.1\:11. Tohrr.33s •11'ci 
Koehrscn (78) hJvc compared tr.e eff·c1cn 1:ie:: of the two types of syste!'.:·-. 
during different stages of operation. In ger.eral, the act1vatcd slud~·: 
process demonstrated advantages over the bio-disc based on economics, 
treatment perfor,11.rnce, and ilbility ~~· !:,111dle shock loads. Expl'ctPd ,.e· 
moyals for ac:\:ivated sludge sy~tems arc 96 percent for BOO and 92 percc,.,: 
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TAf\LE 119 

TREATMENT SYSTEM SUMMARY 
SUSCf\TCGORY A22 

TRE/\TMEfH SYSTEM PERCENT REMOVAL PLANT DESCRIPTION BOD SS 
85A01 Activated Sludge, 97.5* 90.7* 

Bio Disc. 
8~A02 Aerated Lu9oon 87.0 75. 7 

Stab i l i z at ion Pond 
85A04 Aerated Lagoon, 93.3 84. 4 

Stab i l i z a ti on Ponds 
85A05 Acra t:ed LVJoon, 93.3 73.8 

Stab i l i z at ion Ponds 
85/\07 Activated Sl~dge 91. g 02.ll 85A l '.- 13io Oise. 
BSA 17 Activntcd Sludoe 35. 6** 93. 2 

Contact StaLiliza~ian 
85Al8 Act~vatcd Sl1J 1Jqe, 96.6 94.3 

Contact StaLilization 
8SA22 Aerated Lagoon, 9fi. 2 72.2 

Stabiliz3tion Pond 
esA27 Aeratc:J La'.JCon-: 98.7 34. 3 B5A29 Aera ;:ed Laqoons, 97.3 

TricklinQ f-ilter~. 
Stab i 1 i z il ti on ?ond :. 

* ActivJ~cd :1~J~c rJrtinn 
"'* Bt~f,,r,_-~ 1"·.Jn•· 1r·~. ·.:-,:,· J .~_,•.i ~~~ ,:.~Jc·J 
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for suspended solids. Nutrient addition will be required. Hith twcnty
four hour flow cqucllization, pli vclri.:itions are expected to be adequatc:ly 
buffered .. -

Selection of Control and Treatr.1ent Technology 

Two model plants were developed in Section V for grain distillers operating 
stillage recovery systems. It is assumed that neither model plant provid~s 
treatment of its ~1aste1·1atcr prior to discharge, but both provide screening 
of the effluent. The nine applicable alternatives discussed below are 
identical for model plants A22-A and A22-B which have the tallowing 
wastewater characteristics: 

Production 
Flow 
BOD 
SS 
Total l~N 
Tota 1 P 

Model Plant A22-A 

380 kkg/day (15,000 bu/day) 
2500 cu m/day (0.650 MGD) 

930 mg/l 
GSO mg/l 

33 mg/l 
3 mg/l 

Hodel P1~nt A22-B 

Production 
Flow 
000 
SS 
Total t:N 
Total P 

90 kkg/day (3,500 lu/cav) 
570 cum/day (O. 150 ~GJ) 
950 t:'lg/l 
670 rno/1 

33 mg/l 
3 mg/1 

Figures 202 and 203 present sir.'plified flow diagra1'1S for model plant fl.22-/\ 
treatment alternatives, and Figures 204 and 205 illustrate the identical 
treatment chains applicable to ~odel plant A22-B. Tables 120 and 121 
present calculated removal efficiencies for A22-A and A22-B treatmen: al
ternatives, respectively. 

Alternative A 22-I - This alternative provides no additional treatment 
to either moael plant. The removal efficiency is zero. 

Alternative A 22-II - This alternat1ve ~onsists of a pumping stat~on, 
diffused air flow equalizatic11, nutrient addition, and aerated lagoons 
with settling ponds. The predicted ~ffluent concentrattons are 40 mg/~ 
BOD and 50 ing/l :;u:;oended solio!>. ihe rer:oval efficiency of altcrl"~':.i'.·~ 
A 22-Ali is 95.7 rPrcent of ~he SC~. 1n~ ~Z.3 Jercent of the ~~s~enc~J 
solid~ .. Alter1.ative A 2::-GII n.•1::ovt;S YS.8 percerit of the 800 ana 92.5 
percent of su:µended soJ;d~. 

Alternative A 22-111 - This alt.r.rn.:i~iv~ aJd5 dual media filtration to 
the treatment cnain in Altcrri.::tivr! 11 2:?-I I. Thf' prP.dicted efflur!nt 
concentrations are <20 ,..,CJ/ 1 t.;~·;J ,11~;i ::r ·:·'1/1 :.usp•2nJr:d sol id~.. The CJ'/f!:··J ·11 
affoct of Alt.ernathc .A. 2:-,1;:i i<; .1 rerJu(..:..ion of 97.B ;:ie1·cc11t of the J~.j 
and 9G. 9 percent or the susper-c'.!'d :..'JI ids. Alternative A 22-131 I I rcirovl'(· 
97.9 percent of the noo an~ 96.3 percent of suspended solids. 

Alt~rn~tivc A 22-!V - This alternative consist; of a 'ontrol house, 
pumping station, diffused .:iir fl01·1 nr.t.:ali::c'.ltion, nutrient adcition, a 
complete mix .:ictivatcd sludge sy5tc·:, ~luJge thickening, a~robic digcsticn. 
and :;and dryinq beds. Tl1e prr~u1ct'2':J n.fflucint ccnccntrat1ons are '10 rng/l 
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BOO = 930 MG/L . 
SS = 650 MG/L 

FLOW ~ 2500 CU M/OAY (0.650 N:iDl 

f 

FLOW 
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LAGOON 

' SETT~HF. 

nor-.DS 

i 
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EFFl.1.ENT 
BOO :s '60 f!G/L 

~ SS • 90 MCVl.. 

!..A.JAL. ·MEOIA 
s=:L ~ATI~ 

' AL. TE~AT IVE A22A-I I I EFFLl.ENT 
ROC ,. 20 MG/·_ 

SS = 25 MG/L 

Fl SURE 202 

SUBCATff..JRY I U.A 
TREAiMENT AUE~4.A1°!'/ES ll TMROUGH r Ir 
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H-FU.£NT 

BOD :: 930 r-G/L 

SS = 650 MJ/L 

Fl. :JW = 2C:.OO CU M/OAY ( Cl • f:> 5 MGD ; 

l 
FLDl!i 

EQUALIZATION 
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T re.a till';!n t Train 
Alternative 

A 22,\-! 

A 22A-II 

A 22.-~- I [l 

A 22A-tV 

<J'\ r.. 22A-V 
~ 

a: 
A 22~-VI 

A 22A-VII 

A 2ZA-VIII 

A 22~- IX 

TABLE 120 

S~"'°1ARY OF TREATMENT TRAIN ALTERNATIVES 
SUBCATEGORY A22A 

Effluent BOO Effl •1ent SS Percent BOD Percent SS ~g/Hg) {kg/kkg) Reduction Reduction 
6. (12 -1. 21 0 0 

0.26 0.32 95.7 92.4 
0. 13 0.16 97.8 %.2 

0.26 0.32 95.7 9;!.4 
a. 13 0. 16 97.8 96.2 

0.26 0.32 95.7 92.4 

O. l3 0, 16 97.8 96.2 

0.26 0.32 35.7 92.4 
o. 13 0. 16 97.8 96.2 



TAP.LE 121 

S::~':t" . .:)r( OF lRE.l\TMUn TRA l r~ ALTERNATIVES 
51 !13( A T[:~C:.My A22B 

Treatmer.t Tra~n Hf I Jerit BOO Effluent '.;S Percent BOO Percent SS Al ten:at he 
-2~.~-~L (lq:·~.kq) Reduct ion Removal 

-~- -- ---..\ 22 3- r 5.99 4.23 0 0 
A 228- II 0.26 0.32 95.7 92.4 
A 223-IIJ C. lJ 0. 16 97.9 96.2 I' A 220-rv C. 25 0.32 95.7 92.4 

,\ 

°' A 223- 'i c. 11 0. 1 f, 97.9 96. 2 
.=:. 
•.::> 

fl 2ZE-~·r 0.2f 0.32 93.7 92.4 ' '· 
A 226-'llf ;).1] 0. 16 97.9 96.2 

1:· 
(: 
I· 

A 22s- vr r r 1.~6 0.32 95.7 92.4 

:'. 
' , .. 
" 

A 228- IX 0. 13 I). 16 97.9 96.2 
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COO an~ 50 mg/1 suspended solids. AltcrnJtivc A 22-AIV is expected to 
rcmQve 95.7 nerccnt of COD ancJ 92.3 percent of suspended solids. The 
ove·all effect of Alternative A 22-UIV is a reduction of 95.0 percent of 
the i.100 and 9,. 5 percent of the suspended solids. 

Alternative A 22-V - This alternative provides in add1t1on to Alternative 
1\ a-IV a pu111pingstation and <lual media filtration .. The predicted ef
fluent concentrations are 20 1119/l COD and 25 mg/l suspended scl ids. 
Alternative A 22-AV rc~ovcs ~7.8 percent of the BOU and 96.9 pcrc~nt of 
the su~pended scl1ds. Alternative A 22-BV removes 97.9 percent of the 
BOD and 96.3 percent of ti1e ;;uspended sol ids. 

Alternativ~ A 22-V! - This alternative replaces sand drying beds in 
Altcrnatne A--'c.2-lV 1·1ith vacuum filtration and ~ruck hauling or sludge. 
The predicted effluent concentraticns are 40 mg/1 GOD and 50 rr.g/1 susper.,' ,, 
solids. The overall effect of Alter~ative A 22-AVI is a reduction of 95~7 
percent of BOD and 92.3 percent of susoended :.;olids. The overall effect.. 
of Alternative A 22-~V! is a reduction of 95.8 percent of the BOD and 92.~ 
perce~t of the suspended solid~. 

Alternative A 22-vrr - Th~s alternative ~dds a pumping station and dua1 
media filtraticn to Alternative A 22-VI. The predicted effluent concen
trations are 20 m;/l BOD and 25 mg/l suspended solid5. The overall eff~:: 
of Alternative A 22-AVIl is a reduction of 97.~ percent of BOD and 96.9 
percent of suspended solids. Alternative Ii. 22-BVIi re~oves S7.9 perc('•·,: 
of the BOO and 96.3 percent of the su~pended solids. 

Alternative A 22-VT!l - Thi3 alternat~vc replaces sand drying beds in 
Arfern"dtive A 22-i'/ 1vith spray irri'jati~r1 of th~ ::.1udge. The predicte:J 
effluent concentrations are 40 mg/1 B~D and 50 mg/1 suspended soliJs. 
Th~ overall effect of Alternative A 22-~~IiI is a reauction of 95.7 
percent of the GOD and 92.3 pr:r".eri~ oft"•~ -;usr·:!r.d~·:: :;o1 :c;.. The ovel'"il~~ 
effect cf Alternative A 22-CVIII i~ a redJction of ~S.d percent of the 
BOD and 92.5 percent of th~ susp~nded ~olids. 

Alter"at;._.P. A 2:'·lX - Tl1i~ altcn..:i~~··~ aJ..:,, 1.hJdl media filtrnion to 
Altcr:1..::ive ~ 22-v'i '.I. The precJL:c·~ ·:·!'~ ;ur·~t u,11c~~'1~:·::iti·'.)fl~. Jrc 20 1:ir; 

BOD a11J· ZS mg/l su• ended ~(li;c~. ,~J:....:·•·n;,~iv~' ,\ .:'2-·\Lt. re>s~l!;s 111 'J/,., 
rercent reduction i.f BOD ;int.I %.9 Pl'rc~~r.·. ··r-d1Jc~inn of '.'.USJ'en•~c·j sol~<.:,, 
Alterndtive 1\ 22-BlX rernove5 97.~ ;'Prc(~nt of tr.e bOJ ;mo 96.3 ;,erc~nt c1' 
the suspended solids. 

SUBCA TtGC1R.Y~ 2' ~ - GRA ~ N 0 IS T_l ~ L ~-~~

I n-r 1 ant Technology 

No plant!; il"I this subcatcl)ory aper.He evarorator system!:. Atmosplieric 
coolir.!J is 111ore c.on:mon th.-in pressure cooking, therefore. cookt!r baror.•ctr; .. 
condensers are not a source or pollutant~. Since f~w ?lants 1n this 
subcategory operate multi-column distilldtion unils, doubler discharge 
m1y ganeratc the only waste from distil:.1tion. l~.:ist.e reduction measur"c:; 
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include recycling of \'1ater frcm mJst. coolers, still condensC'rs, und refrig
eration systems. Caustic cleanup may be collected. adjusted, reused, 
or metercd·~o treatment systems. Slops holding and transfer must be 
supervised to avoid spillage. 

End-of-Line Technology 

Historically, due to the low level of raw waste for this subcategory, 
the primary method of treatm£-nt has been small aerated l<Jgoons follm1ed 
by stabilization p~~ds. Efficiencies of these systems are expected to 
be somewhat lower than those in ~ubcategory A 22 dur: to the fact that 
effluent concentrations are approaching the lower limit achievable frcrn 
stabilization ponds, unless further treatment such as sand filtration 
is added. 1t is also felt that :;pray irl'igat~on of the final efflur~nt 
may be a viable alternative due to the rur.al locale of these distilleries. 

Selection Jf Control and Tre~tment Technology 

In Section V, a model plant was deve1oped fo1· grain distillers nGt 
operating stillage reco•1ery syster1s. The wastewater chiirac'.:er~~t1~:, 
of the r:1odel plant were determined to be as follows: 

Flo\·1 91 cum/jay (0.024 MGD) 
BOD 210mg/l 
SS 160 mg/l 
TKN 7 mg/l 
P 1 mg/l 

Table 122 lists the effluent pollutant loadi~~s and the e~timated trc3~
ment ~fficiency of each of the four tre~tment altern"tives selec~ed fer· 
this subcategory. All treatmcr:t alternatives are illustrated in ~·;qul'c 
206. 

Alt~rnative A 23-[ - This alternative prcvide~ no adJit!cnal trcat~ent 
of the r~l't' 1;-a:aceff1ut:nt. 

Altern.1tive A 23·11 - This alt~!"nJ!.ivP ccr:-;i-;t:; of '.crcPninJ, J pu:;:•:: 
5tat.1on.-nuir--1Pnt udd: ti on, anJ an JeriltE.C1 lJ:JCOn :;ystFP1. Scre~·n:n·J 
is assumed to have rcmovrd th~ lar~r ldrt·c1c~ of dcbri~ which arc 
subsequently disp::>!:.eu a'., solid waste. llutr1ent .:id::J1tic•n i:; pi·ovid!!C. 
to increase the BOO:N:P deficit of the wJ~tew~ter from 100:3.33:0.~8 
to the required liJO:S:l. The aeruted laooon and settlinc; rond ·.:o:;;,i 
provide an e!".timated HO:, and su·;nenrJed '...Ol id'.:. removal of US.7 and 7S.O 
percent, respectively. 

The overa~l benefit of this alt~r~at~~c ,~ J ROD reduction of 85.7 
percent .111d <l suspended ~olids reduct1un of 7:::.o percei'lt. 

Alternative A 23-III .. Th1s alternative is icJentical to Alternative A 
23-II w;1.11 the addition of dl'al-medi.1 filtr.:ition which would provide 
an additional :oo and suspended solids removal of 7.Z and 12.5 percer.~. 
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Il'FLLENT 
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respectively, over thJ:. of ,'\lternative A 23-II. The overall benefit 
of this alternative is a DOD reduction of 92.9 percent and a suspended 
solids reduction of 87.5 percent. 

Alt.ern.:tive f\ 23-IV. This alternative consists of the same treatment 
modules as Alternative A 23-II with the addition of spray irrigation of 
the treated effluent at a 1and cost of $4,100/hectare ($1 ,160/acre). 
The overall benefit of this alternativ~ is a BOD and suspended solids 
reduction of 100 percent to navigable waters. 

SUGCATEGORY A 24 - MOLASSES DISTILLERS 

Existing In-Plan~ Technclogy 

As described in Section v, spent stillage is the primary waste in mol~sscs Jis
tilling. Three methods of stillage 1·1aste reduction exist: 1) the clicracter 
of the stillage may be changed by centrifuging after fermentation to remo"•P 
yea~t residues. According to Jackson (130) a reduction of up to nine perfent 
total solids can result from tentrifugation. The spent yeast may either~~ 
deposited on land, sold separately if a market exists. or be added to cei1~c:.>n
trated spent molasses for use as an animal feed supplemtn; 2) the volu~e of 
the stillage may be reduced by the use of indirect heat rather than live st.:;J~; 
in the still. As evidenced by the wine and grain distilling industry, 
this change will reduce the flow from the bottom of the still by 15 to JC 
percent, 3) the sti11age r.iay be evaporated such th.::t the condensate is t~· .. :_. 
only wastewater discharge. In this case the majority of the organics are 
concentrated into spent molasses by-p~oduct which must be marketed. At 
this point both t~e technical 3nd economic aspects -:if evaporation must 
be exp 1 ored. 

Two U.S. molasses distilleries, Plants 85C43 and 85C44, currently have e•,1.:?~
orators installed. Goth of these plants alternate between citrus and 
cane molasses. The evapor?tcr cond2nsate is cited (80, Bl) as containir~ ·.~
t1~·een 250 and 300 mg/1 OOD by bnh plants, although only sporadic samplir-:; 
had been conduct!"d to sub5tantiate this r:inge. Plant 85C44 has been sue~·:: -
fully ~vaporating cane molasses stiiiage ;·1ith a s~ainles!> ~tee~, six e•f~(: 
evap~rator system rated at 18,0JO kg (~O,OCO lb) per hour. A con~~ntr~~~ 
of 50 ~t:!'"cent solids is formed from 8 to 10 percent solids il"I the stili.:. : ... 
Seal in~- and fouling have L~en prcblerns. Evaporators are presently ocEr~· : 
for ~i.< to seven hours, then st·~t dol'.n for t;·10 hours v1hi le 11 ,400 l ( :. , ... · 
gal) of SO percent causti~ is circulated through the system. Since ~os: 
of the scale develops in t~e first effect, thi~ problem may be allcvi~t~J 
by the inst.:illation of an additional eff~ct tc ;:,r,~vide r.:ainter.ance :i;:·~. 
If no additional effect 1s instJl10J t~en storage tJnks must be prov1~e~ 
for the stil,age. lt should be po11~ted o;.it t.hrJt evapuratior. has heen 
practicr:-d else•vhere in the United StJtes, oS ·-iell as in Holland and 
South Africa. Also, transfer tectmology from the yeast inJustry is feas'.~> 
since the ra1~ prodlic:t and result.:in: ·.iastes are s~rnilar. Plant 99Y20, a 
yeast m.:inuf<icturer, llas install~d a tlwe.: stage, multi-effect evaporation 
system producing a condensate 1vith .:ipr::ixi:adtely 600 mg/l 1300. This 
system is operated 20 hours per day with four hours 'leanup. 
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lncineratiQD., v1hich h.:i5 been used in some cuses for disposal of the con
centrated syrup, offC?rs the µos~ibility of potash recovery for fertilizer. 
Two United States milnufacturcrs, hm1ever, huve found a market for the 
concentrate as an animal feed su~plement. One plant ships its conccntrute 
from r1orida to Mississippi. Another plunt finds it economical to barge 
the by-product from New York to Louisiana. 

Other methods for overall plant effluent reduction arc the reuse of boiler/ 
cooling v:aters for fermenter r·inse, barrel 1-1.lsh, general cleanup, or for 
make-up in the ril1·1 molasses mixture. In addition, any caustic cleanup 
may be reclaimed and adjusted for reuse instead of being se1vered. These 
methods are, of course, being currently practiced by some distillers. 

Potential In-Plant Technology 

Ahlgren (131) has t~sted ultra-filtration of rum distillery slops in con
junction 1-1ith evaporution in order to separate the insoluble 111ateriaL int-; 
1 separate stream v1hich would not require evaporation. This ~1ould be ace·-:-. 
plished by a me~br~ne separation technique 11hich would remove the yeast~ 
and oth2r particulates so that they could be recombined with the evapor~t~1 
concentrate for sale as animal food material. 

Plant 85C34 has exoeriraented ~ith the use of stillage as make-up for the 
raw molasses mixt. ·e. Since this practice may affect the ta~t~ of the 
final product, it :.rnnot be recor:Tilended for all molasses distillers; ho•:
ever, this practice as it is used in the grain distilling industry can 
reduct eh amount of stillage up ~o 25 percent. 

End-of-Line Technology 

A wide range of methods have been explored for the treatment of molasses 
distillery effluents. Extensive studies (132) have shown tha: s~1i~en:~~ 
and coagulation are not satis~actcry trcat~cnt altcrnati~es since most 0~ 
the pollutants are ~.1 solution. s~n. et .:1, (133) reported tlli!t tricl·.1'.·: 
filte1·s treating undil•Jted n·:::l2sses uistHT2ry waste l'lere not prc::tic.il -
due to ti1e high 0qJ11ic conci:ntnt:on a:i~ 10~1 filtering rate:. r00:.iir~u. ,:·~ 
activated :;li.Jdge process nas :...1::e11 sr.cv.n ~o operate effic:iently only 1·1::.:' 0

• 

treating a one perc:·~nt solution of rlim slops cc.11bined 1·r;th do;.·~stic :~e ... : · · 
(134). lfaen ten perc::!nt rur.i slo~·S ·.·.ere nixed ~1ith do1:;c~tic se•,:age, Eun-·.·.: 
(135) found th~t t!1e neutraliz<:d, dilutd 11a;;te treated by activated sL.:_: · 
(25 percent average COD removal) cou1u ent1ance further treatr.:cnt. 

Of all th<. ti-eat:·icr~t µroc~s::ec; J\..1iL1blt· f,)r raw stiliage, only anac1·c! '..: 
digestion appP.a1·s to be feasib!c. Ghasl • .;ran (136) found that it was po~ :. -: 
to carry out anaerobic digestion of tl1e raw waste at 37°C and a BOD loJd;,:; 
of 3.0 kg/day/cu :Ii (0.133 lb/.:;uy/c.; ft) 1;i ::n a detention time of 10 dayr .. 
BOD re11iov.3ls greater than 90 percent 11.:?re c,b+;ilined 1·1hile a ratio i::if 25:1 
methane g.:is to 1vaste volume 1v.:is maintained. This treatmf?nt was follo~1e:1 
by activ;ited sludge to produce an effluc11t with 63 ~1gl GOD. Seven µlanl'J 

655 

-· -=rr= 



DR/\FT 

in Jnd~cl ilnd ten rlants in Japar. (137) ilrc presently utilizin9 methane frr
mentation combined with activated sludge to Jc.hicvc 40 to 120 nigl t.;OD in 
the final effluent. Uhaskclran also operated il pilot plant showing that J 
quadruple effect forced circulation cvilporiltor with forward feed .:ichie:vin9 
a 60 percent concentrate is quite suitable for the subsequent incineration 
and recovery of potassium salts for fertilizers. 

Shea, et al (138) investigated the anaerobic contact proccs~ at the pilot 
scale,"""ancr-d0veloped design criteria for full scale cppiic.:ition. Capi:Jl, 
operation, and maintenance costs were also estimated. 

As previousiy described, the raw stillage may be evaporated rather than 
treated. P1ant 85C44 has recently built an e.~tended aerilticn tn~atmen. 
system desig11cd only to handle the evapo1·ator con·jensate. OthP.r plant 
wastes will be sent to landfill. Design parameters were 320 cu rn/day 
(0.085 MGD) at 200 mg/l BOD. Figure 207 illustrates a flo\'1 diagram for 
the system. Plant 85C43 has also just finished construction of an acti~~:ed 
sludge unit designed to handle both evaporJtor conden~ate and other ~,~~~ 
wastes. Existing plant loads are expected to aver~ge 104 cu ~/day (27,G20 
GPO) at HiOO 1;:q/l BOD. Evaporator load i:: expected to be 276 cum/day 
(73,000 GPD) at GOO mg/l GOD. Ho effluent datJ is presently available. 
Figure 203 presents a flow diagram for the treatm~nt system. 

The t1.'0 mrtho.~.: ur tr-:>atment 1:hich \'1ere con.;idered for the purpose of ~i:is 
study ·.-1er~ .. 1) evaporation of rav1 stillage foilo.ied by activated sl:..1 0~:: 
trea:.· ~,.,tr .. condensate, or 2) use of anae.robic contact process for p.11·-:.i.:ii 
treatr.ient of re·-1 stiildge, follcJtved b.v activated sludge. The forrr.er i·:a: 
determined to ~e more cost effective when the additiona1 treatment re~~:··.·: 
for tile anaerob;c process 1·1us cons1deri:d. For this reason evaj.ior=i:i01; .:' . · 
alternative treatment systems wi 11 be presented. 

Selection of Control and Tre~t~ent Technology 

The model plant developed in Section V f:Jr the rur.1 disti~~i,19 indust1:1 r:.~s 
the tollcwin~ wastewater chilracteri~tics: 

BOD 3S,500 mg/l 
SS 6,720 mg/l 
F l ow 8 l 8 c u c:/ c ,1 ,:,· ( 0 . 2 1 ti ~: .'; :J ) 

Pr'.>CC'!>S h1astC?11ilter is asst;~ 1ed to be -.:pq.-cq<iteii from a 1 l non-contact 1-"1'.·····. 
lligh strength 1·1astes (inolasses :>lops) .1rr..as:;u1;,ed to be 89 percent of•.: ... : 
total non-contJct f:0\-1 and to cont:ii11 Y! ;.1cn .. ::.t of the 1300 Jnd 97 pl:.'r·· _ ... . 
of the '.iU!3~·c;~::::d !>OliJs. i~hen tl'eJlt'J '.>ePJriltt!ly, higll strcngtt• w.:i~t··: .. :·~.
all otr.er 1·1ast~s have the follo1-1inu 1-1J•;:ev11.1~cr characteri::.tics: 

Hi 9 h St r r :~'1th Wasi:es All Other ~astes 

!lOD 39 I l 00 IJtg/l !300 2,849 mg/l 
SS 7 I 230 f:lg/ 1 SS 1 ,964 mg/l 
Fl 0\·1 738 cu 1:1/day (0. 195 MGD) I low 79.5 cu nt/dJj' (0.021 ::GD) 
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Table 123 slio1·1:; the removal efficiencies of each of the treutment ultcri:Jtives. 
Fivurcs 209-and 210 prcs<.!nt s·implificd flow diugrilms iJ]ustratin9 e.:ich of 
the chosen· treatment chains. 

Alternative A 2~-i - This alternative adds no treatment to the model 
plant. lhe ~tficiency of GOO and suspended solids removal i~ zero. 

Alternutive A 24-II - This alternative consists of concentrating high 
strength mola~ses slops (stillrge) by multi-effect evaporation, and then 
treating ev.:iporator condensate und all other wastes r1ith a treatment chui11 
consisting of a control house. a pumping stution, flov1 equa1izatior., nutrient 
addition, a complete 1nix .:ictivatcd sludge system, sludge tl1ickenin<J, .)c1·c,:;~c 
digestion, vacuum filtration, sludge storage, and truck hauling. Evaroration 
is predicted to remove 97 percent of the GOD and 99 percent of the sus~~~~0d 
solids from high strength wastes. T1·10 day storage of distillery slop~ cit'~ 
se~en day storage of molasses by-product is provided, and all necessary 
pumping equif::ment is included. 

jhe predicted effluent concentration is 50 mq/l 800 and 30 mg/l suspe~~-J 
solids. The overa1i affect of A1·cernative A 24-ll is a 99.9 percent r 1J

duction of BOD and a 99.6 perc2nt reduction of suspended solids. 

Alternative I\ 24-!lI ··This alternat·ive consis~s of adding dual media 
filtration fo the t~eatmen~ chain in Alrernative A 24-II. The prcdic~2d 
effluent concentrations are 25 mg/l of BOD and 15 mg/l of suspended sol~~~
The overall effect of Al~crnative A 24-III is a 99.9 percent reduction 
of BOll, and o 99.8 per::ent reJuction of suspended solids. 

Alternativ~ A 24-I~ - Thli alternative consists of replacing vacuum 
mtration in Alteri1ative A 24-ll 1·1ith spr;iy irrigation. The predicted 
effluent conccntrdtions are 50 mg/1 BOD ar.d 30 mg/1 suspended solids. ihc 
cverdll effect o1 AltcrnJtive A 24-IV is a 99.9 percent reduction of ~J~· 
penue~ ">ol\d::.. 

Alternativ~ !-. '?4-V - Th 1lter!"lati,,c JdJ:; JL:ul r~,ecJia filtrt1tion to t11c 
trcat;;'eri-: :n.:i··,[1-~n 1\l~.t:r.".1tive A~:!.-;;, The~ or~aic:cd effluent :::oi~::.~·r :·-
tions <11·~ 2::. ::·q;l BOD l.lr~d 15 :1::;/l ::,; __ ;:-~rd<!d sol ::h. i'1e ovc·r·a l i effc .. : · ,· 
Alt.1!rr1.:iti·,'c 'I is a 99.:1 i:crcen!: rcrJci.::~0;1 of GOD, and a gg_3 percent n·
d~ction of su::.pended soliJs. 

Alternative A 2'1-VI - Tlt1s altern.J~~vc cons·ists oi replacing vacuum 
Til't1·atiori in~lternJtive 1\ 24-li 1 .. 1t'i sand bed c!ryinq of :,.;11d9e. lhc 
prer.Jicte<i effluent concentrations are 50 mg/1 noo and JO m'l/l suspended 
~olids. The Qveral1 effect of Altr:rnati•1c I\ 24-Vl is a :19 .. 9 percent re
duction of GOU, and a 99.6 percent reduction of suspended solids. 

A' rnative /\ 24-Vil - This alternative add'.; dual media filtration to 
A·, _1·nat1ve ,\ <.'.•l-VJ. The predict~d effluent concentrations are 25 mg/1 
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TABLE 123 0 
;;o 
'.> ....., 

SUBCATEGORY A 24 -4 

SUMMARY Of TREATMENT ALTERHATJVES 

Effluent BOD Effluent SS 
Tr.!atment Tra.in ~kg/1000 proof ( kg/l 000 proof Percent BOD Percent SS 
Alternative gallons} gallons) Reduction Reduction 

A 24-1 969 183 0 0 

A 24-11 1. 16 0.69 99.9 99.6 

A 24-1 II c. 58 0.35 99.9 99.B 

A 24-IV 1. i 6 0.69 99.9 99.6 
(]'\ 
(]'\ 

0 A 24-V 0. 58 0.35 99.9 99.8 

A 24-VI 1. 16 0.69 99.9 99.6 

ft 24-VII 0.58 0.35 99.9 99.8 

A 24-1/111 l. 16 0.69 99.9 99.6 

A 24-IX O.SB 0.35 99.9 99.B 
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BOD ar.cl 15 mg/l suspencled solids. The overall effect of Alternutive ~ 24-
Vll is a 9g.,..9 percrnt reduction of OOD, c:incl a 99.B percent reduction of 
suspended s.:>11ds: 

Alternative A 24-VIII - This alternative consists of replacing the 
complete mix acti"'V5tFd sludge system and sludge handling module) in 
Alternative A 24-Il with aerated lagoons a~d settlihg ponds. The settling 
ponds are dredged every five years. The predicted ~ffluent concentrations 
are 50 mg/1 ~OD and 30 mg/1 suspended solids. The overall effect of 
Alternative A 24-VllI is a 99.9 percent reduction of 000, and a 99.6 percent 
reduction of suspended solids. 

Alternative A 24-IX - This alternative adds dual media filtration to 
Altern~t;:;e--;-~4-:VTII. T~e predicted effluent concentrations are 25 
BOD and 15 mg/1 su~pended solids. The overall eff~ct of Alternative 

r.1q / 1 
" ., ~ .... 
H "'"4 - ~ .'. 

is a 99.9 percent reduction cf BOD, ar.d a 99.6 percent reduction of sus-. 
pended solids. 

SUBCAT[GORY A 25 - 13r;rnr:;G At!:J BLENDiNG OF BE:'.IERAGE ALCOHOL -----·-----------·----

~on-contact cooli~g water may be sep~ratcd and dischJrged to storm 
sewers as in Plant 85011 or to navigable wdters as in Plant 85013 
~f allowable. While this does not reduce pJllutant loadings, ·it doe5 
improve treatment econom1cs. Residue fro~ redistiilation may be col
lected i~1 a holding tank for sutJsequent d1sposal. l3ad prod:.ict may te 
collected and held r~ther than crushed ard sewered. Oeminerali~er 
water regi:ner .. ':.ion ·:ischarges may be collec:ec ana neu:1·ali~ed f~r 
subs~Quent disposdl. All other process wastes are as~um~d to b~ 
minor in strength. · 

£nd-of~Line Technoloay 

There are no kr11J1·m plant~ in this subc.:t~'-''..:~w; . .,ihict1 d~:.ch.lrgc ~u;~i,.t,;1;1..:. 
to navigable waters. 

Se 1ection of Control and Trea~-:-r.rr. Tt:C.!T'1 1 cri·1 ------- -----···--·-- - _ .. _ _.....__ 

In Section V two model pl.:lnt~ 1·1er·". dr•velo;Jed for thi~. ~ubcatP :r:r;. 
It Wd~ ilS!iumed thr1t the follo~1ing 1·1i\:.:e~. ,.re coll~!C.<.'d in hcl<!i:~c; ::a11I,'..: 
redi!;tillation resid,.e, l.Jac.J product, d~d <.!~r.iincrJli::er roqr~rwr-.J~~on. 
All other proce~s ~.a:;tes ..icr·c.: :..eD<il'ilt:.•rJ fror.1 nun-con~Jct ~1atP.r. f·'..i1" 
waste cl1aractcrist1cs for the t1.,.o 1:;0Jcl p1JnB 1.,.ere: 

A a 
Flow 4 cu m/ciay (0.001 1'1GD) 40 cu m/d.:iy {D.010 MGD) 
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The illtcrniltives listed below all achieve 100 percent removal of raw 
"'ilste loading. Therefore, no cJischargc of pollutants to navigable 
waters is.recommended. 

Alternatlv~ A 25-J - This alternative provides no addftional treatment 
to the ra"1v1astewater. · 

Alternative A 25-II - This alternative provides daily truck hauling of 
all plant process \'1astes to rnunic'pal treatment facilities or approved 
land disposal sites. A ho:ding tank is provided. 

Alternative A 25-11! - This alternativ~ provides truck hauling on a monthly 
basis for rectifier bottlers. At this time redistillation residue, bad 
production, and der:iineralizer regeneration are hauled. No tr•ick hauiin9 
is provided for small bottlers, however·, since it 1-1as assumed in Section v 
ti.at their effluent contained no redisti1lation residue or bad product. 
All other process wastes for toth ~odel plants are spray irrigated. 
A holding tank, pump, and pipeline arc provided. 

SUBCATt.GORY A 26 - SOFT DK!UK CAWJERS 

ln·Plant Technolooy 

As identifi~d in Section V, the major sources of waste f?r this sub
category are filler spillage, mixing tank washing, and fill tank and 
lir.'i! washing. At present the reductio11of1vaste from filler soillage 
ha~ not been fully ad~ressed by scft drink manufacturers. Procedures 
for col 1 ~~ti~g lost product have been established, however, by the malt 
beverage irjustry. Applying this techn~logy to the soft drink industry 
would entail th~ collecticn ano ~Olding of lost product for separate 
disposal. Mixin9 tank wastes could also be collected in order to red~c~ 
the l~ad on waste tre~truent systems. A portion of the water used to 
flush full lines and f1ll tanks (tne first two or three minutes or until 
the f101-1 is cle.:io"') could te sirnilariy collected. These combined co1-
lect~d waste~ may then be d1s~o~cd by landfilling, land spreading, or ~pray 
irrig.it~ng. In lcng tcr"' planning ~ome form of sug~r recovery fro111 
th~se c~llected wastes may be profitable. 

f'!_J-gf-L i ne Tf.S..b_ry_g.l!?;u:. 

As ia~ntificd in Section V, the waste from ~oft drink canners contains 
or~Jric materials which are amcnaL>le to t!·eatment by biologicill proccs:>e~. 
Curing the t.nurse of tlli~ study,dat.a l'lilS collected from three plants 
with :~aste1·1atcr tri?atmc:nt sy~<;ems. ~ince these plants were all bottlers 
the case h1~tories will be pre~ented in ~ubc~tegory 27. There is no 
reason to susp£>.:t th.Jt sinrilar sys~c1:rs, tailored to the effluent charac
terisitcs of ~oft drink canners, would not function properly. 
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Selection of Control and Treatment Technology 

In Section fa model plant was dev~loped for soft drink c~nners. The 
raw wastewater characteristics ~1ere assumed to be as fo1 lows: 

Flow 229 cu m/day (0.0605 MGD) 
BOD 1300 mg/1 
SS 167 mg/l 
N 23 mg/1 
P 12.5 mg/l 

Table 124 lists t:he pollutur.t effluent loacing and the e~,timated operatcrg 
efficiency of each of the seven treatment alternatives selected for thi: 
subcategory. The sche1;;atics of the treatment alternatives are illustrated 
in Figures 211 and 212. 

Alternative A 26-I - This alternative provides no additional treatment 
to the ra~1 1:a'.:.te effluent. 

Alternative A 25-11 - This alternative consists of a contro1 house, 
flow equal1zat1on, nutrient additjon, a complete-mix activated sludge 
system, sludge thickening ~nd ~pray irrigation of the thickened sludge. 
Flow equalization is provided for ~~o reasons: (1) the pH of the inter
mittent flow from the plant can va~y from 3.0 to 7.0 and, therefore, 
equalization will provide neutralization without chemical addition, ard 
(2) to da"1pen shock loadings to the activated sludge system. Ar:hydrous 
a~nonia addition is provided to increase the wast~~ater BOD:N ratio 
from 100:1.67 to the rec:uired 100:5. Tile activated sludgP. system 1·1ould 
provide an estimated 94.9 percent treaunent efficiency. The sludge from 
sludge thickening is spray irrigated at a lar.d cost of Sl ,660/acre. 

The overall benefit of this alternut1ve is a BOD reduction of 94.9 ~ercent 
and a suspended solids reductio.n of 76.0 percent. 

Alternative A 26-III - Thi~ ait~rndtiv~ consi~ts of the ~a-e tre~t~r~~ 
mcdule'., "~ 1-d~l!:~·ati've;... 26-ll \·1;th the addit1on of Jua1-'nedia filtrat~cn 
which wou!d provide an addition~l e~ti~ated ec9 and susccnded solid~ re
duction of 2.6 and 12.1 percent, resrect~vely. The overall benefit uf 
this alternative is a 13CJ recuc:.ion of ~7.S percent and a suspended SJl~._:·: 
reduction of 88.1 perc~nt. 

AlternJtivP. A 26-IV - This alternative consist:; of th(> same treatne11t 
modules Js'Alternat.ive A 26-1! e~:ccpt ~rray irrii:iation of thickenl'd 
sludge is replaced by slud1e haul1nq. The ov~rall benefit of this 
alternative is n UOU reduction of 9~.9 percent and a suspended solids 
reduction of 76.0 percent. 

AlternJtive A 26-V - This alterndtiv~ i:; identical to Alternative A 26-!V 
with the-ac:o1t1on of dual-media filtration. The overall benefit of this 
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Treatment 
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AHernative 

A 26-1 

A 26-JI 

A 26-III 

I\ 26-IV 

A 26-V 

A 26-VI 

A26-VJI 

TABLE 124 

0 SUMMARY OF TREATMENT TRAIN ALTERNATlVES ;:, 
:::> SUBCATEGORY A 26 
~ SOFT DRINK CANNERS 

Effluent £ffl:Jent Percent Per::ent BOO SS BOD SS 9_/cu m kg/cu m Removed Removed ---
1.02 0.173 0 0 

0.052 0.030 94.9 76 

0.026 0.015 97.5 88. 1 

0.052 0.030 34.9 76 

0.026 0.015 97.5 88.1 

0.052 0.030 94.9 76 

0.026 \). 015 97.5 88. l 
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alternative is a noo reduction of 97.5 percent and a suspended solids re
duction of 8D. 1 p~rccnt. 

Alternative A 26-VI - This Jlterniltivc consists of a pumping station, 
flow equillization, nutrient addition, and an aerated la~oon. Flow 
equaliziltion and anhydrous ammonia addition ilre provided for the Snme 
reasons given in Alterniltive A 26-II. It is assumed that the aerated 
lagoon provides the same treatment effi~iency as the activated sludge 
system of the previous alterndtives. 

The overall benefit of this alternative is a 1300 reduction of 94.9 percent 
and a suspended solids reduction of 76.0 percent. 

Alternative ~ 26-VII - This alternative is identical to Al~ernative A 
26-VI with th~ addition of duJl media f~ltration. The overall effect 
of this alternative is a BOD reduction of 97.5 percent and a suspended 
so1ids reduction of 88.1 percent. 

S:.JBCJ',E·:JRY A 27 - SOFT DP.nli< BOTTLir;G OR ccnnr.D .aonu~:G/CA'H\LJG 
i5ViJfrs 

In-Plant Technology 

Plants in this subcategory can incorporate waste reduction measures dis
cussed for soft drink canners, i.e., t.>ie co"1iection and holding ot fillP:· 
spillage (canners only), mixing tank washing, and fill tank and line wa~~~~a. 
In addition, wastes from the bottle wash2r must be addressed. The charc::c~~r 
of final rinse water was documented in Section V. This may be recircula~ea 
to the pre:·1nse :,ection. Water pressure at the spray heads of bott1e ,-.c::s;:;:;!-: 
may exceed manufacturers specifications. Pressure reduci~g statio~s ~a! ce 
required to maintain specifications. Pressure reducing stations may be 
required to maintain recorrmended levels. Soler.cid ·;al'Jes may be in::;to1~ed 
on city water inlets to cut off the rinse water c~noletely when the wa~~~~ 
is not operating. Caustic can be metered into treatr.1er1t s;s:em in:.~:uJ ~;~· 
being dumoed fro~ soakers. Unused product left in return~ble bottles ~a; 
be collected and disposed of separatel; along ~i:h ~~her prJ~Jc~ ~~~:~J. 
A simi]ar method of dispcsal may be required for unu~ed product left in 
returnable c.:innisters. 

End-of-Line Techr.ology 

Aerated lasoons or variations of ac:1v~ted sludge are both employed in th~ 
treatment of soft drink 1vastes. Figures 213, 214, .:ind 215 illustr.:ite ~i11·::~ 
:;uch systems. Plant 861\16 is a sH1all bcttler producing only 18 c:J m 
(A,900 gal) ~er day. The aerJted lasoon and polishing lagoJn system ut1l i~ed 
by this plant is achieving 92 percent COD and 73 percent suspended solids 
.-emovdl. Increased efficiencies couh' be F-xpected, hoHever, beca1Jse cit ti:··-"· 
the aerator is not operated. 

The treatmrnt system.at pl~nt 86A32 wJs cndersiqnerl and consequentl1 i~ ~r;: •n~
ercly c·•er1'.:.Jdt"~d i1ydraulically. A Cf'!ljidr:r.:ible Jrnount of study of -in-ni.1:"" .. :;',~·~
\'Jilter rectuction has taken olace. llcve1·t!leless, it appears that the presc·rit r.r.:;;:--
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will have to be expilndcd. Current BOO remo·1ul is ilPProxi111utely G9 percent. 
Effluent. suspC!;idcd solid:; levels ~1erc hiohcr than those in the ruw .1a:.te 
due to ovcrltradcu silnd filters which pussed solids to the clear well. 

Plant 86A29 is not yet operational, hence no effluent data i~ available. 
Predicted values are 15 mg/1 for both BOO and sus~ended sclids. Sludge 
will be trucked to a larger treatment facility. 

Selection of Contro1 and Treatment Technolooy 

In Section V a model plant was developed for soft drink canners. The raw 
wastewater charactel"istics "'ere assumed to be as follows: 

Flow 477 cum/day (0.125 MGD) 
BOD 660 mg/l 
SS 108 mg/l 
N 11 mg/l 
P 6 rng/ l 

Table 125 lists the pollutant effluent loading and the estimateo opera:ing 
efficie"lcy of e:ach of the seven treatment alter·nativf>s selected for this 
subcategory. The schematics of the treotment alternatives are illustrate:! 
in Figures 216 and 2li. 

Alternative A 27-I ·This alternative provides no acditional treatment 
to the raw waste effluent. 

Alternative A 27-II ·This alternati~e ~onsists of a control house, flow 
equalization, r::;tr1-~1h addition, a cc:;i,:>1cte~m1x activcted sludge syster.i, 
sludge thickening and spray irrigation of the thickened sludge. Flo~ 
equalization is provided for two reasn~s: (1) the pH of the interm~ttent 
flow fr~m the plant can vary from 3.0 t~ 7.0 and, therefore, equalization 
will provide neutralization without chemical additio~. and (2) to damoen 
shock loadings to the activated sludge system. Anhydrou~ am111('1nia addi"ior. 
is provided to increase t~~ wastewater's BOD:N ratio from 100:1.67 to the 
required lCO:S. Acid neutr~lizatior is providRd to e:cc~odate the fre
quently high alkalinity of the wastewater. The activ~ted sludge syste~ 
would provide an estim~ted 89.4 percent trcatr.cnt efficiency. Th€ slud;e 
from sludge thickening is spray irrigated dt a land cot of Sl ,660/acre. 

T~e overall benefit of this alternative is a BOD redu:tion of 89.4 percent 
a~d a suspended solids reduction of 6J.O percent. 

Alternative A 27-III - This alternative consists of the same treatrr.ent 
modules as Alternative A 26-II l'iith the aJdition of dual-media filtraticn 
which 1'/ould provide an additional' estimated BOD and suspended solids re
duction of 2.6 and 12.l percent, respectively. The overall benefit of 
this alternative is a BOD reduction of 94.7 percent and a suspended solids 
reduction of 81. 5 percent. 

A1ternative A ::1-rv - This alternative consists of the same treatmcmt 
modules of Alternative A 26-11 except spray irrigation cf thickened sludge 
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TABLE PS 

SUHHARY OF TREATMENT TRAIN Al TEP.t~ATIVES - SllBCl\.TEGORY A27 
ALL OTHER SOFT DR INK PLANT$ 

EfflU£NT ff FLUENT PERCENT 
800 SS BOD 

AtTERNAT::V[ KG/.QL!L KG/CU II REMOVAL 

. A27 - I 2.30 0.38 0 
A2"i - JI 0.24 0. 14 89.4 
P.27 - Ir I 0. 1~3 O.J7 94.7 
A?.? - Jl l;.24 0. 14 89.4 
A27 ·· \i 0. 123 0.07 94.7 
P.?l - VI (' 24 0. 14 89.4 
A27 - VII !:I. 12" 0.07 94.7 

c 
~ ..,, 
-f 

PERCENT 
SS 
REMOVAL 

0 
63.0 
81.5 
63.0 
81.5 
63.0 
81. 5 
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is replaced by sludge hJuling. The overall benefit of this alternative is 
a OOD reduction of 39.4 percent and a suspended solids reduction of 63.C 
percent. 

Alt~rnative A 27-V - This alternative is identical to Alternative A 26-JV 
with the addition of dual-media filtration. The overall benefit of this 
alternative is a BOD reduction of 94.7 percent and a suspended solids 
reduction of 81.5 percent. 

Alternative A 27-VI - This alternative consists of a pumping station, 
1To~1 equalization, nutri~nt addition, and an aerated lagoon. Flow 
equalization and anhydrous anTTionia addition are provided for the same 
reasons given in Alternative A 2£-11. It is assu~ed that the aerated 
lagoon provides the same treatment efficiency as the activated sludge 
system of the previous alternative. 

The overall benefit of this alterna:ive is a BOD reduction of 89.4 
percent and a suspended solids reduction of 63.0 percent. 

Alternative A 27-VII - This alternative is identical to Alternative A 
26-VI with tne addition of dual-media filtration. The overall effect 
of this alternat~ve is a eoo reduction of 94.7 percent and a suspended 
solids reduc~ion of 81 .5 percent. 

SUBCATEGORY A 29 - BEVERAGE BASE SYR~PS AND/OR CO~CE~T~ATES 

Existing In-Plant Technoloqv 

Waste1-.1ater generated from the manufactvring of beverage bases consists 
solely of cleanup water as described ~n Section V. Most plants regulate 
the amount of water used in all cleanup operations. 5om~ plant~ dischar;e 
non-contact 1·1ater into the waztestream and others to stonn sewers. 

Potential Tn-Plant Technoloo~ 

Assuming that 50 percent of the cleanup water is wash water and 50 
percent i5 rinse water, rer:yclin:; ~11 or a major ;JOrt'.on of rir,se l'later 
could Gonceivahly reduce the quantity of wasteflow and water use by 50 
percent. Additionally. recycling of caust1c wash water and separation 
of all non-contact water from tn~ wast~stream wo~ld substantially reduce 
the volume of the process wastewater stream. 

Reduction of pollutant loadinos in the waste stream could be accomo1ished 
by recycling of cau~t1c wash ~ater ~nd by avoiding any spills du~ing re
ceiving ingredients and fllling tank cars, drums, and containers. 

End-of-Line Technology 

Presently a11 kno1-m bevera9e n1ar.ufa:turcrs discharge 1vastewatt!r to 
municipal systp1;1s with no appa1·er:t adverse effects on the treatment 
systems. The w~ste stream could be slightly deficient in nitrogen 
based on the G0D:N:P riltio of '100:3.1:1.1 at Pl.: .. t U7S09. However, 
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the data is not sufficient to warrunt a val id conclusion that nutrient 
addition prior to biological tr:?at1rcnt is necessary or dcsirJb1e. 
Based on these facts, along with consideration of the origins of the 
wastewater-and its characterist~cs, the wastl!\'luter is judged to be 
amenable to biologica 1 treatnu~nt with or wi tho•Jt nutrient addition. 

Selection of Control and Treatment Technology 

A model plant for Subcategory A 28 with the following wastewater charac
teristics was presented in Section V. 

now 379 cu m/day (O. 10 MGD) 
BOD 2400 mg/1 
SS 50 rr.J/1 
pH 8.0 

Table 126 lists the treatment alternatives and their expected efficiencies. 
The treatrrent alternatives are illustrated in Fi~ures 218 and 219. 

Alternative A 28-I - This alternative consists of a pumping station, a 
flow equalization basin and an aerated lagoon. The flow equalization 
tank is recommended to provide a steady flow to the lagoon, preventing 
shock loadings and thereby increasing the efficiency of the aerated 
lagoJn. Due the biodegradability of the wastewater, the aerated lagoon 
would provide a BOO reduction of 95.8 percent and a suspended solids 
reduction of 40 percent.· 

The overall benefit of this alternative is a BOD reduction of 9~.8 
percent and a suspended solids reduction of 40 percent. 

Alternative A 28-11 - This alternative consists of a pumping station. 
a flow equalization tank. a complete mix activated sludge basin. a 
sludge thickener, an aerobic digester, a sludge holding tank and land 
application of sludge following digestion. The flow equalization tank 
is provided to dampen shock loadings t~ the activated sludge basin 
which would be expected due to the variations in cleanup activity during 
the day in a beverage base manufacturing plant. The activated sludge 
basin would reduce the BOO and suspended solids loadings of the waste-
wuter· to 100 l'lg/1 and 30 mg.'1. respectively. A two day sludoe holding tanl; 
1~ provi~ed to reduce the cost of haulinQ sludoe of 1and ao0Tic~-
t1on. The amount of land required lo accorrrnodate the yearly s1udge 
production is 85 ha (210 acres). 

The overall benefit of this alternative is a BOD reduction of 95.B 
percent and a suspended solids ~eduction of 40 percent. 

Alternative A 20-III - This alternative consists of the same tre"trr~nt 
modules as Alternative A 28-11 except land spreading of sludge is re
placed by vacuum filtration provides a significant sludge reduction as 
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TABLE 126 

0 

SUMMARY OF TREA.T"1ENT ALTERNATIVES $ .., 
~ 

BEVERAGE BASE SYRUPS ANO/OR COflCENTr.ATES 

Subcategory A28 

Effluent Effluent Percent Percent 
Treatment BOO SS Reduction Reduction 
Alternative kg/cu m kg/cu m BOO SS ----
A 28 - I 0.01 0.003 95.8 40 

A 28 - II 0.01 0.003 95.S 40 
en ..... A 28 - l I I 0.01 0.003 S5.8 40 IO 

A 28 - l \' 0.01 0.003 95.8 40 

A 28 - V o.oos 0.001 97.9 80 

A 28 - VI 0.005 0.001 g;i. 9 80 

A 28 - VII 0.005 0.001 97.9 eo 

A 28 - Vtll 0.005 0.001 97.9 80 

A 28 - IX 0.0025 0.0005 SB.9 90 

A ?8 - X li.Ou25 0.0005 98.Y 90 

A 28 - XI 0.0025 0.0005 98.9 90 

A 28 - XII 0.0025 J.0005 98.9 90 

A Z8 - XIII u 0 100 100 
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compilred to r,1ternt.1tivc A 2rl-II. thereby rc:>duc~n!J hauling co:;ts. A 
SC!Vl'n-d.:iy -§4ud1JC hol<.finl) tank is provided to limit the frequency of 
truck hauls. further rcuucing cost. 

The ovErarl benefit of this alternative is a BOD reduction of 95.8 
perce •t and a suspended solids redu:tion of 40 percent. 

Alternativ~ A 28-rV - This alternative is identical to Alternative A 28-
JI except.the vacuum filter is rcplilccd by sand drying beds. This results 
in twice the sludge production of Alternfltive A 28-111. 

The overall benefit of this alternative is a BOD reduction of 95.8 
per:ent ard a suspended solids reduction of 40 percent. 

Altt?rnati·.-~ A 28-V - Thfs alterriative consists of the same treatment 
mooules as ;.,lterr.ative A 213-1 v1ith the addition of dual-media filtration. 
whicti provides an additional 40 percent overall BOD reduction of 2. l 
percent and a suspended solids reduction of 6ver any of the µrevious 
alternatives. 

The overall benefit of this alternative is a BOD reduction of 97.9 
percent and a suspended solids reduction of 80 percent. 

Alternative A 28-VI - This alternJtive is identical to Alternative A 22-II 
with the ~dcit1on of dual-media filtration. 

The overall effect of thi~ alternative is a BCD reduction of 97.9 percent 
and a suspended solids reduction of 80 percent. 

A1ternative A 28-VTI - This alternative consists of the same modules 
as Alternative A 28-III with the addition of dual media filtrdtion. The 
overall benefit of this alternative is a BOD reduction of 97.9 percent 
and a suspended solids reduction of 80 percent. 

Alternat~ve A 28-VlII - This alternative consists of the same treatment 
moduiEs as Alternative A 28-IV 1·;ith the addition of dual media filtnt~on. 
Th~ ov~ra~1 benefit of this alternative is a 800 reduction of 97.9 percent 
and c suspended solids reduction of 30 percent. 

Alt~rnative A 28-IX - This alternative is identical to that of Alternati;~ 
A 28-V 1't'itt) the addition cf activated carbon which \'IOu1d fvrther redL...:e 
the overall BOD and sus~!:'r.ded solids loading of the waste1.;ater by 1.0 perc2r.: 
and 10 perce11t. respectively. Th!~ over.:ill benefit of this 111ternativ~ 
is a BOD reJuction of 98.9 percent and a ~uspended solids reduction of 
90 percent. 

Altern~tivc A 29-X - This alte~nJtive is identical to A1ternative A 28-VI 
with the addition of ~ctivated cJrb0n. The overall benefit of this al
ternative is a BOO reduction of 98.9 percent and a suspended solids reduc
tion of 90 perce~t. 
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Alternntiv' ~ ~8-X! - This altcrnDtivc consists of the same ~odules as 
AltmDtTvc7i2-a-vTI ~1ilh the addition of activated carbon. The overall 
effect of this altcrnativ~ is a BOD reduction of 98.9 percent and a sus
pended solids reduction of 90 percent. 

Alternative A 28-XJI - This alternative consists of .the same treatment 
modulcsast1ltrm1at1ve A 28-VIII ~1ith •.he addition of activated carbon. 
The overall benefit of this alternative is a GOD reduction of 98.9 perc~nt 
and a suspended solids reduction of 90 percent. 

Alternative A 28-XIII - This alternative consists of a pum~ing station, 
a holding tanl: and s~ray irrigation v1hich 11ould required 8.1 ha (20 acres) 
of land. The overall benefit of this a1ternative is a 100 percent reduc
tion of pollutants. 

SUBCATEGORY A 30 - INSTAllT TEA 

E:dstina !n-P1ant Techno~ - Existing methods of reducing v1astewater 
quanti:y and pollutant ioadings include sepiration of non-contact c~oli~9 
water from process water, recirculation of non-contact 1-1ater, and elir:-:in.;
tion of clarifier tea sludge frora the process wastestream. Plant SST04, 
which se,arat~~ non-contact cooling water from process water and does no~ 
discharge clarifier tea sludge into its ~1astestream, exhibited a 1~aste
uater qt.iantity approximately 67 perce11t less than the rest of the 
industry and BOD and su~pended solids loadings approximately 78 and 
83 percer,t less, respecti'tely, tlian the "est of the industry. Plant 
99T01 decreased waste flow by construct .on of a cooling tower and sub
sequent recycling of cooling water as tooling tower makeup. 

Potential I~-Plant Technology - Separation of all non-cont~ct cooling 
water anu boiler blowdo1~ co~ld be implemented to reduce wastewater 
quantity. Recycling of non-con~~ct water coulc also reduce overall 
water use in the plants. Pollutant reductions in the process wastestrearn 
could be realized by disoosal of clarifier tea sludge separately from 
the 1vastestream. This could be acccmp1 ~shed by centrifugation of the 
sludge with the solids portion subsequently utilized as cattlefeed ~r 
dispose-d as solit.1 1-1aste. 

Additionally, the reuse of fresh rinse w~ter as makeup for the caustic 
and ac.it.I rinses could conceivably reduce wastewater from equipment clean:..;; 
by as much as 60 percent. This is ba~ed or. the assurr:ption that each 
of the five cleanup cyc~es cor.:pri~es 20 pe·-::ent of ~he total equiµr.;ent 
cleanup flm-1. Therefore if tiiree cycles ~1ere reused,60 percent less 
wastewater would be generated. Caustic and acid rinses could conceivablv 
be recyclr.d, to further reduce 1~aste vo1urne. The use of 10\'1 output, nign 
pressu1·e nozzles for external equi;J:.;erit cleanup and floor washing 
could also reduce r~astewater volume. 

End-of-Line Techr.o~ - !nstant tea process wastewater has been shown 
to be biodeg1·JdaL•le and 1'/ell suited for biological treatment. Presently, 
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two instant tea manufacturing planU operate secondary treatment systems 
to reduce pollut.Jnt loadings prior to 111uniciµal discharge. The trcat:r.!!nt 
system flcw.di.lgram for plant 39T01 is ~llu~tratc~ in Fi_gure 220. 
The treatment system cC1nsist~ of th~ following maJor components. 

\. A 53 cum (0.014 MG) primary clarifier for retnova1 of settlcable 
solids. 

2. A G80 cum (0.180 MG) activated sludge tank which is aerated by 
the addition of diffused air. 

3. A 409 cu m {O. JOB MG) aerobic dige!>tor aerated by use of diffus<::d 
afr. 

4. A 20-foot diameter secondary clarifier with a volume of 
121 cum (0.032 l~G). 

5. Adjustment of ~1astestream pH by the addition of 1 imewater 
prior to aeration. 

The detention tiQe of the activated slucge system is 24 hcurs minim~m. 
48 hours maximum. Sludge generation from the aerobic digestor totals 
approximately coo Kg/day (900 lb/day) of dry solids at 2 to 4 percent 
solids concentration. The overall effic~ency of the treatment system 
is a BOD reduc~~0n of 87 percent and a s~~~ended solids reduction of 
52 percent. 

The wastewater treatment system at plant 95T04 has the fo110wing major 
components: 

1. 
2. 
3. 

4. 
5. 

6. 

Screening of wastewater with solids going to landfill. 
A 40 tu m (0.01 MG) equalization tank. 
A 285 cum (0.075 MG) activated sludge basin with a detention 
time ranging from 36 to 48 hours and with aeration provided by 
two mechanical aerators. 
Two rectangular clarifiers in parallel. 
An aerobic digester, mechanically aerated, with sludge disposal 
to a cesspool. 
Gaseous ammonia addition for neutralization of raw 1-1astewater 
prior to activated sludge basin. 

The system has been in operation for less than 12 months and some diffic~1tv 
in optimizing efficiency is being experienced. The overall efficiency -
of the trea~ncnt system at this plant is a BOD reducticn of 88 percent 
and a suspended solids reduction of 52 percent. ~igher efficiencies 
would be expected after operation optimization. 

Selection of Co~trol and<Treatment Technolog,t 

A model plant 1·1as develo~ed _fer instant tea processing in Section v. The 
raw wastewater characteri st1cs were assumed ta be as fol lows: 

Flow: 
BOD 
SS 
pH 

454 cu m/dav (0.12 MGD) 
1000 rnq/l • 

750 li')/1 
5.0 to.6.8 
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Table 127 lists the polluttint cfflu ''."It 1oading and tt"·e estir:iatcJ opcrilt~n9 
efficicncy~f cJch of the trcutn1cn! trains selected for this subcategory. 
Figures 221 and 222 illustr~te the trcat~~nt alternatives. 

Alternative A 30-1 • This alternative provides no additional treatment to 
the ra'ti .,,aste effluent. 

Alternative A 30-II - This alternative consists of a pumping station, 
1TOW equalization, pri111t1ry clarificatio!"I, a complete mix activated sludge 
system, a sludge thickener, an aerobic digester, and a vacuum filter. Flew 
equalization is prov·;ded to darnpen the effects of shock loading to the 
system 't1hich would be expected due to variatioris in cleanup activitie:; 
during the day. The ;irimary clarifier is assumed to remove 20 percent 
of the BOD and 33 percerit of the suspended solics. The activated slud£C 
S)stem is designed for a BOD loading of 800 lbs per day, a detention ti~E 
of 34 hours, and a SOD reduction of 96 percent. The reduction of BOD • 
is assur;1e:j based on the high biodegradability of the waste and the data 
from existing systems. The quantity of sludge from the vacuum filter: is· 
estimated at 1500 l/day (~CO gal/day) for a yearly t1ta1 of 219 x 10~ cu m 
(773 cu yd) of sludge to be hauled. 

The overall benefit of this alternative is a BOD reductic!'l of 96 percent 
and a suspended ~oiids reduction of 85.3 percent. 

Alter~ative A 30-TII - This ~ltetn~tive consi~ts of the same modules 
as Alternafcve A 30-II except vacuum fi1trati .. r, is replaced by sand 
drying bed~ resulting in twice the a~ount of sludge to be hauled per 
year than that of Alternative A 30-11. 

Alternativ? A 30·1V - This alternative consists of a pumping station, 
ffow equ3lization, and an aerated lagoon. Tne lagoon volume is i0,9JO cum 
(2.88 MG). The overall efficiency of this alter~ative is a BOD reduc:ion 
of 96 percent and a suspended solids reduc~ion of 85.3 percent. 

A1ternative A 30-V - This alter~ative consists of the same modules as 
Alternative A 30-l! with the addition of dual-media filtration. The 
overall benefi~ of this alternative is a 800 reduction of 98 percent and 
a suspended solids redurtion of 97.3 percent. 

Alternative A)O-VI - This alternative is identical to that of Alternative 
A 30-III with the addition of dual-media filtration. The overall bene7it 
of this alternative is a ROD reduction of 98 percent and a suspended sol ids 
reduction of 97.3 percent. 

Alterr,t1tive A 30-Vll_ , This alternatbe consi:;ts of the same module!; as 
Alternative A JO-!V except for the addition of dual media filtratioi. 1ne 
)verall benefit of this sy~tem is a BOU reduction of 98 percent an~ a suspcn~ed 
solids reduction of 97.3 percent. 

Alternative A 30-VIIl • This a.lter1~ative consists of a pumping stat·.on 
and flo1'r' eq~al~ZJt1on ~011~1.,.ed by spray irrigation. The lt1nd require
ment for thu alternative H. 9.7 ha (Z4 ilCres) and it is assumed that 

68G 



Treatment Train 

A 1 te_rna ti v~ 

A.JC·· [ 

A30-II 

\ A30-II l 
·~ 

°' .: 
~ A30-lV ........ 

foJO-V 
1: 
i'.. AJO-VI ,. 

' A30-VI I )· 

I 

I; .. ,: 1130-VIH 

I 
\' : . 
u 
/"I 
I j 
.. 
'·' " 

TABU 127 

SUMMARY OF TREATMENT TRAIN ALTERNATlvES 
SubcatP.gorJ A 30 

( 1N5TAIH TEA) 

Effluent Effluent Percent 
BOD SS Removul 

!g/U:g kg/kkg '-~ 
50 37.S 0 

2.00 5.50 96 

2.00 5.50 96 

2.0 5.50 96 

l.O 1.0 98 

l.C 1. 0 98 

i.O 1.0 98 

0 0 100 

Percent 
Removal 

SS 

0 

85.3 

85.3 

85.3 

97.J 

97.3 

97.3 

100 
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the spray fielC: 't'lill be J ma>:ir;•um of one-half :uile from the plunt. 
The overall benefit of this alternative is a BOU and SS reduction of 
100 percent in ternis cf discharge to nu·•igalJle 1·1uters. 

SUOCATCGOR_L~ COFFEE P.O.'\STillG IJTILIZ Jr!G ROASTER HET SCRUl3BERS 

l"·Plant Technology 

At the present tin:e, no r.casures are employed to reduce the strength 
of the 1·1astcwater from coffee roaster we~ scrubbers. The -.1olume of flow 
fran the 11et scrubbers is determined by the degree of odor control desired 
and the type of scrubber used. The flow can be minimized by selecting a 
type of ~et scrubber which effects the desired degree of odor removal 
;.1ith the le~st amount of 1Hter con:>1.1mption. 

One plant contacted during this study and a pilot plant study indicate 
that a r~~ircula:~ng type of roaster wet scrubber can be utilized. The 
use of a recir~ulating type cf scrubber couid reduce the volume cf waste
water generated per kkS (ton) of product by more than 90 percent. The 
so1ids 111ich accur.iulate in the recirculation tank could be disposed of iil· 
a landfill. Jn this way, wastewater discharge fro~ roaster wet scrubbers 
could be nominal. 

End-of-Line Technoloay 

Coffee roasting plants which utilize roaster wet scrubbers normally dis
charge their wastew~ter to municipal sys~ems. Since roaster wet scrubter 
wastewate~ is not particularly strong (GOD of 100 to 500 mg/l and 
suspended solid~ of about 200 mg/1 ), m~nicipal treatrent syste~s hav~ bee: 
able to treat the •1!astes 1-1ith no diff)~t.;ltv. As a result .• 10 info:;;,a~'.on 
has beEn develo~2d on pcssible metho~s fa( treating the wastewater fro~ 
roaster wet scr~~oers. 

Seiection of Control ard Treat~e~t Te~hno11oy 

In Section V of this document. a model p~ant was developed for coffee 
roasting 1Jtilizing onre-thr0:.igh roaster 1·:et sc ·1·b!:eors. Tfie ra~1 wastO?
weter charac~e.-·;st.ic~ 11-ithout screeni1~9 v1ere as fol lo·11s: 

BOO 350 m9/l 

SS 200 mg/1 

Flow 0.063 ntld (0.017 mgd) 

Since the stren9th of coffee roaster 1~et scrubber wastewater is app1·oxi-;il!tcly 
that of norn1rJl t101:1eHic sc1~dCJP.. no prc:•·1~atment. bc•ore· ni:;cl:t1rge to 
municipJl syste·;1s should l.Je n~cessary. Jt is assuin:d that conventionJl 
biologicai !reJtment methods are a~plicable to these wastes because cf 
their si1:1i1arity to municipa·1 si:1~a9e. 

T<.bl~ l2!i lists th~ pollut..1nt cff~ue~t. ~n .. 1din1J und the csti:11Jtcd opertitir-1 
cfficirncy of f".1r:h ~'f tlil.• five t•·c,)l,;~nt trilins selected for this sub
catc9ory. 
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Treatment Train 
A 1 tt!rna .:i ve 

c 8 - I A 

c 8 II BEGKOSV 

f. R - l Tl Rf.GKOSVfl 

r A - JV Bl 

c a - v BLN 

TABLE 128 

SU""1ARY OF TREATMENT TRAIN ALTERNATIVES 

Hfll•ent 
BOD 
l'.g/kkg 

0. 76 

0.043 

0.021 

0.076 

o. o:n: 

Effluent 
SS 
kg/Hg __ 

0.43 

0.043 

0.013 

0.006 

0.025 

Percent 
BOD 
Reduction 

0 

95 

97 

90 

95 

Percent 
SS 
Reduction 

0 

90 

97 

uo 
94 

0 
;:l 
> -, ..... 
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Altcrn.:itive C ~-: ... JI - This alternative consists of a pumping sLJtion, 
caust1c neutralization. a primary clarifier, an activated sludge ileratio~ 
basin, secondilry darifier, sludge thickening vacuum filtration, and 
sludge pumping and storage. · 

Altcrnotivc C 8 - JJJ - This alternative consists of all of the treat~2nt 
modulQS of fllternJt:ve Ca - II 1'/ith tl1e addition of du.:il medi.J pressui·e 
filtrHio~ und the .:issociuted pu:nj)in9stat.ion. A schemiltic di.:igroin of 
Alternative C 8 - Ill is sho1vn in Figur:? 223. 

~~-~~~ve C 8 - IV - This alternative consists of a pumping station, 
aerated 1ugoons, and associated settling ponds. 

Alternative C 8 - V - This alternative con~ists of the treat~eni modules 
of Altern~tivc C 8 - IV with the addition of a dual media pressure 
filtrJtior. and the a~sociated pu~ping station. A schematic diagrum of 
Alternative C 3 - V is sho1m in Figure 224. 

SUBCAEGC~:Y c 9 - DECAFFE r::ATI~:I 'cF COFFEE 

Jn-Plant Technologv 

Curren:ly efforts to reduce the waste load from plants producing decaf
feinat.J coffee center on instruction of the perso~nel in water con
servation. Since the equipment and floors are wet =leaned, the 
volu~e of wastewater generated can be minimized by use of efficient 
cleanup procedures. so~e plants. especially those which are sub~~ct 
to municipal surcharge programs, also stre~s the handling of screened 
solids for disposal as sol Id 1-1aste. 

Reductions in w~stewater volu~e could be achi~ved thfough e1imination of 
the dew~tering screen or redesigning it to reduce the ouantity of water 
required to prevent clogging of th~ screen. Jn addition, water meters 
could be installed at the cleanuo stations to make cleanup personnel 
account~ble fo~ their water usage. 

Reductio~s in wastewater strength could be accom~lishcd by segregation 
of the wastewater sources within the decaffeinetion process; e.g., the 
hioh strength.'101~ vo!u::•e 1-iaste >trea!1 from centrifuge blow~Oi·in could 
be handled a:; a sludqe and hauled a1•ily for land disposill (burial). 
In addition, by installing a storage tilnk, the equipnent cleaning 
solutions could be used several times before becumin8 so dirty th~t 
they mu~t be disposed to the waste stream~ -:urrently these clearing 
solutions are used only once. 
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~d-of :!_i_n_,_. _ _!:->_clino l~Y-_ 

All of the ~caffcinat~d coffee producers in thi:; country discharge 
their 1·1cistcs to municipt1l treJtmcnt systen1s~ therefor~. no complete 
treatment systCf'ls arc currently u:;('d to treut thi!; type of wastewi\tcr. 
Three plt1nts arc l:nown to utilize prir1ary c.:larificution follo\'lcd by a 
multi-stag~ evaporative contcntrator to pre-treat their soluble and/or 
dctilffcination coffee process wilstewaters prior to dischilrge to municipal 
sev1ers. 

Some producers ~f decaffeinated coffee, in this country and abroad, 
have con1uctej st~di~s on the characteristics and trcat~bility of 
coffee prc(.e:;sing \1astcs. The ::ationC!l Coffee fl.ssoc~ation hC!S repo··tp:J (1:::) 
that the wastewater is biologic~lly tre~table. Munic~palities currcn:1y 
receiving coffee cccJffc:nation 1·1aste1-:ater report no particular rrobir:-:''S 
in tnatinQ the 11aste. Unlike soluble coffee process ~1astewater. the 
color ch.Jracteristics of this 1-1eiste\1ater are su-:h that they apparently 
do not create ? problem during treatment. 

Selectio;' of Cor:tro1 ~nd Treatrne:it Aite~'"l2tives 

rn Section V, a model plant was developed for decaffeinated coffee 
producti:::r:. It 1vas assu~ed thC!t the r.iJcel r>1ilnt provided screening 
of its wastewater rr1cr to disch~r~e. ihe raw wastewater chdratterist'cs 
were assumed as follows: 

l. Flew rate - average - 0.24 mld (70,000 gpd) 

2. BOD - 864 rng/l 

3. SS - 1590 mg/1 

4. pH - 4.3 to 7.2 

5. 3.8 kg BOD per kkg of green coffee processed 

6. 7.0 kg SS kkg of green ccffee process~d 

7. r~ - 0 mg /1 (def i c i en t) 

8 . P - 0 mg I 1 ( c.i e f i c i en t ) 

TahlelZ'.Jlists the pollutant r>ffluf.'nt l<.'cHlinn und the estimat.E"d opei·a1:ing 
efficiency of eac~ of the three trc1t1•:c"1t trains selected for this 
subcategory. A schell'atic dia9r:1m of al! :>f the fol]Q~,;nC) alternatives 
is shown in Figure 225. 

~U..e_1:_:.,~_ti_y_e_C 9 - T - This altcn1ative provides no additional treatment 
to th<? s c 1·eC'ned 1~J s tl.!llu ter. 
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TABLE 129 

SUi·l4ARY OF TREATMEilT TRAIN -Al TERNATIVES 

Effluent Effluent Percent Percent 
800 SS eoo SS 
kg/kk!J kg/kkg Reduction Reduction 

3.8 7 .0 0 0 

2.S J.8 35 75 

0.09 0.09 97 99 
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Altcrn~t1vc C Y - II - This alternative consists of a pumping ~tation, 
fi0\.1-cqu-;iY;Z-._t':-"ii_b_.i~ in, pr i111ary c 1 ari f i er, caustic ncu tril 1 i za t ~on, 
vacuum f; i ~r, ili.d sludge storilgc tank. 

Altcrnathe ~ 9 - III - This alternative consists of the treatment 
mod"Uics of--;ilternative C 9 - iI plus nitrogen addition. phosphorus 
addition, acti~~terl sludge aeration basin, secondary clilrifier, 
sludge thick~ning, ~ dual media filter, and associated pumping 
station. 

SllCCfl.7EGO~V C 10 - SOLUl3LE COFFE~ 

In-Plant Technology 

turrcntly the efforts of soluble coffee manufilcturers to reduce the 
waste loud from their plants center around reduction of wJter consu1~o::iori. 
Cleanup pcrs0nncl in some plants are educated in water conservation 
practices. Contar.t and non-contact waste streams have been se~arated 
in many plants tn permit the reuse or direct discharge to navigable wa:ers 
of non-contact wastewaters. 

Several other procerlures could be utilized to control w.:iste"wter fro~ 
soluble coffee plants. Use of rotary drying in lieu of yrounds pressing 
as a meJns of rc~ucing the moisture content of spent grounds 5ub
stantial ly re~uces the plant waste load. However, rotary drying uses 
more energy than grounds pressinq. One plant contacted indicated t11a~ 
it wds plannin~ on inst.Jlling water met2rs at each cleaning station. 
The cleanun forenan would then be resporisible for insuring that water 
tonsu~ption ~JS within the prescribed limits. One plant contacted 
indic11te<'1 L~rat they planm~d to install a storage tank to permit recCJvery 
ar.d reuse of caustic cledning solutions. 

End-of-line Technology 

All soluble coffee plants di~charge to mun1c1pJ1 sew~rs. Jn most cases 
the municipJl ~rP.Hment syst~:ns are ones servinn 1arge cities, 1·1it~ t'~c 
result.·that the l'lastewater frO:TI the coffee olant. is only 3 small per:. 
centagc of the average daily flow through the treatment facility. Where 
thii. situation e~ists, the municipJl treatment !.ystems repor~dl.v are 
capabl~ of adenu~tely treat1n~ the soluble coffee plant wastewater. 
llo1·1cver, soluble coffee plants 1~:1ich ,1re located in small r.1u11icipaliti2s 
helve found thilt the i:11inicip,1l trc<1t::ient systc•11s; e incanilble of treut111~: 
thci1· t>ntirc \·1astcload. Cl1ill1!1crs (14G} has sl~died this prohl~··1, JmJ ir1 
at lC'ast three instances c;olublc <.:offc:e plirnt.s (t1·10 are in the Unit:d 
States) h<1ve inn.illad pre-trc>.1t1a011t s~1st£-ms 1·1hich utilize clilrifie,-s 
und :i1ulti-st.19e cv11rorative con::r•1tr.itors to reraove il majority of 
tne l'lilS~~ load (r>s;i:-ci.:1lly sllsrcndf'•l solids Jnc1 color) from thP. 1vcl!:tc 
stre•w•. The resultin<' conc1t-1isJ~:> is then dischargt?d to the mun1c1pal 
tre,,t1::c11t systeB. for furthc1- tre,it;:r~nt, 11nd the concentrated sludge is 
disposr.~ h~· huri,110·11<1nd 01- ocrJn du1•1pinCJ. The c.ipitill cost ilnd the 
op<'1·.1~io11 ,inrt 1;1i1i11trnr1nc:c cost. for C'v.iror,itivp con<1ens<'rs ilS a tr~11t111c•1t 
mcl!wJ ,1re 111~;;1. :\ sio:iific.111t 1•,.ru•11t,1i:ic of tile opcrilling co~t i!: for 
enrrciy, bot11 clcL:~l'ic.11 con!;11:11:.:tio11 Jnd fuel on. 
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One 1>1.:int of thC!;C thrr.<? p1.lnts plans to rc[llilce its cvilporativc 
condcn~er f)re-trr..it111C'11t s.1stc111 1·d th il physi1;,1l-chc111icul prc-trciltmcnt 
system utirrzin'J .1ir flot.1tion or ccntrifu!Ji.1tion, chc111icill uddition, ur.d 
carbon ab:;orption for suspended solids and color r~noval. Pilot tests 
of this system are ju:;t be9innin9 t'lnd final selection of the treutment 
modules to be utilized has not been made. As a result this method of 
treatment could not be included within the scope of this report at the 
present time. 

lf'I addition, it has been reported that at least one cor.1rilete 
treatment filcility for soluble coffee wastewater is operating outside 
this country. Informution concerni.ng this tre.Jtment system is not 
published and unavailable at the present time. 

Selection of Control and Treatment Technology 

In Section V a model plant was developed for soluble coffee processing. 
It was assumed that tne model plant prov1ded screening of its waste1·1ater 
prior to discharge. The raw wastewatP.r characteristics after screening 
were assumed as follows: 

1. Flow - 0.62 mld (0.18 mgd) 

2. 000 - 2400 mg/l 

3. SS - 1560 mg/1 

4. pH - 4 to 5 

5. N - 0 mg /1 (def i c i en t) 

6. P - 0 mg/1 (deficient) 

7. Color - 2775 Cobalt - platinum units 

Tablel30lists the pollutant effluent loading and the estimated operating 
efficiency of each of the foJr treatmer;t trains sdecte:d for this sub
category .. 

Alternative C 10 - t - Th1s alternative prcv1des no additional treatment 
to the scr~ened wastewater. 

Alter:iatiy~C_ 10-J_J_ - This alternative consists of a punning station, 
flow equalL::at1on basin, p1·imary clcJrifie1, multi-stJge evaporative 
concentrator, caustic neutralization and sludge stora9e tank. The 
removal efficiencies ;ho~rn in Table IJOf~r Alternati•·e C 10-Il are ba:;cd 
on data colkcted durir.g this stud.v from a plar,t employing this treatment 
train. A sche·11atic di11gr11111 of AltcrnJ~ive C 10-Il ts shown tn F1gure 2.::c. 
The primary purpose of this treatment train is the removal of color. 
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TABLE 130 

SUMMARY OF TR£ATM£NT TRAltl Al TERtlATIVES 

fff1ue:lt Hflu~nt 
Treatment Train P,00 SS 
Alternative ~!.kk_L ~~/~~-

c JO - - A 18.8 12. 3 

c 10 - I I - BCEDlGVY 1.9 0.25 

c 10 lI I - ~CEGHIKQSVNY 0.47 0.35 

c l !) IV - BCEDlGHIY.QSVY 0.19 Cl. 04 

Percent Percer.t 
mo SS 
P.educt ion Reouct ion ----- ----

0 0 

t.:10 99 

96 94 

99 99+ 
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/\Hcrnativ~ C 10-111 - This alternJtivC' consists of a pumpinCJ stilt;on, 
flovlcqua"i"~ilTiOrl-b-;)°sin, pri111.iry cli.lrificr, caustic neutral il:ution, 
nitrogen ilddition, phosphorus ild1ition, activated slud~e ilcration bilsin, 
secondclry clarifir!r, sludge pwnping, slutl9~ thicl:ening, vilcuu111 filter, 
sludge storilge, and dual mcd;;i filter. A schem.:itic diagrclni of Altern.:itivc 
C 10-IlI is shown in Figure 227. This alternative is presented for use at 
plants which do not hilvc a si~nificant color problem associated with 
their ~iastewater. 

Alternative C 10-!V - This illtcrnative consists of the treatment modules 
of Altern.'ltive C 10-11 rilus nitrogen addition, ~h~sphorus ildditiu~. 
activated sludge aeration basin, secondary clarifier, sludge numpin~, 
sludge thii:kencr, vacuum filter, and sluoge storage. A schematic 
diilgram of Alternative C 10-IV is shown in Figure 226. 

SU SCA TE GORY F 1 .. TEA DL END I I :G 

As described in Sections III and V of this document, the blending cf tea 
is a dry process iaenerating no wastewater. Therefore, no ~1aste1;ater 
control and treat~ent technology is necessary. 

SU8CA7EGO~ , - BAKERY AtiD cc:ffECT!Oi:~l<Y Pi-!ODUCTS 

In-Plant li.chno 1 oav 

In-plant technolcgy and pr~cedures aimed at .·educing waste load are 
primarily divided into two subcategories: production procedures, and 
cle~nup operations. ~inc~ essentially ~11 waste~ater originates fro~ 
cleaning eauipment, both existing and potential methods of red:.icing 
either the stren~th or volume of the waste stream are aimed at less 
frequent wet cleaning of equipment. 

~xisting Jn 7 Pl~nt Technolosy - Wit~ pan washing as the gre~test single 
source of nigh strength 1~aste, considerable efforts have been made to 
redur~ or el i1ninHe this opera~~on. Cake bakeries attempt to \'/CJSh 
their pans as infrequently as possible; however, the majority ~till 
wash the pans after .each uq~. ~0""? types of cakes, particularly the 
snack ca':r.s, are amenoible to prod:.Jct :on m:thods which eliminate pan 
washing ~nt1rely; however. full si:e c~kes are almost ~nivcrsally baked 
in pan~ that do require wet cl~anin~. Three approachDs to decreasing 
the pan washing 1··dste load hJve be('n noted: 

1. Dry cleaning the cake pans to the greatest e~tent possible 

2. Daking cakes in one-way contuiners; e.g., Aluminum foil paris 
or raper cupc.::ike linc.>rs 11;1ir.h 11lso ser'Je as part.ial conta\ners 
for the f1n1~hcd product 

3. The co;i1plete el in1in<1tion of c.1ke pans 
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ModificiJtions .:ind LIPr•rOiJChc~ to clcilnin~ cqui--,;ncnt in the pli•nt itself 
h'1ve und 1·/i 11 continue to decrcusc 1-1.1sr.r ;ocJi1s. In gencrill, 01anurw111rnt 
of biJl:cdcs-stresses the dry cleclninCJ of .-is much eriuipm~nt els possil.>le 
before it is cleaned with water, pcJrticulcJrly !>ukcries which h.:ivc their 
own ~1aste1•ater treatment facilities. In such plants, mixers, vats, liJnd 
ut.ensils, and conveyors are cleaned as thoroughly as possible by hand 
using 1·uu~er scrapers, rags. and air hoses. Then they are either moved 
to the v1ash room or for larger equip111ent, th:?y ilrC? v1tlsll~d u!ii119 tl'.e\r 
clean-in-place s.vstcm. The success of this appro.Jch ir. reducing tilt! 
waste lo~d appears to hinge on the motivation of the individual workQrs 
within the ~akery. The ~xtra ~ffort required in thorouqhly scrJpinq J 

vat or mixer may appear to be bus.Y 1·1ork to m.:iny employee~ .• ana thr:y mu~: 
be continuill1y reminded of the importance of thoroJgh dry cleaning bc!ore 
the use of ,.,.ilter in cleaning any equi~ent. 

Potential !n-P1ant Technol0ov - Potential methods of reducing a cJ~e 
ba-kery'S\.idS __ t_e lo.id hinge 0ndec:reas1ng the amount of viet cleaning 
required. l'hC! rC!dJcUon or e;iminatfon of pan v1i1Shinq u:;inc :)fl(! 0f t'•c 
approaches listed above ,·1ill hilve :.ht:> gre,Hest i~1p,;ct.on reduc1r1·1 the 
strength of a bakery's 11a~te strec.1m. !ncrea~,ec strec,s or dry clean1•,:. 
particulc.1 ly of equ1pmt:nt taken tn the viash room for final wet c1e.11111<.:. 
will mirimi:e the ar.\oun'.:s o< rollutants entering the wilste strc.m:. 

Another potential appr0dch is a 
of cakes and pies produced in a 
hundreds of varieties of cakes. 
the bJtt~r and filling for eac~ 
cleanej ~Pfore the next variety 
cleanings Jccur· as fre:-:;ier.t:ly as 
of product variations, a bakery 

.End-C1f-Line -~·chno1Q.£l_ 

decrease in the number of varietie5 
single bakery. Some bakerie~ make 
After the rnixrng and depositing of 

variety of cake, the equ1pment is •Jsua l:. 
cf cake is m1xe~. These variety-induce: 
cve1·y t".·:o hci.;r:;. By redu~ing the nu:;:: 1:• 
~an red~ce its waste ;oact. 

Only on~ tdlery in this subcatPgory i5 known to have a wastewater t·e~~
ment S\'S!em t!'lH dPDr,arhes the de:ree of :r('ilt:::ent n~Quirrd prior to 
disch:i;..-:r to nd\.;C3t'1t' 11dte,.s. in~ '',1:::1;:._ is H~·p1c.1l 1., this -.ub
Cd~C?Qori i:1 t"at thL' ~u:;,~r·1 h lo•:ilt1'J ;·i11f>•·~· t1·~atr•cnt p1u11t ef~'lul!nt 
can be d1~pcsed of \id in(iltrt'lticn ~1'1t't'.1 n~. 1~n'Hher u11:.i5u,i1 fed~'Jrc 
is the fdct that. the-system ernplo.vs pnys1cal-cl1e1nical 1:1et~10Js rethPr 
than biologicJl treatr.!e,,t. ThP. UeJ~mcnt system is shown as a block 
diagram in Fiyure 228. 

While the fa.:ility i1cl-iiev<?<. ur tri n ;'!T1·~·!1~ rrr·ov.11 of 000, from ;1!.:l., 

28,000 1:1~/1 to 1, .JOC :ng;'J, t':e n:.,,H·,1: 1~111 of thr system is sttll ~u1nN1li 1'. 
in the stia~tt<:~wn ptlJSe. (Jn~1dPnlq~: 1".:ierimcnt.ition is continuiri9 iln~ 
reliat>Jc l'l'L'?'<ltiOI' is .lf.'C•ll'P.n~:.t ·:·:·.-··1~ 0.ll" 'A'll~,itlvl' olS witnessed :'v :•1 .. 
fJCt t11at thC' dc><.l(Jnf't' ~'f tt1~ c:\''.·'.f"' 11,1•. h,-·~·11 n.:titi11t~d 1H it§ Chief 
operator. A~hl1tio11dlly, Ylltl'I tt1c (1utld11H11J of inf1~tr .• t~on as 1 disp0-.C1~ 
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m~thod in the locJtion of the bakery, ciddltionill rt>fi· ··n~nt of this 
syHem and/or cldditio1111l trcoJ~1ncnt rnodules 1·1ill hcJvc be incorpor.-itcc1 
to acco11111octnte surfcJCC? diSchclrgc. Thus, thh physic. chemical .:Jppro..ich 
rnay serve ilS a pre-treiltmcnttoil convcntionill biolo911.:.:il system, but 
will not provide the degree of treDtrnent needed for surface discharge, 
at least in its present configuration. 

Sludge disposJl is receiving some attention by baker!es in this and 
other subcategories. One bakery spr.1y irrigates its sludge. Two plants 
are experimenting with feeding the sludge to c«ttle .. 

Selection of Control and Treatment Technology 

In Section V, a model plant was developed for the production of cakes, 
pies, doughnuts. and !!vee · .>" !5t goods utilizing pan washing. The 
wastewater was screened prior tc discharge, and i~s characteristics 
after scree11in9 were assumed to be as follows: 

BOD 28,000 mg/1 or 94.2 kg/kkg 

SS ~.000 mg/1 or 16.8 kg/kkg 

500 mg/1 or 1 .7 kg/kkg 

p~ G.O to 7.0 

" 2 mg/1 

P 20 mg/1 

Flow 0.45 ~ld (120,000 gpd) 

rroduc ti 011 135 Hg/ day ( 150 tons/ day) 

Table 131 l1sB t~I? effluent. cl'lari\c~cri'.;t1c$ ;ind the esUr.iatpd oper,n · ,. : 
efficiency of eac11 of the t,.eatment trt!1ns sc.>lec~ed tor th:s subcatc·:~··y. 

Altl'rn~tive C 1 - I .. This alternative provide~ no 11doitional tl"l!rttri•·rt 
to •ne 1·;J!:.te~v.iter. 

AlterMtive C 1 - ll - This altcrn,1ti•P con~i:-.t~.-' thf tre,Hment rnwh~'.' 
U-S-edlntiief1h:• '.. i Cai - C he•n 1 C:1 l t r-1.'il ~ •rrn~. .. :1 ~. t ('" •i r·;c r i lll'~ < IJC1ve. [... r L'; '.. · "~ •. 
are the e1i·1in.Jtion of thr chlon11" 1nntMt tank, infil~r,1t1on ln<JO!'·'l" 
anc1 associ.1:rrl cquipricnt. ~-olids ,rnd ~.ludge .:ire a~!'.umrd to be trucl hau1t:•J 
to a ~~nitJry landfill. 
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4.7 0.50 1).02 95 
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Another pot~ntial approach is a dccrea~e in the number of varieties of 
items proc:roced in ii single bakery or on a sinqle production line. UsuJlly 
when variety changes are maue, several pieces of equioment must be wet 
cleaned. The item~ involved include mixers, depositors, and intercon
necting pipes and pumps. These· variety-induced cleanings occur as 
frequently as every t1·10 hours. By reducing the number of product 
variations, a bakery can reduce its waste load. · 

End-of-line Technolo!Il 

Only one b~kery in this subcatego~y is known to have a wastewater 
treatment system discharging to navigable waters. This tre~tment plant 
is sho~n schematically in Figure230. It has been developed and nod1ffeJ 
over s2veral ye3rs. It has provided adequate treatment for the 
bakery's waste. The most recent cerformance data indicate BOD and 
suspended sol ids reduction$ averaging 99 percent and 98 percent, 
respectively. The olant was designed to handle 0.195 mld (50,000 qpd) 
with a BOD concentration of 2 ,500 ;r1g/l (a BOD loading of 473 kq per day 
or l,040 lb oer day). Currently, the average daily f101..,, is apprcx
imately 90 percent of design and BOD concentrations average 2,210. 
The BOO concentrations in the effluent currently average 8 mg/1 and 
range fr~m 7 to 9 mp/l. No design parameters were established for 
suspended solids; ho~ever, current influent concentrations average 
approxi~ately 1,020 mg/l, and the effluent averages12 rng/l with ranges 
from 6 to 15 mg/l. Similarly, no design criteria was established for 
oil and grease. The current influent oil and grease concentration· 
averages ab~ut 695 m9/l wh;le the efflu~nt contains an average of B 
mg/l and ranges from 2 to 18 mg/1. 

The design of this treatment facility aooears to be par~icularly 
apprcpriate to bakery wastes for the follo\l/ing reasons: 

1. The air flotation unit 1s effective in removal of 011 and 
grease and suspended solids. 

2. The p1astfc media trickling filter is credited by plant 
personnel wit~ removal of significant amounts of oil and 
grease. and an adjustment of the pH such th~t no chemical 
neutralization 1s required. Measurements of filter in-
fluent and effluent (14l)~ndicate near neutralization of 
the raw waste's pH of 5 by the unit. The filter is also 
effective in•handling the shock loading applied by the bakery. 

Selection r1f Control and Treatment Technology 

In Section V, a model plant was develooed for the production of cakes 
and other bakery products usinq methods that did not involve p~n 
washing. It was assumed that screening was provided all waste1-1ater 
befor::! discharge. The ra1" waste1~ater characteristics after screening 
were as follows: 
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TABLE 132 

SIJMl-1ARY OF TREATMENT TRAIN ALTERNATIVES SUBCATEGORY C 2 
~ 
5 

Effluent Effluent Effluent Percent Percent Percent 
....., 
-4 

Tr~at:aent Tratn BOO SS O&G BOD SS O&G 
Alternative kCT/kko ka/kkg ko/~ Reduction Reduction Reduction 

A 2.0 0.94 0.6~ 0 0 0 

JI BCJV 1.0 0.28 0. 19 50 70 70 

111 BCJVHX o.so 0.14 0.085 75 85 85 

11 BCJSV'iXK so 0.042 0.026 97 95 95 

v BCJSVHXKN 0.025 0.011 0.013 99 99 98 

VI BCJSVHK11 0.025 0.022 0.013 99 98 98 
-... 
._.., VII eHL 0.20 0.26 0. 19 90 70 70 

vrr 1 BHLU N/A N/A N/A 100 100 100 
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3. Sludge thickener 

4. Additional capacity for vacuum filtration 

Alternative c 2-V - This alterna\.ive includes the treatment module<: in 
Alternative C 2-IV with the addition of a dual media pressure filtration 
system. 

Alternative CZ-VI - This alternative include~ the treatment modules 
Tri'Alternative C 2-V with t\10 aerobic stabilization ponds reolacing 
the dual media pressure filtration system. 

Alternative C 2-VII - This alternative consists of the following: 

1. Caustic neutralizati~n 

2. Nutrient addition (nitrogen) 

3. An aerated laqoon system 

Figure 2J2 illustrates this alternative schematically. 

Alterna!ive C 2-VIII - This alternative includes the treat~ent modules 
in Alternative C 2-VII with the audition of sp~ay irrigation (see 
Figure 233). 

SUBCATEGORY C 3 - BREAD AND SUNS 

Jn-~lant Technology 

At the present tir.ie, many ~read and bur. bakeries are aware ~f their 
wastewater problem. Sanitary, contDct,and non-contact wastewaters have 
b.een separated in r.ial"y plants. Some plants emphasize dry cleaning of 
equipment and floors prior tc; wet cleaning. 

In addition, wastewater flow and strength could be reduced if all f1oors 
werp vacuumed, scraped, or swept before weL cleaning. Where CIP systE~~ 
are used, if the final rinse water fro:11 one cleanin<J operation were 
ut111zed a~ the pre-rinse water for the subsequent cleaning operation, the 
volume of l<iaStewilter would ~e reduced. 

End-of-Line Techn0lo9y 

No bakery 1n t~is subcategory is known t2 have ? wastewat~r treJtment 
system that approa~hes the degree ~f treatment required for discharge 
to navigable waters. All of the bakeries surveyed in this subcategory 
dischJrge to municipal sewa9e S)'Ste::is, and none of them provided tredt
ment other thJn screening. 
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Sclectio~f Control J1d Treatment Tc<;_hnolo~y 

Jn Section V of this document, a model plJnt was developed for bread 
and bun bakeries. The raw waste chJr~cteristics after screening were 
assumed to be as follows: 

1. Flow - 0.10 m1d (0.026 mgd) 

2. DOD - 422 mg/l 

3. SS - 214 mg/1 

4. pH - 6.0 to 9.0 

s. p - 0 mg/1 (deficient) 

6. N - O mg/l (deficient) 

Since all known bread and bun bakeries currently discharge to municip~1 
sewers, a transfer of treatment technolosy i~ required. Plants in 
Subcategory C 2, manufacturing cakes and pies without utilizing pan 
.. Jshing, have a waste stren~th greater than, and a waste source similar 
t~ plants producing bread and buns. Jn addition, the waste strength 
of bread and bun bakeries is less than twice that of municipal se\·1age. 
Since there is no indication of any particular complicating characteris:~c~ 
of bread bakery wastewater, the treatment a 1 ~ernatives discussed belo~ 
were selected based on their satisfactory ~·:dor:nance in treatinQ 
municipal sewage and wastes from Sutc~tegory C 2 . 

Table 133 lists the pollutant effluent loading and the estimated ooeratin9 
efficiency of each of the four treatment trains selected for this :ub
category. 

Alternative C 3 • I - ThiS a1ternative provides no additional treatment 
to the screened wastewater. 

Al.t~rnative C 3 - JI - This alternative cons1!.ts of a pumping stat1on, 
Tiow equalization basin, prirnary clarifier, nitrogen addition, 
phosphorus addition, act1vated sludge aeration basin, secondary clarifier, 
5ludge pump, sludge thickener, vacuum filter, and sludge stvraae. A 
schematic': diagram of Alternative C 3 - II is !iho~in in Figure 233. 

AlternatiH C 3 - III - This altern.itivc consists of the treatment 
modules of Alternative C 3 - II with the addition of a dual media 
filter and associated pun:;Jing station. A schematic diagrum of Altcrn.Jt1v+! 
C 3 ·Ill 1s shown 1n Figure 233. 

Alternative C _L.:_l,Y - This alternative consists of a pumping station, 
n1tro9en ado1t1on, phosphorus addition, aerated lJgoon, two settling 
ponds, pu111pfnCJ statio1l, and dut1l inedia pr<?ssure filter. A ~chemat1c 
dit1gra111 of f'1te1·n.:it1ve C 3 - IV is shown in Figure 234. 
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TABLE 133 

SU1T11Tary of Treabnent Train Alternatives 

Effluent Effluent Percent Percent g 

Treatment Train BOO SS BOO SS > --, 
Alternative . ~f!S__ kg/kkg Reduction Reduction -4 

C 1 - I 0.88 0.46 0 0 

c l - II BCEHIKQSVY O. a.15 0.045 95 tsS 

c 3 - I Ii BCEHIK~iQSVY 0.012 O.Oll 98 ~~ 

c J .• Pl BHILH 0.044 0.044 95 88 
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SUCCATEt;ORY C 7 - COOY.JE M!D CP.ACKr.ll MMUrliCTURillG 

Jn-Plant Technolony 

Additional measures could be taken to reduce waste1.,ater flow and 
strength. If all floors were vacuum cleaned before befng 1-1et clei>ned, 
the stren;Jth of the ~1astcwater from the p'1ant would be reduced. Util i z
atfon of ClP syste:.is in which the final rinse 1'later- from one cleaning 
operation 1·1as utilized as the pre-rf n:;a 11dter for the subsequent 
cleaning operation 1:ould reduce the volume of waste1~ater qenerated by 
the clcanino of the icino handlinq eoui~ment. Since cleanin9 of the 
fcfn(1 equipm!?nt is usually necessary before chan~Jing to the pro-luctio,, 
- ; a different variety of cookie, chanqcs of product should be made 
as infrequently as oossible in order to reduce both volume and stren~th 
Of was te1·1a ter. 

~f-Line Technolooy 

No bakery in this· subcategory is kn01·1n to have a wastewater tre11tment 
system that approaches the degree of treatment required for dis:harge 
to navigable 1·1aters. All of the bakeries surveyed in thi!i suocate9ory 
discharge to municipal se~age systens. Most plant~ have qrease traos 
as a fcrm of pre- trea t":lent to reduce se1·1cr bl ocka9es resu l ti n9 froM 
the high (average 500 Mg/l) concentrations of anim~l and vegetable fats 
in the waste stream. H:n·1ever, grease traps aope.:ir to he hiqh-mainte:-:ar.ce 
items if ~hey are to operate pr·operly. One cookie and cracker bak~ry 
removed their traps when air floatation was installed. 

Some plants successfully utfllze flow eaualizatfon and air floatation 
as pre-treatf!'ent ~odules. They have been sho1m to reduce th~ concentra
tion of oil and grease be1n; dischar9ed to the municipality to less tna~ 
100 mg/l. The sludge gene~ated from the air floatation treatment 
process fs nonna11y haultd by a disposal contractor to a render1n~ 
service. 

Se1ectioh of Control and !rea~ment Te~~noloc:l. 

In Section V a m'del plant was develcoed for cooki's and cracker oroduc
tfon. The raw was:ewater charactcris:ics aft~r screeninq were assuneJ 
to be as follows: · 

BOD 1200 mq/1 or 2.0 kg/ kk9 
SS 900 moll or l . 5 k9/kkg 

O&G soo mg/1 or 0.85 l:g/ Hg 
ptl 6.3 - 8.7 

,..., 01·1 0.34 mld (0.09 mgd) 

At p~~sent no cook;e ancl cracker manuf~cture has a complete treatment 
system, because all such plants cu1·~c11tly discharcie to municipal 
se1..,age treatment systems. As a res~lt, a transfer of treatment 
technology froin 11 !'imil~r industry is 1·cqufrcd. Plants in subr:ateqory 
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C 2, mDnufacturing cakes and oics without ut111z1ng p~n washinq, have 
both a waste strength and w~~te sources (raw mat!rials involved as 
well as op~ations gcneratinq the "'astes) similar to plants manufacturing 
cookies and crackers. The .reabncnt modules of the treatment alternatives 
discussed below ~1ere selectC!d bas!d on their satisfactory perfonncJnce 
in treating wast~s from subcategory C '· Altern~tive C 7·1I is ~onsider~d 
to be an effective method of pre-treatment due to it~ current widespread 
usi1ge as a method of pretreatment in the cookie ilnd cracker industry. 

Tab1e1341ists the pollutant effluent loading and the estimated oDerati~q 
efficiency of each of the six treatment trains selected for this sub
category. 

Alternative C 7 • T • This alternative provides no additional treatment 
to the screened wastewater. 

Alternative C 7 • II- This alternative consists of flow equalization, 
a·ir fJOition, a pumoing station, and storage for separated solids and 
grease. lt is assu::-:ed that the separ<itcd solids are truck haul'ed to 
a ren~erin9 company at no cost to the bakery. 

Alternative C 7 - III - This a!ternativ~ consists of the treatment 
module"'SOf Alternative C 7 - ll with the addition of an aerated lagoon 
and the associated settling ponds. The schematic diagram of Alternative 
C 7 - III is shown in Figure 235. 

Alternative C i - JV - This alternative consists of the treatment 
modul~s of Al~ernative C 7 - II with the addition of activated sludge, 
secondary clarifier, sludge pumping, sludge thickening, and vacuuin 
filtration. 

Alternative C 7 - ~I - This alternative consists of the treatment modu?e~ 
OTllternative Cl- V 111ith the addition of dual r.1eJia pressure fi1tratiori 
and the associated pumping station. The schematic diagtam of Alternative 
C 7 - VI is shown in Figure 236. 

SUBCJITEGO~ 12 - SAND!H CHES 

Jn-Plant Technolooy 

Sandwich manufacturers generate relatively small volumes of ~astewater 
(a ftw thousand liter5 per d:.iy 11t 1'10<:.t), Jnd Coi1Sequently have not 
made any particular effort tc 1·educe their '"dste load, 

< 

Virtually a11 wa~tewater frol'll sand1~ich plants is a result of cleanuo 
operati1Jns. Therefore, efficient r.lc.:inuf) or-ocedures (1'1dter co~sef"vat1"n 
practices) <'lnrl training of the clcJnuµ pc:rs;>nnel would be the P• imary 
means of reductng sand1Yicn producer's process wastewatP.r. 

1~2 
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TABLE 114 

S(ltftARY OF TREATMENT TRAIN ALTERNATIVES 
0 
~ 
> -, 
..... 

Effluent Effluent Effluent Percent Percent Percent 
Trea trr.ent Train EQO SS O&G BOO SS O&G 
A1tem3tive lr.g/kl-:g lq~J lt k!J kg/kkg Reduction Reduction Reductio1' 

I· ,. 
'·' I 

' 

t 7 - r A 2.0 1. 5 0.85 0 0 0 

c 7 - II CJ 0.8 0.45 0.3 60 70 65 

c 7 - tlJ CJL 0. l 0.15 0.09 95 90 90 

c 7 - I it CJLN G.05 0.05 C.05 98 9G 94 

..... c 7 -
~.,) 

v CJKGSV {). l 0.10 0.09 95 93 90 
.....: 

c i - Vf CJl<Q5UN o.os 0.03 o.os 98 96 94 
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INFLUENT 

I 
BOD = 1200 MG/L. 

SS = 900 MG/L 
Ot.G = 500 MG/L 

FL.OW = 0.34 MLD (0.09 MGD) 

PUMPING STATION 

.----~--''-----~·, 

SOL. !OS----
STORAGE 

TRUCK 
HAUL 

FL.0~ EQUALIZATI~N. 

AIR FLOATATION 

AERATED LAGOON 

SETTLING 
PONDS 

ALTERNATIVE C 7 - III EFFLUENT 

BOD 
SS 

Or.G 
FL.OW 

= 60 MG/L 
= 90 MG/L 
= 50 MG/L 
= 0.34 ML.D '0.09 ¥.GDl 

F 1 GURE 23S 

CONTROL ANO TREATMENT ALTERNATIVES C 7 - III 
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RENDERING SLUDGE 

JNl"'LUENT 

I 
BOD = l.200 MG/L 

SS = 900 MG/L 
FLOW = 0.34 MLD 

Or.G = 500 MG/L 

FLOW EOUALJZATILJN 
TANK 

(0.09 MGO) 

FlRMS----~---i--~ 
DISSOLVED AIR 

FLOATATION 
ALTERNATIVE C 7-J! 

SLUDGE 
THJCK:::"l:R 

VACUUM 
FILTER 

SLUDGE 
STOF'AGE 

SLUDGE TO 
TRUCK HAUL 

,.---------.j--------
ACTIVATED SLUDG!:: 

AERATION EJA~IN 

SE::NOARY C~ARIFIER _____ ,.. 
DUAL MEDIA FILTER 

EFFLUf:ONT 

BOD 
- 55 

= 4 8 0 ~·'. :; I L 
;;; 2 7 0 ~~. :::, / !... 

ALTERNATI"I!:: ~ 

EFFLUENT 
:- \/ 

BOO = 60 ""C:/L 
SS = 60 MG/L 

ALTERNATJVE C 7 - Vl EFFLUENT 

BOD 
SS 

FL Div 

Ot.G 

FIGURE 236 

= 30 MG.I\. 
= 20 MG/L 
= 0.34 MLD (0.09 MGD) 
c 20 MG/L 

CONTROL AND TREATMENT ALTERNATIVES c1-1r. V, ANO vr 
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End-of-Line Technolooy 

All of the-plants contacted_ during this study discharge their wastc1·1.:itC'r 
to municipal se·flers. Uo particular problems ~1ere reportcd.b~ these 
municipalities in treat;nq the wastc,·1ater. Some plants utilize grease 
traps to prevent clo9ging of sewer lines, but this'· is the onl~ ~cthod 
of pre-treatment currently in use. No studies of the treatab1l1ty or 
characteristics of the wastewater have been performed. 

Selection of Control and Treatment Technology 

In Section V, a model plilnt was developed for sandwich manufactur~ng. 
The flow from the model plant is 7,600 1 (2,000 gal) per dC:Jy. Th:s 
volume of wastewater is small enough and the strength great enough 
that direct treatment is impractical. As a result, the wastewater should 
be treated by a municipal system. 

Alternative C 12 - I - This alternative provides no additional treatmer;t 
to the screened wastewater. 

Alternative C 12 - Tl - This alternative consists of a storage tank 
and truck hilul1ng of the wastewater to a municipal treatment facility. 

SUBCATEGORY D 1 - CANOY ANO CONFECTIONARY 

Existing In-Plant Technology 

Two plants have screening, filtration, centrifugation and reverse osmosis 
units which result in no discharge of wastewaters from rrocessing areas, 
specifically from candy formini machines which require constant clea~si~g. 
The plants utilizing reverse osmosis also incorporated screening, diJ
tomaceous earth filtration, centrifugation and in-process reuse of re
covered materials. Wire mesh screening and centr1fu9ing were primarily 
used for removal of particu1ate materials and oil substances, respect~ve1y. 
Filtration with diatomaceous earth was employed prior to reverse os~~si~ 
for r~moval of suspended solias; thereby preven~ing clogging of reverse 
osmos·i s mer.1~ ·anes, 

Sugars recovered from the reverse osmosis e~uipment are condensed in 
evaporators and recycled to the processing line. Defective candy from 
certain other plants are frist dis~olved and then filtered through dia
tomaceous earth to rer.1ove coloration, etc. The reclaimed syrup is then 
reused in preliminary steps of processing. 

Cooling and condenser water were recycled in 85 percent of the plants 
visited. Compressor and steam condensate wat0r were reused in over SO 
percent of the plants. 

Washdown water is the primary source of waste effl1.<ent from this industry. 
Most plants employ various methods of in-plant controls to reduce its 
impact. All plants use dry collection of solids by sweeping or vacuu~ing 
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prior to washdo~tns. Actual washdo\·m with hoses is limited generally to 
the l:itchqn arcu. Altc:"natively. \'1et mopping or wiping is done in the 
remainder of the plant areas. Furtherrnore. muny plants have blocked 
sewer outlets and eliminated hoses to reduce water usage in specific 
areas. 

Edible solids such as starches and contaminated candies are 
disposed of by contract haulers for animal feed supplement. 
solids and paper are generally hauled away to landfill areas 
certain instances when liquid waste5 (sludges) are involved, 
to farm lands to be used as fertilizer. 

Potential Jn-Plant Technology 

generally 
Non-edible 
or. in 
are taken 

Plants can usually realize substantial savings in treatment or in sewer 
costs through either reducing usage or recycling certain processing 
waters. Recycling of cooling or condenser waters should be considered 
by all plants as an economical method of reducing wastewater. Much of 
the waste currently being discarded or lost in plant effluent can be 
reused 11hen processed or reclaimed in an acceptable manner. For e1al"lple, 
preliminary wash waters from the "kitchen" cooking kettles and holding 
tank~ can be recovered and, 1vith a minim1ir.1 ar:1ount of reprocessing, most 
sugar can be removed and reused. This is currently being done in a few 
plants with substantial savings being realized. not only irom a treat~ent 
standpoint, but also in product recovery. 

Clean-in-place (CIP) units and flow control valves which are Jseti on 
certain types of equipment are water and cost saving devices that can 
be employed by a?l plants. 

Reducing the use of water in generaly by ~ncreasing workers' awareness 
is another bas;c step in good water management. Water use could be mini
mized by commJn sense techniques like turning off faucet~ and hoses when 
not fn·use. by using high-pressure, low-volume water supply systems, and 
by dry clean-up in-plant valves are a valves are a valuable contribution 
to water conservation measures. 

End-of-Line Technology 

Of the total of 20 plants visited during this study. 15 had no form of 
pre-treatment measures. Every plant visited discharged the majorit.v of 
its wastes directly to municipal se1vage s1st1ms. Pre-treatment systems 
that were observed consisted of three plants which utilized grease and 
of 1 removal systems. These systems varied in d~gree of sophistication 
from an ordinary grease trap to a small aerobic system. 

Grease and oils, as mentioned in Sectfon V, are the primary concern of 
certain manufacturers fn thi~ subcategory. Test results from one plant 
utilizing cl name brand filter shOI" reductions in grease and oi1 loadings 
of 89 percent. Ordinary grease traps have been found to be effecth·e 
1n removal of oils and greases to acceptable levuls for subsequ~nt. 
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biologica1 treu~ment. Suspended solids and BOD were reduced by 87 
and 92 percent, re~pectively, at the one plant utilizing an aerobic 
treatment ,;ystcm. 

Two pl~nts currently have treatment systems either proposed or under 
construction. One plant has under design a dissolved air flotation 
un1t with recycle; and the other plant is constructing an aerobic 
digestion system with an 825,000 gallon capacity. 

Ois~olved air flotation treatability results show an average concen
tration reduction in hexane soll'bles of 100 mg/1 to 40 mg/1 with a 
corresponding 10 percent reduction. Maximum hexane soluble loadings 
wererreduced from 750 mg/1 to 100 mg/1, during these tests, corresponding 
to 86 percent reduction. 

Selection of Control and Treatment 7echnolo~y 

In Section V a model plant ~1as developed for candy and confectionery 
processing. The raw wastewater characteristics after screening and 
grease trap were taken as follows: 

BOD 1300 mg/1 
SS 170 mg/1 
O&G 555 mg/1 
Flow 375 cu m/day (0.099 MGO) 

Table 135 lists the pollutant effluent loading and estimated operating 
efficiency of each of the seven treatment trains selected for this sub
category. 

Alternative D 1-I - Th1s alternative provides no additional treatme~t 
to the screeneu wastewater. 

Alternative D 1-JI - This alternative consfsts of a pumping station, 
flow equalization, and an aerated lagoon system with nitrogen addition. 

Alternative ~ 1-III - This alternative replaces the aerated lagoon 
.system of ;,it· :.native 0-II with an activated sludge unit. In addit~on, 
the treatment train incorporates sludge thickening, aerobic digestion 
and truck hauling or·dewatered sludge. 

Alternative D 1-1V - Alternative D 1-IV is identical to Alternative D 1-IJI 
except for the ~ddition of sand drying beds for sludge disposal. 

Alternative 0 1-V - This alternative provides the addition to Alternative 
D 1-IV a dual media pressure filtration system as a final treatment step. 

Alternative D 1-VI - This alternative adds, to Alternative O 1-II, a dual 
media pressure filtration system. 
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Treatmtnt Train 
Alternative 

01-I 

01-II 

01 - I I I 

01-IV 

01-V 

01-VI 

TABLE 135 

SUMMARY OF TREATl1£11T TRAIN AL TERNA TI VES · 
SUBCATEGORY D 1 

Effluent Effluent Percent 
BOD SS BOD 

mg/1 mg/l RPduction 

1300 170 0 

65 30 95 

39 20 97 

39 20 97 

20 10 98.5 

26 10 98 

729 

Percent 
SS 

Reduction 

0 

82 

88 

88 

94 

94 
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SUOCATCGORY 0 2 CHEUING GUM 

Existing ·w··Plant Technology 

Of the total of 14 plants contacted or for which data were supplied by 
the National Association of Chewing Gum Manufacturers, 50 percent recycled 
all or most of their cooling and chf 11 waters. Three of thes~ plants 
dischar~ed \vas~e~1ater from cool fng directly to municipal sewage systems 
along 1~1th their waste streams. Two plants discharged cooling Naters 
into Honn se1vers, and the remaining two plants either spray irrigated 
or eliminated th1s \o1aste through well disposal .. Cool1ng waters comprise 
the largest flow volumes associated with this industry (i.e. 70 percent 
of the plants contacted discharged over half.their water as non-contact 
cooling water, e~ther in the form of overflows or oncP. through discharges). 
Non-ccntact cooling water does not fall within the d~finitiun of process 
wastewater used in this study. 

Jn terms of waste loadings, the two most significant sources of wastewat"ers' 
1n this industry are air scrubbers and clean-up waters. Air scrubbers 
were used by 75 percent of the plants contacted. One of the primary 
uses of air scrubbers is to clean ambient air of foreign s•.Jbstances, 
primarily sugar particles. Many techni~ues were observed to be u~ed 
by various plants to minimize the effect of this source of effluent 
on waste loadings. One method e~ployeG by several p1ants was to re~ 
circulate· the air scrubber water until saturated. then to purge the 
holdir.g tanks completely anrl refill. Other plants continually sup-
plied fresh make-up waters to the scrubbers; thereby keeping concentra
tions at certain levels by regulating Make-up water volumes. One plant 
contacted used a cornpl~te1y dry technique to captvre sugar dust in the 
atr, eliminating the use of water altogether. This system even segr~
gated sugars by flavor and color. 

Clean-up operat1cns varied signif1cant1y from p1ant to plant. Because gi.:r:i 

in contact with water forms a sticky mass, most plants emplo,Y cJry clean-
1ng by scraping or sweeping. ~1nima1 wet cleaning 1s employed at the 
plants, and generally wet cleaning was done by mopping or scrubbing 
w1th solvents (S.t..V-~-SAL), disinfectants, and water subseouent to dry 
removal by sc~Jping or sweeping. Cleaning rooms were utilized by almcst 
all plants tr1 c.lean machinery and equipment. This equipment 1 ... as period
ically d1sma~t1ed and subjected to exten~ive steam or hot w~ter cleanings 
with the optional use of solvents or cleaners. 

Damaqed or defective chewing 9um was usually recycled to the processing 
line. At orie plant the ''bowl cake" (by-product 1eft after gum bases 
have bP.en m1!lted and screened), was retained and returned to the gum 
ba~e refinery to ~e reprocessed. Other waste solids, with the exception 
of paper in certain instance~. were dispo~"1 at s~nitary landfill site~. 
Two plan~s visited separated and recycled pap~r products. This procedure 
11ay be empl'>.)'@d at other plant~ to reduce solid wastes. 
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Damaged or defective chr:l'1ing gum was usually recycled to the processing 
line. At ine plant the "~owl cake" (by-product left after gum bases 
have been melted and screened), was retained and retut·ned to the gum 
base refinery to be reprocessed. Other waste solid~. with the exception 
of paper in certain instances, were disposed at sanitary landfill sites. 
T\'10 plants visited separated and recycled paper products. This procedure 
may be employed at other plants to reduce solid wastes. 

Potential In-Plant Technology 

Plants not currently recycling cooling, condensor or chill water sho~ld 
consider this as a rr:ajor step in water mana~ement. ilccycl ing of ste.::r. 
condens~te, which was done at one plant visited by the contractor, shoJld 
also be a step towards water conservation. Air scrubber water can pcssi
~ly be elim:nated and substituted by dry collection by su~1.:?r particles 
except in cases where humidity control is desired. 

Minimizing the use of water in clean-up operations has bee~ pursued 
ty most ~lants contacted; however, educatin9 plant personnel 
of the necessity for water conservation would be helpful toward dccom
p1ishment cf desirable 1~ater m~nagi!ment policies. 

End-of-Line T£~hno1ooy 

Of the total nu1tber of olants contacted. only five ernp1oyed some type 
of treabnent fer their wast~watcrs. Two plants sirnD1y treat their 
westewaters by employing settling ba$ins before disc~arging to munici~a1 
systems. ~ettled ~atter is gener~lly hal1ed away under contract. One 
plant disct':u:-ges only dc:7:estic ~1aste to a mun'cipal systen and storr:?s 
all proce~sing ar.d clean-up wastes in a holding tank, v1t1ich is taken 
to a sanitary landfill for disposal. Two plants utilize activated 
sludge with aeration lagoons and fin~l lpray irrigation to treat and 
dispo~e of wastes. These practices have resulted 1n no discharge 
of process 1~aste1-1ater pollutants to surface waters from these t\-10 

piants. Reduc:icns from the activated sludge system ave~aged 96 per
cent BOD ~eroval, 90 percent rc~oval of suspended solids and BB per
cent volat~lc solids r~movals. Influent pH averaged 8.6 and aecreased 
to 7.6 after treatment anc prior to irrigation. 

Selection of Control and Tr~atnent Technology 

In Sectio11 V CJ model p7ant was devc•lored for chewing gum processing. 
The r11~ waste1~ater tharacter;stics ofter screening were as$umed to be 
as fol lows: 

:- -.r-~ .·- - - . 

900 mg/1 
95 mg/1 
SO mg/ 1 

BOO 
SS 
O&G 
F101~ 322 cu m/d~y (0.085 MGO} 
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Tab1e i36 1ists the po11utant effluant loading and estimated operuting 
efficiency of each of the eight trea~nent trains selected for this ~ub
category. _ 

Alternative .o 2-I - lhis alternative provides no add,tfonal treatment 
of the screened wastewater. 

Alternative D 2-II - This alternative consists of a pumping station, a 
flow equalization basin, and an aerated 1agoon system.with nitrogen 
ac!di ti on. 

Alternative D 2-III - This alternative replaces the aerated la~oon system 
of Alternative D 2-II with an activated sludge unit. In add~tion, the 
treatment train incorporates sludge thickenin~. aerobic d1gestion, and 
trui.;k hau I ing. 

Alternative D 2-IV - Alternative D 2-V ts identical to Alternative D 2-I~I 
except for the addition of sand drying beds for sludge disposal. 

Alternative D 2-V - This alternative adds, to Alternative 0 2-iv, a dual 
media pressure filtraticn system as a final treatment step. 

Alternative 0 2-VI - This alternative adds a pumping station, pipe line 
~nd spray irrigationttc the treatment train of Alternative~ 2-ll. 

Alte~native D 2-VI! - This ~lternative adds a pumping station, pipe llne, 
and spray irl1gation to the treatment train vf Alternative: 0 2-III. 

SUBCATEGORY 0 3 GUM BASE 

Existing In-Plant Tech~oiogy 

As e~plained in Section V of this ~eport, only three pla~ts fn th1s 
subcategory were cor1iid~red of significant benefit for estab11sh1ng 
in-plant t~chnology. Process cooling water 1s rec1rculated at two 
of these pl"~ts. The other plant identified from the Naticna1 A.s!:oci
ation .of Chew1!'19 ~lll'l t~anufacturer~ survey i:1~~ ~:~ ~ndicate any re
cyc11ng of coulir.9 watel'. 

The primary waste source~ 1n this industry are derived from washdowns 
and processing. Dry cleaning methods are a ~reliminary step used by 
all plants befor~ the major washdown ~rcces~. Dry cl?aning met~ods 
include dry-scrapir.g and vacuuming. Cleansing agents such as tri -~c~l~rr 
phosph~te are spread on the floor to remove the softened ~um deposits. 
These washdown flows avenged 15 percent of the plllnt f101'IS a;id arP. 
high in wastu pollutant loading Reductions In th~ use of so1vt~ts has 
been initiuted at one plant with a 45 percrnt detrease over a th~ee
year period. 
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Treatment Train 
Alternative 

Dl-I 

02-II 

02-III 

02-IV 

02-V 

02-V! 

·02-vrr 

TABL( 136 

SUMMARY OF TP.EATMENT TRJ\.rn ALTERNATIVES 
SUDCATEGORY D 2 

Effluent Effluent Percent 
BOD SS BOD 
mg/l mg/1 Reduction 

900 95 0 

45 30 95 

3) 20 97 

30 20 97 

20 10 98 

0 0 100 

0 0 100 
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Percent 
SS 

Reduction 

0 

68 

79 

79 

89 

100 

100 
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Potential In-Plant Tech11ology 

Air scrubbers were foun~ to be used at only one gum base plant. Con
trol 1 ing the e~fluent discharged from this source by recycling would 
help minimize tha discharge. 

Another source of contaminated water comes from the repeated hot 
water washing of natural gum materials. By limit;ng the numt,er of 
washings or by recycling of this water (i.e. by reusing the final 
wash \'1ater for the preliminary wash of a ne1-1 batch of gum). significant 
reductions could be realized in flow. As mentioned previously, 
increasing workers' awareness of pollutional problems will help sig
'nffi cantiy in water ma,1agement. 

tnd-of-Line Technolooy 

Significant advances in treatment have been accomplished in this 
industry, particularly at one plant which handl~s about 80 cu m/day 
(20,000 gpd) of the wastewater with a 800 of 1500 to 2~00 ~g/1. The 
system used at this plant employs screening, settling, mixing, digestion, 
clarification and final chlorinat~cn to achieve 90.1 percent removal 
of BOO. According to Oxford (142 ), this percentage of BOD removal 
can be increased to 95 percent by proper manage~ent. This plant 
dischar;es to a municipal sewage system. One plant that does not 
currently have a treat~ent system discharges directly into surfece 
waters. This plant has a preliminary treatr..ent sy~tern design€~ and 
will discharge their treated waste to a municipal plant whe~ the 
municipal facility is constructed. This system is designed primarily 
to collect all processing wastes and separate by settling all pre
cipitated CaC03 and settled gum base, which is then stored and trans
ported by trucRs for land disposal. In addition. the solvent phase 
1n the settling tank may be drained for further amelioratior. of the 
effluent. 

Selecticn of Control and Tr~~tment Technolooy 

In Section V a model plant was develcped for chewing gum base processing. 
The raw wastewater characteristics after screening were assumed to be 
as follows: 

BOD 430 mg/1 
SS 355 mg/1 
O&G 30 mg/1 
F)ow 356 cu m/day (0.094 MGD) 

Table 137 lists the pollutant effluent loading and estimated operating 
efficiency cf each of the e1gnt treatment trains selected for this sub
category. 

Alternat1v~ 0 3-I - This alternative provides no additional treatment 
to the screened wsst~wat~r. 
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Treatment Train 
A lterna t l ve 

03·1 

DJ-II 

DJ-II I 

03-lV 

03-V 

03-VI 

03-V!I 

TABLE 137 

SUM114RY Of TREATMr.NT TRP.I:'-1 AL TERNA!IVES 
SUUCATEGOIW ~ 3 

Effluent Effluent Percent 
BOD ·ss 800 
mg/1 mg/l Reuuction 

-----
430 355 0 

30 30 93 

25 25 94 

25 25 94 

10 10 98 

0 0 100 

0 0 100 

·----------· 

735 

Percent 
SS 

Reduction 

0 

92 

93 

93 

97 

100 

100 

·-----
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A1t~rnat~vP D 3-11 - This alternative con~ists of a pumping station, 
a .. flo;·1 eq~fiz:ition ba$in, and an aerated lagoon system with nitrogen 
addition. 

Alternative D 3-III - This alternative replaces the aerated lagoon 
system of Aiternat1ve 0 3-111 with an act;vat~d sludge unit. In 
addition, the treatmc?nt train incorporates sludge thickening, aerobic 
digestion and truck hauling. 

Alternative D 3-IV - Alternative 0 3-V is identical to Alternative D 3-II! 
except for the addition of sand drying beds for sludge disposal. 

Alternative D 3-V - This alternativP adds, to Alternative D 3-IV, a dual 
media pressure fiitrgtion sytem .1;, a final treatment step. 

Alt~rnative D 3-VJ - 1his alternative adds a puwping :;tation, pipe line. 
arid s~ray irrigation to the treatment train of Alternative D 3-II. 

Alternative D 3-VlI - This alternative adds a pumping station, pipe line 
amfspray irrigation to the treatr.:ent trair. of Alternative D 3-III. 

SUBC~TES8RIES D 5 ANO 0 5 CHOCOLATF 

Exist~~o In-Plant Techno~ 

ThP. open use of ~ater as mentio~ed in Section III is not compatiole 
with the production of chocolat~ prJdu:ts; therefore, the use o~ wat~r 
in-plant is extensively regulated to prevent entrainment in the product. 

Since wash~owns are the pri~ary source of waste1oacing, stringP.nt dry 
cleaning and ~o~ping are e~plcyed at all plants. A variable amount of 
c1ean-up w3ter is used during the cleanin~ of ~ixing tanks, transfer 
buggies, m11k condensing p~ns, and certa1n production areas. Steps 
tar.en by plants to limit water use in these cle~ning operations in
chide: installing v:ater saver hose ncz:les. sealing off draini;, and 
in one case utilizing a high-pressure ste3m neated washdcwn system. 

Three ~lants which process condensed milk use clean-in-place units 1n 
the~r condcnsory system. One plant h~s a unique system, in which they 
recycle cooling waters for Jse ;~ do~e~tic sanitation. 

Potential In-Plant Control 

Currently, few chocolate plants recyc~e non-contact cooling and con
densing water, but discharge them directly to local tributaries. Re
cycling of these water~ ~ay or may not be economically advantageous, 
depending primarily upon the source of pl~nt water supply. 

nue to the prnhlcms encountared wh~n chocolate is contaminated with 
cxc~ss moisture, workers in this industry are very aware of the det
rimental effe~ts of excess wat~r on the finished pr~duct. However, 
less success has been gained 1n achicvin~ awareness of employees 
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as to the necc~sity for good housekr~cr>inu, reduced ~1ater usage. proper 
maintcn.:nce, crnd correct disposal or salvaginy or" products t11at can 
be reused in the process. 

End-of-line Technology 

Ali plants visited discharged to municipal tr~atment systems; two provided 
pretreatment of their w~ste streams. One of t~ese plant~ utilized a 
grease trap which was cleaned mcnthly by a sJnitary s~rvice. The other 
plant eraployed J dissolved eir f~otat:~n system for o~l .and grease re
moval. One large plant is planning to purchase a municipal treatment 
plant for use a5 an industrial pretreatment plant. 

Selection of Contro1 and Tre2tment Technolncry for ~ubcate~or~ 0 ~ 

In Section V a model plant was develop~d for chocolate manufac~ure 
with condensory processing. The raw wastewater characteristics af!p~ 
screening ~ere assumed to be as follows: 

BOD 1840 mg/1 
SS 415 mg/~ 
O&G 170 mg/1 
Flow 761 !"U m/day (0.20'1 MGD) 

Table 138 lists the pollutant ef&luent loading and estimated operatir; 
eff~ciency of each of the treat~ent train~ selectec for this subcate;cr;. 

Alt~r~at1v~ O 5-I - This alternative provides no addi:ional treat~ent 
to the screened 1·:as.tewater. 

Alternative D 5-11 - Thi~ alternative consists of a pumpinq station, 
a flow equulization bas1nJ and air flota:ion with chemical addltion. 

Alternative D 5-lll - This ~lternative r~places the air flotation mc~~:c 
in Al'ternativeD 5:r1 ~1ith an aerJ~ed lagoon syste~.1 1·Jith nitrogen ad.,.1;,;;r;. 

Alternative J 5-JV - This altcrnatiye reolaces the aerated laqoon s.ys~c
of Alternatfiie~-III with an ac:iva:c·:i $ludce unit. In addition, t.,'2 
t1~c1tment train incorporates s.ludge tni;:kening, aerobic digc:;tion and 
true k hau 1 i ng. 

Alternative D 5-V - ~lternative D 5-V is identical to Alternative D 5-JV 
with the additlor.. of sand drying beds for· sluci9e disposal. 

Altern~tive U 5-Vl - Air flotation with clleniica; addition is utilized 
between the equaiTzation basin and the Ji:t1vated ~ludge unit of Alternat:ve 
U 5-IV. 

Alternative D S-VII - This alterndtive adds, to Alternative O 5-VI, a dual 
media pressure f1ltrat1on system a~ a final treatment St(,. 
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TMLE 138 

-SUMt'V\RY OF TREATMENT TMIN AL TCRiMTIVES 
SUCCATEGORY 0 5 

Treatment Train Eff1 ucnt Effluent Effluent Percent Percent Percent 
Alternative BOD SS OBG BOD SS OBcG 

mg/1 nig/1 mg/1 Reduction Reduction Reduction 

05-I 1840 415 170 0 0 0 

05-II 1288 287 68 20 30 60 

05- I I 1 92 60 17 9~' 85 90 

05-IV 60 40 17 97 90 90 

05-V rn 40 17 97 90 90 

0$-VI 40 29 7 98 93 ~6 

05-VI ! 20 10 2 99 98 99 

05-YIII 64 43 7 97 90 96 
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J\lternativc O 5-VIIJ - Jn this tre.:itment train air flotation Hith 
clic111icul acJaition prcccllcs the aerated lcJgoon syster.i of l\ltarnative 
u 5-111. -Trucking of flotation solids is requirP.d with this alter
native. 

Se1ection of Control cJnd Treatment Technology for Subcategory D 6 

In Section V a model plant was developed for chocolate \·1ithout 
condcnsory processing. The raw wastewater characteristics after 
screening were assumed to be as fo1lows: 

BOD 705 mg/1 
SS 230 mg/l 
O&G 160 mg/1 
Flow 920 cu ~/day (0.243 MGO) 

Table 139 lists the pollutant effluent loading and estimated operating 
efficiency of each of the treatment trains selected for this subcatesory~ 

Alternative O 6-I - This alternative provides no additional treatment 
to the screened wastewater. 

Alternative D 6-II - This alternative consists of a pumping station and 
a flow equal1zation basin. 

Alternative 0 6-III - This a1ternative consists of Alternative D 6-II 
followed by air flotation with chemical addition. 

Alternative D 6-!V - This alternative adds to Alternative 0 6-II ar 
aerated ~goon system with nitrogen addition. 

Alternative D 6-V - This alternative replaces the aerated lagoon syste~ of 
Alternative D 6-JV with an acti~ated sludge unit. In addition, the treat
ment train incorporates sludge thickening, aerobic digestion and truck 
hauling. 

A1tern3tive o 6-V! - Alternative D 6-VI is identical to Alternative O 6-V 
with the aod1t;on of sand drying beds fer sludge disposal. 

Alternative 0 6-VI! - Air flotation with chemical addition is utilized 
between the equalization basin and the activated sludge unit of Alter
native D 6-'J 1. 

Alternative D 6-VI!I - This alternative adds, to Alternative D 6-VII, a 
OiiaT media pressure filtration system as a final treatrr.ent step. 

Alternat~ve O 6-IX - In this treatment train,air f1otat1on with chemical 
addition precedes the aerated lagoon sy~tem of Alternative O 6-IV. 
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TABLE 139 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES 
SUBC~T(GORY D 6 . 

Treatment train Effluent Effluent Effluent Percent Percent Percent 
Alternative BOD SS OBG BOD SS BOcG 

mg/l mg/1 mg/1 Reduction Reduction Keduct1::in 

06-I 705 230 160 0 0 0 . 

06-II 494 161 64 30 30 60 

06-III 35 35 16 95 95 90 

06-IV 30 30 16 96 87 90 

06-V 30 30 16 96 87 90 

06-Vl 25 2C 5 96 91 97 

06-VII 10 10 2 99 96 99 

06-VIII 25 24 5 96 90 97 
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PET FOODS 

SUBCATEGOHY B 5 LOW-MEAT CANllED PET FOOD 

Jn-Pl ant Control Technology 

The main sources of pollutants in the pet food industry are general 
plant cleanup. including housekeeping und end-of-shift cleanup. There
fore, in-pl11nt procedures to reduce 1·1aste loads in tliis subcutegory must 
of necessity center around these areas. It is essential that .proper 
employee training anu efficient munager.ient practices are 01.>served. 

Substantial reduction in both i)rocessing ra1" 11aste load (flov1 and 
pollutant content) and wastewater treatment cost c3n be realized by 
careful ;n-plant water management and reuse including: 

l. Installation of automatic shut-off valves on water 
hoses may save up to 60 gallons per minute per hose. 
Without automatic shut-off valves, employees do not 
turn off hoses. Cost for a long life valve is 
approximately S40. 

2. Installation of general cleanup systems (valved or 
triggered hoses). These corrrnercial systems generate 
a control led high pressure supply of hot or 1·1arm 
water containing a detergent. They are reported to 
clean better with less volume of water used. 

3. That portion of very d11ute wastewater (cooling 
water, dP.frost water, etc.) which is not reused or 
rec1rculated, should be discharged separ-ately from 
the process wastewater. Care snould be exercised, 
however, to prevent the direct discharge of high
temperature cooling water without adequcHe cooling. 

4. 'Good housekeeping is an ir:iportant factor in normal 
pollution r.ontrol. Spills, spoilage, tra!ih, etc. 
resulting from sloppy operation may be heavy con
tributors to liquid waste loads. Improvements will 
result from educating operating personnel in proper 
attitudes toward pollution cont~ol and praviding 
strategically lC'lcatecl wast(' lOlltJincr::., t11c ba!;ic 
aim being to avoid loss of pr-oduct and nori!ial s::ilid 
waste into the 1 iquid was tr? strNra 

• 

741 

·- ... ·--· --·-- -- . = 



OR~FT 

5. In addition to implementation of wuter cunservation 
~nd reuse, the processor should look at his handling 
·of solid \'1aste. A \·/ell-operated plant will, insofar 
as possible, avoid solid waste contact with the liquid 
waste stream. Where this is not feasible, the solid 
waste is removed prior to reaching the waste treatment 
system. Screens of 20 mesh or smaller are usually 
adequate to remove a large portion of settleable 
sol ids. Continuous rcinova 1 of the screenings is 
desirable to avoid excessive leaching of solubles 
by the liquid waste stream from separated solids. 

End-of-Line Technology 

Only one existing Sfcondary treatment plant 47~64 discharging to surf~ce 
waters was identified. As far as known, all other manufacturing • 
plants in this subcategory discharge to municipal-owned sewage works. 
The one existing secondary treatment plant is locuted in the northeast 
and uti1 izes extended aeration activated sludge treat~.1ent preceded by 
screening and pri~ary gravity clarification. Table 140 provides data 
pertir.ent to design of individual treatment units. Note the approxi
mate 2:1 dilution of the wastel'!ater by cooling 1't'ater after primary 
treat~ent and prior to the aeration basin. An analysis of weekly and 
bi-weekly reported treatment performance over the period January to 
August, 1974, shows ~he foll~wing effluent quality characteristics: 

BOO, average 30 mg/1, range 5 to 75 mg/1 
SS, average 48 mg/1, range 12 to 104 mg/1 

The above results reflect approximately the following average oercent 
removals: BOD 92 percent and suspended solids 84 percent baseJ u~o~ 
average reported raw waste BOD of 370 rng/1 and suspended solids of 
300 mg/1. 

The relatively poor suspended solids remova1 in comparison to the BOD 
removal performancr is an inher~nt problem in the extended aeration pr0c~:~ 
where.little or ~o sludge removal from the secondary system is practiced. 
The extend~d detention time in the aeration basins tends to develop fine, 
inert suspended solids which are difficult to settle and pass easily 
over the secondary clarifier weirs. 

Selection of Control and Treatment Technology 

A model plant for 1ow-meat canned pet food was developed in Section V. 
The raw wastewater characteristics were as follows: 

Flow (O.J MGO) 
BOO 1 , 100 mg/ f 
SS 700 mg/ 1 
O&G 400 
pH 6 to 9 
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TABLE 140 

SUJl4ARY OF TREATMENT ALTERNATIVES FOR SUBCATEGOR~ BS 

LOW MEAT CAHNED PET moo 

Treatment 
unit 

Unit influent Cumulative Characteristics, mg/1 percent remova 1 BOO TSS O&G BOD TSS O&G 

Hone 1.100 700 400 0 0 0 
Fl°"' Equa 1. 
Dis. Air tlot • 

1.100 700 400 0 0 0 1.100 700 400 70 80 50 
Act. Sludge 330 140 200 97 96 90 
Ftltrat fon 33 28 40 98 93 95 

17 14 20 98 98 95 
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The follo1·1ing treatment alternatives h.we been selected for this 
subcategor.x_: 

Alternative B 5-1 - Th;s alternat;ve Qs~umes no additional treatment. 

Alternative B 5-tI - This alternative ~rovides flow equal;zation. 
'Cl'fS'SOlved a~r flotation. and vacuum filtration of sludge. The 
expected COD removal benefit 1s 70 percent. 

Alternat1ve B 5-Ill - This alternative provides complete mix activated 
sludge and sludge thickening addition to Alternative B 5-11. The 
expected BOLJ remova 1 benefit is 97 percent. 

Alternati~e B 5-IV- This alternative adds dual media filtration to 
Alternative B 5-lrl. The expected BOD removal ber.efit is 98 percent. 

A summary of the pollutant removals expected is presented in Table 140. 
A schematic diagram of Alternatives O 5-I through B 5··IV is presented 
in Figure 237. 

SUBCATEGORY B 6- HJGH-f.IEAT CA~1:;rn PET FOOD 

In-Plant Technolooy 

The existing and potenti1l in-plant technology for Subcategory B 6 
is the same as for S~bcategory B 5. 

End-of-Line Technolooy 

This subcategory is characterized bf extremely strong wastes in terms of 
BOD, SS, and Oils arid Greases. Nevertheless, twu existing secondary 
treatrnent plants (47N-78 and 47N-79) are achieving excellent removals 
wf th activated sludge treatment preceded by well designed primary 
treatment units. The key to the success LJf these plants aopears to 
be the high percentage ~emovals of SS and Qjls and Greases in their 
primary ':reatment units and tire extendeo detent~rn tir:ie provioed in 
the ~ctivated sludge aeration basins. The two existing plants referred 
to are uwned by the sar.1e company and are 11frtu111ly exact copies or each 
other •• one is located in the northeast and the other in the middle 
west. Table 141 provides data pertinent to design of individual treat
ment units. An analysis of 11eekly reported treatment performance over 
the period April, 1971 to Uecember, 1972 for plant 47N-79 shows 
the followin~ effluent quality characteristics: 

BOD. average 8 mg/1, ranga 1-50 mg/1 
SS, average 80 mg/1, ranye 1-2000 mg/1 
O&G, averagP 800 mg/1, range 80-8000 mg/1 
COO, average 90 mg/1, range 30-2000 mg/1 
pH. 6 to 8 
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TABLE 141 
0 

$ ...,, 
SL!filtARY OF TRrA1"EHT ~LTERNATIVES FOR SUBCATEGORY 86 -t 

H!GH MEAT CANNED PET FOOD 

llnit influe11t Cumulative 
Treat:n~nt Characteri~t1cs, mg/1 percent removal 

unit BOO SS O&G BOD SS O&G 

Nor.I? 13.000 5, 100 7,600 0 0 0 

Flow fq;;al. 
Cent .. ifoges 13.oco s.100 7,600 50 70 60 

Dis. Air fiot. 6,500 1,500 3,000 85 94 86 

Act. SitJdge 1,950 310 1,060 99 97 96 

Ftltration 195 160 320 99 99 98 

100 40 160 99 99 98 
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Th~ above results are prior to installation of chlorination and sand 
filter tertiary trcatrnent units. 

Percent removals reflected by the above resl·lts ~re approximately as 
follows: soo. 99 percent plus; SS, 98 percent, O&G. 96 percent. 
and COU, 98 percent. 

Obviously, oil and grease removal f s the major problem still facing 
this plant, and it is expected that the use of chlorine and sand 
fi 1ters as teritary treatment wi 11 reduce the oil and grease 1 oads. 

Selection of Control and Treatment Technologl 

A model plant for high-meat canned pet food was developed in Section V. 
The plant was assumed to produce 270 kkg/dry (300 ton/day) of product 
and have a wastewater with the following c~aracteristics: 

BOD 13,000 mg/1 
SS 5,100 mg/l 
O&G 7,600 mg/l 
pH 6. 8 to 8 .4 
N 640 mg/ 1 
P 210mg/1 

The following treatment alternatives have been selecteJ for this 
subcategory: 

Alternative B 6-1 - This alternative assumes no treat~ent in addition 
to ~creen1ng already incorporated into the processing ~lant. 

Alternative B 6-!1 - This alternative cunsists of a pLmping stat~on, 
a flow equalization basin, centrifugation, and sludge stota9e. As 
shown in Tdble 141, the ex~ected SOD reduction benefit for this 
alternative is 50 percent. 

A1ternative B 6-Irl ·This alternative provides the addition of 
dissofved air flotJtion and vacuu~ filtration to Alternative B 5-!ir. 
The BOD reduction uenefit expected for this alternative is 85 percent. 

Alternative B 6-IV • This alternative Drovides the addition of comple:P 
mix activated slU'd-ge tn Alternative 6 6-lll. The expected BOD reduct;(;,~ 
benefit 1s 99 percent. 

Alter~ntive B 6-V - This alternative providP.s the addition of dual 
mernfiltration to Alternative 13 6-IV. The expected BOO reduction 
benefit is 99 percent. 

A schematic diagram of Alternatives B 6-I tnrough B 6-V is presented 
tn Figure 238. 
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SUBCATEGoav B 7 - DRY PET ~OCUS 

In-Plant Technology 

in-plant technology for Subcategory U 7 f s the same as for Subcategory 
B 5. 

End-of-Line Tech~ology 

Thi!> subcategory is characterized by 1ow volume f1m-1s of weak to moderate 
s~ren•:th a~ was descrit..e<.J in Section V of th~s document. All existhg 
dry pet food manufacturing plants which were identified during this 
investigation discr.~rge to municipai systems. One plant (47i·1-65) 
which milnufacture~ beth dry and soft-moist pet food, provides 
extensive pretreatr:1ent prior to r;i1.1nicipal discharge; however, 
:~?r0xi~ately 90 percent of its flow volume is generated by manufacture 
of soft-moist pet food. It was not p~ssible, therefore, to draw any 
conclu~.ior.s regardi'1g dry pet food waste~1ater treatability froll" thi5 
plant. The model treatment plant design i~ based upon utili;:aticn of 
the ac::.bated shidge process for treatment of wa::>te1-;a:er from a dry 
pet food manufacturing plant. 

Select~c~ of Control and Trea~~ent Technolcgy 

In Section V a model plant was developed for dry pet food. It has a 
produ:tion of 270 kkg/day (3DQ ton/day), a wastewater f101~ of 114 cu r.1/dc.; 
(0.03 MGD), and the following wastewater characteristics: 

BOO 
SS 
O&G 
pH 
N & p 

200 mg/1 
lCO mg/l 
250 mg/1 
6 to 9 
Suff1c1ent for b1o1ogica1 treatment 

Table 142 list~ the pollutant effluent loading and the estimated oper~t~~~ 
effic1ency for the four alternatives selected. The alternatives are -
scher:.:iticully pre~ented in Figure 239. 

~.!!_r'_!1_at1ve B 7·1 - This alternative provides no additional control and 
treatrnent technology above c•irrent practices. 

Alternative B 7-11 - This alternative rrovid~s a pu~ping station, a 
114 cum (30,JOD gal) capacity equali~ation basin, and a dissolved air 
flotatio~ unit. The expected BOD reduction benefit is SO percent. 

Al~~rna_t_!:~-~-y_7~111. ~This alternative provides, in addition to Alternati'.·l: 
D7~IT. a co;.1plete 1o1ix activated sludg~ system. The aeration ba~in has 
a deuntion tinie of 30 hour-sand an aeration of 1.4 kw (2 hp). The 
expected UUD re111oval l>eneflt.h ~O percent. 
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~ ....,, 

Sill't\i\RY Of TREATM£KT ~LTERNAT11ES FOR SUBCAT[GORY 87 
-i 

ORY OOG AffD CAT FOOO 

Unit influent Cumu iat ive 
Treatment Cha~acteristics, mg/1 percent. removal 

Alt. unit BOO TSS O&G SOD TSS O&G 

87-1 None 200 100 250 0 (l 0 

87-11 flow equal. 200 10(1 250 0 0 0 
...., Dis. Air Flot. 200 100 250 50 80 50 
;.11 

::J 
87-Itl Act. Slud9e 10{) 2Q 125 90 86 85 

87-lV r; I trat ion 2(• 14 38 95 96 92 

Ftn. 
Effl. 1.f) 4 19 95 96 g·~ 
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RAW WASTt."'WA TER 
FLOW = C '·OJ MGC l 
Sex:> = 200 MG/L 
SS = 100 MG/t. 
C t G = 250 MG/L 
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DI SSOl..VED AIR 
FLOTATION ________ .. 

ACT I 'VA T'E:> SLUDGE 

---------· 
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CONTROL At-0 T'REA jl.IEt .. 'T ALTERNATIVES 
81-I T~OUGH B?·IV 
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A~TEPNATIVE B7-II 
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SS = 20 MG/L 
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0 t G iz 38 MC.IL 

OISCHARGE 
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Alten1ati-.1c 13 7-TV - This altern.:itivc adcJ:; dual media filtr.Jt·ion to 
Altern.:itiW! u 7-III. The ~xp~cted GOD reduction benefit is 95 percent. 

SUBCATEGORY B 8 - SOFT-MOIST PET FOOD 

In-Plant Technology 

In-plant technology for Subcategory B 8 is the same as for Suocategory 
B 5. 

End-of-line Technolooy 

All existing soft-moist pet food manufacturing plants which were 
identifif;d during this investigation discharge to municipal se1·1age 
systems. One plant {4711-65) provides er.tensive pretreatment ;:>rior 
to municipal discharge, and data from this plant are helpful in assessi"Q 
primary treatment pollutant removal capabilities. The sam.: plant also 
provides secondary aeration and clarification of the primary efflu~nt; • 
however, thl secondary treatment is relatively ineffective because 
the activated sludge from the secondary clarifier is not recirculattd 
into thf; aeration basin. Design infor~ation for this plant is given 
in Table 11:. The plant should not, however, be considered a represent
ative overall facility as it is presently designed and operated. Thougn 
certain individual unit processes perform adequately, major difficul:ies 
are experienced bec~use: (l) there is no aerated ecua1ization basin 
at the beginning of t:~e treatment cria in to control surges, lower 
temperat~res, and prevent anaerobic degradation; (2) there is no 
return of secondary clarifier sludge into the aeration basins; and 
(3) solids (sludge) removal and treatment equipment is in~dequate. 

The treatment plant described is required by city ordinance to n~eet 
the following criteria: BOD - 400 mg/1. SS - 450 mg/1. and O&G - 100 m;/1. 
This requirement must be met after the treatment facilitJ waste is dil~:ec 
by 1.5:1 or 2:1 by cooling water and sanitary waste. 

An analysjs of six effluent sam~les, three in July, 1972 and three in 
July 1974. snows the following effluent quality char~cteristics: 

BOD, average 703 ;.,g/1. ran9e 216-1, 479 mg/l 
SS. avcra~e BBC mg/1. range 372-l, 916 rng/1 
O&G. average 300 ~19/1, range 83-816 mg/l 
pH, 6 to 7 
Temperature, 86-90°F 

ThP. above results reflect approximately the following .:\verage percent 
removals: BOO. az percent; ss. 59 percent~ O&G, 61 percent; based 
upon average reported ra1v waste 800 of 3,860 mg/1, SS of 2.120 mg/1, 
and oil and grease of 770 mg/1. 

Cost of this pretreatment facility is r~ported by the owner as 
$750.000 in 1964. Equivalent 1974 cost would be close to $2 million. 
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TABLE 143 

c 
;;::J 
> SUfofofARY OF TREATMENT ALTERNATIVES FOR SUBCATEGORY 88 ..,, 
-t 

SEMI-M01ST PET FOOD 

Unit influent Cumulative Treatment Chara~ter1stics, mg/1 percent removal Alt. unit DOD TSS O&G BOD r~.:: O&G ... _ 

BB-I None 3,900 2,100 800 0 0 0 
88-H Flow fqua 1. 3,900 2, 100 800 0 0 0 Dis. Air Flot. 3,900 2, 100 800 ~o 60 60 

...... B8-ll I Act. Sludge 1,560 420 160 96 90 94 
·r. 
•> 

88-IV Filtration 160 210 50 

Fin. 
Effl. 80 53 25 9S 97 97 



DRAFT 

if construction indexes arc applied to compensate for inflation in 
costs. Present annual o~erating costs arc reported as $407,000/year 
including_. ~l!i0,000 1.:ost for so~ids trucking and disposal, with the 
remaining $275,000 tagge:i for labor, maintenance, and energy. 

Selection of Control and Treatment Technology 

A model plant for soft-moist pet food was developed in Section V. It 
was assurr.ed to have a production of 500 kkg/day (550 ton/dJy) of 
finished product and to generate 114 cu m/day (0.03 MGO) of wastewater 
with the following characteristics: 

600 
SS 
O&G 
pH 
N & p 

. 3,900 mg/1 
2 .100 mg/1 
800 mg/l 
6 to 7 
Sufficient fer biological treatment 

Table 143 lists the poll::tant effluent loading and the estimated opera~'fr:c; 
effic1ency of each of the al:ernatives. Figure 240 illustrates .the tr:~.
ment alternatives. 

Alterrative B 8-! - This alternative pr~vides no additional control 
and treatment tecn~ology. 

A1ternative B 8-TI - nis alte-native provides flow eGualization, 
dissolved air flotation, and vacuum filtration of sludge. The 
expected 'BOD reduction benefit is 60 percent. 

Alternat~ve 8 8-~II - This alternative provides, in addition to 
Alternative B 8-II, a complete mix activated sludge system. The 
expected BOD redur.tion benefit is 96 prrcent. 

Alternative B 8-IV - This alternative provides, in addition to 
Alternative 6 8-III, dual medi~ filtration. The expected BOD reduction 
benefit is 98 percent. 

111 SCELLAt.EOUS AND SP~C IAL lTY PRODUCTS 

SUBCATEGORY A 29 - THE PRODUCTION OF F:NISHED FLAVORS BY THE BLE~DI~G 
OF FLAVOR I NG EXTRr-CTS' AC 125. ,;;;o CuLOr~S 

Existing In-Plant Technology 

The known in-plant technology practiced at flavoring extract plants 
consists of the following: solvent recovery, separation of non-contact 
water from the process wastestrearn, and separatfon of cleanup water 
used in solvent process areas fro~ the process wastestream. It is 
assumed that solvent recovery is practiced throughout the entire 
industry. However, H is not known to what extent separation of 
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no~-cont~ct water an~ cleanup water used in solvent process areas 
is pra,tiGEd in the flyvoring extract industry. 

Poteilti a 1 r.-i-P1 ant TechnolC1ay 

R~cycling of non-conta~t cooling water or at least separation of 
this water frcm t~e precess wastestream cou11 reduce the quantity 
of 1r1aste~·1ater gf.!nerateY at a given plar)t. Additionally, the pos· 
sibility of reus1~g ri~se w8ter ~s makeup for wash water should 
not be overlooked. Tht- !1 :;e of high pre!:. ~ure, 1 ow volume nozzles for 
h0s1ng of floors ~nd external ecuipment c1eanup would also reduce 
the q~antity of waste f1~w. 

[nd-of-L Hie Tcchnp..l.Qg;,~ 

Two plants 87EC3 and 87£04 opera~e treatment systems prior to discharge• 
to navigable \'li1tcrs. From avail111.J1c inforn1atic., the remainder · 
of the industry dischargt:s tn rr.unicipal tr~atment systems. The 
tre~tment syste~ at Plant eJE03 is a ~hysi~a1 ~ystem consisting 
of the following sequential com~onent~; 

1. A h~lding tank. 
2. A centrifuge with centr;fu9ed ~J1ijs be~r.3 ~iscaroed as 

so l i d 1·1a st e . 
3. A san~-gravel filter fer dewateri~g. 
4. Two identical ar.tivatec.. carbon s;stems in si:ri~s ~tch 

containing 0.9 kk:J (1.:J ten) of ca,.bon. 

Fiow in the sand-gravel filter and t~e activated carbon systems is 
from bottom tc top. The treatEd effluent from the fina, activated 
carbon unit is mixed in a 1 :~O ratio witr non-contact water prior 
to discharge ir:to a r1ver. The average BOO of the fT1i.x~d effluent 
is 24 mg/1. Assuniir1g that t.he non-corita::.: 1~l't~r nas a SOD c.f 10 mg/"1 
(a very logical appro.1ch), the ano "'the treated effl~ent will 
be approxir.iotcl; 16C1 mg/1. Thf" a·.er.:1g~ COD Clf ti.e raw !.'aste 
effluent Ha'> dett:rmint:d to tie 1360 i"lg/1, c.r.1! thu-.; tr.~ ~reat:~er,t 
effi~iency of this system ~i ~stimated to be ~bout BS percent. 

Plant 87E04, with a treatment syst~~ con:;i::;tfr'l eof p&rt;al sedimen
tation follo1~ed by an aeratt?d ldgoon, n·i:-o:--tEd 311e:--age treoted 
effluent concentrations of 35 mg/l SOD ~n~ SZ ~g/l suspenrjeJ 
solids. However, no ra'.'i ~1astcioac:1 aa::a 1·;ere avail.:\ble for tn;s 
particular plant and therefore treat~ent efficiencies could not 
be determined. 

As d1scussed in Section V, Plan~s 87EOJ, and 87EOS segregate the 
waste streams from the cleaning of vacuum distillation uni ts, anJ 
organic synthesis equipment, and follo1~ing neutralization, this 
waste is removed by an environmental sdnitation service. One 
plant reports that the waste is subsequently disposed of by dis· 
charge, while the other reports that the waste ; s treated at one 
C'f the private service's treatmr:mt plants. 
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Selecticn of Control and Tr~iltm~nt Technolog,,l 

A model plant was developed for flavoring extracts manufocturing 
;n Sectic~1 V. The raw waste~1ater characterist1c~ were assumed 
as follow:;: 

BOO 1350 mg/l 
SS 130 mg/l 
pH 7.1 

Table 144 lists the pollutant effluent loading and the estimated 
operating efficiency of each of the eleven treatment alternatives 
selected for this subcategory. The alternatives are illustrated 
in Figures 241 and 242. 

Aiternative A 29-I - This alternative provide~ no treatment. 

Alternative A 29-II - This alternative consists of spray irrigation 
of the waste effluent requiring 2.7 ha (6.6 acres) of land. 
The overall benefit of this alternative is a pollutant reduction of 
100 percent to navigable waters. · 

Altern~tive A 29-III - This alternative consists of a pumping station, 
a flow eoualization tank, a complete mix activated sludge system, 
a sludge thickener, vacuum filtration, and a sludge storage tank. 
The flow equalization tank is provided to dampen shock loadings to the 
system due to inter~ittent cleanup operations within the plant. 
The activated sludse system would be expected to provide a BOO 
removal of 92.b percent and a suspended solids r~moval of 76.9 percent. 
Vacuu~ filtration is provided to decrease sludge volume, thereby de
creasing sludge hauling costs. A seven-day sludge storage tank to 
decrease frequency of hauls is provided, further decreasing haul in~ 
costs. 

The overall benefit of this system is a BOD reduction of 92.6 percer.t 
and a suspended solids reduction of 76.9 percent. 

Alternative A 29-IV - This alternative consists of the same modules 
as Al:ernat1ve A 29rIII except vacuum filtration is replaced by an 
aerobic digester followed by sand drying beds. This results in twice 
tne sludge volume produced per day than in Alternative A 29-Ill. A 
three day sludge storage tank is provided. 

The overall benefit of this alternative is a BOD reduction of 92.6 
percent and a suspended solids reduction of 76.9 percent. 

A1ternat1ve A 29-V - This alternative consists of a pumping station, 
a-tro\v equalization tank, and an aerated la~oon. The efficiency of the 
aerateci lagoon is assumed to I.le the same as that for the activated sludge 
system included within Alternatives A 29-III and A 29-IV. The overall 
benefit of this alternative is a BOD reduction of 92.6 percent and a 
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TABLE 144 

c 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY A29 $ ....,, 
-i 

FLAVORING EXTRACTS 

Alternative Effluent Effluent Percent Percent 
BOO SS BOD SS 

kg/cu m kg/cu m removal removal 

A29-I 0 0 

A29-ll 0 0 100 100 

A29-111 0.041 0.0123 92.6 76.9 
" U1 
C') A29-IV 0.041 0.012: 92.6 76.9 

A29-'I 0.041 0.0123 92.6 76.9 

f\29-VI 0.020 0.0062 96.3 88.5 

A29-VII 0.020 0.00fi2 96.3 88 .5 

A29-Vlll . 0.020 0.0062 96.3 88.-5 

A29-IX 0.0123 0.004 97.8 92.3 

~29-X 0.0123 0.004 97 .8 92.3 

A29-XI 0.0123 0.004 97.8 92.3 
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susp~nd~d solid~ reduction of 76.9 percent. This alternative is Alter
native 11 ~-Ill rlitli Lhe ildcJition of du.:il-mcdh fnt:r.Jtion which 1·1ould 
provide an addition.:il COD anJ su~pendcd solids reduction of 3.7 and 11.6 
percent, ·respectively. 

Alternotive A 29-VI - This .:ilternative consists o~ the same treatment 
modules as Alternative A29-iIIwith the addition of ·dual-media filtration. 

The overall benefit of this alternative is a BOO reduction of 95.3 percent 
and a suspended solids reduction of 88.5 percent . 

.O.lternative A 29-VlJ - This alte,.native consists of the sarr.e treatment 
modu1es as ;~1ternat1·1~ A29-1Vv1ith the addition of dual-media filtrat1cn. 

The overa11 benefit of this alternative is a COD reduction of 96.3 percent 
and a suspended solids reduction of 88.5 percent. 

Alternative A 29-VIIJ - This alternative is identical to Altern?.tive h ~-V 
with the a~dition of activated carbon which would provide an additional 
BOD and suspended solids reduction of 1.5 and 3.8 p~rcent, respectively. 

The overall benefit of this alternative is a BOD reduction of 97.8 
percent and a suspended solids ·reduction of 92.3 per~ent. 

Alterr~ative A 29-IX - This alterr.ative consists of the same modules 
as Alterndtive A 29-~l with the addition of activated carbon as il
lustrated in Figure 242. 

The overall benefit of this alternetive is a BCD reduction of 97.8 
percent and a suspended solids reduction of 92.3 percen:. 

Alternative A 29-X - Tnis alternative is ident1ca1 to Alternative 
A zg-~11 with the addition of activated carbon. 

The averall benefit of this alternative is a 800 reduction of 97.8 
percent and a suspended solids reduction of 92.3 percent. 

SUBCAT!Gf.JR~' A 31 • DOU ILLON PROD'..'CTS 

Jn-Plant Technoloay 

Since 1~aste1vater generated by tl1e production of bouillon products is a 
result of equipmerit cleaning, tllere eAists little potential in-plant 
technology tor wastewater control. General housekeeping should be 
optimized; dry cleaning before wet cleaning or instead of wet cleaning 
should ue employe~ as much as possible. 

End-of-line Technology 

All existing bouillon manufacturers discharge to mun;cipel treatment 
systems with no ~pparent adverse effects. The wastewater constituents 
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are mostly.Jlighly biodcgradclbl€ prot~ins which are 1·1al1 suited for 
biologiccl.1 tr~at111ent. 

Selection of Control and Treatment Techno~ 

A model plant \·1as developed for bouillon product manufacturing in Section 
V. It was assumed that the model plant provided a grease trap prior to 
waste1·1ater discharge. The ra1·1 ~lc1Stewater characteri sties after the grease 
trap were assumed to be as follows: 

BOD 3000 mg/1 
SS ?00 mg/1 
FOG 150 mg/1 

Table 145 lists the effluent po11utant 1oading and the estimated operati.r''J 
efficiency of each of the seven treatment alternatives sel~cted for this 
subcategoty. Figures 243 i'nd 244 i 11 us tra te the treatment alternatives · 

Alternative A 31-1 - This alternative consist$ of a pumping stctisn, 
holding tank, ana spray irriga':.ion. The land r'!quiren:ent for this 
altern~tive is 2.4 ha (6.0 acres). 

The overall b~nefit of th1s alternative is a 100 perce~t reduction of 
pol 1 it ants to navigable 1-1aters. 

Alter~ative A 31-T: - This ~lter1ative :onsi5ts of a pumping ~taticn, a 
flow equal1zation tank, a co~pl~te mix ectivated sludge tbsin, a ~ludge 
thickener, and a vac~um filter. Flow equali:ation is provided to 
dampen the effect of !.hock loadir.gs du,.. to large clP.anur fh:·..i at ::he. 
end of each day. The complete ~i, activated sludge system would ~rovide 
a BOD reduction of 95 percent, a sJspencied solids redu~tion of 80 perce~t 
and a fats and oils reduction of 7: J percent. Sludge thicken~r.g and 
vacuum filtration &re provided to reJuce the quantity of daily slu~;e 
generated there~y re~~cing hau1ing costs. A sludge storage tank is ~ro
vided to reduce tne frequency of hauls and further red~c~ hauling CO$:s. 

The overall be~ef~t.of th1s alternat1~e is a ~OD reduction of 95 per:ent, 
a suspended s.:;lids r~d•Jr;tion of 80 percent, and a fats and oils reduction 
of 7J.J per.:ent. 

Alternative A J1-Ill - This alternative consists of the same treatment 
modu1e!> as Alternative A 31-II ~iith the exc~ption that the vacuum filter 
is reo1aced by sand dr:,;ng beds. Thi~. results in t1·.•ice the amount of 
sludge to be hauled per day lhan that of Altern~t~ve A 31-111. 

The overall benefit of this alterrJ:ive i5 a BOD reduction of 95 ~e~cen:. 
a suspended solids reduction of 80 percent. and a fats and oils reducticn 
of 73.3 percent. 

A1ternat1ve A 31-JV - This a·ltel'ncltLe cors1sts of a pui"p1ng stat1on, a 
flm~ cqu.iliat\on •ink. end a~ acratLd lagoon. The effi,iency of this 
alternative 1·1ould be expect"d to be tnc sa11:e a!> that of an activated 
sludge system. 
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TABLE 145 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES 
SUBCATEGORY A31 
BOUILLON PRODUCTS 

Percent Percent Percent 
Tr"fl~tment Train BOO SS FOG BOD SS FOG 

Aiternatives kg/Hg kg/kkg kg/kkg Removeci Removed Removed 

All- I o.a 0.0 0.0 100 100 100 

" °' A31- Ir 2_34 0.626 0.626 95 80 73.3 t.-1 

A~·1- II J 2. 34 0.626 0.626 95 80 73.3 

A31-IV 2.34 0.626 0.626 95 80 73.3 

All-V l.09 0.313 0.313 97.6 90 86.7 

A31-VI 1.09 o. 313 0.313 97.6 90 86.7 

A31-VII l.09 0.313 0. 313 97.6 90 86.7 
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The overall benefit of this altcr~ative is a COD reduction of 95 percent, 
a su~pendcd solids reductior1 of CO pl!rcent. and a futs and oils reduct1c11 
of 73. 3 percc:nt. 

Alternat;ve A 31-V - This ulternative is identical to Alternative A 31-II 
with the addition of dual media filtration. The overall benefit of th:s 
alternative is a GOD reduction of 97.6 percent, a ~uspended solids re
duction of SO percent. and a fats and oils reduction of 86.7 percent. 

Alternative A 31-VI - This alternative consists of the same mo~ules as 
Alternative A 31..:·ff1 with the addition of dual medicJ filtration. 

The o~erall benefit of this alternative is a BOD reduction of 97.6 perc2~:. 
a susp2nded solids reduction of 90 percent, and a fats and oils reduction 
of 86.7 per.:-ent. 

Alternative A 31-VII - This alternative consists cf the sa~e modules dS 
Alt~rnative A 31-iV with the addition of dual media filtration. 

. 
The overall benefit cf this alternative is a BOD reduct1o~ of 97.6 p!r:~~t. 
a suspended solids reduction of 90 percent and a fa:s and oils reduc:~c~ 
of 86.7 percent. 

SU13CA;r"3CRY A 32 - NOli-DAfRY CRE . .l.: 1ER 

Existir.a In-Plant Technology 

information was obtained fror. t•.·:o plants during the study. Both pla'1ts 
used c1ean-ir.-place (CIP) sy~tens fer eauiorent cleanuo. Plant 99~~:1 
recycled caustic ~:id acid rinse water ar.d tr.ereb·/ linited 1he ClP s·,1:~e-. 
waste,.•ater discharge to 7.6 cum/day (0.002 MGD)·. In co11trast, pla~t 
99NC2, a multi-produc1,; faci llty generated 227 cu rn/day (O.OG i·'GO) of 
waste .. 1ater fr.:; CIP systems. lion-contact ·t1ater c:;nd boi1er blo1·1do1·,n at 
one plant was separated frcm the process w'stestream and was recycled 
at the other--both of these procedures being desirable practices. 

Pote.,~1a~ fr-~1ar.t Techr.olo~v 

The quantity of was~ewater generd!ed hy clean-in-place (ClP) systems can 
be further reduced if final or chl0rine rinse is recycled and used as 
initial rinse. This could cor.ceivai.>1/ reduce 1:asteHater quantity by as 
mu~h as 30 percent. Non-contact water could also be recycled, as is do~e 
at plant 99N02. so that only makeup water would be added as need~d. 

Improved equipment connections and packaoing practices in liquid non-dajr; 
crea111er plants could resul ~ in a decrc·ased po1iutant loading by reduc1r.J 
product spills in packaging areas. In poh·der-cd non-dairy crP.Amer plants, 
cleanup of equirn;ent in dry product a reds, as wel 1 as dry product spi 115 
should be done with air in order to reduce quantity and pollutant loading 
of \ ... astewater. 
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£r.d-of-Line Tec!1noloyy 

The on Jy ~no1-m end-of-1 i ne tech no 1 ogy currently cmp 1 oycd in the non-dJ i ry 
creamer industry is spray irrigation of waste effluent l>y plant 99NN03, 
ho~1ever, this plant is a multi-product facility (cereals are also pro
duced) an no information is available to detennine the quantity or pol
lutants contributed to the waste stream by the liquid creamer production 
alone. 

The remainder of the plants contacted discharge without pretreatment to 
municipal systems with no apparent adverse affects to the municipal treet
ment facilities. Conseouently, the application cf transfer technolcg; in 
the forni of biciogical t:--e~':ment is considered to be feasible for tr.e ncn
dairy creamer waste eff1uent. 

Selection of Control and Treatment Technology 

A model plant for liquid and powdered non-dairy creamer processing was 
developed in Sec:ion V. The quantity of 1-1astewater gi:nerated 1·•as cetH
mined based on the assumptions of recycling of caustic and acid rinse 
water from clean-in-place (CIP) syste~s and separation of non-contact 
water from the process wastestrearn. The raw wastewater characteristlcs 
of the model plant were presented as follows: 

Flow: 
BOD: 
SS: 
O&G: 
N: 
P: 
pH: 

64.3 cu m (0.017 MGD) 
1100 mg/l 
440 mg/l 
260 mgil 
5.5 mg/l 
29 mg/1 
7.0 

Table 146 lists the pollutant eff1uent loading and the estimated operati~; 
efficiency of each of the five treat~ent trains selected for this s~Dc~:~
gory. Tl1e treatment alternatives are illustrated in Figures 245 and ;::.:.c;. 

Alternative A 
WC·U l d re qui re 
spray field. 
of pollutants 

32-l - This alternative consists of spray irrigation whic~ 
a 129 cum (0.034 MGD) holding tank and a 1.4 ha (3.4 .ic~-:-:; 
The overa11 benefit of this system is complete reduct~on 
to navigable waters. 

Alternative A ~2-ll - This alternative consists of a pumping station, 
nutrient addition, a flow equali:a~icn basin, air flotdtion, a comple:e ~1~ 
activated s~udge system, a sludge ti1ickener, and a storage tank to ri:ta111 
one '"eek's sludge production. N:.itricnt addition is provided to incred;,~ 
the BOD reduction in the activated slud9~ system as the SOD:N:P ratfo of 
the wast~1v.:iter enteril"lc; thut act1 vilted s 1 udge syste111 1o1as determ;n<>d to :::.e 
100:0.8:0.44, requiring the addition rf 2.1 l~g (4.7 lbs) of anhydrou5 
anvnonia and 0.51 kg (l.1 lbs) of phospnoric acid per day. Flow eQuah::.:iticn 
1s provided to dampen sh~ck loadings which would be expected due to the 
inter1nittent cleanup practices of tl1e non-dairy cream<?r plar.t. rtcn:ov.:il cf 
fats and oils is accomplished by the a; r flotJti on niocJulc. The accu:::u 1.:. :~ j 
scum 1"1ould be skirnned and passed into tllc sludge thickener. Air flotat1:1 
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1: TABLE 146 
: ~ ;; 
~; ~ 

" ;;: SUMMARY OF TREATMENT TRAIN Al TERN.G.TIVfS --1 

1f (NOtl-OAIRV COFFEE CREAMER) !: 
l~ 

:~ Subcategory A 32 ;I• 

~~ ,, 
;~ 
'· " 1.: 
:~ 

:tli Treatment Train Effluent Effluent Effluent Percent Percent Percent " ii ~OD SS F&O BOD SS F&O ~~ 

\j Alternative !51..k~ kg/kkg k9/kk9 Reduction Reduction Reduction 
• 

i 
A32-I 0 0 0 100 100 100 l ..... 

°' A32- II 0.0248 0.071 0.0425 96.8 77 .2 77 .4 

Jf 
C> 

A32-I LI 0.0248 0.071 0.0425 96.8 77 .2 77 .4 

A32-IV 0.0106 0.0142 0.0142 98.6 95.5 92.5 

AJZ-V 0.0106 0.0142 0.0142 98.6 95.5 92.5 
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\'IOuld provide .:i COLl rc1r.ovul of 60 percent, a suspended solic.J~ reduction 
of 50 percent, and .:i fats .:ind oils reduction of ~2 percent, with the reduc
tion of fats .:ind oils d~creasing fo.:iming in the activated sludge proc2~s. 

Due to the high biodegradability of the waste effluent, the complete mix 
activated sludge module would be expected to provide a BOD reduction of 
94.6 percent, a suspended solids removal of 45 percent and a fats and 
oils reduction o7 55 percent. The quantity of sludge generated by the 
activated sludge system would be 7070 I/day (1070 gal/day). ~ludge 
thickening is provided to concentrate the sludge to two percent solids 
and decrease the sludge quantity to 1780 1/day (457 gal/day) thereb; 
decreasing sludge hauling co~ts. A holding tank for seven cays sludge 
volume ~1as recor..1iended to further decrease frequency and thus cost of 
sludge hauling. 

The overall benefit of Alternative A 32-Il is a BOD reduction of 96.8 
percent, a suspended solids reduction of 77.2 percent and a fats and 
oils reduction of 77.4 percent. 

Alternative A 32-III - This alterndtive consists of a pumping station, 
nutrien: adoition, a flew equalization tan~. an aerated lagoon,· and t~o 
settling ponds. The nutrient addition ~odule and flow equalizat~~n tank 
perfor:n the sa:r.e functions as indicated for Alternative A 32-Il. Due t:i 
longer retention and settling time, removal of fats and oi~~ prior to 
aerating is unnecessar;. The quantity of sludge which would ~eed to be 
removed by draining and dredging settling ponds every five years is 
estimated to be 25.8 cum (33.7 cu yds). 

The overall effect of Alternative A 32-III would be expected to be the sa~e 
as that for Alternative A 32-11. 

Alternative A 32-IV - This alternative consists of the treatr.ler.t rr.cdules 
of Alt~rnative ~ 32-III with the addition of sand filtration. Sand 
filtration provides an additional BOD re~oval of 1.8 percent, susner.ded 
so1ids removal of 18.3 percent and a fats and oils removal of 15.1 percen:. 

The overall benefit of this alternative is a BOD reduction of 99.6 perc~~~. 
a suspended solids reduction of 95.5 perc8nt, and a fats and oils re~uc:;c~ 
of 92.5 percent. 

Alternative A 32-V - This ulternative consists of the treotment modules 
of Alternative A 32-11 with the addition of sand filtration. 

The overall benefit of this alternative is the same as that of Alternati~e 
A 32-IV. 

suacATEGORY A 3J - YEAST 

Th~s di~cussio~ relates directly to the process for yeast product des
cribed in Section III and d~tails existing and potential in-plant 
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modification:; for reducing volume and st.renyth of ~1astcwater dis
char9es. Treatment methods used by the incJu~try arc reviewed, and 
trcat1:1cn~cl1tcrnativcs i:arc presentecl for the moclel plant defined in 
Section V. 

In-Plant Technology 

In-plant process controls for the reduction of wastewater generation 
primarily consist of segregation proc~ss waste:·1ater from other sources 
reuse of cooling v1ater and l>oiler condensate, and r~covery or dry hauling 
of spent filter aids. Dry hauling of molasses clarif1er sludge and 
reuse of third separation spent beer in the second separcltion process 
are other important ~thods of reducing 1·:aste1·1a ter generation. Thi rd 
separation beer, resulting from final cold water washing and centrif~gal 
separation of yeast cream from spent nutrients, can either be discharoed 
.or used as dilution water during the second separation since it is of • 
relatively low pollutant strength. While no significant reduction of 
pollution load results, overall water use may be lowered up to 50 perce~t 
with recycling. One major producer (99¥20) is currently conducting a 
bacteriological survey to determine the fea_sibility of reus~ng spent 
beer at their plants. This is especially important for plants that 
practice by-product recovery and tiologica1 treatment o~ resulting low 
strength wastes, since lower overall water use would significantly 
reduce hydraulic loading of the treatment system. The 1vaste11ater charac
teristics of tl-10 plants (99Y02 and 99Y05) that currently reuse final 
spent beer are compared with the waste lo~d of a plant (99Y20) that dis
charges all separa~ion \'later in Table 147. 

Filter aid~ ~sed in rotary vacuum filters and filter presses for yeast 
dewatering include such ~aterials as potato starch and diato~aceous 
earth. Spent filter precoat ~ay te hand1ed dry and trucY.ed direct1y 
to land disposal, mixed with water and the slurry discharged, or the 
slurry supernatent may be discharged after sett1ing. One plant (99Y23) 
recovers potato starch vacuum filter precoat as a by-product after settling 

The sludge produced by ~echanical clarification of molr.sses in the pre
paration of feed wort may be d~scharced directly or collec~ed for la~d 
disposal. At the three plants (99Y20, 99Y08, and 99V1l) that practice 
evaporation of spent beer, the sludge may be added directly to the 
molasses by-product. 

A small portion of poilutant loads c3n 'e attributed to housekeeping 
practices that res~lt in accidental spills or ~o1asses losses to drains, 
and improperly maintained equip."H?nt and r.;i:.chinery. These housekeeping 
contributions are g~nerally shock lcclds that occur during daily or 
weekly rnairitenance and wa5hdown periods. Costs of effe~tive in-plant 
control of these sources are negligible 1~hen compared to the costs of 
treatment of polluted effluents and lost r.:iw materials. Measures for 
the control and minimization of these sources can be effected by good 
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TABLE 147 

COMPARISON OF ~JASTEWATER CHARACTERISTICS 

ANO SPENT GEER REUSE 

Fina I Spent 
Beer Reused 

Yeast Plant 99'y'Q2 99Y05 . 
Production (kkg/day) 82 .. ~ 76.5 

Flow (cu m/day} 2550 2854 

BOD (mg/1) 6276 6766 

BOD (kg/day) 16330 19310 
SS (mg/1) 1735 353 

SS (kg/day) 4513 1008 
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99Y20 

87.5 

5299 

2813 

14190 

1250 

6624 
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housekeepin~practices. The partial reuse of boiler c:indensate for hot 
water ~1ashdo~ms is one dc-monstratcd method c.f water conservation. 

Acid and caustic wastes are streams resulting from the c1eaning of evap
orators, molasses storuge tanks, and other equipment·. Acid a~d caustic 
waters are presently discharged or recycled as part of clean-in-place 
systems. A11 ~vaporator cleanup at one plunt (99Y23) is returned t~ . 
the system. The quantities of acid and caustic wastes are not sufficient 
to significantly affect the pH of the combined waste flow. In genera1, 
it can be stated that there is existing technology that will allow 
zero discharge cf acid and caustic waste. 

Table 148 preseits a summary of in-plant cortrol and treatment technolo~v 
for the yee~t ind~stry. It is probable that no yeast factory in the Un~~ed 
States practices optimum in-p~ant control, but it is also probable that ail 
plant~ practice sc~e degree o~ in-plant contro1. Also, it i5 not 
always possible or cost effective to achieve the best in-plant controls, 
especially in oicer plants. In such cases, money for in-plant mod
ifications 'l'light be b~tter spent for ¥1astev1ater treatment. The model 
treatment technology ~eveloped later in this se:tion and the cost 
analyses of Section V1II are based upon reasonable steps taken in-plant 
to recuce pollut~cn lo~dings, 

·End-of-Line Technolooy 

Waste1·1ater treatment at 11 of 13 operating yeast f.:::ctories consists of 
discllarge to municipal t:eatrcent systems. Three plants (99Y08, 99Yli, 
and 99Y20) treat high strength wast;s, consistinq of first and second 
separation, by means of evaporation to obtain mclassP.s by-products. 
All cf these plants directly disch~rge third separation beer, evaporator 
condensate, and other low strength wastes to the municipal system. Plant 
99Y08 pi·ovides only evaporation before discharging to a municipal system. 
The remaining two plants {39Yll and 99Y20) utilize trickling filters ana 
activated sludge, res?ectively, before dischar~ing to navigable waterw~is. 
Table i49 shows the existing treatment practices in the yeas~ industry. 

Several methods of treating soluble carbohydr~te yeast wastes have been 
used in the United States and ·in Eu.-ope. Eldridge (143) r.:ports t:1at, 
in general, ye&st effluents are b~st st~bi~izcd by primary fermentation 
treabr.ent in anaerobic tanks follo1·:ec1 by seccndary treatrr.ent using per
colating filters. A European exa1"ple of this rnethod is the Slagelse, 
Denmark, y<!ast plant where the cor:centrated 1:a!:tes, i.e., the yeast \'/Ort, 
are isolated frcm :he dilute wastes (now call£d the Danish process) and 
treatment of each wastestream is carried out separately. The concentrated 
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TABLE 148 

SUMMARY OF Itl-PL/\tlT COllTROL ANIJ TREATr!f.NT T.:CHNOLOGY 

Wastewater Source 

Storm and 
Cooling yJater 

Third S2paration Beer 

Spent riltPr Cake 

Molasses Clarifier 
Sludge 

Floor :·!ash and 
Miscell~neous ~?Ste~ 

Acid and Caustic 
Wastes 

SUBCATEGOi!Y A 33 

Inolant Control 

l. Se para ti on frorr. 1 . 
Proces~ Water 

2. 

1. Reuse in second l . 
Separation 

Dry Haul 
~. Byproduct Recovery 1. 

1. Dry Haul 1. 
2. ~yproduct Addition 

1. !r.1;irove housekeeping 1. 
and maintenance prac
tices; use ~ater o~1y 
when necessary and re-
use when possible 

1. Colle~tion <lnd Reus? 1. 
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Remarks 

S1gnifican! rc-jo .• c.
tion of hydr~~i ~= 
load to tr~at~~~: 
Diffic~lt ior 8.:~r 
plants 

Si~nificant red~:
tion of overail 
water usage 

No discharce is 
technicJ11y fea:i~'.~ 

No discharge is 
technically f2~::":~: 

SignifiCQrt s~: -. -
s~spended sol i:~ r:
duction ac~!ev~~:~ 

No dischar:;e is 
technica11..r feas:::~·::. 
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\'1astcs arc di']C'.:tcd 11n.:::crobic,111y; the rcm.:irn1ng dilute effluents .J.re 
treated ~iith-fiiyh rate trickling filters. Figure 247 shows il 
dicig1·am of this treatment system. A COO r~duction of 70 to 00 percent 
is obtained for a retention time of four days in the digesters. The 
concentriltion of sludge in digestion must be maintained because it is 
the main carrier of methane bacteria. The fennentation gas obtilined 
has il value of 6000 to 6500 Kca1/cu.m (26 CTU), or auout 0.5 cum 
(lH cu ft) collected for each kg of BOD removed, and is used mainly 
for heating to rr.11intain the 30 to 40"C necessary in the digest.crs. 
The il:imur.t of digested slL:dge discharged is about 0.5 percent of the 
wort, and is used in making vitamin 012 . The object of aerating the 
wort i ~ to remove hydrogen sulphide so th11 t tile gas m.:!y be burned in 
boiler furnaces. About one nour of aeration. consu~ing 3 to 5 cum 
of air per cum of ~aste is required to oxidize 98 percent of the 
hydrogrn su1phide ~o eler"lcntal su1phur. The recirculation ratio for 
.. he trick1ing filters is at least 1.3. A BOD reduction of 94 perc~nt 
is a~tained using both digestion and high-rate trickling filters . 

• 

ant (39Y24) operating in Illinois during the 1940's is report~d 
44 ) to have treated ~n average of 500 cum/day (.132 KGO) of 
cewater with a ~OD of 3800 ~g/l and volatile solids of approx~~ately 

700 rng/1, using two-stage diges:~on fo11cwed by a high-rate trickling 
filter, fina1 settling, and chlorination of the final eff1utnt after 
it was mixed with approximately twice its volume of clear condenser 
water. This treatment sys terr: shoi·m in ric:"•_ir~ 248, act1ieve1 89 tc. 
98 percent average monthly BUD red~ction for wastes from production 
of abo~t 10.4 kkg/day (11.5 ton/day). The total raw v;aste •1as pas.>ed 
through a gas and oi1-f~red heat exchan~er into tne floating covered 
prir.iary tank 1-1hich has a 66 hr cetent~on t~rr.e. The overfl~M fror.: this 
tank 11as fed to a fixi?d-cover secondary tank 1vith a 48 hr detention 
time. The upper two-thirds of either tank could be recirculated thr~ugh 
the he:it exchan;er, or waste :"rom the secoridary tan!: ou~oed back to the 
primary tank. Ti1e overflo~ from the secondary tank 1·1as mixed ~iith 
approxi~ately eight ti~es its volume of clarifier effluent and then 
pumoed to a 19 m (62 ft) dia~eter. 2.5 ~ (8 ft) deeo trickling filter 
beir.9 ~.'.'sed at a~proxir.a:ely CC ,r.G'.'; ;::.; ::, :1a/day ( 12 ~18:..J) :)y a 
multipie-arm rrta1·y distributor 1"1ith ?.;;ge-type nozzles. The filter iiad 
com~lete underdrainage, a conical roof witn center stack, and a 70 cum 
(3000 cu ft) capacity fan to produce do~:n draft v~nti1ation. A comercia! 
deodorant was placed in a flat pan under the fan dis~narge to eliminate 
disagreeable odors. 

The filter effluent was oassed throuah a weir to a circular final 
clarifier, 2~ m (60 ft) in diame~er and 2.5 m (8 ft) deeo. with a 
detention time of 3.75 hours. t\11 clarifier eifluen': was recirculated 
to the fi1ter cxce[lt a volun:e equal to tt1e daily ra1·1 waste, which \·ins 
rlixed 1·rith tHice the volume of condQ,1sc. wuter, chlorir.ated. and 

•

ch.Jrged into the storr.i se1·1er system. Sludge r£1;.;oved daily from the 
·ifier was hauled by !ruck to farm land and used as fertilizer. Tnis 
tcm worked 1·1el1 after starting, il1thou•Jh it was nece~sary to reinocul.:;te 

the digesters with $ludge from a:i outsi~e sourc:c periodically to r:iain-
tain opt~mum operation. 
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fl.nether plant (~9Y25) orier,HiniJ in 111 :nois (~9Y?S) in the l~t10's 
treilted yciln 1·1.:istes 1·1ith a BOD of 4200 to 7600 1119/l usin:J il system 
consisting. of si1. fixed-cover digr.sters opcr11ted in three? dig<?stion 
sta9es of two tan~s e.::ch. The? systcr.1 prc.duccd an overall noo reduction 
of 80 to 8) r~~cent and destruction of an average of 50 pe~~ent of the 
volatile solids. 

Rudolf::; and Trubni ck ( 86 ) describe in detail a sys tci.I once used for 
five years by plant 99Y05. The systeri(Figur~249)consist~d of tv10 
equ~lization tilnl:s, one for concentrated :~astcs (sp<:nt \:ort) and one +-~r 
dilute 1"1astes (\1i.o:;h ~1ater and cooling 11ater), t1·10 steilm heated d1c:;estc1·:. 
in series, a circu1ar ho~per-boc:o~ed settling tiln~ for retention 
and rec:/c1ing of digester sludqe, t'.:O 1.2 m (ll.0 ft) tleep trickling 
fil'.ers, and il final settling tunr for filter sl11d~2. Careful contrc;,1 
of loacing, acc1i~atization ~f the seed sludge, maintenance of proper • 
proportions of seed and substrate, and provisions for adequate contact 
betwee~ the seed and the substrate resulted in pe~k digester efficiency 
of 95 p~rcP.nt SCJ reducticn (11ith a 1cc:Jding of 1.G kg/cu rn) in the c~;~:::;:e:r$. 
Main~enance of pr~oer concentration a~d nej:ral pH in the tric~ling 
filte~ a:hieved a BOD reju~tion as hish 2s 75 percent, and the corj1nec 
syste~ obtained SO to 92 percen~ re~oval of over GOOD kg/d~y (9000 lb/~ay) 
of 808. The o~ti~u~ µH nf the inf1ue~t ~o the trickling ~ilt~rs was 
7.0, and efficie1cy fell rapidly at lower pH values. Below a pri of 5.0 
"..he trickli~g filter; 1·1ere cloggec ~Ya grc~1th of wild yeasts. :;ociur.~ 
hydro~ide WdS used to ~aintain suitable pH values. 

Bus1·1ell ( 145 ) has pointed ot:t t~·at 1·1i1ile anaerobic tr:iatment prov~de~ 
flexability in l~ading, tne SGJ cf tne effluent r~-ely has a BOJ of 
less tr.an severa1 nunJred rr.g/"I, anc i:;1ar. it is ust;a11y -;ecessary to 
finish treatr:en-: of the anae~obic ti·~~t:7'.ent effluent by tr.e aerobic fi1t'2r 
ber:I method befo1·e dischargin9 tile finai effluent. Anaerobic digesthn 
was used in Fuerte ~ice by one plant (99Y14) for a short time, but the 
treat:::ent systelil and plant never performed adec;ua:ely and are not curre· :1y 
operating. 

The annual \·1ns~2ge of saits ( 1i:s ) '..;_1 ,east fac~orics is ccns~cerab1e. 
As ear!y as 19:>0 r.ent.ion 1~as r.iade of t;;e possibility of concentrating 
the hir-h strength 1vastes (sj)ent beer) and using the concentrate i15 

fertili;:er or for cattle feed. r.cc:.vc:-:r' of r.olasses by evaporating ~.o 
dryness is currently practiced by ti11·t-~ pla~ts in the United States. One 
plant (~9Yll) is currently startir(; by-~·rryd:..ct reco·.'ery ope;·a;:ions, an:= 
litt1e i'lforr.'.ation is available Ni rec:;ve?"v methods at one other faciii~. 
(99Y01), alti".?ugh the process 1·1as n2;:;.irted-to be ~·erforming ilOequately. 

At the third plant (99Y20) .1 113,DOO kg/hr (~5C,ODO 1b/11r) evaporation 
plant has been instal"tec.! to handle ~tic ~1igh1y concentrated r.iolasses 
1~astes (first and second !:erarator bec'.r·s) discll.:irged from the centrifu9n1 
separators, .:ind an oxygen activatrd sludge systcr,; is used to heat the 
remaining cor:ibinE'd plant 1·1ilstes. Fi~Hffes250, 251, and 252 present the f101~ 
paths of plant 1~astestrcams and trc,:it::!crit sys tern opcr.:itions. This 
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or.rsr 

systc~~ hus ~i::::ited Jn .::vr.rurie of C::i.7 U:9.'·,·:ecl: (:M.5 ton/1·1rc:I'.) of SG) 
und J2.l Hn/\ICek (42.0 ton/111::c.k) of totul 5lJ5penJl"c.J soliti5 1·1ith il 

dcmonstrJtcd rcmovol of 91.4 percent of the ~OD and 77.B percent of the 
total su5pcnded $Olids. 

Concen~ration of the high stre::ngth 1·JuStes tu~es place in a multi-effect 
evapcr:~icn plnnt. First and second separator beers and other rnolJsscs 
wastes are pu:::ped to 2.1/ one of iour surg .. tilnl.s and then r11·chcat0d J~.d 
degasified i~ packed col~mn type atffiospheric flash strippers. The 
dega;sed wastes, con!Ji~~ng ~ p2rcent totul solids are c8nc~ntrat00 ~n 
thr~e falling filr'! r!1cr::h:.,ical rccc:·:j1rcssio•1 evtinorators ir. :;eries to 
20 percent total solids. The ev~porutor condens~te is sewered t~ t~e 
biological trea:~ent system. A tri?le effect ~a:~Ll~ evaporator is then 
usf1 to further concent:~ce the waste to ~O percent total solids, anc 
the ccncensate is again )ent to the oxygen-activated s~udge syste~. 
Sludge fro~ biological treat~ent is mixed with the 40 perccrit rs ~at~ria1 
and concentrated t::> G5 ;:i-2rcent in J forcec circula:ior1 ( ~,F•: ) 2va;c-:-!·c:::.·· 
and the c::11densc:;:e fr:n this f1n31 stage sent to biologii:c::l trea::-c-:. 
Finally, th:: 65 rercerit :::to:1 sol~cs mate1·ial is pur11ped to stora~e f:i" 
future resale as ani~a~ ~eed. ~he eva~crators are r~por:ec ~o rc~C>~~ 
90 percent of the BOL ~n~ 53 pe~:ert C>~ the sus~erided :C>lics fro~ nicn 
strength wc:;stes. Reverse os~osis, u1traf;1tra~ion, and ot~er neth::c~ 
(see rum distilling} of concentr:tion were ~onsider~d tut were founc 
to be unfeasible for this plant. 

All lov1 streng:h 1·1astes, inclucing third sep:.rator beer, evaoorator 
condensate, and plant 1·1ashings, ar~ sent to the bic.-1o~·ical trea:n;er.t 
system. The first stJge of the syst2~ cor.sist~ of neutralization, 
nutrien~ addition using J~csp~cric !Cid, and aerated equali:atior 
in three l54 cu~ (120,CJO gal) wond tanks, each provided with a t~c 
speed t~rbine agitator and air fro~ two comcressors. Fron equa1iza:icn 
the wastes are pumped into the oxy~en-ac:ivatec sludge system wh~re 
pure orygen is used in place of air to achieve the conversion of influerit 
BOD to biological cel1s and inorganic ~aterial. Fro~ t~is reac:or th2 

"""lra '""'> ..... , • .;t.,,.: r~.: ... "·· .,,... ~ .'""r 0 .c .. ) d·~ •::i ,..1- ..... .; ... .;er .:,,. 1·1as1.,..; ar1.: .Jrd•·-J .e-' .r. ... o .... a ••J,, :"1 ,.;~. ·~ i"r;:e __ r .. c .. r. ,.._, 1 

para11el to r2move suspended soiids. Clarifier overf~o1·1 (t1·eotec ·~"":...:~.,:: 
is then disclla;·ged to a navigable 1·:ater .. 1Jy. Clarifier siudge i; pu:::)e~ 
to a surge tank, then con:entrated, certrifuged, and rasteuri~e ~. anj 
finally pumped fro~ a second surge tank back to the last stage of evap
oration. Some sludge is returne~ :o the reJctor. This sophisticated 
system \'1orked •,;ell after some ·1cci-:":~a:~on :o el'r:iinctte foul~riG il'l t:-:e 
evaporators, '1lthough th.: finai ~f~luc>r.t still e>.l1ibits a brown color. 

Se lee ti on of Control 2r.c1 Tr2a tricnt TCc'.iriol on 11 

In Seer.ion Va model pli!nt was developed fo:" the yeast industry. It 
is assu1~ed that the model plant pn:.,;ides no trcntr::ent of its wastev1ntcr 
pr·ior tc discharge, <1nd tilat coo!11:9 i~Jtcr Jnd jomestic sewage arc 
separated from proce5s 1~,1stewatcr. The chosen flow assur.ies that third 
sep;iration beer is reused as 1i111~1"ln ;·1Jsh ~·1atcr during second sepnra
tion. The rcJ1·1 \·1aste1·1atcr charilc!.cr1~:ics of the model pl.:int are: 
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Pro~i.;c ':.ion 
F 10~1 
!lOO 
SS 

t:.2 ~.l.J {C·O . .: Ln.'~1::} 
2 ,6SO c:.1 !r. (0. 7 :-i:;~) 
6,300 mg/1 
1 ,830 mg/1 

lhe trc3!1~cr.t altcrn:itives 111hich include equ&1lization ·.-:ere net j1.1::;:!d 
to rec;u1re n~utrcllization. Cliological treatl'1ent requires tile a~ci:fon 
of b~':.h ~i~rcgcn a~~ ~h~sp~Drus. In altern~t~ve~ i~cluJ~r.; ~·~;.:s~~~ ~;
p··oduc: reco•1ery, ev.:poration is ossu~ed to receive SC. ;.>Cr''.:er.t cf ·;c-:::!"! 
pln:it 7b.; (scc;,t be0s), iS pe!"'c:er.t of the :::CD and si.;spe:-:·::c ~.:;J·:·". ;;1.c 
re~ovQs 9J per:ent of :r,e oCu and ~9 percent of the sus.:;::n:ie::: sc 1 .i:::~. 

Tabic- 15'.J lis".:s tl-te ::::ilbtant lG.:lGir:g 3:-:j :alc:..:iatec r·O'.·-::..c1 c•·-'.:·,-.,:·c:s 
rf ea:::h of t··e trea':.~~=nt al:err.ativ.~s selE':te:! •or th~s su~:::::::e;.:··;. 
Figi.;rts 253 ~~d 25~ prcvic~ s~~Jlified flc~ diagra~s for :ne :r~a:~en:· 
alternatives in trds subccltegor;. 

Alter~~':.~ve A 33-I - T~·s al!~rn~tive irc1~~:s :o additicr.s1 c2~~~:1 ~r 
trr:u-c::-~:-1;;. T;;e eff~:ie:t.:y o:= :::::.:J and s;..s;::e:--cc.: sc~ici:; re·:.:·:a~ is :c-!"':;. 

A1tern!!~ve n ~3-!I - 7his alter~ative consis~s of 3 cont~o1 ~c~c~. ~~~=
~s·'"'""·~i~1~, ~~"i..~ .. i2.1: ac~it~c:., fie\/ e~:..:-J~~:a:icn \vi:r. ~.: ;:~r ~-=:e .... :~':·-, 
ti r.:e , a e ·· ~ : ~ d i 2 ~ c ;i r ~ , a r. c s e:: ~ ~ : ~ ;: c ·~ c: s . ; i L. ~ ~·· ~ t: !"l: a:: ~ .: ~ J;; .:: s .... : - : : -; : ~ 
1012 ks/c.;y (2Z31 ~b/Guy) c"· :r.~:_.:r'J:..:s : ... :::crna c;-,j ~i..: i,~·::aJ (1:.;~ ::1. 
da \,") 01~ phoc-·rr~c _.,,,·d Th" rreri·~~,,, .... e;;F·,,.,,,~- C"'r.ron~.-~-;~-c ~ ... c. ~ ·-J ,, -~IL• • .- 1 U 1 \,,.; !"" ....il\....,.,_U 111..,_ ... ,_,p_;1 ........ '-•-·i- _,.., 1._,,,_,, 

mg/1 BCJ e:r,:;: :s r.:~/1 sus:.e-;:;::d s:;1ids. ihe over·3il e7"f"ect of;,~::.~··:· . .=
tive A 33-1! is a SCU red~cticn of 98.4 per~ent and a sus~~1ded ~~~its 
reduct~c1 of 57.3 pcrc~nt. 

Alte;r::"\'e ~ 33- 1 :: - This a~:err.:.!ive adds cL.:cl r.:ec•a fiitra:ic;, ':.o ::-.: 
trcu:1~;n: c;~a~n in A1te!·nat~'.'C ,\ 32-lI. Ti".e ~r<:dict~i:.i eff':ui:rit CJ:~ce~
tratio·.s are 5~ ;t19/: 60D aM 25 i:'.g/l sJspenc~d sol ids. Tile c·:eri:.11 e""f.::-:: 
of Alternative A 33-111 is a BOD reduction of 99.2 percent and a suspe~L.:.= 
solids reduction of 98.7 percent. 

A1tc .... ,.,a~~~''? ~ 23-7'.' .. This al~c,...,..~:i·.'~ :i·~d5 act:vatej c.:r:.:.:-: !c :;~e ~:-.:.::~
rrrer.:~·i~:in i:. .... 1~2rnHive A 23-II!. ihe Dr'edic:·::-d eff;~0"•: c:,1::'1:":~~.:.:-.: 
are 25 cJ.'1 GOD c:;nd 13 r.:g/: su:>r2nced solids. The ovet"a'l effe::t cf 
Alternative ii. 33-IV is a C:)D rc:cu.::7.~orl ,_if <;9.6 per-cent anc a su::;~enci::c 
solids reduction of 99.3 µerce:1:. 

/\lt~nilti·:c .t:... 33-V - This altem~:i·;e :::onsists of a ccint.:·ol housc,.;:iu-:-':~ 
statior..--rf:\1 equalization 1~ith '.::4 !~our :ctcntior, tir:e. prfr'ar; clc"i;-~
catfon, nutrient ildditin:i, cc:;iplc-.:e :11h <1ct1vated sludg0 syste::1 •.:1tl1 
fixed su!"fc>cc ac1·ators, slud9e thic!:c11ir.g D!"'Oducin9 2 percent so1ids, 
aerobic dis.::stion producing 3.5 iJCrc.cnt solids, vacuum filtrilt10:1 pr~
ducing 15 percent solids, sludge storage, ~nd truck hauling. Nutric~t 
addition co:1sist.s of 759 k~/GJ.J" (~G7·i 11.J/day) of <inhydrous ur.':710ni.:i •~::d 
355 kg/d,1y (78J ll.J/dJy} of pll~s:ihcric aci~. The p•·cc.Jictcd (!f~lucnt cc.r:-
cer:tr,1tio11s ore 100 1119/l GOU ..;nd SO r;g/1 susrcnc.lc:d solid:. The ove1·Jl1 
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' " ·,~ TABLE 150 

0 
::::> 

c;UMMARY OF TREATMENT Al iTRN"1IVE5 :::> 
I 

SUBCATEGOltY AJJ ~ 

::t 

1': Effluent BOD Effluent SS Percent BOO Percent SS 
' Treatment Train Alternative _ilg/kkg} (kg/kkg} Reduction Reduction 

A33-r A 203.57 59.78 0 0 

A33- II BCHIL 3.23 1. 62 9:1.4 97.3 

A33- I II BCHILN 1.62 () .81 99.2 98.7 

A33-IV BCHILNZ - 0.81 0.40 99.6 99.3 
._ 
C> li33-V e.crntt:QP.SYI/ 3.23 1 . f)2 93.4 97.3 ....; 

A33-VI RCEHIKQRSYVW 1. 67. 0.81 99.2 98.7 

A33-V II BCEIHKQRSYUNZ 0.Bl 0.40 99.6 99.3 

A33-VIll BCEHIKQRUV 3.23 1.62 98.4 97.3 

A33-IX SC£HIKQRUYN l.62 0.81 r:ig.2 98.7 

A33-X BCEHI~QRUYNZ 0.81 0.40 99.6 99.~ 

Aj3-Xl BCFJHIL 3.23 1.62 98.4 97.3 

A33 -Xll BCf lHJUl 1.62 0.81 99.2 98.7 

A33-Xlll BCFIHILNZ 0.81 0.40 99.6 9Cl. 3 

A33-X!V BCEFl4frQRYSY 3.23 1. 62 9B.4 97.1 

f.: 3- 1:·.: r.~: f' il-! I i'1f''fSV~l l.€2 0 .1; ~ 9') '.2 ~J.7 
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A~3-XVl1 BCEFIHIKQRYU 
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TABLE i so( corn 'o l 

Effluent BOD t.ffluent SS 
_ful_~!ltl_ _ _fu.IJ:_kli__ 

0.81 0.40 

J.23 l .f? 

1. 6? O.Pl 

0.81 0.40 

0 0 

Percent ~OD 
RPdi:l' t ion 

.. ------·-·-
~CJ.6 

98.4 

99.2 

99.6 

100 

Percent SS 
r. i:-r' ~Jct j Cl .... --------

99.3 

97 .3 

98.7 

99.l 

100 

0 
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cff~ct of t.1~-:.r·:.:~:·.r~ ,-1• ::3-'/ i~ J ~:-~:;+·:.::;::~· .... ;;of ~~.·1 p~rccnt : .. ~d .... 
su~.pc1<.!;_d :..ic.._!~d: , .. =~~\:::.,::..~ c.;f ~·7.~ ,._.!-..., ... \~. 

t.l~t>rr>Jtivi:· ,i 3.?-Vf - ·rhi~ <iltcrn.:;tivc .:icld'.; du::!l rncdiJ fiJtrJtion to 
lmt~-::~1t cnJin in .:.itern.:itive A 33-L The prr.:dictcd effluent co11c:::n-
t!·::itions arc :.;:; 1:ig/ l f..JD and 25 m~/1 S11'.;pcndcd ::.olid:;. The ovcr"J l l 
cffc:ct of ;;l::rr.J:.ivc A 23-\'! is a CJ:J reduc::1cn of 99.2 ;ie.-ccnt .::11d 
a su::.pcnd~d soliJs rcduc:ion of 9~.7 percent. 

lilte>rl"l<:ti'/0 : .. ?~-VT! - This altr:-~~::·~;._.., ;idds act~v.:it::d c3~-~an to t~:c
trc::1:._-:". c:.:.1T..in .-.~te;rr-1ctiv~ .~. : .. ~-\'i. Th~ ··q-~~~·:~:.!~ ~~-~~uen~ er: -
ccntr.:tio:-.s are ZS .~~/1 c::;:.; i!nc -. .3 ;~.J!l $us;:--:d::d so1ics_ The ov:•?!1 
eff0ct of ~lter~a:~ve ~ 33-v;r is a ~~~ rc~uction ~f 99.3 p~rccnt ~n~ 
a suspc~~e~ soi~~~ redw::itn of ~9.3 ~ercen:. 

f,lt~rr.~":~ :·: !\, ?:-'.'~!: - Tf'"iis u1t 12:·~3tive repl2:0s vac:..::...~· 7 .1tra~~c1 er.~ 
trucl; r..:;u·1·;,..;i in ,.dter- 11a~i·Jc A 33_.,,. .-1ith spray irris2tior:. The pre
dic~~~ ~f7i..:2 11t c:ncs,.,:;::::i8~S .:re 1C:J ;:a/1 ~::·::and 5J ... ~_.i s~:~~!'.:::·~ 
so 11 d s . 7 r-: e o \ 0 ··a 11 ·. · :· ~: ~ o • /, 1 : 2 r"' n at : .:, f: ,l, ~ 3-'.' IT I i s 2 :: ·: J ?' ~ :: :i c: '. c--: 
of SS.~ r~~·ce:.: .J~d a 5usp2r1aeG sc~iGs r~~~..Jctic·11 of 97.3 j:e;cen: .. 

Alt~~~~:·~~~ 33-IX - This altcr-nJ~~ve a~ds d~~1 ~e~'3 fi~~r::~c~ tc t' ~ 
treat.:;:~: ':·a~n ir-: . .;itcr·riati·;@ A 33-V~I!. Ti~c ;:·~·edic:Gc ~~fl~c:it .:::-. .::r-
tratio;.s ~r·2 SO ;:;:J/i EC::; Jnd .::: r.:/l suspen.:2:: solids. !i>2 O\e1·21; c•fc:: 
Of f\ltcrr:i-·vc:.;.. '::3_1'" ·,·s a ~,.,~ r::.c·uc+-1'on o•, c: c." "e'"'"'"'''. a ... ~ ~ •· --- ·-:-- .,..,.1 - - '' t,;;._.., 1,.: "'- I ....-.,-. I""' •w••J• j,~ U _,_. __ 

1
_,_ ... __ 

sclids rea~ct:on of 9~.7 per~cnt. 

Alter~ativ 0 A 33-X - This alternat~ve a~cs act"va~2~ CJr~~~ to t~e tr~::
m:nt c;1~~ 1n ,~it~rna~i.:e .4 33-iX. The ~.··c=::::ed e~f~::2r-~ cc~c2;:.-·:.:~~ .;) 
are 25 !:1-:/1 ECJ arid 13 :"1C/l SU~"C?r.~ej 0 oi :cs. '':e CV!; .. 3 1 1 ef•ect ·~.f 
Alter~at~;~ A 32-X i: a ~~J r~a~c~~on of ~S.G percen: an~ a susperJ2d 
solids re~~c:ic~ of 99.3 percent. 

Alte1·~.~":i·;~ A. 33-XT - This a'ite:-nJtive consi~t$ of p<;:-1i.-9 firs: anj 
Se C,.. Jl . s". ·- ·. - - -.- "e., r ~ "\ - ,. "' .. ' .. "r, . '0 ,- - . '". ,.,... f "\,. ..... , '· ~ • ,., <: "'\' - ,., ,. ~ _.; - • V ..J '-" - ._I ... I,. I I.,,• I .J ._. I....,/ U I .., 'If...._._ U I (], - I I .:::> -' .__ \,; ...J 1 • '\..- • 1o.~.; .. -. ... .., .... .. _ ...., ... -· ~ 

reccvc~:··· ~~~ :r.en trc::::~n; e·:~: .... ·r:::, .. ~:r-i1~·~,,,~,-~:2 ~r.: .-.:-::2~ ~o·.: ~".'"."·:· .. ~--:. 
r;astt:s 'J~~r.a ~::; ~re~:~~,i~ ~rair ~~::i..:r .. Jed 111 ~::r::r·.~=:tive .\ 33-l! e·.c:~~~~: 
nutri~11:~ <icdit·on cc1~;;i::ts of ;:? .. ;/c.:i; (725 i J/dJy; c7 .::nilycro:.<s ,:;· · ::.~.-. .-, 
and 15~ kg/clay (.?40 lb/day) of p!:-:-s~:1·_~r"ic oC~d. ihe pre::J~c:~d e77Lc~: 
cor.ce.~trations are 100 ;~;/1 COJ anc ::o ;·.:g/1 sus::·cri~ed solids. The 0·:21·:.i: 
effect of Aiternative A 33-XI is J COG reducti~~ of S3.4 percent ~~d a 
susp.:nced solids n:.::.i:t~on of 97.3 r2rccrit. 

lilte•·l'1ativ1? A 33-XTT - Thi~ i!ltcrn.:i:ivc adds dua: rr:Qdi.:i fi1trJtfon tn 
Al tr.mat i · ~ A 33-XI. The prc~i c :c.: effi :.J~nt CC':'lc2nt1·:i ·. 1 c:r.s <!re 50 :'.'.:;/ 1 
BOD .:i~d :s n·r:/1 sus::<::1,:~~-j S·Jl;cL;. The ove!".:dl effoc: .:if fi::.:-rr..;:tiv·· 
A 33-Xll is ,1 300 reducticn of 99.2 perc~nt .:in:.:! a SL.OSp\!nded solid;; ~e
duction of 9f.. 7 percent. 
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t\H~·n:<lt'':".' /I ~:-:·:ii: - ii;is al~.er:ut>:c .JJJ~ ,:c:..iv.:i:.cd CJd1\Jr, to ti;~ 
v1.:.~-~;;;:,ncc·,1,11!1rrli~f~ur..:.ti'1e /, .)J-:~11. Th~ rrcdict:-d cfflucr'!t con
ccntrcJtio:'l'> UC' 25 r.:1]/l l;'.:.D un~ 13 ;n'.J/l su:µc'1C.:cc sol ids. Th~ cvcr.:i11 
effect of Alt~:-n.;;tive 1i :~3-Aill is cl COD reductiM of 99.G percent <:::~d 
a su~r-end:d s0li~~ rcd~ction of 99.3 pc-cent. 

/lltr~rn<· .. i•1(? A ?3-ii'.' - This alt~r?"':iti\'C -=~.,sists of e\·urir:r.:iti:::n of 11;;:- 11 

str~~ri"Jtnl:~sfrz 01:j !.re.:::·-:>nt of e'.'t:::~1·~tor cc:~~·:r;sute an<1 0:r:?r le·.-; 
s t r c r. ~ : h ~.::. s :. ._. s ~ s i n ,; i ~ --~ ~ ri: t i v ~ l; ~.; - \' ex c c pt ~ 1~ ~ t n ;.J tr ~ e ,, ~ i! Cc ~ : ~ -- ; c - r : ~ ~ : :i 

f r•:;'·•/ • i;" 1"• 1 • ••• ', ~ ., • ., •• ~ .••• "• .... ~ )'5 '-~/,." ,--· • o t.''' '·:: C:!i ,_,-- .);C .. _. 1- o. ann_ ... _ .i_ ilr .. o .. ic e, ~ , '"J: "3 1 L..:~ • ".:-i 
duy~ c~ ;. .... :.: .. ;.'='~~c ~:i~. \P·~ p .. c~·.c·.e::: e771~::.!;: :~·1c~~::~::0r.c:. 2,....·~ 
100 !~"/i. :::.: c::1~-: ~Ji'.:", I ::.:::·:::;.C:c:! :.oi;Js. ii1e C.".'21·ai i c-:·:::::: of 
Al tcrri: ti vc /:. 33-:C ',' ~ s a 2::; rE:;;.;:: i er; of 9Z. ~ percc:1: ~:.: a sus;:-~:- ::: ::: 
solids rec~:~ic~ of 97.~ ~2r:~~t. 

Alter"~!~ve n 33-ZV - This alterr~tiv~ c:nsists cf addi~g dual ~ed~a 
fi1(,'at~c·r-:.:: · .. :·er.re~:~:.::~~: c~:=.ir: ir. .:..~4:::rr-e.·~i':e.:.. :::.->::·.'. ~re::~-~
dici_ed e:~~1ue~~! c:rce1·,:, .. ;;· ... icr-:s ilr~ :: ··::1L.:~1.i:·: z: f:s/l s~~~i:. ..... ce: 
solids. The Cl'er3ll eficc~ of ,'..he!·i".c::tL(; t<. ?>:•:':is c SC'.J r:c:~::;:~ 
of 99.2 perce~t and a sus;:~de~ soli~s r2~uc:i~;, of SS.7 perc2nt. 

Alt(:,"r.~-:iv~:... 32-Y'.': - This a·1t2~r:~-:~·:e 2Cds e~~;~,~~ei::' c~r~~:. ~:i ~~= •--~~ 
~C:~;;1:1·~'..~:~rr.2:i·:c- ,"" 33-.<· .. 7r.e ore::::~c:;;: eff:~~;:: i::--:~e~:· .. ::-:- ~ 
are 25 :::~ 1 : ~·:: cr:d 13 .... ;.'~ s~~=e ... :~~ s::l1C~. 7~-= cver~;i effec~ :~ 
Altcrn.::ti1e A 32-\~: is~ 2s: rc:~==~~r. of 99.6 ;ercent and a sus;2·::~ 
solids rcdu:t1cn of 99.3_pcrcen:. 

I\ 1 terr ~ ti ·: '? A : ~ - x 'i r I - 7 r. ~. £ a 1 ~ ·: r- ~ ~- ~ i : e rep i a c : ~ v a c ·~! ~ ;:-, of' i i ~ r;;. t ~ o :i :. ... :.; 

tr11c1:1i"~'1lir.s~r;-,,1::rn<:.ti'.:e;., 33-:i::·; 1·1ith ::;;:ir-,~~' irriga:ior.. 7he ;;r2-
dicted e7f1uent conc~nti-~ticns ar:i IOJ 17'.:i/l !>CD and SO :.:::i/1 susper..j:_::_: 
solids. The overall efe:t of ,'.\itc1·1~c:i~e A 33- ... '/l! is a !:S:l re=:.;.:::::. 
of 98.4 percent and a suspended solids reduction of 9?.3 percent. 

Altc··nati'.'G t. 33->YIII • ihis al·~:::rr . .:t~vc adds cua1 ~~dia fqtra"':ic~ 
totn~ :rc:.::t..·::~:. .:::icit~ in ."'.:.::rr.:.:~ .~ ,\ 3>·:\'il. ihe p1·e.:!:.:'.;.:;j cc·.:_,.,_ 
trtitio1;s are :_,o ::-::;/l C'.:'2 a.'1d 2~ ·:·.s11 sus,.,:;;:'..:'.crl s.J1ics. Th~ •Jver~ll 
effect of r~1t~r11ative r1 33-xv;!J ~s a ~'J:l r~·_juc' .. icn of 99.~ pc;·cc1t .::::: 
a s~spendPd solids reducticn of 03.7 percent. 

f1lter;"1=t:iv(! A ~3-Y.IX - i11is al .. ,,,.,..,~:,,,, ,.,..,..i( ,,c~"•·• .. c-1 ca1"·Jn .. 0 t"·> 
' ... \.:". I' • ... • • ... - l·......... .... - I ' ~ - i.J ·.J \. I ;t.; 

trc"tq:n:.. ~n...:;11 11; .-ilt·?!ll:H·ivc _:, 33-\\':II. TllQ ;Jr:::dicte~ cffluc1: 
c J 11ce11 ~ r ~ ~ ~ on =. .: 1· e 2 5 c::: / 1 cc, :J e: 11, ~ ; J ; .. :; / i s u :: , , c :1 c c ::i s o 1 i -~ s . T '1 e 
ovc1-.:i1l cifoct of Alte1·1·:\tive .~. 33-:.:i·i: is .:i c::m rcducLiori of 99.6 pe:r·
ccnt and a sus~cnded solids reduction of 99.3 percent. 

~ltcrnntive f, -~_3-XX - This alter:~~t~vt> cor.~ists of a holdinr::i tar.I<, rur·:--
Hl!J s:..Jt1011, c::1~0 spray i1:ri9.:itiM c.·· Li~~ 1·aw r_ifflucnt. The efficiency 
nf 000 and susp1::1d-:!d sol 1ds re:!:ov.::: i ~ lC~ pe1·cc:nt. 
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Jn-Pl~nt i-thr.ol0r.y 

In-plant process controls for the reduction of wastewater generation in 
peanut b:.ttor plants primarily consist of non-conta:t cooling 1·1at12 ... 
reuse, re:.i:;e of detergent cycle 1·1ash 1·:~ ter in jar 1·:a shen, use ot stc.:1.1 
and specially desisn~t~~ areas for ~~jor equipm2nt cleanup, and clry 
coilect10n cf peanu!.. :t;:ns, hecrt'.;, cr.d f;re p.::r:icle:. for ~/-pre::.:: ct 
:-ecovery. Otr.e•· tecr.ni~u:;s for the rc.!duction 1.ilSte:;ater suen9t0 ir..:~cC·~ 
vaci..urn colir:cticn of ::in.1:~ss area floor c1e~n'J::i 1:at:!r anc.i tho use o7 
gre~se traps on all clc6nup area flcor dr~~r.s. 

Several methods of non-cont~:~ ·.;.:t(>r consenatiCJ'.1 tt-:at ~;g.,i'.'"ic.:ir,U/ 
red:.ice 1·1uter \JSu9e are ~ractice:J by cne 1:irs~ plant (g~?21). Hec.t 
excha!i~:rs at se,£!ral iocatior.s on i;ot 1·1ater 1 ines used for proc.2::s 
pipe hea:~ng (to cor.citicn oils anj procuc-;: for pu:·:c~:1g) are de$::;r.;:J • 
as a closed 1o~p syste:r• requir;.'ig 0:1ly a s;;-.:il~ iiGOt.m'i: of o.al:e up .;.::c. 
Con~c:nsa:e is cc"ilec:::'G a;.d r~Jsed :"or boiler feed 1·1a:er, and a 1·e' :;:· ·;;'.J 
sr.1al1 e;::~c:.in't is <.iisc:1a.r~ed. Ccolirig of rt:r:-ige;Jtion ana cc-ipres;;c, 
unit.s is acco-:::ii.·nec by :v10 ccolirig :01-.-e!"S recircuia:irg 1·1a.:e1· f,·::~-. ::~~~:..::; 
water storJ;e ::ir~s. This p1ant pro~uces 59 to 77 kkg/cay ;e5 tc E~ 
tcn/:iay) and ::lisc~:r:e:s 65 c.1 :c,i:lay (0.01i :·:;iJ). ln co~;:iarison,;: ;-..:..;;:-:· 
smaller p1ar.: (ss:i2:J pr:c!i..;c'.r:g 10.E kf:9/C:?/ ('1.7 ton/de/) ar.c r~::=-
culating or.1~1 a portion of its c:)Q1ing wa-car, 1-:as found to disc~3r~ 
197 cu r;./day (~.052 j'.:JD). 

Non-contact ~ater is cc~~cn1y c0~bined with ~ther ~lant wast~~ at ~~a-3 
9SF01, 9S::.'14, a::c s:::-:1 ,.,,·,-;c•1 r=::>resen: the tnrr? lar;;es: rean..:: ~L.::-:
pr::;d~1cers. while :111 Of ':he ..-:a~.17acturerS SIJr'.'eyed prac:ic~ v,;;1·.-":~; 
degrees of Hate· :-e~se. nor.e .. er? foL.:r,c tc c~:-:-;Jit::::iy :.e;re9::·.:e r:·:
CJnta:t 1·.ater frcr.i reiat~vel; le\: 'JOlume, high str~"lgth wastes (si:: 
Section V) such as .jar v1ashcr effluent or cieanup .:as:<?.,;a:er. Se;:ic.~_:;:.:i 
of the aoove waste st:-ec.;;.s is a ~otential in-plant 1r.odification tna; .o~~i; 
red~ce f:'ro::ess 1·::1::tc::· . .3ter:- valu;,~ b/ ~t least ~O oe..-cent, and 110;.i;c ·::.::-=·.1e 
eff,uents to ,nly :ia-.:er ~n :~nt}:~ \·::th ccrt.?:r.in.:r.ts. rt ;:;:.ist :er...:-:·;, 
ho~ever, that ~e1erat:on of ~~l1~:3nts ?C~ uni: of prcduct1on ~c~:~ ~t 
decr2ase, and pollutant concer.:ra:i2ns ~culd ~ecessarily increase,~~'
cially curing cleanup per1o~s (see 7ab1e l~O). For ex~mple, sar~:~ 
analyses of combined jar was~er a~d non-contact water discharge c~ ~~~:· 
99P2:J shc· .. 1 a BOD of EJ mo/l, b~t jar 1·1asher efflue"lt alon~ .1as a c~i~---'=-,~ 
BOD of 7320 rnq/l (see 1a.;1~ 1~9). Also it is to be e>;pe-1::ed :;.a<;~~--
regation 6f n6n-ccnt~c: a~~ ?r0::2~s was:ewa:2rs woul~ be more d1ffic::: 
at older plants. 

Jar washe?'" effluent, l'lhirh ·is nori:ia11y discharged, is the only pc1l:J:.::·:· 
source di.iring proces;ing. It 1s te::nnicaliy feasible to elirninei·.c .. :, 
waste str~am by divcrt·ing it to a holding tank. Such action would 
significantly reduc~ ~oll~tan: ~enerJt~on per unit of production. 
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fli~o. in~c.c.ove:-:~1~'- :;~ t!:c. r.'.!.:t.ho:::l of r.~;::i:;i'll~· scrilpin<J i.>C~·iut l;t1•_t.21· ::·l'" 
jar.> to Le 1·"1~i11:J ~:oL.. ~c rc~C.:·i:c tl1c uu:Jur1t of prc.1du-...t ic;ft in j;:,1::,, :;c;.u· 
rec.1:.icing \·ta!'ot~ s~"ler?.t~.:;n ~·-·r ur.;t of prr.lj11ction i:1 the jar ~/JS.her 
effl ;.it:nt. 

~JJ~te~:ater from flc.or cle~nJp is r.ormally butch d;.imped from La1ckc·ts 
or drained fror,; a llu1Jirin tr.nk inside a ·:acuuni floor scrubber. No 
s~e~~1 ~.05es or ·.-.a~i?r iio;;~s ar~ used i:-r proc:e:.:sing ri~eas. Equ:;:in-i.:'rit 
wiµ!?~:J•:n is pcrfo,·.'.';~d 1:eeLiy ar.a scrub l:iucl-..rt:: aur1p~d ct a :.::.:r.'TI ~i~ 
i'll.en: al1 major ~q:iip~1c·n c:lcur.up tukes p1ace. The stear.r oit i::, ty;:ii:.~:·,~ 
a cri·1cro:!2 s ·:J'• tqub;;;d .:ith ste:i~1 h:.J~:::s, hot 1.ater hc~::o:, ;,; :f J; :.:::'~ 
trur,~ ~"" all .=i·t:ins. a rr.:i:· ahc: fodd? •.:t:.zin1cs~ st2,:;l t:.r.::'.:> to 
provi:Je a detc:r::::.t S')ak fr;,· cc,uipr.rer.: r·'.>r.:: diffic:..;~t to cl1:c.n. Ci;_r .. 
equ~p,~::rit, elcva:'.J,- b:.ic;~·.cts. drip :ian!:., •1i~sline :ec':.ir·n•., ari:' otne:r 
eGuip~~nt re~Jv~d fro~ proc~!:.Si~; ar~as ~s ma~LJlly clear.0d wi -~ 
hot 1·:ater and st221~ or deterg~r,t after resid11<Jl pr0duct is sci-.=:.;:ed 
intc drurrs for oil stcc~: recovP.r.)'. R~ruL:tini; Jf drain i;,·.~~ <:f':.:::r 
the g1·:::as'? trar:s t:- a tir::lci:-:3 ::.,1'< 1:c~ld co::i~1et21.J eiinir.ate cie::.~up 
1·1a~t1;.:Jt1.?~ <!~sc~.:.:-ges ar.d is tc:c~1nicaily fec.sible. 

End-c~-linc Te:hnJlc;~ 

Peanut but:t:r 1=-larts do not utilize .:o::'1istic?.ted er.d-of--1in:: t~ea:.7:n'.: 
syste~s. All of :he plant~ ~~rveyec have insta11ed grease tr2~s c~ a11 
floor drains. One rn.Jl:.i-;:;roduct pli:~r.t (99P13) p!"'oviccs 011 sk1::-.:-ii'.; 
~f pear.ut ~ut~er w~s:e~~tcr cnly be:ause these dischar~es ~re cc~~i~~~ 
1~it!1 the ef'fl1..er,t fr:.;;,1 mc:r~Jrine cro: 11::icn. Ail of ":ti€ pLHi-:s s"'n::.:: 
dis~hc:r'.]e jc.r t- 1ast·e;- ard clF.'.'"l.'::l e+-fl~;t?rts, cc::ibired ~·:ith la~·se ar::~ .... :; 
of non-c:~!act ~~ter. to rnunici?al se~e~ sy~tems. 

Selection of Central and Trea";r;ent -:-ec:l'nt:l(.:.gl_ 

Based on the model plart ~evalc~e1 in S~ction v. two treat~~nt al:ern::j;2? 
that ~rovid~ no dis:harge cf process wast~watE~ wer? c~o!en. It is 
assu~~d thJt t!~~ 1;~odel plar~ prov"ic~ g)·•:ase traps on all flc:n· d111~:;:; ~< 
th:~ nan-con:ac: 1·.a.:er anc; co~·1:>sti: se·:acE' are sc:;a~·:ted fr:;:;·.'>.: :.'":-::o -
•;1as:c.·.:ater. 7!~e .:aste1:Jter fiJ•• frJ;r. ~ii~ rrodei pi.ln: is 2800 l;'.:.:".i 
(7~0 gal/day). 

lilt~,..native A 3;.~ - This alten1a:he prcvidG! no adJitirir"~1 ::-~at:'.'E!'.: 
to Hie r:iocel p~,~n:. '!'he rer·o· .. ~i eff~:ie.'cy of 802, ::.-.isr,endi:c s0J;·;:;. 
and oil and grease ~s z2ro. 

Alterr.:itivc ,\ 34-:l - This alternative ccns·ists of .. l1oldir.g tJ1·,1:, µ:.":->
ing s:atior~. und spray irnqt~on of ti:c eff1uP.nt. This aLernative 
provic.g 100 perc.::nt re1:1nvdl of BOD, suspencJ~d soliJs, and oil and 3retir·.!. 
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/l.lternHivi:? /'. Vl-IIJ - This .:iltcr1•,'Li~·e rcµl~~~s s~.ll'ilf in·i,·,1tion in 
/\ft.~tTv-~;~--:,.~-d ~·iith t:·i.;ck h011lin~ of th~ !:!ff~~cn:, ard,iJ1so 
provides lQO µcrcent rcr.1oviil of COD, suspended soli<.Js, c.lnd 011 and 
grrase. 

SUBCATEGORY A 35 - PEArlUT 5UTTEP. PLA'fTS WITHOUT JAR l·:ASHJ:IG 

The existing and potential in-plant and end-of-line technology for 
peanut butter plants without jar washing is identic~l tc Subcategory 
A 34 except that jar wclshi~g is not included. 

SPlec!io~ of Control and Treat~ent Technoloav 

Based on the r:iodel pl~nt developeJ in Section V, tw~ treat~ent alter
natives that provide no discharge of process waste~ater were cho~en 
for Subca~e;ory A 3S. It is as:;ur.icd tllat the r.iode1 pl.:int prc.,·ides 
grease traps on all floor drains a~d that non-contact water and do
mest~c se;yage are sei:;aroted fror.i the process ~;aste.-1ater. The 1va~te
water fimv fro~ the r:ioc:h;1 plan~ is 757 1/day (200 ga1/day) . 

.'11 ... e ... ~ative /', 35-I - illis alternative provides no adciitior.al tr!:at
m.:n: tc tre :;,c·::e~ plant. The rei:10'Ja1 efficiency of SOD, suspei:..:ed 
solid~. and oil and grease is zero. 

Alternative A ?5-II - This alternative consists of a holding tan~. 
pu~ping sta~ion. and spray irrigation of the effluent. This alter
native provides iOO percer1t removal of BOD, s1.<spended solids, and 
oil and grease. 

~lt~r"ative ~ 25-111 - This alternative replaces spray irrigation in 
Alternat1vP.;... j5 .. il \·1~:11 truck hauling of the effluent ar.d also pro
vides 100 percent removal of BOD, s~spanded solids, and oil and grea~e. 

SU3:ATEGQRv A 36 - P~CTIN 

As previc~sly discussed in Section II!, th~re are three ~nuwn pr~du:0rs 
of pec~in in the United States. During the course of this study al I 
three plant!> 1·1ere visited. The inforr:-.ation which was obtained re9ar:'.
ing the control and treatment practices of the industry is prescntcu 
tie l 0\\1 • 

In-Plant Technology 

Plant 99K01 practices water reuse in the fo11o>ving ways: 

l. Oarometric condenser cooling hater for the i.;ectin evaporut!)r i~ 
recycled through a coclir.g tower. Makeup water is added .:i·~ 
needed. This practice decreases the coolin9 •.1clter d;schar·~c 
by approxiuldtely 5700 cu m/<!Jy (l.5 MG;:J). 
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2. The t~/J~~J.- hcJ~ c;-:c!langer on the alcol101 disti11.:it~on c::~.;;···, 
is coo·1ed l:y WOO 1/min (750 gpm) of 1·atcr fro:n a coolinlJ 
to1-1er. There is a sr.iall blo\'1down of appr;;>ximately 11 cu rr./d,~y 
(0.0029 !'.GD) from the system. This practice decrea:;es cool inj 
water discharge by about 4090 cu m/day (1.08 MGD). 

3. Cooliny water used in a plate exchanger to cool condensed 
a1coi1ol is subsequently used ~n a vacuu:~ cooler prio:-- to 
being stored for furth~r use el5ewhere in the plant. 

Plant 99K02 r·e~~rted several areas of water reuse including tlie fc1~c. ~. ·· 

l. Peel 1;as/1 water is reused in :lie convcyc::rc:- uf pee~ s to 9r~::c
ing and pasteuri~ation, and aiso as coolin; to~er ~a~eup 
water. 

2. Nash i:.ump seal water is used to sluice diatomite> cake fro!T :f.,:. 
pressure filters. 

3. A cooling tower is used to min~mize cooling water d~scharge 
from the plant. 

Plant 99KC3 aiso recycles a1i cooling 1-1at:er :hrough d cco1ing :o• .. :e:~ ~·:·-.:-.: 
decreasing fresh 1·:ater reqi..;ire'lier.ts by 200 pF'tcent. Hhereve'" possi:~c· ~·.~ 
three plants re:laim acid and alcohol used in the pectin process t: -~--
mize the discharge of thes~ substances into the waste stream. Vac~~~ 
filter cake, composed c.ain1.v of soent peels, is ;egregat.:d from tre . .:::: 
strea~. dried, and u:ilized as cattle feea et plAnts 99K01 and 99~~2. 

Plant 99K03 is currently dis:harging its entire process v.a.::tP.water (i!'
cluding still bottoms aM S;:'!;nt peel) to a municipal tr~atrient sys:e"'." 
with no aoparent adve1·se effe:t on tr.e system. Plant 9%C2 util i;:es 
three methods of ul:1~ate wastewater discosal for specific process 
waste streams. Alcohc·l still bottcms and 1-1ater softener raoenerate 
are segregated and truck hauled to a municipal treat~ent sy;tem. ~~~~= 
peel is dewatered irl J pr2ss, dried, and iJtilized as cattle feer.1. ;: . .: 
press liquor waste stream along witn peel wash ~nd reuse water, spe~: 
diatomdcen~s filter cake and sluice water, pectin mother l~qucr, bol~~r 
blo1-;do1-in, and c1eanup 1~ater (ail of 101~ inorganic content) are dist1··-
utcd into 120 ha (290 acr2s) ~f land by check and furrow irrigation. 

Plant 99K01 also recovers spent pc~l for sub5equent use as cattle fe~d. 
Waste streams low in inorganics (peel wash water, diatomaceous filter 
cake and s lu'ice water, plant cieJr;.ip and mi ~eel lJneous waste strea1~s) 
are used to irrigate corn, barley, arJ Sudan grass cro~s. The alconol 
still bottoms, caustic evilpor.:itor 1·;ash 11ater, 1~ati.!r SQftening regen
erate, and boiler blowdown are n~utralized and subsequently discharsr~ 
to a mur:ici.,al indust1·ial out.f.:iii !:'le. 
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lon exchan'..)e hus been a' tempted at p I ant 99t~02 for treatment of some 
procesi. ~1astc streams ~1ith poor results. At present, th12 plant is 
consideri~ con~truction of an OYygcn activated slud~e system for trcJt
ment of its process ~1aste (cxcludin9 alcohol still bottoms and 1.,,uter 
softening regenerate) along with other citrus process wastes generated 
at the piant. 

Selection of Control and Treatment Technology 

In Section V a model plant was developed for pectin processing. The 1·a;1 
wastewater char.::cteristics of the plant were as~umed to be as follo11s: 

Flow 1530 cu m/day (0.404 MGD) 
BOO 4950 mg/1 
SS 2100 mg/1 
N 260 mg/1 
pH 4.6 to 6.0 

Table 151 lists the pollutant effluent loading and the esti~at2d ooer
ating efficiency of each of the ten treatment alternatives selected for 
this subcategory as illustrated in Figures 255 and 256. It is assun:ed 
that tr-uci< hauling of alcohol still bottoms, diato~aceous filter cake 
and sluice water, and water softening regenerate t~ landfill is pro-
vided for each alternative. It should be noted that biological treat-
rrent 1vill not provide reduction of inorganics in the ~1aste1·1ater. Citrus 
wastes have been shown (146) to be biodegradable ir an efficiently o:era:~~ 
complete-mix activated sludge system. The organic constituents of :he 
pectin wastewater are ~imilar to these of c~trus processcrs ~nd wo~1d 
therefore also be expect~d to be biodegradable under similar conditjons. 

Alternativ~ A 25-I - 7hi~ alt~rnative provides no additional treatment 
for the raw was~~ c-fluent. The Jverall reduction of pollutants is zer0. 

Alternative A 36-!I - This _lterna~ive consists of a pumping station and 
a holding tank followed by spray irrigation of the ra1" 1vaste eff1uent. 
This alternative would reouire 32.4 ha (80.0 acres) of land and pro~:~~ 
a 100 p~rccnt reduc=ion of ~olluta~ts to navigable waters. 

Alternative A 36-111 - This a1tern~tive consists of a pu~ping station, 
a flow equalization tank. caustic neutr1111zat1on, cornpletc-m1x activ.:itc:l 
sludge basins, sludge thickening, i!erobic digestion, and vilcuum filtrc1-
tion. A flow equalization tank is provided to dampen shock loadings to 
the activated sludge basins. r;eutrJl·izi'tion of tbe 1~aste is acco:;1pl1· .. ·-: 
by the daily addition of an estimated 98 kg (220 lb) of sodium hydro;:1<'.: 
to the raw wastewater The complete-nix activated slucige systc~ 1·1ouhJ l'·2 
expected to provide a SOD and suspe~ded sol ids reduction of 94.9 and 
90.0 percent, respectively. The a1:1o·;nt of slud~e wasted from the vacuu::: 
ftlters is utimated i't 25 cu 111/day (0.0066 MGDJ. 

The overall bene''t of t~1s altern~tive is a 000 reducti~n of 94.9 percc~: 
and a suspended sw1ids reduction of 90.0 percent. 
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Ion ~xchangc has IJeen attempted at plant 991:02 for treatment of some 
process waste st.reaflls ·.·iith poor rc~ults. At rl"csent, the plant is 
consider:iTrg construction of an oxygcn activated.sludge system for treat
ment of its process \o1aste (excludi11g alcohol still bottoms and \vJter 
softening regenerate) along with other citrus process wastes generated 
at the plant. 

Selection of Control and Treatment Technology 

Jn Section V a model plant was developed for pectin processing. The raw 
wastewater characteristics of the plant were assumed to be as fcllcws: 

Flow 1530 cu m/day (0.404 HGD) 
BOD 4950 mg/1 
SS 2100 mg/l 
N 260 mg/1 
pH 4.G to 6.0 

Table 151 lists the pollutant effluent loading and the estimated o~er
ating efficiency of each of the ten treatment alternatives selected for 
this subcategory as illustrated in Figures 255 and 256. It is assur·ed 
that truck hauling of alcohol still bottoms, diatomaceous filter cal:e 
ond sluice water, and water softening regenerate to landfill is pro-
vided for each alternative. lt should be noted that biological treat-
ment 1~ill not provide reduction of inorganics in the ~1aste·.vater. Citr·Js 
wastes have been shown (146) to be biodegradable in an efficiently o~e~~ted 
complete-mix activated sludge system. The organic constituents of t~~ 
pectin wastewater are similar to those of citrus processors and woulj 
therefore also be expectad to be biodegradable under similar c:onditkn:;. 

Alternative A 36-I - This alternative provides no additional treatrre~t 
for the raw waste effluent. The overall reduction of pollutants is :ere. 

Alternative A 36-II - This alternative consist~ of a.pumping station and 
a holding tan~ foll~wed by spray irrigation of the raw waste effluent. 
This alternative would reauire 32.4 ha (80.0 acres) of land and prc;1~e 
a lCO_p~rcent reduction of pollutant~ to navigable waters. 

Alternative A 36-III - This alternative consists of a pum~ing statior, 
a flow equalizet1on tank, caustic ncutra1ization, completc-~ix activ~:2d 
sludge basins, sludge thickening, aerobic digestion, and vacuum filt~·n
tion. A flow equalization tank is provided to dampen shock loadings :J 
the activated sludqe basins. Neutr.1lization of the wa'.;~e is .:iccc::;;-i\"i·J: :c 
by the daily addidon of an esti1:1Hed 98 kg (220 lb) of sodium hydr::.~.1:~c 
to the raw wastewater The complete-nrix activated sludge syste;n 1·101.1 1 d 1:1:' 

expected to provide a BOD and su'.;rendcd solids reduction of 94.9 .:ind 
90.0 percent, respectively. The amount of slud9e wa~to::d froni the v.:icuu~ 
filters is estimated at 25 cu n1/day (0.0066 MGO). 

The overall benefit of this a1tcrn,1tive is a BOD reduction of 94.9 perc~nt 
and a suspended solids reduction of 90.0 percent. 
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TABLE 151 
0 
~ 

> Sur-tfARY OF TRfATHENT TRAIN ALTERNATIVES -, 
-I SUBCATEGORY A 36 - PECT!H 

Effluent Effluent Percent Percent '300 SS BOO SS Alternative kg/kkg k.g/l:k.g Remova 1 Removal 

.A 35-1 4128 1751 o.o o.o 
A 36-11 0.0 o.o 100 ~ 00 
A 36-111 208.5 l 75. l 94.9 90 

...... A 36-IV 208.5 175.1 94.9 90 '° (D 

A 36-V 208.S 175. l 94.9 90 
A 36-VI 208.5 175.1 94.9 90 
A 36-'il I lO'L 3 83.4 97.5 95.2 
A 36-YJJI 104.3 83.4 97.5 95.2 
A 36-IX 104. 3 83.4 97.5 95.2 
A 36-X 104.3 83.4 97.5 95.2 
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ll'FLUENT 
f:' .• uw :i:. l ,':l~U CU ,_,/D~Y (0.~0 1-'GC~ 

BOD~ 4,950 MG/L 
55 = z, 100 MG/I.. 

I 
+ 

F:.,;Jw 

ECA;J.L I:: A,..: :_"IN 

I 
F'H I --------

AD.JUSTMENT i 

' AERA7E:; 
LAC.OCN 

' 
I ,_ __________ A 36-vr 

I 

WAi..·"'E~t Ii 

f:JL"l"RAT!ON 

Al..T~NA71VE A 36-~ 

E~F'"LUENT 

eco = 12s MG/I.. 
SS = 1 00 ~IG/L 

FIGURE 2~o 

SUBCATEGO~Y A3,, 
TREAT'Ml!~JT AL iERNATlVtS Vl A.ND )( 

BOO 

~1"1..1.1e111T 

BOD = ZSC "I<",/:_ 
SS • 2 1 C Mt;,-l. 



( 

OfU1FT 

AltPrncJtive A 3G-IV - This alternative consists of the same modules ;is 
~IT~mt'1vc A 3u-iTI except vacuum filtrcJtion is rcpluccd l.>y sand drj'ing 
beds, resulting in twice the daily sludge production over that of Alter
native A 36-111. 

The overall benefit of this alternative is a BOD and suspended solids 
reduction of 94.9 and 90.0 respectively. 

Altern~tive A 36-V - This alt~rnative consists of the same treatment modules 
as Alternative A 36-111 except vacuum filtrution is replaced by spr~y irri
gation of daily sludge produced. This would require a spr~y field of ap
proximately 2.3 ha (5.7 acres). 

The overall benefit of this alternative is a BOD reduction of 94.9 perce~t 
·and a suspended so1ids reductiJn of 90.0 percent. 

Alternative A 35-VT - This alternative consists of a pumping station, a 
flow equalization tank, caustic neutralization and an aerated lagoon. 

The overall effect of this alternative is a BOD reduction of 94.9 percent 
and a susoended solids re~ucticn of 90.0 percent. 

Alf:ernative A 36-VII - This alternative is identical to Alternative A 36-::l 
with tne add:tion of dual-media filtration which would provide an esti
mated additional COD and suspended solids red~ction of 2.6 anu 5.2 per
cent, respectively. 

The overa11 bene~it of this alternative is a BOO reduction of 97.5 per
cent and a suspended ~olids red11cticn of 95.2 percent. 

Alternative A 3E-VIII - This alternative is identical to Alternative 
A 36-lV with the addition of dual-media filtration. The overall bene
fit of this alternative is a COD reduction of 97.~'percent and a sus
pended solids red1.1ction of 95.2 percent. 

Alte~na~1v~ ~ 36-YX - This a1ternative consists of the same modu~es as 
Alternative A 36-V wit~ the addition oi dual-media filtration. The 
overall benef1t of thfs alternativ~ fs a e.oo reduction of 97.5 percent 
and a suspended solids reduction of 95.2 percent. 

Alternative A 36-X - This alternative consists of trie same trP.atnient 
iTiOCJu-ies--;s~1tern.:itive A 36-VI 1~ith the add1ticn of dJ.:il-med1a filt1-a
tior1. The overall benefit of tlris dltr.rnative is a COD reduction of 
97.5 percent and a suspended solid~ reduc!ion of 95.2 percent. 

SUBCATEG~RY A 37 - PROCESSING JF ALMOND PA~~E - .. ·----
There are currently four known processor:; of a11110nd paste 1n the 
United States. All four dischJrgl? their proc'?SS waste..,ater to 
municipal facilities. Results of a telephone survey to three pl.:ints 
and one plJnt v1s1t.Hfol"I indic.Jt~ that the :>reduction of ulmond rane 
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contributes a relatively insigificant waste load to the totill waste 
load of the four multi-product processing pl\,n+.s. The production of 
almond pa.Ue exists in combination v1ith the production of a large 
variety of other products such as nut pastes (i.e .• pecan, walnut, 
hazel ~ut. cashew. and apricot kernals). granulated nuts. and nut 
toppings. The wastewater characteristics of almond paste processing 
are currently unavailable for the following reasons: 1) th~ multi
product plants contacted were unable to furnish historical data on ulmond 
paste pro~uction ~lone. with the only available information being that 
of the final combined products waste load, 2) the actual 5ampling of the 
almond paste production line was impractical due to the combination of 
waste strearns from other product lines. and 3) pr(iduction data ~1as 
unobtainable. 

The industry has made no future plants for the construction of any 
ne~1 almrnd paste processing plants and, as previously mentioned, dis
charges its v1aste1·1aters to municipal facilities. Therefore, the pos·· 
s1bility of a future point source discharge fro~ an installation 
primarily engaged in the prod•!ction of almond rdste is minimal. Due 
to a lack of information on the industry's prrduct line, production 
variability, and wastewater characteristics, the development of 
effluent guidelines for almond paste proces:ing is·not feasible at 
this time. 

SUBCATEGORY B 1 - FROZEN PREFAf'ED DINNERS - . 

Exi~ting and Potential In-Plant Technolooy 

The majority of wastes from the froze~ special tie~ plant originates 
from clean ~p of the vats, kettles. friers, mixers, piping, etc .• 
which are used during preparation of the various co~ronents of 
the final r-roduct. Ge11eral plant cleanup. usually a cont·inuous 
process, is also a ~ajor ~astewater iource. Substantial reduction. 
therefore, in raw wast! load and w~jtewater treatment cost can be 
re~i1zed by c~reful in-plant water management: 

l. Installation of automdtic shut-off valves on water 
hoses may save uD !o 60 gallcns per minute per hose. 
W1thout automatic snut-off valves, employees do not 
turn off hoses. Cost for a long life valve is approxi
mately $40. 

2. Central clean up syste~s (~alvcJ or·triggered hoses) 
should be installed. The:;e commercial systems 
generate a controlled high pressure supply ot hot 
or w~rm water containing a detergent. They ~re reported 
to clean better with less volu1;ie of water usecJ. 
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3. -That portion of very dilute 1·1<1$te1·1cJtcr (such as defrost 
water) 1·1hich is not reused or recircu:ated. should 
be discharged separately from the process wastewater. 

4. Good housekeeping is an 1m~ortant factor in normal 
pollution control. Spills. spoilage, trash, etc. 
resulting from sloppy operation may be heavy con
tributors to liquid 1·1aste loads. Improvements will 
result from educating operating personnel in proper 
attitudes toward pollution control and ~roviding 
strategically located waste containers, the basic aim 
being to avoid loss of product and normal solid 1vaste 
1nto the liquid waste stream. 

5. The processor should look at his handling of solid 
waste. A well-operated plant will, insofar as pos
sible, avoid solid waste contact with the liquid 
waste stream. Where this is not feasible, the 
solid waste is removed prior tc· reaching the v1aste 
treatment system. Screens of 20 mesh or smaller are 
usually adequate to remove a large portion of 
settleable solids. Continuous removal of the screenings 
is desirablP. to avoid excessive leaching of solubles 

·by the liquid waste stream from separated solids. 

End-of-line Technology 

This subcategory is <.haracterized _ strong wastes in terms of BOC, 
SS. and 0 & G. Nevertheless an existing secondary tre~tment plant 
(38*50) is achieving excellent pollutant removals with activated 
sludge treatment preceded by a series of primary treatment and 
biological treatment. units. Table 152 provides data pertin ... nt to 
desing of individual treat~ent units. An analysis of daily reported 
treatment performance during the months of October and Nove~ber, 1974, 
for plant 38•So shows the effluent Quality characteristics shown 
below. The company reports these results are typical of plant ~er
formance sir.ce 1972. 

800, average 9 mg/1, range 1-27 mg/l 
SS, average 37 mg/l, range 4-137 mg/l 
O&G, average lC r.19il, r.rnge 1-30 my/l 
pH, 7 tc 8 

N1nety-n1ne percent plus re1novals are reflected by the above 
results based upon averaqe influent ch~racteristics of 600 -
3.500 mg/1, OSG - 3,000 ri19/l, <1nd SS - 4,'iOO mg/1. These results 
were confinned by ump11ng. . 

This plant was expanded ovc~ a t~n yeJr period beginning in 1962, 
and treatment units were addnd as eff~ucnt di~chcJrge requirements 
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l 

2 

3 

4 

s 

6 

7 

TJ'.DLt 152 

Tru::.1\TME?7T UN!T CI~AIU AND Ml\JOR DESIGN 
FACTOHS FOR EXISTING Tr.El\TtltUT rLANT 

TP..EATING WASTEWATER FROM I"ROZEN PREPARJ:O DINNERS 
AND OTHER SPI::CIALTY FOODS 

·rreat.ment unit 

Sweco vi~rating screens (2), 
20 mesh, 48 inch. 

Gravity sedimentation 
tanks (2), 10 ft x 125 ft 
x 10 ft deep, 187,000 gal 
capacity t.otal. 

Dissolved air flotation 
tanks (~) 200 sq ft surface 
area each. 

Anaerobic lagoons (3), in 
series, 1. 93 11G capacity 
each· with 100 percent 
recirculation from f1nal 
lagoon to first lagoon. 

Roughing filters (2), 
firsl filter is S,500 cu ft 
of plastic media, second 
filter ib l!,000 cu yd 
of rock media. 

Activated sludge aeration 
tanks (4) rect3naul~r with 
mechani~al &Ur.face aera
tors, 141,000 gal capacity 
each. 

Final clarjfiers (2), !irst 
clarifier has 962 Gq ft 
surface arc.1, seco11J ~l.:iri
fier h.:rn 1,590 •c1 ft 
surface area. 

804 

Significant dc~ign 
factors 

300 9pm rated copacity, 
remove approximately 
l,000 lbs/day ot 

screenings. 

200 gpd/sq ft overflow 
rate and 9 hr detention 
at design flow of 
O. 5 mgd. 

l,250 gpd/sq ft over
flow. 

11 day retlUl t.ion J t 
design flow. Thick 
scum .~at on lagoons 
surtace aids odor 
prevention. 

Hydraulic loading is 
30 gpd/cu tt per clay, 
BOD loading is approx
imately 0.36 lb BOD/cu 
ft per day. 

~7 hour retention ti~~. 
noo loading is approxi
mately SO lb bOD/1,ocin 
cu ft, 100 perce~t 
sludge recirculation 
capacity. 

500 gpd/sq ft ovcrfl~~ 
rate at design flow of 
o.5 mgu. 



TADLZ: 152_ (Con tinuecl) 

wo. Treatment unit 

8 Chlorine contact tank. 

Significant design 
factors 

30 minute detent~on at 
design flow. 

9 Slud9e handling - Primary sludge and waste activat~d 
sludge is centrifuged, thickenecl and disposed to 
landfill. Grease ski1M1in9s are recovered and approxi
mately 4,500 lbs/day are sold. 
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grew more strinacnt. An engineer desi9nin9 a new pl~nt would not 
design the nc1-1 plunt in exactly th~ sa111c manner. Nevertheless, 
much cun.~e learned froni the long term effectiveness of the des
cribed treatment plunt when it is necessary to treet very strong 
wastes and produce effluents of extruordinary quality, as 1s the 
cose her~. The key to the success of the treatment system des
cr·1bed appears to be to remove SS and O&G, and the combination 
of biological secondary treatment units in series, i.e., anaerobic 
lagoon roughing filter, and activated sludge. Each treatment 
unit acts to remove a percentage of the wastewater pollutants 
and prepare the ~1~st!! properly for the following tre4tment unit. 
Table 153 presents reported pollutant removal efficiencies throuqh 
each successiv~ treatment unit described previously·in :able 15:. 
The performance of the g:avity clarifier and a1r flotati~r ~rimary 
treatment units should be noted. Th~ relatively lo~ ~e;c~nt removals 
through the anaerobic lagoons is decep~ive according tv the plant 
op~~ating staff who report that the anaerobic lagoon biological 
activity converts the dissolved organic pollutant~ into forms ~ore 
readily ~reated by the subs~quent aerobic biological processes. In 
addition, t~e an~~robic lagoons act as a flow equalization and 
buffering unit for the succeeding treatment pr~cesses. Company 
perso~nel report that prior to construction of the anaerobi~ 
lagoons, perform~nce of the trickling filters and activa•ed ~ludge 
units was less efficient and more erratic. 

Selectiu1·, of Control and Treet~ent Technology 

A model plart for Subcategory B 1 was developed in Section V. The 
ra1o1 wastev1ate:- characteristics were as fol 101vs: 

Flow 
BOD 
SS 
O&G 
N 
p 

(0.3 MGO) 
200~ rr.g/1 
1500 mg/1 
2000 mg/1 
45 mg/1 (def1cfent) 
21 mg/l (suff1c1ent) 

The following treatment alternatives have been selected for this 
subc1tf19ory: 

Alt@rnutv~ B l-I - Th1s alUrnat:ve assumes no additional treatment. 

Alternative B 1-Jt "This al'C!""'•tive provides f101-1 eQuali:.at~on, 
Oisso1vi(J-ciTrf1CifLJt1on, aw; vcJcuum filtrution of sludge. The 
expected GOD removal benefit 1~ 60 p~rcent~ 

AlternAt1v~ B 1-TII - This alt~r~~tive ~rovides the addition of --r----··---c:omp 1 ete •iii:< act1vMeJ sludgP 1.,.;:!1 t~10 acr.Hion basins and sludge 
thickening to Alta1n~L1ve B 1-II. The e~pacted BOO removal 
benefit f~ 96 percent. 
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T /\LJLr. 153 

RIZPOlt'l'L:D Ptllf'Ol!Ml\NCE r=-rm TIU:ATttr::n 
UllI'.."'S oz;scrum:o Ill ThJJLE 

'l'rcatmant unH 

Cr.:ivi!:y scuil!lantation 

Air tlotu ti on 

l\naorobic la9oor. 

Trier.ling fi Her 

Activate~ sludge 

Totals 

Percent reduction• 

!Sf'D 

3!) 

15 

4 

15 

26 

99 

GliO !if. 

79 7J 

24 26 

6 7 

(:>) 

6 

99 99 

*Typical scree11ed raw waste charactel."istics 
are: Bov - l,soo ~g/l, O~G - J,ooo ~q/l, 
and SS - 4,500 r.1ry/l. 
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Alternative C 1-IV - This alternative adds dual media filtration 
to Altern~ive U l-III. The expected BOD removal benefit is 98 
percent; 

A surnnary of thP. pollutant removals expected is presented in 
Table 154. A schematic diagram of Alternatives s· .1-I through 
B 1-IV is presented in Figure 257. 

SUBCATEGORY B 2 - BREADED AND BATTERED FROZEN PRODUCYS 

In-Plant Tech· ·~ 

The existing and potential in-plant technology for Subcategory B 2 
is the same as for Subcategory 8 1. 

End-of-Line Technology 

This subcategory is characterized by strong wastes in terms of BOO and -
SS per unit of production as tabulated in Section V of this document. 
Design of theoretical treatment chains is difficult in this sub-
categ~ry because of extremely wide flwctuations in the flow 
volume generated per unit of production. All plants identified 
which manufacture breaded and battered frozen products discharge 
into m~nicip~l systems. No secnndary treatment or exemplary pre
treatment faci Ii ties were found to exist in this s~bcttegory. 
Characteristics of the waste are amenable to secondary treat~ent and 
technoiogy transfer of activated sludge is appropriated and wel 1-founced. 

Selection of Control and Treat;:;ent Al~ernatives 

In Section v. a model plant was deve1oped for breaded and battere' 
frozen products. The plant has a flow of 190 cum/day (0.05 MGD). 
The wastewater characteristics are as follows: 

BOD 
SS 
O&G 
N & p 
pH 

4,000 
4.000 
400 
(~ufficient) 
6 to 9 

The following treatment alternat.ives have been selected for this subcate;c,.r-~·: 

Alternativ~ B 2-I - No additioncl treatment. 

Altern~tive B 2-II - Thi~ alternative consists of flow eQualization. di~~ol~ed 
ari:-r1otation. and vacuum sludge filtrati~n. The expected BOD reduction 
benefit is 60 percent. 

Alternativ~ B 2-IJI - This alternative consists of the addition of 
activated sludge to Alternative 9 2-Il. Additional vacuum filtration 
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TABLE 154 
0 

~ 
SUHHARf Of TREAlMEHT TRAIN ALTER~TIVES FOR SUBCATEGORY Bl 

..., 
-4 

FkOZEN PREPARED DINNERS 

Untt influent Cumulative 
Treabnent Characteristics, mg/1 percent removal 

Alt. unit BOO TSS O&G BOO TS5 O&G 

81-1 None 2,000 1,500 2,000 0 0 0 

Bl-II Flow Equa 1. 2,000 1.500 2,000 0 0 0 
CD 

Dis . .llfr Flot. 2,000 1,500 2,000 60 80 BO 
0 

"° 81-I II Act. Sludge 800 300 400 96 94 94 

81-IV Fil tra~ion 80 90 120 98 98 97 

Fin. 
Effl. 40 23 60 98 98 97 
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SLUDGE 
Tl-iJC:KENER 

\'AC...UVM 

Fii.. TER 

AAW WAST'EWA TER 
FLOW = (0.3 MGO> 
Ba> = 2000 MG/L 
SS = JSOO MG/I. 
C £ G ~ 2000 MC·IL 

Pl..MPJNC. 
STATICN 

FLOW EQUALIZATION 

DISSOLVED AIR 
FLOT AT JON 

-------~ 

ACTIVATEO SLUDGE 

---------.....-
OUAL MEDIA 
FJL. TRATJOl'll 

OlSC~GE 
AL.TERNATIVE el-JI 
eoo = e oo MG/L. 
SS : 800 MG/L. 
0 C. G = 400 MG/L 

DISCHARGE 
Al. TERNA rJ VE Bl - l I ! 
ea:> • 80 MG/L 
SS • 90 '4G/L 
0 C. G :11 ! 20 ~/l. 

OJSCi;AAGE 
ALTERN~TlVE 81-JV 
l:K,'O • 40 MGIL. 
SS "' 23 MG/L 
0 r, G = 60 MGIL. 

COl'ITROL ANJ ~EAiMENi A~T(RNATIVES 
81-I TliROJGH 81-IV 
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capacity is required for thidened wast<? act.i vated s l ud9e. The? a<?rat ion 
basin required 19 kw (25 hp) aeration. The expected COO reduction 
benefit is "'96 percent. 

Alternative B 2-IV - This alternative provides the addition of dual media 
filtration to Alternative B Z-III. The expected BOD reduction benefit is 
98 percent. 

A summary of the pollutant removals expected fs presented in Table 155. A 
schematic diagram of Alternatives B 2-1 through B 2-lV is shown in Figure 258. 

SUBCATEGORY B 3 - FROZEN BAKERY DESSERTS 

In-Plant Technolooy 

The existing and potential inplant technology for Subcategory B 3 is 
the same as for Subcategory B 1. 

End-of-Line Technology 

This subcategory is characterized by strong wastes in terms of BOD, 
SS, and O&G as described in Section V of this document. The rich inoredients 
(butter, sugar, cream fillings, etc.) are washed from processing equipment 
and dissolved in the wastewater. No plant was identified which manufactures 
exclusively frozen bakery desserts and provides secondary treatment 
prior to direct discharge. However, plant 38*~0. described under the prepared 
dinners subsection of this Section VII, provides excellent "technology 
transfer" data for this subcategory for two reasons: First, the previously 
described treatment plant under Prepared Dinners also treats wastewater 
from preparation of frozen pies; and second, the reported characteristics 
of the 1~astes from preparation of frozen bakery desserts are very similar 
to the characteristics of wastes reported from preparation of prepared 
dinners. 

An extensive pretreatment plant was installed at one of the nations 
largest manufacturers of frozen bakery desserts, and provides activated 
sludge treat~ent prior ~o discharge into the municipal system of a 
small community. This pretreatment plant usually achieves better than 
90 perc~nt removal of COO, SS ~nd O&G. Table 156 provides data pertinent 
to design of individual treat1 it units. An analysis of monthly reported 
treatment perfori:':ar.ce from May, 1973 through September, 1974 srows the cd
fluent quality 'haracteristfcs shown below. 

COD, average 632 mg/1, range 325-1, 750 mg/1 
SS, average 132 mg/l, range ~5-227 mg/l 
O&G, average 57 mg/l, range 10-106 mg/1 

Average raw waste characteristics through the same period are as follows: 

f'lo1.,, average 0.125 mgd, r11nge .09-0.18 mgd 
COD, average 5,700 mg/1, range 4,500·7,700 mg/1 
SS, average 1 ,550 mg/l, range 800-2,500 mg/1 
O&G, average GSO mg/ 1 , range 250-950 mg/ 1 
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TABLE 155 

CJ 
::::0 

SUfitlARY OF TREATMENT TRAIN ALTERNATIVES FOR SUBCATEGORY 82 ):> ...,, 
-4 

BREADED ANO BATTERED FROZEN rROOUCTS 

" 
Unit influent Cumulativf! 

Treatnient Characteristics, mg/l pP.rcent removal 
Alt. unit BOD TSS o&G BOD TSS O&G 

82-1 Hone 4,000 4,000 400 0 0 0 

92-Jt Flow Equal. 4,000 4,000 400 0 0 0 
Dis . A tr Flot . 4,000 4,000 400 60 80 80 

Cit BZ-111 Act. Sludge 1,600 coo 80 95 96 92 -N 

82-JV Filtration 160 160 30 98 90 96 

Fin. 
Effl. 80 80 15 98 98 96 
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SL.UOG!! 
n-!JCKCNEt. 

RAW WASTEWATER 
FL.OW= 190 CU M/OAY (0.0S MGOl 
BCO = t.OOI') MG/L 
SS :s 4000 MG/l. 
0 & G = 400 MG/L 

Pl.MP I Nu 
STAT JO\/ 

FL.OW EOUALJZATlON 

DISSOL.VEO AJR 
F'LDTATlCN 

----~----

ACTIVATED SL.UCXi~ 

------· 
DUAL MEDIA 
FIL.mATION 

D!SC.~G! 

AL. TERN.A Tl VE a2-1 v 
BCD = eo MG/I.. 
SS = 80 MG/I. 
C. ,, Ci .., 1 5 MCA/L. 

FI GlJf:F. 2 !ii.-. 

OISC~RGE 

ALTERNAT:vE BZ-II 
£:s00 = 16~0 MG.I. 
SS = 800 MG/L 
0 & ~ • 80 MG.IL 

OJSCHAAGE 
~LTERNATIVE BZ-III 
SOCI = 160 MG/L 
SS e 160 MG/L 
0 r, G = 30 MG/L 

CQrl.'TROL Al'{) TP.~Ail-IENT ALTERNATIVES 
Bz-I THROUGH 82-IV 
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No. 

Tl\DLE 156 

TREl\TMCNT U!JIT CHAIN l\llO MAJOR 
DESIGN Fl\CTORS FOR CXISTINr. PRE-TRr:l\TMr.NT 

PL~llT TnI:/\TUJG WAS'!'EWl\TZ::R FROM 
FROZI:U DARER'~ PRODUi:::TS 

Traatment unit 
Significant design 

factors 

l Comminuter 

2 

4 

5 

Chemical flocculation tank(l) 
with 4,300 gal capac~ty. 
Have capability to add lime, 
ferric chloride, and 
nutrients. 

Dissolved air f lotatior~ 
tank(l) with 16 ft dia.mi:!ter 
and 12 ft depth. The ai.r 
requirenent is 2-3 cfm @ 
50 pd. Hater is pumped 
from top portion of tank, 
mixec with air from cor.,
pressor, and fed to 
presiurized tank for injec
tion to bottc..n of flotation 
unit. 

Aeration tank~(2), each 
with 213,000 gal capacity. 
Three 60 HP blowers can 
supply a maxirnw11 cf 6, 000 
cfm. Normal air require
ment is 4,000 cfm. One 
20 HP mechanical ~erator 
ai~s the process. 

Aerated ~torage tanks(2) 
ot 183,000 gal capacity 
each, to be used for 
storage of ~urge lo~ds or 
exces~ aeration capacity 
for tr.P. activated sludge 
process. After storage, 
wnter c~n be returned to 
tho flotation or acti• 
vated sludge units. 

814 

48 min retention at 
average flow of 130,000 
gpd. 

3.8 hr retention at 
average flow. 650 
gpd/ft2 ovarflow rate. 

3.3 day retention at 
average flow. MLVSS 
concentration ranges 
from 3,000-6,000 mg/1. 

3 day total retentior. 
time at average flow. 
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Tl\nr .. r; 156 (Continued) 

-
No. Treatment unit 

6 Final clarification tanks(2), 
each 14' x 50' x 14 deep. 
A hi~h percentage of the 
solids arc returned to the 
activated slcagc process. 

7 Sluuge storage pit that 
accepts waste activated 
sludge and the solids from 
the air flotation unit. 

615 

S~9nificant design 
factors 

27 hrs total retention 
with a 93 gpd/ft2 over
flow rate. 
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Aver~gc percentage reductions ther~fore are: COD-89 percent, 
SS-91 percent, ilnd Ot..G-~l percent. These are excel lent remova 1 s 
for a prc-treatm~nt facility. 

Performance of the air flotation unit notes particular attention. 
The company takes separate samples of the air flotation unit effluent 
(See Table 156 for description of design characteri'stics). Average air 
flotation unit effluent characteristics are as follows: 

COD, average 3,500 mg/l, range 1 ,700-5,000 m3/1 
SS, average 600 mg/l, range 400-1 ,000 mg/1 
O&G, average 230 mg/l 1 range 70-600 mg/1 

Referring to the noted raw waste characteristics, it can be seen 
that the air flotation units achieve the following average percentage 
reductions cf this waste: COD-la percent, SS-61 percent, and O&G-64 
percent. 

Selection of ~ontrol and Treat~ent Te~hnology 

A model plant for frozen bakery de~serts was developed in Section V. 
The raw wastewater characteris:ics were as follows: 

Flow 114 cu m/day (0.3 MGD) 
BOD 4000 mg/l 
SS 3000 mg/1 
O&G 1 C".>O mg/ 1 · 
N 40 mg/l (deficient) 
P 7 mg/1 (deficient) 
pH 6 to 9 

The follo1ving treatment alternatives have been selected for thh 
s1.1bca tegory: 

Alternatfve B 3-I - This alternative assumes no additional treatment. 

Alternnttve B 3-II - This alternat~ve provides flow equalization, dissolv@~ 
air flotatioO:- and vacuum filtration of siudge. The expected ~OD removal 
henefit is 70 percent. 

Alternative B 3-IlI - This alternative provides complete mix activated 
s1udge with two aeration basins and sludge thickening addition to 
Alternative B 3-Il. Nutrient addition in the ~mount5 of 220 kg/day 
(490 lb/Jay) NH3 and 120 kg/day (260 lb/day)H3P04 is necessary. The 
expected 800 removal berefit is 97 percent. 

Alternntive B 3-rv - This alternativ~ adds dual medta filtration to 
Alternat1ve ~ J7ffl. Tho expected BOO rernovtl benefit is 98 percent. 

A sw1111ary of thP. J.>Gllutant removals expected is presented fn Table 157. 
A ~cl·~matic diagram of Alternatives B 3-I through B 3-JV is presented 
1n Figure 259. 
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TABLE 157 
0 
;:::J 
):> 
-:-. 

Sl.19\ARY OF TREA'!MEHT TRAIN ALTERNATIVES FOR SUBCATEGORY 83 -. 

FROZEN BAKERY PRODUCTS 

Unit influent Cumulative 
Treatment Characteristics, rng/1 percent reimval 

Alt. unit BOO TSS O&G BOO TSS O&G 

83~1 Kone 4.000 3,000 ! ,000 0 0 0 

83-11 Flow Equal. 4,000 3,000 1,000 0 0 0 
CD (jis. Air Flot. 4,000 3,000 1,000 60 80 80 ...... .... 

83-111 Act. Sludg'! 1,6CO 600 200 96 94 94 

83-IV f iltrcstion 160 180 60 98 98 97 

Fin. 
Effl. 80 45 30 98 98 97 



DRAFT 

RAW WASTEWATER 
Fl.OW = 114 CU M/OAY !·0, 3 MG[)) 

BOO :i 4000 MG/L 
SS = 3000 MG/L. 
0 C. G = 1000 MG/L 

t 

DISSOLVED AI~ 
~ Ft.nTATJON 

H3~04 ·---':'"'---

ACT!VATE') '>l..UDGE 

DISCHARGE 
ALT~~ilVE e3-1I 
ECD z 1600 MG/L 
SS : 600 r..:O/L. 
O C. G = 200 l"'G/L 

-------- OISCHA~GE 

DUAL !·'.Ei:l i;. 
F?l. '!"RATION 

01!=-CMARGE 
Al.T~NATlVE 9~-lll 

ace "' 160 MCVL 
~S "' 180 MG/L. 
0 £ G "' t!~ MG/L 

FJGURE 2'.i9 

Al.~NAT:VE 63-lV 
BOO • eo MG/L. 
SS = 4!S MG/L 
0 C. G 11 3C MGI'\.. 

Ct:'N'mOL MO T::EAil-IE:!.fT' AL TEP.~·:ATTVES 
BJ-I T~OUGI~ 93-IV 
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SUOCATECOflY D 4 - TOMATO-Cl![ )f--STARCH co:mHJATIOUS 

In-Plant Technology 

The existing and potential in-plant technology for Subcategory B 4 
1s the same as for Subcategory S 1. 

End-of-Line Technology 

This subcategory is characterized by ~1eak wastes in terms of BOD, 
SS, and O&G. The principal product is frozen pizza and the manu-
f~ •uring facilities are careful to waste as little of their 
expensive ingredients as possible. In addition. the process waste 
stream is normally substantially diluted by the cooler (freezer) 
wa~er from the freezing process. No plant was identified which 
mr..1ufactures ~xclusively frozen tomaco-starch-cheese specialties 
and provides secondary treatment prior to direct discharge or 
discharge to a municipal se~age syste. Characteristics of the 
waste in terms of BOD and SS are similar to typical municipal waste 
(see Section V of t~is document). Examination of the charactertstics 
of this waste indicate an ex~ected high degree of pcl~utant removal 
through conventional biologicai treatment methods. 

Selection of Control and Treatr.;erit TechnoloQ.t 

A model plant for t:::mato-!.tarch-cheese products was develop'?d in 
Section V. The raw wastewater characteristics were a~ follows: 

F7ow 
BOO 
SS 
O&G 
N & p 

378 cum/day (0.1 MGD) 
700 mg/1 
400 mg/1 
200 mg/1 
(sufficient for biological treatment) 

The following treatment alter~at1ves have been selected for this 
subcategory: 

-
Alternative B 4-I - Th1s alternative assumes no additional treatment. 

Alternative B 4-III- Th1s alternative provides f 1 ow equalization, 
ifTSsOlved air flo~.1tion, and vacuum filtration of sludge. The 
expected BOD remov~l benefit is 40 percent. 

Alternative B 4-JTI • Thf~ alternative provides two complete mi~ 
i'Ctliatcd sludge s1~tems in parallel and sludge thickening addition 
to Alternative R 4· II. The expected BOD removal benefit is 90 
percent. 

A summary of the pollutant removals expected is pres~nted in Table 
158. A schrmi\tic di.19ram of Alternatives O 4•1 through B 4-III is 
pre~ented in Figure i6o. 
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TABLE 158 

'I 

0 
;;:::> SUJtlARY OF TREAlMENT TRAIN Al TERNATJVES FOR SUBCATEGORY 84 · 
:::. 

,i 
' 

"Tl 
-I TCltATO-STARcH-CHEESE CCf!BINATIONS 

Unit influl:!nt 
Cumul~tfve Treatment Characteristics. mg/1 

percent renoval Alt. unit BOO TSS O&G BOD TSS O&G e4-t Jlore 700 400 200 0 0 0 84-11 Flow equal. 700 400 200 0 0 0 Dis. Air Flot. 700 400 200 40 70 70 84-111 Act. Sludge 420 120 EO 94 90 90 I 
CD 
~ 
0 

JI 
I 

,\ 
Fin. I' 

·l Effl. 
40 40 20 94 90 90 

!, .... 
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tint 

~UCK 

~ULIMi 

SL..\.JOC.E 
THIO<ENE~ 

RAW WAS~AT~ 
FL.C7tri = 379 CU M/OAY 
8Cl) ::: 700 MG/L. 
SS = 400 MG/t. 
0 £ G =- 200 MG-1.. 

FL.CW EOUA.L..IZATJON 

----.-..-~ 

DlSSOL.VED AIR 
F'l-OTAT?CN 

DISCHARGE 
AL.TERNATIVE Btt-I I I 
Ba> • ltO MGl'L. 
SS • 40 MG/L. 
0 t G = .20 MCi/L. 

FI GLiRE ;-. (..() 

CCNTROL AND TREATME'f"' AL TERN4TIVES 
Btt-1 TliROUGH 01t-lII 

B21 

(O,J MGO> 

DISCHARGE 
~ T~NATrve B4-J I 
BCD = 420 MG/\.. 
SS = 120 MG/L 
0 t G : 60 MC/L 
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SUllCA TC GORY B 9 PAPR r r.A AND Cll I LI PEPPER . 

In-Plant Technology 

Various on-going studies are being done in an effort to increase crop 
yields, facilitate in-plant processing and maintain .existing high quality 
standards. At tne same time, the individual processors are conductir.g 
these studies with the intention of minimizing their effluent wasteloads. 
These efforts encoinpass field research as well as in-!)lant controls. 

Efforts !':ave been directed to~1ards mechanical harvesting in an· effurt 
to reduce field costs. Mechanical harvesting, h,wever, causes more pod 
splitting, bruising, and breaking, and in some cases is responsible 
for increased dirt and debris loadings. The various field work being 
dbne is bein3 directed toward· the elimination of excess dirt and 
debris and is at the same time achieving a reduction in field damage. 
These efforts should reduce the organic loads P~~~rienc~d within the 
processing plants. 

The predominant flow volume· and waste loads are generated in the 
washing stages. Dry reels, however, were cbserved in most installations 
to reduce the dirt, debris, and "bits" from the field prior to the 
soak tanks. rn most cases, consideraole amounts of organics were kept 
from the \'Jaste stream; the debris from the dry reels was collected and 
removed as dry waste. 

The other maiR source of waste~1ater originates from normal end-of-~hi'ft 
cleanup, at which time all tanks, conveyors, dicers, etc. are emptied, 
ope~e~. and thoroughly washed and sanitized. Here again, employee 
tra1n1ng and good management a~e of great importance to reduce 
pollutant generation. 

Substantial reduction in both processing raw waste load (flow and 
pollutant content) and wastewater treatment cost can be realized 
by careful in-plant water management and reuse. 

'T 

1. Installation of automatic shut-off valves on water 
hoses may save up to 60 gal:ons per minute per hose. 
Without automatic shut-off valves, employees do not 
turn off hoses. Cost for a 10119 life va 1 ve is 
approximately $40. 

2. Installation of central clean up systems (valved or 
triggered hoses). These commercial systems generate 
a controlled high pressure supply of hot or warm 
water containing a detergent. They are reported to 
clean better with less \'Olume of water used. 

3. Installation of 101't'-volume, high-pressure systems on all 
Wdter sprays which cannot ::ie cl iminated. 
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4 .. -£1imination of all unnecessary water overflows. 
Many plants operate water valves wide open regardless of 
actual need. Examples are make-up water supplies to 
spray lines and washers. One way to help so1ve this 
problem is installation cf qu;ck opening ball valves 
in water J;nes after globe valves. The globe valve 
is used by the operator for on-off operation. 

5. Maximization of in-plant water rec;rculation by multiple 
use of water in the same unit process or reuse in other 
unit processes. 

6. Good housekeeping is an important factor in normal pol
lution control. Spills, spoilage, trash, etc. resulting 
from sloppy operat;on may be a heavy contribution of liquid 
waste loads. Improvements will result from educatirig 
operating personnel in proper att;tudes toward pv11ution 
control and providing strategically located waste containers, 
the basic aim being to avoid loss of product and normal 
solid waste into the liquid waste stream. 

7. In addition to implementation of v1ater conservation arid 
reuse, the processor should look at his handling of solid 

·waste. A well-operated p1ant will insofar as possible avoid 
solid waste contact with the liquid waste stream. Where this 
i~ not feasible, the solid waste is removed prior to reaching 
the waste treatment system. Screens of 20 mesh or 
smaller are usually adequate to remove a large por-
tion of settleable solias. Continuous removal of 
the screenings is desirable to avoid excessive 
leaching of solubles by the 1iquid waste stream from 
separate sol ids. 

8. It is, of course, impossible to predict with exactness 
. the effect of 1n-p1ant pollution coritrol such as 
water use reduction and water reuse. 

End-of-Line Technology 

As described in Section V of this document this subcategory is 
characterized by moderately weak 11astes slightly stronger than the average 
domestic municipal waste. All plants identified in this subcategory 
discharge to municipal systems. tlo secondary treatment or pre-
treatment other than screening was identified. To formulate 
effluent ~uidelines for the subcategory activated sludge technology 
transfer must be appropriately adop:ed. Removal eff1ciencies 
compatible l'lith a well operated municipal secondary sewage treatment 
plant are to be expected. 
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Selection of Control and Treatment Technology 

A model plant for Subcategory B 9 was presented in Section V. It 
had a flow of 1900 cum/day {0.5 MGD) \'1ith the following characteristics: 

BOO 
SS 
pH 
N & p 

400 mg/1 
250 mg/1 
6 to 9 
Sufficient 

Table 159 lists the treatment alternatives and their expected efficiencies. 

Alternative B 9-I - This alternative assumes no control and treat-
ment of the present waste load contribution. 

Alternative B 9-II - This alternative includes a pumping station, 
flov1 equalization, complete mix activated sludge (two basins and 
two clarifiers) with a detention time of 17 hr and aeration of 
(60 hp), sludge thickening, and vacuum filtration. The dewatered 
sludge is truck hauled to iand fill or suitable land disposal site. 

Alternative B 9-III - This a1ternative assumes the addition of 
duai meaia filtration to Alternative B 9-Il. 

SUBCATEGORY C4 - EGG PROCESSI~G 

In-Plant Technology 

In-plant procedures designed to reduce the waste load from egg pro
cessing plants center on proper tra1ning of the employees and efficient 
management. The principl~ methods for reducing the waste load, as 
described by Siderwicz (BB), are the following: 

1. The condition of the inc~rning eg~s should be checke1 and poor 
handling practices reported to the shc11 egg distributor. 

2,. Personne, who lead eggs into th(' washer, candle the eggs, 
and operate the breaking machines must be provided l'l'ith an 
easy and efficient method for removing and discarding 
inedilJle eggs. 

3. Egg washer brushes should be properly adJuSted so as to effec~ 
good cleaning and eliminate excessive breakage during washing. 

4. Breaking machines should be periodically inspected to insure 
that trays are aligned correctly to catch eggs released from 
the breaker cups and that water consumption per breaking 
machine is not in excess of 4 to 6 lpni (1-1.5 gpm). 

5. Inclined dugers should be used to transfer the egg shells to 
the hauling vehicle in order to aid in the recovery of adhering 
egg solius from the broken shells. 
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TABLE' 159 0 
:::0 
'.):>. ...., 

MODEL TREATMENT K>DULE CHAIN ANO ESTIMATED POLLUTANT REMOVALS -i 

SUBCATEGORY B 9 

Unit Influent Cumulative 
Treatment Characteristics, mg/1 Percent Renoval 

Alt. Unit BOO TSS O&G 600 TSS O&G 
' B 9-I None 400 250 0 0 0 0 

' 
B 9-II Flow Equal. 420 250 0 0 0 0 

t 8 9-UI Ad. Sludge 400 250 0 93 100 ~ 00 
~ I'.) 

U"! 
8 9-TV Filtration 30 30 0 96 94 100 

, 
Fin. Eff1. lS lS 0 96 94 100 
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6. SQ,:il~J'JC of product frorr vat~ should be eliminated through 
careful monitoring dur~ns filling, preferably with the use of 
.electronic probes. 

7. Fir.ing s~ould b~ kept to a m~nimum ar.d should be sloped to 
a1101-i the product to drain by gravit_v aft~r the p1~mps are 
turned off. 

8. Equir>'nent should be "ch~sed" with writer before cleanin'.J to 
recover a5 much product as possible, especially if the product 
is to be dehydrated. 

9. Land disposal of t~g ·.asher w~stew~ter should br considered 
as a method of rcduci~g the plants waste l~a~ which must be 
tre.lted. 

Many of th~se proce1ur~s have had wide acceptance in the egg processing 
industry. Sitierwicz ree } has reported a 40 percent reduction in BOD 
loading, after implementation of ·~he in-pla.1t te-::hnology discussed 
above, documen~~ tne effectiveness of these types of procedures. 

End-of-line i.~~-::1·,nology 

Hee, et. al., {14·1 ) h.<:ve co,isicler:?d tlie wilste treatm-:!nt alternc;tives 
fer egg procesing. plants and concluded that aerQbic ponds and aerated 
lagoons are the most acce~tdble tre~tment alternatives. Moats and Harris 
(148) reported a labor·Jtory scale approach 1·1hich yielded an SO to 90 
percent r~1oval of 800 fro~ egg wastes, initially ranging from 1000 to 
2ZOO mg/l. The method used was acidification to pH 4.7 and he~ting to 7~~C 
(170°F). However, due to the higi1 energy reQ:.iirer.i~nt!I, this method 
of treatment has not been installed ~t any plarits. Bulley, et. al.(149) 
have re;>orted 90 to gs percerit .-emoval of SOO in a labor;itory!:tudy of 
a continuous tre~tment model for egg wastes rang~ng in concentration 
from 2780 to D3C ~g/l. The treatment mndel utilized in this ~tudy 
was a t\'lo-stag~ a; ·ned laCJOOn. Bailey '150) ~-erformed pilot plant t!'.?~.:s 
of t~ickling filter treat~~nt of egg processing wastes. Up to 60 per~2nt 
BOD re~ov~l was reported for wastes ranging in concentration from 1600 
to 6000 mg/ 1 . 

Cornell University (151) has conducted laboratory studies on several 
methods of treating eQg processing wastewater. The most efficient 
method of treatment was an anaerobic lagoon followed by an aerated lil£O~n. 
with a tota~ detention time of 16 d11ys. This trcat1nent method result.c·j 
in 98 percent removal of total COD. Activated sludge gave an average 
removal of 86 percent of total COD, but excessive foaming indicated thJt 
this niethod of treatment miqht not be suited for full scale application 
to egg processing wastcwate~. Aerated lagoons 6f 10, 20 and 30 day 
detention time 1·!ere reported to result 1n 60, 70 and 80 percent removill 
of total COD, mspectively. 
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!it the pr~ent time, virtually aJ1 CIJC) processin') plants dhchJrQ~ rui-1 
efflucmt to municipal systems, nilvi').:ihle 1·1atcrs or land application. 
One plant inclu~~d in this study has a 0.5 ha (1.Z acre) four-cell 
diffused aeration lagoon. llowever, flow froin thl'.! plant is about 6,000 
mld (1.500 CJpd), and the lagoon syst(21Tl is providing total rPtention of 
the plilnts wastes. The "'astewater froin this pla!'lt has a !300 concentra
tion of 2100 mg/1 and a suspended sol ids concentration of 750 mg/l. 
Samples taken during the summer of 1974 (152) from the fourth cell of 
the lagoon had BOD concentrrltions averclging 9 mg/1 and suspended solids 
of 7 mg/1. 

Anotner pl.:int ir.·:.luded in this study has screening, a settling basin, a 
holding lagoon~d spray irrigation faciltie~ for disposal of their 
~1astes. T1-10 other processing plants have treatment facilities; however 
neither is being operated currently due to the inability to obtain 
significant 1·1aste reductions. One treatment plant hcorporates a 
trickling filter fcllo~1ed by .3n act1vated sludge system. The other 
employes an aeration tank. 

Selection of Control and Treatment Technolog/ 

In section V of this document a model plant was developed for the egg 
processing industry. The raw waste charac~eristics were assumed to be 
as follows: 

BOD 3700 mg/1 or 2J kg/kkg 
SS 850 mg/l or S.4 kg/kkg 
N 300 mg/l 
p 40 ~g/l 

pH 6. 7 - 9. 0 
Flow 0.2 mld {D.05 mgd) 

Table 160 lists the pollutant effluent load1~o and the estimated ooPr~tinn 
efficien:y uf each of the five treatr1ent trail!" selected for tllis sulJ- J 

category. 

Si~c~ most egg ~rocessin9 plants ~re locJted in rura1 areas, treatm~nt 
modules were not ~elected to minimize l~nd require~ents. In addition, 
Cornell University (151) and one of the planB contacted indic<1~ed PrC't;i,.···: 
in appl~ing activated sludge tre~trnent to egg processinq wastes because 
of vxressive fo~~ing o' the wastewater duri~~ tre~~~ent. 

Altern~tive C 4 - I - This alternative provides no treatment except 
acai.'.:11 basTnto co"llect the shells from the waste stream. 

Alternative C 4 - 11 - This alternative consists Of a two-cell aerated 
Tilgoo-n and associHed settling !'londs. The'):; !)ercent removal indiciltcd 
in Table160 is base::I on the study by Culley, e~. al., (149) and the 
4!i day detention time of tl1h tre.:itmcmt train:- -
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Sur.mary of Treatment Train Alternatives g 
$ ...., 
~ 

Effluent Effluent Percent· Percent 
Treat;aent Train BOD SS 8!)0 SS 
Alternative kqf!!L ~~kl]_ Heduction Re:juct ion 

c 4 - t A ?3 5.4 0 0 

c 4 - II l 1.2 l. 1 95 80 

t 4 - 111 UI 0.69 0.33 97 94 

c 4 - IV :~L 0.45 0.54 9~ 90 

:::I c 4 - v MUj 0.30 0.16 99 97 
~" 0 
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Alternati;e c i1 - III - This ulternative consists of the treatment 
modulf'"O~Alternative C 4 - II with the additio~ of a dual media filter 
and associated pumpin9 5tation. The schematic diagram of Alternative 
C 4 - III is shown in Figure 261. 

Altern~tive C 4 - IV - This treatm~nt alternative ~onsists of an anaerol1ic 
lagoon, a aerat~d ldgoon and associated settling po~ds. The laborator~ 
Hudi1?; (151) of thh treatment method indicate.j anaerobic. and aerobic 
det~-itivn times of 10 and ~ days, respectively. 

Alternative C 4 - V - This alternative consists of l\lternative C /1 - IV 
with the addition of a dual medic filter and associated p~mpinn station. 
~ scher::atic diagram of .n.lte1 native C 4 - V is sho\'ln in Figure 262. 

SUBCATEGORY C 5 - SHELL EGGS 

Jn-Plant Technolocy 

Jn-~lant procedures designPd to reduce the wasteload from eg3 processing 
plants center on employee training and ~anagernent. The principal factors 
which can contribute to reducino the wasteload are described by Si~er~icz 
(153 for egg processing. The factors which are applicable to shell 
egg handling plants are as follows: 

1. The condition of incoming eggs should be checked and noor 
hand~ing practices reported to the suppl~er of the eggs~ 
e.g., the farrner or trucker. 

2. Personnel who load eggs orito th! washer, candle the eggs, 
and operate the grading machines mu~t be provided with an 
easy and efficient method of rem::>vir.:; and d1scardfnq 
1nad1ble eggs. Most shell egg plants currently use buckets 
on the floor to collect 1ned1ble eggs. A more efficient rnet~Jd 
~1th less chance of spill~ge should be used. 

3, Egg washer brushes should be properly adjusted so 11s to ef~ect 
good cleaning and el1m1nate excessive breaking during washing. 

4. Land disposal (burial) of eao was~er 1vas tewa ter should be 
consider~d as a method of r~auting the p1arts wasteload which 
must be treated or discharged to a municipal sewer. 

End .. of-Line Technology 

At the pre5~nt time most shell egg plants discharge unscreen!d wAst~
water to mcnicipa1 sy.;t~!: or navigable 1'/aters. Some pla11t!; utilize 
evaporation/percolJtion relc11tion ponds. Spray irri9ation h~s been 
utilized by some ~lants, but it h!!~ bl!en found unacct!ptable as a resul~ 
of associated odor µroblems. 
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SETTLJNG 
I POND 

INFLUC::NT 

I 
600 = ~700 MC.IL 

SS = 850 MG/L 
FLOW~ O.Z MLD CO.OS MGD) 

AEF\~TEiJ 

LAGOON 

AEP.ATED 
LAGGON 
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The chemical c11mposition of l'l.Jstewate1· from strnl1 egg handlinq plants 
is very s iM·i la r to cqq proc cs s i r.g 1-1ustc·.1J ter, except that the con
centration of pollutants in the egq nroccssing l'lastewater is hiqher. 
A few egg processing plants have treatment facilities, and several 
studies have been conducted on egg processing wastewater. The 
information availacle on egg processinq 1taste.vater treatment is 
discussed in detail in Section V of this document under Subcategory 
C 4, Egg Proce~sing. · 

Selection of Control and Treatment Technology 

In Section V of this document a model plant was d(?veloped for the shell 
egg ind11~try. The unscre1:.ned raw waste characteristics ·;1ere assumed 
as follows: 

1. Flow - 0.013 mld (3500 gpd) 

2. pH - 6.7 to 9.0 

3. BOD - l ~Q,J mg/ 1 

4. SS - 500 m~i/1 

5. Ratio - kg BOD to kkg of product - l. 56 

6. Ratio - kg SS to kkq of product - 0.52 

The treatment modules in the treatment trains described belo1·1 were 
selected on the basis of the lit(?rJturc and treatmen: plant'.; for 
Subcategory C 4, Egg Processing. 

Tablel61 lists the pollutant e~fluent :oadinc and the estinated ocer.ltir·~ 
efficien'y of each of tne si~ treat~er.t trains selected for this sub
category. 

Alter~ative C 5 - I • Thi~ alternative provides no tre~tment except 
a catc11 l.ldS1ri~col lect th!! $hCi I:, f":·~1:• the wLJ':~c :,'_n~an. 

Alternative C 5 - II - This altern,1t.~vc const~g of a two-cell aercll!"l 
fagcon and as~.oc1,i"te'Cf settlinq ::;on!· .. Thr 95 oerc~nt. removal indicate·.: 
in Tuble 161 is b.'lsed on th~ ia:ior,1tc,ry and ful~ Stille studie~ by Bul;•· .. 
et. al., (141 and a 45 d.iy dctenlion t.1r1e. · 

Alt~rnati~e C 5 - III - This altcrndtiv~ consists of the trrAtment 
module OT7iitcrnJtTve C 4- II 1•itn th0 .JtlrJit.ion of d dual media fil'-"" 
3"1..! d~sociated rurr:pinq station-;, 111~ schem11t;c diaor;;rn of fl.ltui~~~vc 
C !> - Ill i!. ~hown in fi9ure 263. 
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lABLE 161 

su:~Mft.RY or TREATMENT TRAIN ALTERNATIVES 
~ 
:> 

Effi1Jent Effluent Percent Percent ~ 
~ 

Treat::ent Trai~ BOD SS BOD SS 
Alternative kg/U.J !:!JI kk g !:.'eduction Reduction 

c 5 - A l. 5€ 0.52 0 0 

( 5 - tt l Q_!)i3 0.075 9: 85 

c 5 - I Ir Ui O.CH 0.021 97 95 

( c - 1 ,, i4L 0. 0::1 0.UJI 98 90 .J 

( 5 - v ;~L '4 " - 1 -v • ...: 10 0.010 9J 98 



OPAi T 

000 = 1 !JOO MG/L 

SS = 500 MG/L 
ru:·: -- 0.013 Mt_D 

r-;:;:.bl 
~~,:JGN 

C 0 • 0 0 3 S MGD J 

' ----1 
i-;7;,.L j~.-1 
l_ F'GUU I 

- [_---_.L-_J ____ --=~J __ ..J 

PlJMP I~(. 

~~1/A.i~(JN 

-·--11------------AL T-E.RNATlV!: 
C 5-I I 

E 
--·· -- ::FF LUEN1. 

AL Mf"'f') l A - ero = ?S MG/L 

1 L 1 c ''< ~·s ,,., ~o MG/t. 

t~_CiW :: (). :J l. ~ Mt.:: 

I 
r r r· '._ •. ·1 : 11 

HOO "''.· .. ~._.,1, 
cl~.) ,; r::· •1 _1 /L 

F !. rn·1 



ORA Fi 

Altern~tive C 5 - IV - This treatment alternative consists of an 
anaerab1c~ago0n, J aerated IJgoon and as~ociatcd settling ponds. 
The laboratory studies (lSt.) of this treatment method indicated 
anaerobic and aerobic detention times of 10 and 6 days, ,-,.spectively. 

Alternative·c S - V - This alternative consist~ of Alternative C 4-
rv-with the add1tion of a dual media filter and associ~ted pumpinq 
station. A schematic diagram of Alternative C 5 - V is shown in Figure .?'A. 

SUBCA"iEGORY C 6 - MANUf-"ACTUHED ICE 

In-Pl~nt Techno1ocy 

In-plant technology and procedures are ai~ed at reducing the quantity 
~f wastewater di~cnarged from ice manufact~ring plants. So~e plants 
reduc~ their waste stream by incorporating a closed cooling system, 
wf th the water u~cd to cool the compressors re~irculatcd through cool
ing to1·1ers. Tfie cooling t01·1ers must bo biown do1-m periodically. Some 
plants 1~ith oncr:-through v1ater cooling of their compressors route U1is 
water to their dip tanks prior to discharge. 

In fragmentary ice manufdcturing, the water to be frozen may be passed 
through a cooling tower or other ty~~ of heat exch~nger tQ reduce its 
te~perature before it is p~sscd throush the ice machine. Excess water 
f~owing through the fra~~entary ice making machine and water used dur
ing blowdown opcr~tions is r0cycled to this precooler, thus, al~ost 
elimin~tin~.di~charge from frAg~entary ice plants. 

£nd~of-L i n~~~ _ _hr:c 1 ogy 

No 1ce manuf\lcturing ph.r:t in the country is known to r,av?. any form of 
wa.stei1ater treat:ent fucili'.:f. W•.H·te1·1eti:r is norrn;illy disc:harqed 
d1rett1y to municipal sewers or to nav1guble waters. One manufacturer 
of fr~r,mentAry ice vumps exct>ss 1"1ater into an atii.lndoned watE:r ~1el l and 
dtstrib~tes it through Jn ~nfiltratior ~i~lct ~1milar to those used in 
septic t~nk~. 

The on:y conceivaLle treatnwnt to n~d11cP the dissolver! solids conc:cn
tratfon c:f the 1·1Jstt::wdter to th!:' levi::·'. ·A t!iC 1vater :-,u~1ply is a deni1n
e r" l l Z <! f 1 ;,)O i) r 0 C [' ~ S ~ UC h ii S CJ f' ~ t rt":: ·; :: ~ Y S ~ '.; , re V l' r r,r~ () S fli(;• S l $ 1 0 f" j l' n 
exchilnoe. Onr: 1c~ r::.:inufac::r~r 1::. ~;::::: ... n ~o have i11'...ti'.lled a reve~-:.c 
o~rr.:i~i::; unit to treat its inu.,cinq ;·1.J!·~:· '..u,.ply, l:·ut no ;ilant'.'; !1avc 
l!lStal'Jed der,J11ir>ralil'ati('ln t'QUi;'r.-:r.nt :n trc.:t wastr.water, r:OI" have r;PY 
pilot r:r be?nct: tests t.1 1.?~·n rvn to ct:ter1:;1ne their f'tficii.>r.Cif'!S. Frcrn 
a trL·hnic;il -:;t,1P1'.;'nint. lt is :L.l:>iow; :;i;C11rr the bt~nefits of dis
r:h.!r~ir,g a Pclrti.\lly dc;nini:rJJ·1..:P.cJ w;1;tewater woulc ,Justify the probli:::.:; 
created by oe11~rat1on orHi dis~os.;il at the concentruted brine nerieratcc 
in tt:c trea~rr:ont facility. ~ 
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Selection o+ Control clnd Treatment Tcchno1u9y 

In Section v. a model plant was developed for ice manufacturing. The 
characteristics of its wastewater were assu1ned to be as follows: 

1. 

z. 
3. 

4. 

5. 

flow volume - average - 0.04 mld (11,000· gpd) 
minimum - 0.01 mld (3,000 gpd) 
maximum - 0.19 mld (50,000 gpd) 

BOD - 1. 2 mg/1 

SS - 5.2 mg/1 

0.004 - kg BOD per kkg of product 

0.012 - kg SS per kkg of product 

Alternative C 6 - I - This alternative provides no additional treatment 
to the wa~tewater. Since wastewater from ice manufacturing plants has 
been shown to be virtually free of pollutants, no treatment of the ice 
manufacturing waste stream is deemed necessary. The direct discharge 
of these waste~aters to navigable streams may, in some inst~nces, 
actually improve the q1Jal ity nf the receiving water. This was found 
to be the case at one plant. 

Subcategory D 4, Vinegar 

Existir.g I:i-t>1.rnt Technrlcqy - Two plants of the four surrrnarized 
on Taole 94 : Sec~ion V recycled non-contact cou1ing water from 
the vinegar genera tors. Coo 1 i ng '"a ter heat exchange ma.:.- be either 
evaporative (cooling tower) or conductive (refrigeration); refri
geration allowing for a completely closed system. Fiiter washwater 
from two plants 1·1as held for 24 hours to allow for settling out 
of the filter aid mat~rial prior to discharge, thereby realizing 
a signific~n: reduction i~ suspended 5ol~ds. Also, drainage of 
the last few inch2s of the vinegar 3torage tJnks into a settlin~ 
tank·and subseque~t dry handling of the resulting sediment reduces 
suspended solid loadings. 

Potential 1r-r1ant Technologj'. - One of t~e f~rst water-saving tech
niques should be to recycTe a-11 non-contact cooling waters. Contact 
cooling waters, used to cool and clean pronuct containers after 
pastuerization should be considered for recycling. 

Actvantageous waste management is demonstrated in such things as 
adeql!ate tra~ning of employees, close plan·~ supervision, gocd 
housekeeping, proper maintenance, and salvaqing proJucts that c~n 
be reuseJ in the proce:s, e.g., filter aids. T~ese improvements 
w·TI not require large sums of monf.;!y to implement and may resul 1. 

1r economic returr.s a5 a r~sult. 
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End-of-Line-'fechno109.!'._ - Out of a total of seven plunts visited 
or contac~eo by the contractor. two hud treatment systems resulting 
1n zero discharge. Four of these discharged to municipal systems 
and one to a local tributary. 

Treatment systems anployed at the two zero discharge plants were 
screening~ e~ten~ed aeration a~d holding ponds. with final discharge 
to spray irrigation. Plants discharging to municipalities screened 
the eff~uent a~d adjusted pH prior to final discharge. The one 
plant discha~grng to a local tributary utilized screening, aerated 
lagoon and final holding ponds with a retention time of 250 days 
before discharging. This plant rea1ized a 94 percent reduction 
in BOD and COD 1oadings, and 54 percent in suspended solids. 

Selection of Control and Treatment Technology 

In Section V a model plant was developed for vinegar processing. 
The raw waste1vater characteristics after screening were assumed to 
be as fo 11 ows : 

BOD 1950 mg/1 
SS 660 mg/1 
pH 5. 2 
Flow 91 cu m/day (0.024 MGD) 

Table 152 lists the pollutant effl~ent loading and estimated operatir.q 
efficiency of each of the treatment trains selected for ~r.is subcatesory. 

Alternative D 4-I - This alternative provides no additional treatment 
to the screened wastewater. 

Alternative D 4-!t - This alternative consists of a pumping station, 
flow equalization basin and acid neutralization. 

Alternative D 4-JIJ - This alternative ~dds to Alternative D 4-JI dn 
aeraTi~iJ-i"dso0.1-5j;l:ern with n1t1·oyen .:idd1tion. 

Altern~tive 0 4-lV - This altcr~ative replaces the Jerated lanoon 
system-o-fl~:TternTtive D 4-III witn an ,1ctiv.Jted sludge unit. In c:s1jdi
tion, the treatment train incorporates sludge thidcniny, aerobic 
digestion and truck haul iny. 

Alte!'"native r.; 4-V - Alternative O 4-V is identical to Alternative D 4-:·1 
exccpC-fol:--tlle--.iciditionofsand drying bed!> for sludgl' disposal. 

Alternative D 4-Vt - This alternative udds, to Alternative D 4-V. a duJl 
mccffaprcssure filtration system as a finJl treatment steµ. 

Alternative D 4-VII - This alternative adds a pumping station, pip~ line 
and spr,1y--irri.Jdt1on tJ the tre;itrncnt tr.1ir. of Alternative D 4-111. 

Altern~tive D 4-VIII - This altcrnut~vc adds a pumping statio~. pipe 
line 11nd !;pray ir1·ig11tion to t~e tre.ltmcnt truin of Alternative D ~-IV. 
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TABLE 1~2 

SUMMARY OF TREATMENT TRAIN ALTERNATIVES 
::::> s .,, SUBCATEGORY 04 .... 

Effluent Effluent Percent Percent BOD SS BOO SS 
mg/1 mg;'l Reduction Reduction 

1950 660 0 o· 
1950 660 0 0 

98 50 95 92 

60 30 97 95 

60 30 97 95 

30 20 98 97 

0 0 100 100 

0 0 100 100 
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SUCC/\TEGOll ·S E 1 (MOLASSES, lfOrJEY, AND SYRUPS), C 2 (POPCOIW), 
£ 3 PIH::PAlffU G_HflTiil UESS[IHS). E 4 (51-'JCLS _._£_ ~ urJNuiThlTLf SOUi'). 
'WiJl M"'CAIW1H, SPAGllETTI. Vt::HMICCLLL, 1\1·.aJ NOUUL.ES 

Existing and Potential In-Plant Technology 

In general 1 wastewater volumes and loadings can be 'reduced by the dry 
cleaning of equipment as much as possible before cleaning with w:ster. 
Mixers, vats, hand utensils. etc .• should be cleaned as thoroughly a'i 
possible by rubber scrappers, cloths, and air hoses. Wastewater volume 
can be effectively reduced by the use of high pressure spray nozzles 
instead of open-ended hoses or garden type nozzles. The overall effec
tiveness of in-plant water conservation and pollutant load reduction de
pends on a combination of management a\'1areness and employee training. 

End-of-Line Technology 

Virtually all of the plants in Subcategories E 1 through E G presently 
discharge process wastewater to municipal sewage systems. Those plants 
which do not have an access to municipal treatment have a choice 
of a number of low cost disposal alternatives. The low volumes of waste
waters generated make truck hauling practical and feasible--whether to 
a municipal sewage plant or to land disposal. Those plants that have 
available land can install retention ponds, land spreading systems, spray 
or ridge and furrow irrigation, or even small land-related treatment and 
disposal systems should loc~l conditions permit. 

Due to the low volume of these wastes, hauling to nearby treatment faci1i~:es 
or disposal at suitable landfill sites is the preferred handling metnod. 
All of these production processes result in either no production of process 
wastewater or very small quantities of wastewater resulting from clPanup 
oper·a ti ons. 

SUBCATEGORIES F 2 BAKING POl4DER), F 3 (CHICORY), AND F 4 (!?READ 
RUl·IB5 NOT PR(JDUCEC Iii BAl;Ef< IES I 

AS discussed in Sections III and V, the plants associated ~1ith these 
subcategories all employ dry processes which do not generate process 
wastel'later. No control and treatment technology for process wastewat~r 
is necessary or appropriate for these industry subcdtcgories. 
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SECTION VIII 

COST. rn£RGY MW NOll-W\Trn QUALITY /\SPECTS 

This section presents an evaluation of the costs, energy requirements. and 
non-"1atcr qucllity aspects associated with the treatment and control Jlter
natives develo~cd in Sectior. VII in terms of the model processes and plJnts 
developed in Section V. 

COST /\r/D REDUCT!Of' !3WffITS OF ALTERNATIVE TREATl1ENT ANO CONTROL 
TECHt:OL OG I £5 

In al.Jsence of complete cost informut:ion for individual processes, tt1c co<:t 
figures developed herein are based on reliable actual cost figures reported 
for various in$tallations coupled 1·1ith engineering estimates. An estirr.~tc 
complctl'ly applicable to a11 members of an entire industry is C'\bviou:-,ly im
possible. For instance, 1t must be realized that land costs vary 1·iide1,Y". 
Construction cost, in terms of roth labor and material costs, is another 
element that is highly variable. ·rne costs presented herein ha~e been de
veloped for the different industry subcategories, rather than the entire 
industry, thus reducing some of the variability expected in costs. Th~se 
costs are, nevertheless, intendPd to serve as a guide only,.~rincipally for 
subsequent economic impact anal/sis to be conducted by the U.S. Environrne~tal 
Protection Agency. 

Assumptions for Cost Analysi~ 

The follOl'ling assuinpticns are common for all of the cost estimates in thi: 
section: 

1. All costs are reported in August 1972 dollar~. All engineerin9 
cost estimates 1-1ere r::ade in Oecemlier 1974 costs and converted to 
August l972 dollars by the Construction Cost Index of the 
Engineering ~ew~ Record. 

2. Annual interest rate for capital stock is tar.en to be eight rer
cent. 

3. All investment cost is Jeprccia\cd over a period of 20 year~ 
except rolling stock whicl1 is depreciated over ten years. 

4. Salvag~ value is taken as zero at the end of the depre~iat1on 
period. 

5. Depreciation is attr1butcJ by the strui9ht 11ne method. 
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6. Total year1y cost = (investment cost/2) (0.08} +yearly de
~ciation cost + oper~ting cost. 

7. Power costs = $0.04/kw-hr. 

8. Excavation and fill is estimated at $:.92/cu m {$3.00/cu yd) 
for December 1974. 

9. Personnel costs for operation is $5.00/hr plus 50 percent fringe 
benefits, administration. and other overhead. 

10. All capital construction work is performed by an outside con
tractor using normal profit margins. 

11. When between 10 and 20 aeration units are purchased. a discount 
of 5.0 percent is obtained. When more than 20 units are pur- • 
chased, the discount is 7.5 percent. 

12. The December 1974 co5t of steel is $0.20/kg ($0.45/lb). 

13. The Oecemb~r 1974 cost of concrete is $134/cu m ($175/cu yd). 

14. The December 1974 cost of contracted truck hauling of dewatered 
sludge or solid w~ste is $0.77/cu m ($1.00/cu yd). 

15. The December 1974 cost of contracted truck hauling of liquid 
slu.dge or wastewater is $5.28/1000 l ($20.00/1000 gal). 

The Feasibility and Costs of Municipa1 Treatment 

Although the purpose of the document is to reconmend effluent limitations 
guidelines for point source discharges into navigable \'late rs, di sc:harge to 
municipal treatment systems is a viable alternative for some installJtions 
and is r.ow the case for many existing plants. To avoid redundancy, costs 
for this alternative are not provided for every subcategory, but are ad
dressed in the fJ1lowing di~cussion. 

The combined treatment of municipal and industrial wastes often offers an 
attractive alternative for industry, if municipal treatment is available. 
Many plants within the miscellaneous foods and beverages indrstry dis
chArge to municipal sewers and, in fact, all plants within some of thi:? 
subcategories discussed in this document use municipal treatment. Pre
treatment for these industrial 1~astcs var1es from non-existent to the 
equivalent of secondary treatment. 

Many of those plants which do not presently utilize munic1pal rec11fties 
may not have the feas1ble option to do so because of location res~~aint:.. 
Others do not u5e municipal treatment by choice because of municipal 
treatment cost or because they had alre~dy invested heavily in sep~rate 
treatment facilities before municipal treatment became ava1lab1e. 
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It is conc~ivablc: that :;ome p?.:·,nts currcnt1y discharging to r.iunicipcll 
treatment will in the future dcciJe to provide separate treatment as 
municipal charges will in~vitably increase. ft is even more conceiv
able that rggre stringent requirements for pretreatment will be made by 
municipalities 1n the future. 

Municipal wastewater charges vary widely, as was illustrated 1n a sur
vey by Mays tre and GP.yer (155) in 1970. The results of the' survey 
indicated that about 10 percent of small cities, 15 percent of middle 
size cities, and 20 percent of larger cities had industrial waste 
charges. All of the 28 cities responding to the inquiry based sur
charges on BOD and suspended solids, or their equivalents per unit 
volume, and on the excess loads of the individual plant relative to 
some avernge value s~ipulated by ordinance. Some cities also consid
ered excess loads of grease and chlorine d~mand. 

Based on the unit costs of treatment applied by the 28 cities, the in
vestigators ca1cu1atec.I ttre surcharge cost per month for two hypothetictli· 
industries, both having 800 and suspended ~olids concentrations of 800 ~~il, 
but one industt'.Y havirlg a flo\v of 2830 cu :71/month (100,000 cu ft/t<!Onth) -
and the other a flow of 28,320 cum/month (one million cu ft/month). fh~ 
surcharge for the smaller industry ranged from SS/month to $269/month vmi!L" 
the surcharge for the larger industry rar.ged from $78/month to S2690/r.1c.;n:_•i. 

VEGETABLE Oll PROCESSING AND REFINING 

Cost and Reduction Benefits of Alternative TrP.atment TP.r.hnologies 
for SubcateC1orv Al - Oilseed C1·ushing, Except Olive Oil ... by Direct 
Solvent Extr~ction and PreDr!~S Gopr~t;~ns 

A model plant representative of subcateogry A 1 was developed 1n 
Section ~ for the purrose of applying control and treatment alter
natives. In Section VII, eight a1tcrnat1ves were selected as being 
app11c~ole engineering alternatives. These alternatives provide for 
'f'arious levels of 1vaste reducti0ns for the model plant which processe!> 
816 kkg (900 ton) of raw oilseed rer day. 

Altern~•ive A 1-J - This alterndtive assumes no treatment and no re
duc:tio·n ;n the 1·1aste load. It 1s estimated that the effluent from J 
816 kkg (900 ton) per day plant i'.; 140 cum/day (C.039 MG) per day. °'."h• 
BOD 1·1.:iste load is 0.061 kQ/~k~ l\'1.12:' lb/ton), the suspe11dc·d solid~. 
load is 0.033 kg/kky (0.076 lb/:Gn), and the oil and greJse load is 
0.069 kg/kkg (o.1:a 1~/ton). The model plant developed is a~sumcd to 
dischar·ge Hs process wa!>tewater and noncontact waters separately. and 
to provide gravity separ~tion and skin~lng of process waters. Floatabl~ 
ons and sludges from the gravity ~eparation arc pumped to an ·In-plant 
oil recovery system. 

Costs: O 
Reduction Benefits: None 
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Altern~tive A 1-II - This alternative provides a flow equillization 
basin, """COmplctc-mix activiltCd sludge, secondary clarification, a 
sludge recir:,culating pump, a sludge thickening tank, and a sludge 
holding tank. 

The resulting BOD waste load is 0.0072 kg/kkg (0.014 lb/ton), the 
suspended solids load is 0.0090 kg/kkg (0.018 lb/ton) and the oil 
and grease load is 0.0054 kg/kkg (0.011 lb/ton). · 

Costs: Total investment cost: $172,650 
$ 32,580 Total yearly cost: 

An itemized ~reakdov:n of CO$tS is presented in Table 163. It is assumed 
that land costs $82,040 per hectare ($33,200 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits; ROD: 
SS: 

O&G: 

88.2 percent 
76. 3 percent 
92.2 percent 

Alternative A 1-III - This alternative provides in addition to 
Alternative A 1-I! dual rr.edia filtration with a pump station to 
generate sufficient head for filter operation. 

The resulting BOD w3ste load is 0.0036 kg/kkg (0.0072 lb/ton), the 
suspe~ded solids load ts 0.0045 kg/kkg {0.0090 le/ton} and the ail 
and grease load is 0.0027 ~g/kkg (0.0054 ~b/ton). 

Costs: Total inve~tment cost: $189,950 
$ 37,680 Total yearly cost: 

An itemized breakdown of costs is presented in Table 164. It is 
assumed that land costs SSZ,040 ~e~ her.tare (533,200 pe~ ~ere). It 
is further assumed that one opcr~tor is rcQu1red. 

Reduction Benefits; goo: 
SS: 

O&G: 

:J4.l percent 
88.l percent 
96.0 perr.ent 

A cost efficiency curve is presented in Figure 265. 

Alternative A 1-IV - This alternati~c provides a flow equalization 
basin, an aerated lagoon systcrr~ dnd a settling pond. 

The resulting BOD waste load 1~ 0.0072 ka/kkg (0.014 lb/ton), the 
suspendc;d solids loaJ is 0.0090 kq/kkC] (:J.0113 lb/ton) and the oil 
end grea~e load is 0.0054 kg/H~ {0.011 1b/t.on). 

Costs: Total 1nvc~.tr.1rnt cost: 
Total ye~rly ccst: 

$154,740 
$ 38,070 

An •temi:ed breakdown of costs ts prese~trd in T~bl~ 165. It is 
ilSSumed that land tests $4100 per hectare (SlGCiO per ilCre). It 1s 

044 
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TABLE 163 

ITE:1IZED CO'ST SU!1MARY FOR ALTERNATIVE A 1-II 
(OILSEED SOL'/E!IT EXTRACTIOtl) 

IT~~tZFD CCST SL~~A~V FC~ ~LATE~ATEQ TREAT~E~T CHAI~ 
CESlG~ ~FFIC!~~CY,., 88.2 PERtEl\T eoo RtC~CTIC~ 

TREAT~E'T ~ccuLE:1 

lNVES~~E~T CCSTSt 

St,,CC~lDCL t-CL5E 
~ ••• Pu~FJ~~ :i6TIG~ 
C, •• E~L~Ll7.AT!t~ ~AS!~ 
K 01 ,iCiI~iT~O ~LUDGE 

(; ••• s1.1.cr:c. Tt-Ir:KE\ER 
Y, .. 1-'GLDI\r. l~~i< 

1 • C C ~: S T P L C TI C "-
2, LA~i} 

3, l_l\;f.·I°'IE!:r.z•1r; 
u. CC!llTU·GF.'.CY 
TCiAL 

VEA~LY CPERAil~G CC;TSt 
l, U~CIJ 

c.. rc .. t" 
!. P";:"'!r'.!'_:: 
~. ~Al~TE~i~rE!~L~P~lES 

TC lAL 

TCTAL YEARLY crsr~, 
l. Yf~hLY cn:~AT!~G :~ST 

?. , Y F A ~ L " 1 •. 1.· r E T '' E' ~ T 
CCST c>f.cc.~.i.:v 

:3. CU'f.IE'C!t.T:CI\ 
T[ l AL 

fl-15 

q1s10.oo 
S56U0,00 

q750.00 
Q7SO,OO 

172cso.oo 

12uqo,oo 
US30.u0 

0 • " 
2':.C'l.Ctl 

1qe20.co 

~cno.oo 

seso.r;o 
32580.00 
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TAik~ 164 

IT'']1IZED C'!'l'f SU1111A~Y FOR A.LTER~lf,':"IVE ti. l- I II 
(OILSEED SOLVUH EXTRACTION) 

ITE~:ZEO crsT 5L~µ.~y FG~ ~~!Tf~ATEP T~Et7~E~T C~tI~ 

CESIG~ EFFICIE~cv, •• Q~.1 CERCE~T ~co ~E~lCTICI\ 

TREtT~f~T ~couL~S: 

ei •• rr'r~rL ~cL!E 
~ ••• ~L~FT~~ 5T~TIC~ 

c ••• ~~LAL]Zt7!(~ rb~I~ 

~ ••• ~CTIVATf~ ~L~CGE 

G.,.~LLCGE Ti-:CKE~Eij 
v., .1-r,1.c111;r; r.:.-..-
B ••• ;.'! 1.1 ·~ p ! "r. ~ 1 A ~ ! [ .·~ 
"' ••• l' u fJ. L "'f c~ r A r- i; E ~ :.: L ~ t: FIL T i::i:. 1 ~ .. 

Ifl.vEST~E"T C~~TSr 

1, CCP..STr<l.CTlC" 
2. Lt.hn 
3. f~Ll'-JEEP!"G 

"· CC'.Tlt-.Gi!•cv 
TCT/.L. 

YF.A~LY CPEDATI"G CCST~i 
1. L HlCw 
Z, "C••~ 
l, Ct-En~AL~ 
~ , 1- A ! P. T E "- 6 •. C : ;, ~ i ;.: ;:. ;. : E. S 
!tHL 

t 9 'I' ~ ~- ~ V ! • \' ~· !: 'T 1 
• C '. T 

C( , er~r \(;." 
3 • c: ~ ,, f. c. I A T I :_· • 
Tr Ht 
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l1i<i1Jo,oo 
SSt.:J0,00 
111qo,oo 
111'~0.0l'l 

1~q9b0,00 

12uqc,o"l 
bqQ0,00 

O,C 
3ef~.~o 

2~361i,OO 

7tiCO.Or.l 
ti 'i?. 0. {l r) 

:t;7tif'Ci,OO 
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TMLE 165 

ITEMIZED COST su;.ut~1RY FOR ALTER:iATIVE A 1-IV 
(OILSEED SOLVP:T CXTRACT~orn 

fTF~tZEC cr~T ~LV~~~y FCQ •tSTF~AT~P jM~AT~E~T C~AI~ 

OESIG~ ~FFIC!E~cv ••• e~.2 F~~CF~T ~c~ kECGCl!C~ 

TRELT~E~T ~CCLLf~: 

I '"' E s 'I' ,.. r : ; r c c ~ ,. ~ 1 

~ ••• ?~~~:~G 5TtT!CN 
c ... E:1Lt1 lZAT!L" ~~sri.. 
L ••• AE~£l~C L!CCC~ 

l, C"C\2T"LC~!C\ 
?. t.!.~-~ 
3 • t ~. (. ! k ~ i: :: I \ G 
ll, rrt·T~~.(=E•cv 

5 • I" v C L r ~. F: ...; 

lCTAL 

Yfa~LY CPERATI~G ~CST~: 

1. Li~'-'i.: 

2. PC;..~~ 
l. c I>< c: 'I~ c b L 3 
ti • ,.. ti I ~; ":' >: ·• 4 : • i. ::: ~ S !. P " L I E S 
5. P\IC L.nr-:i 
TCU~ 

C,.. <;. ~ • 
\. . ... . 

C.CST "r.-r-.~·i.;y 

3' c:c,, .... ~. r. ;, l i '=-... 
rcH L. 

1 2 3 1 1 Cl • (1 (l 

333C.OC 
123lC.o;) 
!2lj0,00 

3b80.00 
1~,7~0.00 

12~QO,OO 
SOti00,00 

0,0 
1".120.00 

10Cl,OO 
25110.(i~ 

bll'fO.cr, 
1570,CO 

39870,CiC 
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further assumed th3t on~ operJtor is required. 

Reduction Benef~t~: GOD: 8~.2 ?ercent 
SS: 76.3 percent 

O&G: 92.2 percent 

Alternative A 1-V - This alternative provid~s in addition to Alter
native A 1-IV dual media filtration with a pump station to gen~rate 
sufficient ~cad for filter operation. 

The resulting BOD 1·;aste load i!, 0.035 kg/~kg (0.0072 lb/:on), the 
suspended solids load ~s 0.0045 ~g/kkg (0.0090 lb/ton) and the oil 
and grea5e load is 0.0027 kg/kl:g (0.0054 lo/tor.). 

Costs: Total investment cost: 
Total ycdrly cost: 

$172,030 
$ 43,970 

An it~mizeJ breakdown of costs is rre~ented ~" T~ble 16~. It is assumed 
that 1and costs S4100 per hec~~rc .$16b0 per r1cr121. It 1s further 
assumed that one operator is required. 

Reduction Benefits: EOC: 
SS: 

O&G: 

94. 1 percent 
08.2 percent 
96.0 percent 

A cost efficiency curve is presented in Figure 266. 

Alternativ~ A'l-V! - This alternative provides a flow equalization 
basin. and pressurized air flotation utilizing chemical flocculating 
agt'nts to t?nhance floe formatio11 and floatability of 1~ast~s. Oil 
and grease wast~ s~inT'1ings are purr.;:ied to an in-plant oii reclam11tion. 
system. 

The resulting BOD waste load is 0.018 kg/kkg (0.035 lb/ton). the 
suspended soiid~ load is 0.011 kg/kkg 10.022 lb/ton),and the oil 
and grease load is 0.021 kg/kkg (1.042 lb/ton). 

Costs: Total invcst~ent cost: $149,370 
$ 31,200 Total yearly cost: 

/In it~r.ii?'?d brcakdNm c~ costs i'.. presL11tr.d in Tilbl·? 1G7. It is 
.:tssur.ipd that lJnd .:osts $82,0~0 per hectare ($33,2Cl l per acre). 
is further ass uned that one operHor is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

69.8 percent 
70.2 percent 
70. 3 percent 

T • . ~ 

AlternJtivr A 1-VJT - This alternative provides in addition to Alter
native A 1-VI a.cor!µlete ;;iix activ11tC?d slud9c unit, secondary clurif
icltion. a slud9e rC'circ1.Jlc1ting p11::ir, J slud91? thickening tank, and 
sludge hJulrng. 

849 
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TABLE 

ITEMIZED COST SllMltl\RY Fuk AL TERk'\TIVE A 1-V 
(OILSEED SOLVENT EXTRACTION) 

fTE~rzFo cnsr SLw~ARv FOR ~AST~hATE~ T~l~T~E,T c~AI~ 
OESIG~ EFFJC!E~CY,,. qu,1 PE~C~~T ~c~ ~ECUCTJCN 

1F\E A Tl"Fll,T ~·Cr.lLE 51 

P,.,P~WPI~G STATIC~ 
c •• !rQLAL!ZAT!C~ 8ASI~ 
L,.,A£QATFD LA~C0N 
B ••• ~u~Fl~~ 5TAT!C~ 

" 1 ,,0UH Mf~IA Fr.tF.SSLRE FILPL~'N 

?~VEST~E~T CCSTS: 
1. CC~SiRuCTY['-' 
2, LA:-0" 
3 • E' ~: G I ~ E: i: I ~. r-
'4, tc~ .. rp..G~'-'CY 
s. i:vc Lit1.f~ 
TC:HL 

YEARLY CµfR~TI~~ CCSiS: 
1, UECF\ 
~. FCil-~R 
3. C~E,•JULS 
u, ~Al~T~~'~CE~!LFPLIES 
5, Fvc L!'·E~ 
TCPL 

TCT~~ YEARLY CCST~: 
1, YfARLY CPcP~TI~G CCST 
2, YFAPLY I~Vf!T~E~T 

crsr F:Fccv~"" 
3 • C ~: P R E C I A ·r I C >-
Tr'. H L 

850 

1375~0.00 
3330,vO 

13750,0C 
13750,00 
3beo.oo 

112eis0.oo 

121.1410,00 
12760,00 

o.o 
3300.(JQ 

100.00 
281:50,00 

21:050,00 

68SO,OC 
euao. oo 

'4H7o,oo 

·rzs-- 53- 1 
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TABLE 167 

ITEHlZED COST SUf'u'1J\RY FDR AL TERllATIVE A 1-Vl 
(OILSEED SOLVErlT EXTRACiiON) 

tTEM!Z~D C0ST ~L~ua~y :cq ~ASTE~ATER TPE~T~EhT C~Al~ 
OESIC~ EFF!CIE~CY,,, 70,C Ft~CF.~T ~G0 ~ECuCTICN 

TRFATME~T ~ccuLE~r 

ei •• cs~TCICL ~cL:E 
F.! •• ,e>u"'i.;r~r. ;;1i.qc"' 
C • • • '= 0 I A I, I Z A T I C t-.. 8 A S I ~ 
J,,,A!R FLOTATIC~ 

INvEST~E~T CCSTSt 
1. CC~STl<UCTrc~-
2. LH.t) 
3. E'>G!·-..~Ec.;I'JG 
u • c r ,... r p, c. r 111 c " 
ICHL 

~~ARLY CP~~ATI~G CC~TS: 

1 1 l.A~t:~ 

2. FC"'~~ 
:s I c ~ E ~11 c .1 L s 
U , ,. A p1 T ~ ~. All. C E ~ ~ L i' "L.! E S 
TCTAL 

TC:TAL" \'fAC:LY CCS'TS: 

.. "·.-: .. - .:.._:. 

l, YEA~LY C~E~ATl\G CCST 
z. \'EL~LY I~v~s~-=~r 

CCSl C1£CCVE~V 
3, c~ccii:CJt.TI1:1\ 
TCT AL 

852 

78110,00 
SSblJO,CO 

7El10,('0 
76\0,r.O 

l'-q370.00 

izuqo,oo 
2120,00 

o.o 
scno,oo 

2osuo.oo 

2051JO,OO 

5970.00 
Llbq0,(')0 

31200,00 
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The resultinq noo waste loJd is O.OOJG kn/kkg ( .0072 lb/ton), the 
suspended solids loud is 0.0015 kg/kkg (0.0090 lb/ton) and the oil 
and grease load is 0.0027 kg/~k9 (0.0054 lb/ton). 

Costs: Total investment cost: $209,4CO 
s 40,690 Total yearly cost: 

An itemized breakdo:·in of costs is pre!>ented in Table.168. It is 
assumed that land costs $82,040 per hectare ($33,200 per acre). It 
is further assumed that one operator is r~quired. 

Reduction Benefits. BOD: 
SS: 

O&G: 

94.l percent 
88.2 percent 
96.0 percent 

A cost efficiency curve is presented in Figure 267. 

Alternativ~ A 1-VIII - This alternative provides in addition to 
Alternative A 1-VI (dissolved air flotation) an aerated lagoon syst~m 
including a settling pond. 

The resulting BOD waste load is 0.0036 kg/kkg (0.0072 lb/ton), the 
suspended solids load is 0.0045 kg/kkg (0.0090 lb/ton) and the oil 
and grease load is 0.0027 kg/kkq (0.0054 lb/to;"?). 

Costs: Total investment cost: $188,4(0 
$ 43,300 Total yearly cost: 

An itemized breakdown of costs is presented in Tab 1 e 169. It is 
assumed that lanG costs ~4100 per hectare ($1660 per acre). It 
is further assumed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

94. 1 percent 
88. 2 percent 
96.0 percent 

A cost efficiency curve is presented in Figure 268. 

Cost and ~eduction genefits of Alternative TreatmP.nt Tec~nolo~ies 
for Stib~~~Y. A 2 - Oilseeo Cr<~,,1oi10, bcerit nlivP. nil, hv 
Mech a ni r a I .Scre1·L-2.ress...flnpra 1: i ori s 

No model plant was developP.d for this subcategory in Section V as 
the industry ;;resently discharg:?s less than 4000 liters (1000 gallon) 
of process wastewater per day to municipal facilities. In Section VII 
two alternatives were considered as beinq applicable engineering alter
natives for h~ndling these small volumPs of waste. 

Alternative A 2-r - This alternative provides no additional treatment. 

853 
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TABLE 160 

llWIZED COST SUMMARY FOR ALTERtlATIVE A 1-VII 
(OILSEED SOLVENT EXTRACTION) 

ITEM!ZfD cnsT SL~~ARV FCR ~ASTE~ATER TR~AT~ENT C~AIN 
0 E S. l c; ~ EF F ! C ! E. NC V • • • q /J , l P !:. Ii CH T 8 C:; REC LI C T l C" 

T~~AT~E~T M~CULES: 
~1 •• rOJl.TRCL ~CLSE 
A, 0 ,PU~~I~~ S161l(~ 
c. ,,fQt ALIZ~no. ~4S!t>. 
J,,.AI~ flQTATlC~ 

~ •• ,ACTTV~TEC SLLC~E 
C,,,SLLCGE T~lC~E~ER 

"•• .~CLCir..r. TAll.K 

?NVESTME~T CCSTS: 
1. CCt;!lTFl..L.:TTC' 
2. LM·O 
3 • E \ G ! ~ C:.: E ? ! ~· G 
a. cr.~:Tr~,c;f!'.ICY 

TCHL. 

YEARLY :~EPAT!~G c:sr~: 
1. Llo~OR 
2, 1-'C I•~ R 
3. c1of1-1Icn9 
~. ~Al~TE"A~:E&~LP?~!ES 
TC TAL 

TCTAL. VEARL.V CCSTS1 
l, YEARLY CPE~AT!'G CCST 
2, YEA~~V I~V~~T~~~T 

c c s T R ".' c c v ~ I~ v 
l. OED~fC!ATICt-. 
TCT•L 

. ,..-

854 

127360.00 
S661JO,C\O 
127£10,00 
1271J0,00 

2oqueo,oo 

12uqo.eo 
usso.oo 

0. 0 
7330.0., 

2Ub70,CO 

2~b70.00 

B:HI0,00 
761JO,OO 

"Ooqo,oo 
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Tf\GLf 169 

ITEMIZED COST SUMMARY FOR ALTERNATIVE A 1-VlII 
(OILSEED SOLVENT EXTRACTION) 

ITE~IZF~ C~ST SL~~A~Y FOR ~4~T~~ATE~ TQE~T~E~T C~A!~ 
OESIGr.. E~FIClt:l\CY .. , G..i,1 ?tRc.;Eq

1 
BCD f.:ECt;CTICI\ 

TREAT~E~T ~c~VLESr 

B 11 • r L'"' PI~: r, ST 4 'T ! C'"' 
c ••• E~LALJZ~TIC~ ~4SIN 
J • • • /. ! q FL r.1 TA T ! C '\ 
L101 AERAIFD L4r.CCN 

INVEST~E~T CCSTSt 
1. CCl-51~l.C rrr.11. 
2. L/.t-.:l'l 
3 , Et. G I:, E !: ~ l ~- (; 
"· CCt..TJ\f:C.··cv 
s. ~vc LI·.::~ 
TClAL 

YEARLY (?~RAiI~~ CCST~: 
1, ~HC~ 
2. ~:1•.Ei< 
3. f..1-tnC.\l.:i 
U • :" 6 1 ,, T f •, ~ 1., r:: ~ SL r: PL I E 9 
i:: • P V C L P."' ·~ 
TCTllL 

TCTA~ Y~~~LY CCSTSt 
l, Yf4RLY CP~D~T!\G CCST 
2 , Y t:: 4 r:; l v I '· ': :0:: t:. T '-' f '. T 

CC"ST ~tcc·,~~v 
3. Ct-~hECIATiU. 
TC HL. 

... 

1s1210.cri 
3330.CiO 

1s120.co 
1!'120,00 

3680.CO 
188"~0.CO 

12 U,q 0 • 0 0 
67f!0,00 

0 IQ 

7130.00 
100,(JC 

2tisoc.oo 

7SllO,OO 
q2bO,OO 

43300.00 
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Costs: O 
Reduction Oenefit5: N0ne 

Alternative ~2-II - This ~ltcrnative consists of a storage tank dnd 
truck. t.auling of the ~1aste?water to a municipal sewage treatment facillty 
or suitable land disposal site. The resulting waste volume to be trucked 
averages less than 4000 liter (1000 ga11on) per day. 

Costs: Total investment cost: $19,450 
$ 1,510 
mo 

Total yearly costs: 
Reduction Benefits: 

.Cost and Reduction Benefits of Alternative Treatment Technoloqi~s 

.for Subcategory A 3 -- ~ydraul ic Pressino and Solvent Extractirzi....o.£. 
01.ive Oi 1 

A model plant representative of Subcategory A 3 was developed in Section 
V for the purpose of applying control and treatment alternatives. In • 
Section VII, three alternatives were selected as being applicable engineer
ing alternatives. These alternatives provide for various levels of waste
reductions for the model plant 1·1hich utilizes 21.7 kkg (24 tor1) of whole 
olives and 65.3 kkg (74 ton) of cannery pits and culls per day to pro-
duce olive oil. It is estimated that the effluent from the moccl plant 
is 10.9 cum (0.0029 ~G) per day. The BOD concentration is 53,000 mg/l, 
the suspended solids concentration is 14,000 mg/1, and the oil and grease 
ccncentration is 3220 mg/1. 

Alternative A ·3-I - This alternative consists of a pumping station, a 
holding tank and spray irrigation of the raw waste effluent. 

The resulting 800 ~1aste load is 0.0 kg/kkg (0.0 lb/ton), the susi:iended 
solids load is 0.0 kg/kkg {0.0 lb/ton), and the oil and grease load is 
0.0 kg/kkg {O.O lb/ton). · 

Costs: Total investment cost: $40,850 
$ 5 ,460 Total yedriy cost: 

An itc::ii:!ed breakdO'.·m of cost5 is pre>seritC'd in Table 170. It is assur.oc•J 
that land ceost.1; $4100 per hectare (S1G60 per acre). rt is further 
assumed tha'.: no operators are reouircd. 

Red1;ction Benefits: fJOD: 
SS: 

Ot.G: 

100 percent 
100 percent 
100 percent 

Alternative A 3-JI - Th1s alternative consists of four 0.10 ha (0.2S 
acre) evilpor<Jtion porids, lined with PVC fabric to prevent cont4mination 
of the fre~h water aquifer. 

The resulting BOD waste load is 0.0 k~/kk9 (O.C lb/ton), the ~uspended 
solid~ lead is 0.0 kg/kkg (0.0 lbiton), and the oil and grease load is 
o.o kg/kkg (0.0 lb/t~~i. 

SSS 
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TABLE 170 

ITEMIZED cosr suMT1ARY toR .\I Tr::~;;,·,rrvE AJ-I 
(OLIVE OIL. HYDRAULIC PRESS ANO SOLVCNT EXTRACTION) 

fTE~IZ~o CCST ~L.r~L~V ~c~ ~ASTf~ATFR TRE•T~E~T C~AI~ 
'ESIG~ EFF!CIE~cv ••• 100.0 PERr~r-.T roo REC~ClIC' 

f~fAT~F~T MCD~LES: 

Y,,,1-tCLr.p..r: THI< 
L ••• s~~~v J~~IG•T:c~ 

I N I/ E S T ~· E '' T C C S l S r 
1. ccr-.sT=Lc1 re~ 
2. LA P.·I" 
J, E~GI1'EEq\JG 

" • C. r: ~ T ! ~ G E '·· r V 
TCTAL. 

VEARlY CPERATl~G CC$T~1 
' 11 lAF<f"I;. 

2. Pn.E? 
3, C1JF.~l!r'.HS 

"• ~AINTf~A~CE~SLFCLIES 
TCTAL 

TCTAL YEARLY CCSTS1 
11 Y~APLY C~~~ATI'G CCST 
2. YEARLY !~W~~,~~,T 

CCST R~CCvt:r.y 
3 • r. f. t' r '=: L'. : ~ ".' l : •, 
TCTAL 

859 

31020.(10 
Jb~0.01' 
.5100.~o 
3 1 0 0 • 0 (, 

1.1oesei.oo 

c I (') 

850.CO 
0 I 0 

1120.no 
l«nO,CIO 

lb::!O,OCI 
1Roo.or; 
5U~0,(')t'I 
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Costs: Total inv~~tm~nt cost: 
Total yearly cost; 

$60,330 
$ G,920 

An itemized breakdo~in of co~ts is presented in Tal,le 171. It is assumed 
that land costs $4100 per hectare ($1660 per acre). It is further 
assumed that-no operators are required. 

Reduction ~enefits: BOD: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Alternative A j-liJ - This alternative co~sists of l~nd spreading the 
raw waste effluent. 

The resulting BOD waste load is 0.0 kg/kkg (D.O lb/ton), the suspended 
solids load is 0.0 kg/kkg (0.0 lb/ton), and the oil and grease load is 
0.0 kg/kkg (0.0 lb/ton). 

Costs: Total investment cost: $21 I 720 
$ 8,330 Total yearly cost: 

An itemiz ~reakdown of costs is presented in Table 172. It i~ assumed 
that land :.sts .$4100 per hectare ('jl66J per acre). It is further 
assumed t~u• one half-time operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
1GO percent 
100 percent 

Co~t and Reduction Bene,·its of AltHn9tivc Treat:r.ent Technologi12s fcr
Subcate<'.'nrv .I\ i1 - :·'.echanical Sr.re\'/ t>r1>c:.s1..:10 for the P~c:r\Vr.>rv nf Oli·.1<> r·.; 1 

A model plant representative of SubcJtegory A 4 was developed in Section ·: 
for the purpose of aoplying ccntr0l .ind treatment alternatives. In Sect~cn 
VII. three a1ternati'lles ··:re selectr::i as being applicable engineeri11g 
alternatives. These alternatives provi~e for various levels of waste 
reductions for tl1e r..odel pla:it \'lhich utili:C?s 43.S kkg (43 ton) of whole 
Qlives per day to produce a·live oil. !tis estimitted tMt the efflt;r,•rt 
from a ~3.5 kkr (4R ten} per dJy plant i~ 114 cu~ (0.030 MG) per d~y. 
The BOD waste load is 78.2 kg/kkg (1S6 lb/ton), the suspended solids 
load is 149 kg/kkg (297 lb/ton), and the oil and grease load is 52 
kg/kkg (104 lb/ton). 

Alternative A 4-1 - This alternative consi~ts of a p~mping stJtion a 
lieiTding tank dnd spray' irrigation of the ra1 ... waste effluent. 

The resulting 130D 1'f'aste load is 0.0 ~:q/k!:g (0.0 lb/tor;), the susrendcd 
solid~ lodd is C.O kg/kkg (O.O lb/ton), anrl the oil and grease loa~ is 
0.0 kg/kkg (0.0 lb/ton). 

Costs: Total investment co~t: 
Total yearly cost: 

860 

-·--·-··----

$92,030 
$10,840 
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TAOLE l71 

ITEMIZED COST sur~~RY FOR ALTERNATIVE A3-II 

ITEMIZED COST SUMMARY FOR WASTEWATE~ TREATMENT CHAI~ A 3-II 
DESIGN EFFICIENCY ... 100 PERCENT BOD REDUCTION 

TREATMENT MODULES: 
EVAPOPATIQ;~ POND 

INVE5TME~T COSTS: 
1. COllSTRUCTION 
2. LAND 
3 . ENG i :1 [[ R I NG 
4. CONT!;iGC:iCY 
lOTAL 

YEARLY OPERATJ~~ COSTS: 
l. LABOR 
2. POIH .. R 
3. CHEMICALS 
4 . MA l ~n rn J\ ;ii~ E & supp L.l Es 
TOTAL 

TOTAL YEARLY COSTS: 
1. YEARLY orERATIN~ COST 
2. YEARLY l~VESTM[NT 

COST i?CCCi'CRY 
3. DEPREC;l\118N 
TOTAL 

48,'170.00 
2.920.00 
4,8?0.00 
4.B::o.nn 

60,330.00 

300.00 
0. 00 
0.00 

340.00 
l,6<+0.00 

l ,640.00 

2,410.0(l 
2,870.CCi 
f,,9?0.'.:(J 

-·---· _____ _,_ .. _ .... ~.._ ...... ....,-.---;-~•:a-·~---



Drtf\FT 

TABLE 172 

JTEMI ZED COST SUMMARY F"OR AL TERI/A TI VE fl.3- ! II 

ITEMIZED COST SUMMARY FOR WASTEWAT[R TREATMENT CHAIN AJ-rrr 
OESIGr' EFFICIEllCY ... 100 PERCENT BOO REDUCTION 

TREATMENT MODUL(S: 
PUMPING STATJO:J 
LAND APPLICATION 

INVESTMENT COSTS: 
1. CONSTRUCTION 
2. LAND 
3 • EN G JrJ E ER I :' G 
4. CONTINGENCY 
TOTAL 

YEARLY OPERATING COSTS: 
1. LABOR 
2. POWER 
3 .. CHEMICALS 
4. MAINTENANCE & SUPPLIES 
TOTAL 

TOTAL YEARLY COSTS: 
1. YEARLY OPERATI~G COST 
2. YEARLY lNVESTl-lENT 

C 0 S T R E C J '/E ;\ t' 
3. DEPREr I AT !Otl 
TOTAL 

BG2 

16,720.00 
1,660.00 
1,670.00 
1,670.00 

21,720.00 

6,230.00 
100.00 

o.o 
130.00 

6,460.00 

6,460.00 

870.00 
l t 000. 00 
8,330.00 
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An itemized breakdown of costs is presented in Table 173. It is assu:::cd 
that land costs $4100 per hectare ($1G60 per acre). It is further 
assumed tha1:_no operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Alternative A 4-I! - This alternat~ve consists of four 0.4 ha (l.O acre) 
evaporation ponds lined with PVC fabric to prevent contamination of the 
fresh water aquifer. 

The resulting BOD waste load is 0.0 kg/kkg (O.O lb/ton), the suspended 
solids load is 0.0 kg/kkg (0.0 lb/ton), and the oil and grease load is 
0.0 kg/kkg (0.0 lb/ton). 

Cos ts: To~a l investment cost: 
Total yearly cost: 

$254, 970 
$ 49,530 

An itemized breakdm-1n of costs is presente1 in Table i74. lt is assur.ie·:l 
that lan~ costs $4100 per hectare ($1660 per acre). It is further 
assumed that operators are required. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

O&G: 100 percent 

Alternative A 
0

4-lll - This alternative consists of land spreading the 
raw waste effluent. 

The resulting BOD waste load is 0.0 kg/kkg (O.O lb/ton), the suspended 
solids load is 0.0 kg/kkg (0.0 lb/ton), and oil and gredse load is 0.0 
kg/kkg (0.0 lb/ton). 

Costs: lotal investment cost: 
Total yearly cost: 

. 

$46, HO 
$11, 390 

An itemi2ed breakdo;vri of costs is presented in Table 175. It is assur.ied 
that land costs $4100 rer h~ctare (!lGGC per acre). It is further 
assumed that one half-time operator~'.: required. 

Reduct\on Benefits: 800: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Cost and De•1uctinn r.('lncfits of .·\l~r·r•"Jt;vc Treat:i;cnt Technoloqies 
f'Or'Suti'Ca-t'e11orv..X~. - Pr11ccssino of E·a·;-r-)·le Oil bv Caustic Retinina__ 

A model plant represent~tive of Subcategory A 5 was developed in Section 
V for the purpose of i!pplying ccn~rcil Jnd trcllt1r.ent al tcrnatives. In 
Section \'II, eight alternatives ;,c•r·e selected as being appHcab1e cnqi
neeri119 .1llci-nativcs. 111cse .1ltcrn,1tivc'... fH·c.:,vide for various level:; 

863 

-·-----~ 
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TABLE 173 

ITEMIZED COST SUMMARY FOR ALTERNATIVE A4-I 
(OLJVE OIL, MCCHJ~~HCJ\L SCREU PRESS EXTRACTION) 

rE~tz~~ CCST SL~~tRY Ff~ ~As·~~,,FR ,~~AT~~,, (~AI~ 
!SIG:. EFF!CI~~r~ ••• 1co.~ ~E~CEll.T FCD ~[C~CT!C" 

~ E A 'T "'I='~·: "'C: CL LE S : 
'1 ••• f-'r·Lf:!/llG Tt'-1( 
L, •• ~~RAY JR~IGATir~ 

~VF.:~i~E11.·r CCSTS: 
l. CCf'..~1i;LCT::~ 
i:::, LAf\("l 
3 , E !I. G I t. i:- i:- q I ~· c; 
IJ , C C ~ · T I ~- r; F •· C 'f 
TCHl. 

~1i.~u· 1·r:iri;n:"'1- cr:rc;: 
1. LAACi.: 
2 • FCr.F'.kl 
3. c~~'"1Tr.t.L;; 
u. ~Al~TE~A•.CElSLF~LIES 
TCTAL 

C1AL YEA~LY LCST~r 

-wr1 mmssnrms 

t. v:A~LY ccE~~Tl'!. COST 
2. VEA~LY I~v 5'~~~T 

C C S T '-' >: C C ·~ ;;; Y 
3 , CE P :. c I t. ":' ! ~-
TC 'TAL 

864 

t-bt:~.co 
12t-h0,:l".' 
fl61(l,(l() 
6el('l.~O 

enc~ 0 oli 0 

o.o 
qBo,oo 

o.o 
2210.00 
3fC10.~0 

3o~O.Ol'l 
3cno.oo 

1081.10,0Cl 

T'CTJPP 
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TABLE 174 

ITEMIZED cn~r SUMt-4ARY For. ALTERNATIVE M-II 

llEMIZED COST SUMMARY FOR WASTCWATER TREATMENT CHAIN A4-II 
DESIGN £FFltI£NCY ... 100 PERCENT 

TREATMENT MODULES: 
E v A p 0 RAT I 0 N p 0 rm 

INVESTMENT COSTS: 
1. CONSTRUCTrOTl 
2. LANiJ 
3. £N~INHRiNG 
4. CONT I NG ENCY 
TOTAL 

YEARLY O~ERATING COSTS: 
1. LABOR 
2. PO\.J [ R 
3. CHEMIC/lLS 
4. MAINTE~~~CE & SUPPLIES 
TOTAL 

TOTAL YEARLY COSTS; 
l. YtAR~Y OPERATING COST 
2. YEARLY INVESTMENT 

COST RECO'JEKY 
3. DEPRECI 1,TTON 
TOTAL 

065 

205,010.00 
8,9€0.00 

20,500.00 
20,500.:JO 

254,970.00 

1,660.00 
0.00 
0.00 

25,370.00 
27,030.00 

27,030.00 

10,200.00 
12,300.00 
49.530.00 

· · · '"PTT mmiirf· -7·'·"' 5 
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TABLE 175 

ITEM I zrn cos T SUr·:MARY FOR ALTERrlA TI VE A4 .. I I I 

ITEMIZED COST SU~MARY FOR WASTEWATER TREATMENT CHAIN A4-III 
DESIGN EFFICIENCY ... 100 PERCENT 

TREATMENT MODULES: 
PUMPING STATION 
LAND APPLICATION 

INVESTMENT COSTS: 
1. CONSTRUCTION 
2. LAND 
3. ENGINErnING 
4. CONTINGENCY 
TOTAL 

YEARLY OPERATING COSTS: 
. 1. LABOR 

2. PO\.J:R 
3. CHEMICALS 
4. MAINTENANCE & SUPPLIES 
TOTAL 

TOTAL YEARLY COSTS: 
1. YEARLY OPERATING COST 
2. YEARLY l~VESTME~T 

COST RECOVERY 
3 • DE PRE C I AT I 0 r~ 
TOTAL 

866 

32,920.00 
6,640.00 
3,?.90.00 
2,290.CO 

46,140.00 

6,230.00 
830.00 

0.00 
500.00 

7,560.00 

7,560.00 

1,850.00 
1,980.00 

11.390.00 
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of waste reductions for the edible oil mudel plunt which r2fines 
454 kkg {500 ton) of crude edible oil per day. 

Alternative A 5-I - This alternative assumes no treatment and no 
reductlon in the waste load. It is estimated that the effluent from 
a 454 kkg per.day plant is 314 cum per day. The BOO waste load is 
4.59 kg/kkg {9.18 lb/ton), the suspended sol1ds load is 2.49 kg/kkg 
(4.98 lb/ton), and the oil and grease load is 2.39 kg/kkg (4.78 lb/ton). 
The model plant developed for Subcategory A 5 is ~ssumed to huve separate 
discharge of non-contact and process wastewaters, in-plant ~rJvity sep
aration, skimming, pH control, and an oil recovery syste~ for the 
skimmed oil and water wastes. 

Costs: O 
Reduction Benefits: None 

AlternativP A 5-11 
utilizing chemical 
ability of wastes. 
recovery sys tern 

- This alternative provides pressurized air floatation 
flocculuting agents to enhance the formation and float
Oil and grease skiwmings are pumped to an in-plant oil 

The resulting BOD waste load is 1.37 kg/kkg (2.74 lb/ton), the suspendej 
solids load is 0.75 kg/kkg (l.50 lb/ton), and the oil and grease load 
1s 0.73 kg/kkg (1.46 lb/tor). 

Costs: Total investrient cost: $145,530 
$ 42,500 Total yearly cost: 

An itemi:ed breakdown of costs is presented in Table 176. It is assumed 
that land costs $82,040 per hectare ($33,200 per acre). It is fur:ner 
a~surned that two operators are required. 

Reduction Benefits: 900: 
SS: 

O&G; 

70.1 pe:-cent 
70.0 percent 
69.5 percent 

Altern3tive A 5-III - This alterna~ive provide5 in addition to Alter
n~tive il. ::i-11 a cc· .. p;e'.:e mix ac:iv.:.iteu :;Judge unit inc!uding a second.;i·/ 
clarifier, sluuge r~circul~tion, sludge thickening, vacuum filtration, 
and a ~ludge hcldinn tank. 

The resulting GOD waste load is 0.059 ka/~kg (0.14 1b/ton), t~e suspend~d 
solids load is 0.069 kg/kkg (0.14 lb/ton), and tne oil an~ grease load 
is 0.059 kg/kkg (O. 14 lb/toni. 

Cos ts: Totul investm~nt r:ost: 
Total yearly cost: 

$354, 770 
$ S2,5f0 

~n it2mized breakdown of costs is oresented in lable 177. It is assumed 
that land costs $82,040 per hectare \$33,200 per acre). It is furthe"" 
assumed that h•c operu tors arc required. 

867 
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TABLE 176 

ITEMIZED COST SUMf1.0.RY FOil AL TERtlJ\TIVE AS-I I 
(EDIBLE OIL REFUIING) 

ITE~IZED COST SL~~ARV FQR WA~T£~~TER TREAT~E~T C~AI~ 
OESIG~ EFFICIE~CY,,, 70,~ PE~tE~T SOD RED~CT!C~ 
' 
TR c A TM E NT ~· C C UL E e I 

R,,.r>t:l"Pl"'C:: eranc11: 
91 •• CC~TRCL ~C~SE 
J,,,AI~ ~L~TATIC~ 

INVEST~ENT CCSTSt 
1. CCt-.STl:IL:CT!CI\ 
2, LHO 
3, E.t-f.!NfE'!l~G 
4', COTI~GE"'CV 
TCTAL 

YEARLY CPE~ATI~G CCSTS: 
1. LA8CI< 
2, PC~Eri 

3, C~C:"'!CALS 
"· ~AINTE~A~CE~!LPPLIES 
TCTAL 

TCTAL YE4MLY CCSTSt 
1 1 VEjRLV C?~R~T:~G CC!T 
C. , V E A ~ L V I N V f. e ~ ,, E ~· T 

CCST ~Er.Cl:EPV 
3, C~PRECIATICll. 
TC:HL. 

868 

H -- -m--

71300.00 
5qq10.oo 

7130.00 
7130.00 

1'15530,(10 

261Qqn,oo 
l"QO,OO 

0. :l 
sc;e.io.oo 

32'100,C\O 

32LIOO,OO 

5820.00 
112eo,oo 

~zscio,oo 
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TABLE 177 

ITEMIZED COST s1_1:.1:il•J?Y FOR ''l TERNATIVE AS-I I I 
(EDIBLE OIL REFINING) 

ITEMfZ~c crsT !L~~~~v F~~ ~AS1E~ATE~ T~EATWE~T c~AI~ 
OESl~~ ~FFIC!E~C• ••• qp.! FE~CE~T PG~ ~EC~CT!C~ 

TRf.t.Tl'F:~T t•CCi.'LES: 
F,.,P~~F!~G STATlG~ 

e1 •• CC'TQ~L ~CLSE 
J,,,A!"' rLf~A1TC~ 
K,,,ACT!VAlEC ~LLDGE 

c,,.SLL:GE T~rc~E~E; 
S , • , V AC L L : • i;- ~ l i ~ A i ! L :> 
y •• I ~ (., L c; I ~. r. T A " p( 

I~VE~T~E~i CC~T~: 
1. CCl,!iTl<L·CTT~~. 
2, LAf.;0 
3. :~.C::t-..E:£~!"G 
IJ, CCl\TI\GE\C't 
TCTAL 

YEARLY COE~~Tl~G cr.~T~: 
1, Lt.Sf•;\ 
~. pr. ... E:.c 
3. cr:::.••ICALS 
U • " :. I t-! i E \ A :. C : E. E L i:: ;J l ; E ~ 
TCTAL 

TCTAL YEA~LY CCSTSs 
1, ~Eb;Ly C~~~!T?~G CCSl 
Z. Y~A~LY !\V[£T~E~T 

CCSl ::Eccv;;;v 
::: , C i:. i: J; E C I ~ T ! P ~. 
TCHL 

869 

245E:CO.CO 
5qq1c.oo 
2US71'1,0l'I 
2'1570.~0 

lS1477C,OO 

21.1qqo.oo 
15~i::o.oo 
2~10,ou 

10fo!fl0,(;0 
53ti30,1'lO 

53c30, Ot'\ 

1'11Q0,00 
1'171.10,0C 
E-2~H.OO 
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Reduction Benefits: ~00: 
SS: 

O&G: 

90.5 r>Crcent 
97.2 percent 
97. l percent 

Alternative A 5-TV - This alternatiYe provides in addition to Alter
native A 5-III dual m~dia pressure filtration equipped with a pump 
to generate sufficient head for filter operation. 

The resulting BOD waste load is 0.035 kg/kkg (0.070 lb/ton}, the 
suspended solids load is 0.035 kg/kkg (0.070 lb/ton), and the oil 
and grease load is 0.014 kg/kkg (0.028 lb/ton). 

Costs: Total investment cost: $386,850 
$ 91 ,380 Total yearly cost: 

An itemized breakdown of costs is presented in Table 178. It is 
assumed that iand costs $82,040 per hectare ($33,200 per acre). It 
is further assumed that tvm operators are required. 

Re~uction Benefits: BOD: 
SS: 

O&G: 

99.5 pe;rcent 
99.6 percent 
99.7 percent 

Alternative A 5-V - This alte~native provides in addition to Al:er
native A 5-IV an activated carbon adsorbtion unit beF'ore final discharge. 

The resulting BOD waste load is 0.021 kg/kkg (0.042 lb/ton), the 
suspended solids loa~ is 0.017 kg/kkg (0.034 lb/ton), and the oil and 
grease load is 0.007 kg/kkg (0.01~ lb/ton). 

Costs: Total investment cost: $459,900 
$117 I 120 Tota 1 yearly cost: 

An itemized breakdm~n of costs is presented in Table 179. It i<; 
assumed chat land costs 582,040 per hlctare {$33,200 per acre). It 
is fijrther assumed that tho opera~Jr~ ~re required. 

Reduction Benefits: BOO: 
SS: 

O&G: 

99.5 perr.ent 
99.6 percent 
99. i percent 

A cost efficiency curve is presented in Figure 269. 

Alternative A 5-VI - This alternative provid~s in addition to Al~er
native A 5·11 (i.e., dissolved air flotation; an aerated la90on hit~ 
a sett.ling pond. 

The resulting BOD wJste load is o.oe~ kg/hkg (0.14 lb/t~n), the 
suspended solids loJd is O.OG9 k~/ld .. g (0.14 lb/ton), and the oil 
and 9rease load is 0.069 k'.]/kl:g (0.14 lb/ton). 

870 

-----·-·-·-
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TABLE 178 

!TEMIZE:l COST SUt~r·~.o.RY FOf~ fl.LTrn'IATIVf AS-IV 
(EDIGLE O!l REFI!H::G) 

IT~M!ZFD crsT SL~~~H~ rep ~&STE~ATEP TPEAT~E~T C~AI~ 
DESI~~ EFF!C!f~CY,,, Qq,2 F~~CF~! 9CD RtClrTJC~ 

e,,,P0~~fNG ET6T!CN 
81,.CC~l~CL ~CLSE 
J,.,&!~ i::-L~T6TJC\ 
K,,,ACTJVAT~C !LltGE 
r.,,.~Ll.t~Gl Ti-:iC"it:'.1·E>< 
S,,,VAC~U~ F!LTRAT!L~ 

Y • , • ...- l' ~ r ! '- G T :. " • 
e,, 1 P~~?I~G ETATI[~ 
~ ••• c~1L ~r~rA c~E!~~Rf ;I~T~A·~ 

INVESTME~T CCSTS: 
1. CU:ST~LCTi-~ 

2, L /. r, c 
3 , f ~. G : r. ~ ::: ;.; ; 1, G 
Q, CC".l;\~E\'CV 

TCT4L 

YE4RLY CPE~ATI'G CC~TS: 
1. 1-HC~ 
2, PC:..F~ 

3, Ci-'E'':i'.''!LS 
u, ~AlNTE\A~CE~S~?PllEfi 

TCT~L 

TCiAL YE4RLY CC!TS: 
1. Y~6~LY :o~~AT!~G CCST 
2, YEAi<lV :~vi::-~T""!=:\T 

Ci.ST Rf,':C\·r;;y 
3, DEPR".C!Ai!Cll 
TCTAL 

871 

2721.1()0,00 
SQQ70,G(I 

?72UO,OC 
2721JO,~O 

.H~eso.co 

''LI QQ 0, C 0 
2ou~c.oo 

C.1 01t',C,i 
11~.:11.on 

s c; '.'i 7 c • c. 0 

1!:1J70,t'O 
lti3LIO.OO 
q\)~0.00 

------~~---
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TABLE 179 

IT81IZED COST SUMMARY FOR ALTERMATIVE AS-V 
(EOil3LE OIL REF!tlH:G) 

JTE~:ZEO CGST ~L~w4~y FC~ ~ASTE~ITE~ lREAT~~"T C~AIN 
DESlGI\ E~FICIE~CY, •• qo,s ?E~CEhT &C~ M~C~CTICI\ 

TREAT~F~T ~CO~LESr 
e.,,Pu~P!~G STAT!C~ 

61,,co~r;cL ~cL~F. 

J 00 ,l!~ ~LrlATiC~ 

l<,.,ACTIVATEC ~LL[)GE 

G,,,!LLrGE T~!(~E~ER 

~ ... VACL':" F!LT;;.:.TICl'I 
v .. ,f"CLt:PG TAI\!( 
~ ••• Pu~Qr~~ ::T~TIC~ 

t.; 1 ,,r':i.JI>!. ":::L.IA Pt<ESSL~E FILTl1A'1"' 
Z ... ~Cil\l'-H'' ('Ai'C-C:I\ .:.;:;;r_""i--i 1 1_:, 

I\VEST~E~T CCSTSt 
1. c::>.SHL.CTIC~ 

Co LA"-0 
3, E•:GI1'-E!:::~l'.G 
u, cr.~.rp.c.E·.o 

TCTAL 

YEARLY OPERATI~G CCST~I 

< 

1, t.Ai!:~ 

2, FC~E~ 
3, c1o,f~ICHS 

Q, ~~!NTE~A~C:~~LFFL!ES 
TCUt. 

TCTAL YEARLY CCST~1 
1. YUQLV t:Pt:PLT!~·C cc::T 
2. YEA~LY l~~~~T~El\T 

cc.:~1 .. i;crvr.;;v 
3, C'EPHCJATI'; .. 
TCUL 

872 

33:!270,0C 
scic;10.oo 
33!30,00 
33330,00 

g5qqoe.~o 

2£JClqO,C~ 

23520,(10 
2ei10.cc 

2HCC.CC• 
78720,CC 

1euoo,c.~ 
2uCOO,OO 

117120.00 
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Costs: TotJl investment cost: 
Total ycnrly cost: 

$249,oeo 
s 92 .170 

An itemized tn"cukdo.,.m of costs is presented in Table 180. It is 
assumed that land costs $4100 per hectare ($1660 per acre), It is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98. S pcrccn t 
97.2 percent 
97.1 percent 

Alternutive A 5-VII - This alternative provides in addition to Alter
native A 5-VI duaf""media pressure filtration and a pump station to 
generate sufficient head for filter operation. 

The resulting BOD waste load is 0.035 kg/kkg (0.070 lb/ton), the 
suspended solids load is 0.035 kg/kkg (0.070 lb/ton), and the oil 
and grease load is 0.014 kg/kkg (0.028 lb/ton). 

Costs: Total invest~ent cost: $281 '160 
$101 ,010 Totai yearly cost: 

An itemized breakdown of costs is presented in Table 181. It is 
assumed that land costs S/!100 per hectare ($1660 per acre). It is 
further ass 1111ed that one operatnr is required. 

. Reduction Benefit$: BOD: 
SS: 

O&G: 

99.2 percent 
99.2 percent 
99.4 percent 

Alternative~ 5-VIII - This alternative provi~2s ~n addition to Alt~r
nati~e A 5-VII an activated carbon adsorbtior unit oefore final disc~ar-0. 

The resulting GOD waste load is 0.021 kg/kkg [0.042 lb/ton), the 
suspended solids load is 0.017 kg/kks :o.034 lb/ton), and the oil 
and greJse ?aad is 0.007 kg/kks (0.01~ 1~/ton). 

:osts: ·1otal invest::.en~ cast: $354,210 
$126,730 Total year!y cast: 

An itemi ze.d breakdown of cos ts is pr r ~.r?n ted in Table 182. It is as;. ·;i"r-·:i 
that land costs S-tlOO per hectare 1 :,l1.i6C µer auc). !tis further 
assumed that one oper~tor i~ required. 

Reduction Benefits: GOD: 
s~.: 

O&G: 

99.5 percent 
99.6 percent 
99.7 percent 

A cost efficiency ~urve is presentEd in Figure 270. 
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TABLE lGO 

ITEf~lZED COST sur·:MMY FOR ALTrn~tATIVE AS-'/I 
. (EDIBLE OIL REFIHI~G} 

li~MtZ~D ~rST Slw~~~y Frc ~A3TE~t1ER T~EAT~~~T C~AI~ 
DES!G\ EFFJC!E~CY,., Qfi,5 FEQCF~T ecc PECUCT1C~ 

TREAT~E~T ~CCLLESr 

lhVEST~EkT CCSTS1 

R ••• P~~F!kG !TAT:O~ 
J,,,A!~ flnTA1!l~ 

L ••• AE~AT~o L~Gcr~ 

l • c (.' ~'. s i .. l. c Tr p, 
2. u. ~- c 
3. Er (:!·.FE~I:-..c; 

Q, CU•Tl"-"E.~c~ 
5, FvC u·~::;;o 

TC T fol 

VEARLV CPERAT!\G c:ETS: 
1, LAP.Cf.: 
2, PCl-EF-
3, c;..E~rc.:.r_~ 

U, ~~I~T;~~,C~~SL~~LI~S 

5, FVC LPE,:; 
,.CTi1L 

TCiAL Y~ARLY CCSiSl 

200iH.CIO 
4'000,C!'\ 

?Ove1',CC 
200eC,M 

£1150,(',0 
2"q0F.0,CIO 

12UQO,CIO 
~b8'.fO.CO 

0. 0 
10370,C:i 

210.on 
6q<H~o.co 

1, YEA~LY cc::Q~~i~G CCST ~qQ~O.Cr 
2. ~E~~LV :\v~~-~~,r 

CC~':' ::~c::,-~-:.;y 

3 • r. C: ~ i:; EC ! t. r I'.'. I'. 
lCTAL. 

875 

c;Qeo,oo 
122'::0.C·: 
Q2170,CC 
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TABLE 181 

ITrnIZED COST SU:-H·lAl1Y FOR ALTERt:A7!VE AS-Vll 
(EDIBLE o:L nEFINING) 

ITF~~!zr.o C~Si SL~~~py FG~ ~AST~~~T~q T~~~T~Ell.T C~AI~ 
Df~!~N EFFlClE~cv ••• q~.2 PE~c~~T ~cc PECJCT!C~ 

TR E A T ,.. E N T r• CC Li L E S 1 
A.,,PU~P!Nf. ~1AT10~ 

J. 1 ,AI~ F~~T4TIC~ 
L 11 ,Af~AT~~ L~GCC~ 
e, •• P~~~1'~ s:~rrc~ 
~ •• ,DUAL ~E~I' FRESS~Pf ~ILTPA 1 ~ 

!~VESTMENT CCSTSt 
1, CLll.~T~L.Ci IC"~ 
2 1 ~Hd'~ 

3. c~:C:JhiEE~I~;c: 

"· cr."'r:~-~uc" 
5, F'VC U~E~ 
TCH~ 

YfA~LY GPERATl~G CC~TSr 
1. l.ia80~ 
2, F ~ 1~r:-: P 
3. cr-clollCALS 
U, ~Al~'E'A~:E~5LF~LIE~ 
S , F \I C L ! 1. ~ ,.. 

TCHL 

TCTAL VEARLV CCSTS: 
1. YfACLY c~~~a~:'G ~CfT 
21 YfA~lY !~~f~Tv~\T 

c c ~ T ~ ~ r. ~ 'I E " 'f 
l. CF.;)f;EC!ATl~\ 

TCHL 

B7G 

221:10.00 
(1(100,0C' 

227'iC,C'O 
Z27Su,Ou 

1.11so.ol" 
2e11eio,co 

12'lq0.:JO 
s1qqo •. ~o 

0 I 0 
112,0.co 

210,::'0 
1~qoo.:o 

11250,CO 
13AbO.OiJ 

101010.00 
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TAOLE 182 

ITEMIZED COST SUl·'.~~M\Y For. AL rrnr:P,i'IVE AS-VI I! 
(ED I 8 LE 0 I l REF Il'I Ii :G ) 

JTE1 4 IZED CDST SLl-ll'HV FCC i..ASTEl<ATf~ TREA'il•C:"-r C""A!" 
o E s 1 G ~; E F ;; r c 1 : i c '( • • • q q , s " =: ~ c E " r !'.' c :i ~ E c L,, c r ! c " 

e ••• PuvPI~G ET6'I:~ 
J 0 ,,1rc; 1=Lr·1e1;r" 

L ••• J~;ATt~ L~~C~~ 
P. 0 ,,PL-.,P!'f. ~TA1!i:"J 

~; •• I C' Li A L 1' ~- (" l A ~ Q E s s i... ;.. f: F ! L T r: l.. I k 

1 ••• ,cr1var~0 c~?~c~ A~~~~~r!~~ 

I~Vf~i~E~T crsr~r 

1 • C O. S T i; l C T ! C " 
2. LHD 
~. E'.G!~-F~~I·.G 
u • C r. ~- T 1 '· :; t:. :, C Y 
5 • F V C L !'· E. ~ 
TCTAL 

YEAQLY CPtRATl~G CCSTS: 
1, LHH"i: 
c. PC'.•E;J 
J, L~t:~:~!.~S 

"' • ~ i.. I ·. ; F \ :. ~. ~ : P, 5 L r ~ ·~ : ~ 5 
5, PVC LI~~;;; 

'TCHL 

TCTAL VEAFLY CC~T:: 
1. YEt4L' rP~~AT!"~ C~5T 

c. YE'b'"L"' r·.vi::ET"~~-' 
CC~T :;Ecr:· ... nv 

3. CE~l\t:~·r:."1l"'" 
TCTAl. 

C77 

?f\e3fl\l.OC 
l.JOGl'l,00 

2Afli.JO. Cl(' 
C.~8LI0 0 Cl'I 

u1so.co 
35~210.oc 

l2Liqo,oo 
SSCltiO.CO 

0. :'.\ 
272Go.~o 

210,('IC\ 
qsoisc.co 

c;~or:o.oo 

1i.J170,00 
17510.(10 

12ti7:3ci.:o 
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A mode~ plant ~epresentative of Subcutcgory A G wus developed in Section 
V for the purpose o~ applyin9 control und treatment alternatives. In 
Section VII. eig~~ alternatives were selected as being applicable engi
ne~ring alter~~t: -~s. Thc~c alternatives provide fJr various levels of 
waste reduction:. for the model plJnt which refines 454 kkg (500 ton) of 
crude edible oii per day. 

Alter~ia~ive A 6-1 - This alternJt·ive assumes no treutment and no reduc:ion 
lilthe wcsti-lo~d. It is esti~ated that th~ effluent from a dS4 kkg 
per day plant is 534 cum f0.141 MG ) per day. T~e BOD w~ste 1oad 1s 
8.95 kg/kkg (17.90 lr>/ton), the suspended solids load i:> 4.0J kg/kkg 
(8.06 lb/ton), and the oil and grease load is 3.51 k<;;/kkg (7.02 lb/ton). 
The model plant developed for Subcategory A 6 is assumed to have separa:t" 
cfi:;charge of non-contact and process 1·1astewaters, in-plant gravity sep
arat~'1r:, skirnminq, pH contrc;, and an oii recovery system for the skir:
rnen o i ; and \'later ~1~s tes. 

Cos ts: O 
Reduct~on 8eneftis: None 

~lternatj~e h 5-Tl - Th~~ altern3tive provides for the ad~ition of 
. pressur·;;:ed air fiotz:tion utilizi11Q che:nical floc~ulating ager.ts tr 

enhar.ce fkc formation and floati.bility of wastes. Oil, 1·1ilter, and 
sol~d waste slC°ilT'Jnings are pumred to .::.n in-plant oi I reciar:ation 
syste~ for dewatering, and recovery Jf ~n~dible oils. 

The :esulting SOD waste load is 2.~2 kg/kkg (5.36 lb/to.1;, the susper.::c:: 
solids lcGd ~s 1.21 kg/kkg (2.42 lb/ton), and the oil and grease load 
is 1.05 kg/kkg (2.10 lb/ton). 

Costs: Total investment cost: $154,540 
$ 44, 140 Total yearly cost: 

t.n itemized breakdown of cosrs is presented in Table 183. It is 
asswr.ed that lar,d costs 532,040 per liectare ($33,ZCO per acre). It 
ts further assu~ed that two o~erators are reau11ed. 

P~ductio~ Oerefits: BOD: 
SS: 

0&G: 

70 percent 
70 percent 
70 percent 

Alternat~ve A 6-TJ! - This alte:native provides for the addition of 
activci~1~~~ :-;~uoc;e. :j~'::)r.dJl"Y c?ur1fi 1:.1:ion, '~1ud:;c recirc~1J:ion p:nnp" 
a ~ludge thickening tank, vacuum filtrJtion, and J sludge holding tank. 
Sludge is hauled to a 1Jndfill filcility every four days. The JctivJte.1 
sludge unit also incl.ides a control hou~e and two full-time operutors. 
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TABLE 183 

ITEMIZED COST SUMMARY FOR ALTrn~:;.rrvr A6-I r 
(EDIBLE OIL REF:NING) 

Ilf"' ZEC CCST SL""'ARY FC~ kbSTfkAT~P JQEAT~F~~ C~Al~ 
CESJG/'- EFFIC!:~.cr ... 7(.1,0 F~i;Cf.;,T 2C'C f:<f~L·ri!C~. 

TRE.ATl"Ef\'1 "'Ci::L'LES1 
P. , • P tJ" F P.' G ~ 1' ~ T ! C ~ 
P.1 •• CL~T~rL ~cL~: 
J ••• AI~ FLnTA1IC~ 

I~VESTME~T c:~l~1 

1. CC'·~Ti;LCTIC~ 
2 , LA r. !'.) 

3, El\GI;-.~:Pp .. G 
l.i • CC ftq I~ -; Er. c:v 
TCHL 

YEA~LV C?E~ATI~G CCST~: 
I. LA~CR 
2. ~Clo.F.~ 
3. Cf<EMICALS 
U, ~Al~T!~A~CE~!LPPLifS 
TCTAL 

TCiAL YEARLY CCSTS! 
1. YEA~LY CP~PATI~G CC~T 
2. YEARLY I\\E~T~E~T 

CC~T ~~C:~v:'-Y 
3, CtPR~CIHin 
iCTAL 

aao 

767QC.C·) 
62HO.co 
7~ec.oc 
7oer.oo 

1St;Si.:0,0CI 

2llc;c;c.oo 
21.:io.cc 

o.o 
b221).('·0 

33.;so.oo 

333SO.ii~ 

li80.01'! 
.Jb10.00 

.. :J1LIC',OO 

: :_ ~·_,. • - - ~ -~--- -~1.·;~ ~_.... .. .;· ··-· 
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The rcsultinri BOD ~1u~te !o.:id is 0.13 1:9/U·~ (0.27 lb/ton). the 
suspenc.ic.J solid:; loud is 0.12 l.9n.;g (.J.2·i lu/t.or.), and tt1':! oil Jnd 
greilse load is 0.10 l:g/kkg (0.21 b/ton). 

Costs: Total i~vestment cost: $460,940 
$1~5.880 Total ye.:Jrly cost: 

An it~mize1 breakdown of costs is presented in TJule 184. Jt is 
assur.;ed tha~ lari1 c:ists 5£32,040 per hectare ($33,200 rer acre). It. 
i~ f~~ther assumed thut t"o opercltors are required. 

Reduction Bcr.eftis: BOD: 98.5 percent 
S~: 97.0 percent 

O&G: 97.0 percent 

Alter~_!:ive~~ - This alt12rnative provides for the addition of 
dual med;a pressure filtration with pu~p ~tations to ge~erate suffic1ert 
head fer t~e filt~r o~erat~on. 

Th2 res~lting 308 wast~ Jo3d is 0.067 kg/~kg !G.:J lb/tc~). the ~~s~e~~~d 
solids 11Ja'.1 is O.Jf; kg/U:9 (O.i2 lb/!:0n), and the oil and grease bad 
is 0.023 ~~,~~g (J.n~5 l~/ton;. 

Cost~: Total ir;;cs:~"nt er:.:,-;:: '. .~ I/, l 90 
$116,050 Total year/1 ~o~~: 

An itern1;:ed t.r~akdo.,.n of costs is presentr!d in Tabl~ 1.?5. It is 
as~ume~ that land cos:s $82,0~0 ~er ~ectar~ (S33,2no ~er acre). rt 
is f•;rther assur::ed that two opP.r?.'..ors an:! r~quired. 

Reduct'on Benefits: DOD: 
SS: 

06.l'i; 

99.3 j:)P.i·cent 
98. 5 oercen t 
99.J percert 

Alter~a~ive ~ 6-V - This alte~na~~~e pr~~ides for the ad~itiu~ of a~:iv~te~ 
carbon acsor~tion before f~nal ~i~cnarg~. 

The resulting !3C9 waste load is 0.035 ~:g/l:kg {O.C?O lb/ton). the 
suspended so1ids load is 0.030 k~·~~g (O.CGJ 1b/ton). a~d thf oil 
and gr2Jse load is 0.012 kg/kk9 (0.021 lb/:)n). 

Cos~.s: Tota·1 investrr2nt cost: $"i2C,2..f0 
Sl48, 780 Total ye.Hiy .;c•st: 

An ite111ized breakdo~·in of cos:s is pr<:~,rnted in T<>lilc 18F .. It is a~'.;urr:rJ 
that hnd c:::s~s :.s:,C'~O per !1c~:.~r~ (:3:,20J ~er .:icre). It is fu1 '.her 
~ssumed that two ooc~ators ar~ required. 

Reductior: Benef~ts: BOu: 
SS: 

OtG: 

99.6 percent 
99.3 percent 
99.6 perct?nt 

A cost efficiency curve is µresented in figure 271. 
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TABLE 104 

lTEMlZED COST SUW·1f\RY ran flliEfU/,~TJV~ A6-IIJ 
(EDIOLE Oll REFINUIG) 

ITEl'!Z~D crsT EL~~,~~ FC~ kAST~~ATfR T~fAT~F'T r~AJ~ 
OE5IGt.. EF"FICIE1'C'l',,, q~,S i:EPCF:r..T ECO ~C::Cl1CTIC• 

TR E A T '' E ~ T '-" C ~ L' L [ ~ J 

INVEST~E~T CCSTSJ 

8 , , , Pt,,,.. P ! :: i; S T A T ! C' ~~ 
A 1 • • c (j ~ T ;; c ~. .. c \.. 5 E 
J,.,AI~ ~LrTATTr~ 

K,,,ACT!V~TEC ~L~CSE 
C,,,SL~CGE T~ICKF~E; 
S,,,V4CLlu ~ILl~ATlC\ 
Y, ,,HC'LCl\.r~ '1'H1< 

l. CO:Si"L;CT~":' 
2. L6t-.D 
3 • E' 11. G ! 11, E ~ >- I ~. ~ 
I.I, CCll:TI,:.d:··:Y 
TCTAI.. 

YEARLY CPE~ATI~G crsrs: 
1, LABflR 
?, PCl~E~ 

3. Cl-i£ 111C:.L3 
U, ~4I~TE\A~C~\~~~PL!E~ 
TC lAl. 

TCTAL YE~RLY CC3T~s 
1. YEA"LY c~~~~Tr'G cc~r 
~. YE-RLT 1~vF~Trf~T 

CCST i\:'.CC''I:'~" 
:3 , 0 f P f; E' C 1 t. T l ~; " 
TC'TAL. 

eo2 

.B21q0,C'".l 
62310,00 
3322i.J,OO 
3322~.co 

UbCqac.oo 

2u9c;o,oo 
260Clli,liO 

Jueo.co 
Douo.co 
6i51C.OO 

b7SlrJ .• no 

1'!.:ILI0,01) 
1qq:!O,t•O 

1oseeo.oo 
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TABLf 185 

ITfMJZ£') COST SU:·'.:'.MY FOn J\LTERNAilVE AG-IV 
(ED!CLE OIL REFINI::G) 

i~IZFC cr~r SLMPA~y Fr~ ~AST~~•TE~ ,~EAT~E'T c~•r~ 
~ESlG~ E~~~CZE~cv ••• qc;.~ ~~~CE~T ~LC RECuCT!C\ 

e ••• ~l~Pz~~ ~T41!C~ 
rl,,C~h7"C~ •CLSF. 
.J , • , ti ! .;; F l ·'TA i l C \ 
~ •• ,ACT!V!T~~ fLL~G~ 
c ••• SL!..CG~ T~Ic~E~~~ 
S,,,V4Ci..l." ~IL~;;!;IC': 
y • ' • ;..1·. L ~ = '·· ~ i J" i< 

Q , • , i:. 1; ~PI' C: !: T t. T : C " 
~ •• ., CI. AL ~ F:.. ~ ~ -=;;ES::.. ;..- E Fl;,. T :< b ' .•. 

I~VEST~E''T C~5~~r 

1, CC'-SVit.CiH:' 
Z, !.A~!' 

3. F"-GI'-E:=r·~ 
"· cr::~n~G:~o 
TCTAL 

Y~Ar.Lv CPE~kT!~G ~c=T~1 
J. 1.111.l('Q 
::? • ? r ... ;;-= 

3. '=~~"ri:~~:: 
~. ~4!~TE~~'(f~SLP~L!£9 
ir'Tt.L 

TCTA~ YEA~LY cc~·=: 
1 • 'YE. A" L 'Y r ::: !: ;; ~ ,. ; ' :, CC S T 
C 0 V(::41:!.,.'t' l"\~;~·:J€'.~ 

CC~i ~i:-cr.•,1:;;y 
3. f'.C:P~EC!AT!r·•. 
TCTA!. 

RG3 

3b2:ioo.oo 
623!0,(10 
36.?tJo.on 
362iJO,oo 

ur:i1tcio.oo 

2Q</~o.oo 
3.?330, co 
Jaflu,ua 

13020,0~ 
7ui:.20,00 

19@190,0I! 
2171JO,O~ 

llcOSil.00 
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TABLE: 186 

ITEM I ZED COST SUMt~ARY FOR Al H~r:AT IVE A6-V 
(EDIBLC GIL r?EFrr;Ir1G) 

ITE~:zEn CCST SL~~A~V 'C~ ~A~TE~AT~~ T~E•T"'~~T (~Al~ 
DESlG~ E~FIClE~c~ ••• qo,6 Ff~CE'T BCD ~E~LCT:c~ 

6 11 ,?L'•Q:\:r. ~TAT!:r-.; 

B1 •• cc~T~:L ~CL5F. 
J •• ,6r~ F~rT~'!C~ 
K 11 ,ACT!V~TfC !Ll~GE 

Q,,.SLL:t:f. T~!CK[\E~ 
S,,.VACLL~ F!LT~AT!C~ 
v ••• ..-oL::,r. TA'..c 
6, 11 ?~~F~·~ ~~Al!C~ 
Pv,,,Du6t. "'~C!A PPfSSl.~E' FI~T!<A 1 .,_ 

z .•. ACT:~~Tt~ c·;~c~ ftCSC~~T~Lh 

I N VE S T l• E ~~ T C C: .9 T S : 
! , CC"- :; T ~ 1, C ":' : C 1, 

2. LH·O 
3 • E ~ G I ~; ~ =: ;; : ~ G 
u • C C' ~~ T I ,, :; : 'C ~ 
TC lAL 

YEA~LY QPE~AT!~G C(5T~: 

11 LA6C';; 
2. Pc;..e~ 
3, Cl-("'lC:.LS 
Q, ~AI~TE~'~C~&SL?0Ll~~ 
TCTt.L 

TCTAL YEARL~ CC~T~: 
1. YEA~LY C~F~hrr'r. c:sr 
21 YE~~LV J\V~~!~E'T 

CCST PECL':~;;v 

3. CEl'r.Ec!.:.":"lf'I,, 
TCT:.L 

804 

Ue~03C0 ,QI) 

623!C,O~ 
ab~OO.L'O 

a~srio.oo 
ti203"0,CC 

2w<;C10,CO 
36660,C.O 

3/JEO,O:l 
3CQIJO,OC 
~b070,CO 

Qb070,C1' 

2'1810.CO 
21qoc,c.1J 
ltJ8780,0~ 
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Altcrn~tive A 6-VT - This alternative provides in addition to Altcr
nativr. ,l\-!:;:11-c;-:-;, .. di">solved air flot.1tion) an acr.Jtcd lagoon system 
including a settling pond. 

The resulting DOD wJste lo~d is 0.13 k~/kkg (0.27 lb/ton), the suspended 
solids load is O. 12 kg/kkg (0.24 lb/ton), and the oil and grease load 
fs 0.10 kg/kkg (0.21 lb/ton). 

r:os ts: Tot a ·1 i nves tmcn t cost: 
Total yearly cost· 

$374,050 
$152,640 

An itemized brea~do~n of costs is presented in Table 187. It is assurred 
that lc:ind costs St;100 per hectare ($1660 per acre). It is further 
assumed that two operators are required. 

Reduction nenefits: BOD: 
SS: 

O&G: 

98.5 percent 
97.0 percent 
97.0 percent 

Alternative A 6-V:I - This altern~tive provi~es in add1~ion to ~1ter
native A 5-Vl dua1 media pressure filtration with a pu~p station to 
generate sufficient head for filter operation. 

The resulting BOD waste lo~d is 0.057 kg/kkg (0.13 lb/ton), the suspe~dcd 
solids load is 0.051 kg/kkg (0.12 lb/ten), and the oil and grea$e load 
is 0.023 kg/kkg (0.046 lb/ton). 

·Costs: Total investment cost: $410,3!'0 
Total yearl_y cast: $"i62,:::)0 

An itemized breakdown of cost5 is prese~ted in Table 188. It is 
assumed that land costs $4100 per hectare ($1560 per acre:. It is 
further assumed that t1·10 operatc:-s are require:l. 

Reduction Benefits: '::CD: 99.: pacent 
~S: 98.5 oerce0c 

O&G: 99.2 percer.: 

Alternative A 6-V!II - Thi:. alter::ative provides ir1 addit'on to 1\~ter
~ative A f-VII an ac!iv~ted car~on adsorption unit prior to final dis
charge. 

The resulting GOD waste load is 0.035 kg/kkg (0.070 lb/ton;, the 
suspended solids load is C.OJC k::;.!l.kg ::O.C')J 1b/:on). a•,d tr.e un 
and grease loa~ is 0.012 kg/kkg (0.024 lb/ten). 

Costs: Tota~ invcs:ment cost: 
Tot~l ycar1y co~~: 

$533, t\;JO 
S1?S,S40 

An itemized breakdown cf c0s~s is presented in TJ~le 189. It is 
assumed that land costs S·i"iOO pt:'r hec~.1,..i:· d1660 per acre). It i5 
furth~r assumed thJt t1vo oµ.~ntor!. .:.iri: r·:::-i:;ircd. 
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TABLE 187 

ITEMIZ[l) COST ~u;·'.l·~AP.Y FO~ ,\L 1rn~:AT!IJE A6-V! 
(ED1Bl£ ClL Rff l'W:G) 

?TE~!2E~ C~ST 5~vuA"V FCR ~£5T~~ATE~ T~f~Tw~~T C~tI~ 
DESiGt. EF;:tc!~'['r,., 4e,7 ?Ef.'CF."1 !?.CD f'EC1.-CTlCI\ 

I11.vES' 1 ·:1--~ crns1 

B,,.PLWPIN~ er~T!C~ 

J ••• ~:~ FLC 1 :~:C\ 
L ••• t~P~i[I- LAGCC~ 

:. • CUST>=;.;:1!r:"-
2, l.H" 
3 • l: ~. r. I '· E i: ~ ! '· S 
.. I c c ., 'j ! \ C· E " c 'f 
S. ~··,C i.P.·E"' 
rc~.t.:.. 

VEA~LY CPE 0 A~I~G ccs~s: 
1. LA~Ci( 

2. FCf-~~ 

3 • C .. E ~·. I C H ~ 
41, t-'tl\.'Ti:;'!"'.::&S~Fr:'l.!ES 
5. P\IC LI\E~ 

'TCH1.. 

TCT~L YEA~~y cc:T~r 

~· t~ 0 C' • (1 c 
3oc10.co 
30010,CCI 

e1120.00 
37'1C~c.cc 

1211~1'J.OO 
qi:qo.co 

0. ('l 
JOif.r.o.C"ti 

350.00 
11<;2;n.:-;n 

1. YEt~~y c~~~tT:~G CCST 11"2~~.oc 
2, V[/.kL'!' :\•,c-:;~"'E'.T 

3 • C ~ ~ 11 E C ! ! i : : \ 
Tri AL 
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TC:TAL 
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1ci.iGO,C:C 
'J7~2~.~~ 

rj • C· 
153H1,,:c 
v~c.u 

12el3·:l,CO 

1, YEAFLY c:~~!!:~~ CCSi 12~13C,CO 
2. YEA~LY !"'·'~,.,~.._ .. 

CC~i ;;;~Le·-~:.:" 
3, CfPQE...::b~:'=" 
TCHL 

888 

lblJ10,CLI 
2 (1 ;: I': 0 • (l () 

1'>280C,OO 



~ .. ~ .. ···--··· ----· 

TAOLE 189 

ITEMIZED COST $Ui·:t·:ARY FOR ALTER~AT!VE ~6-VI I I 
(EDIBLE OIL REFI!;E:G) 

!TE~Yz~o CC~T ~L~~A~v FC~ ~~~,E~~TfP TPE~T~~~r r~~l\ 
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Reduction Dencfits: SOD: 
SS: 

O&G: 

99.6 p<>rccnt 
99.3 rerccnt 
99.6 pe.,.ccnt 

A cost efficiency curve is presented in Figure 272. 

Cost and Reduction Benefits of Alternative Treatment. Technoloaies for 
SUbeateqory A 7 - Edible Oil Processinq by Caustit Refining, 
Acidulation. Oil ProccssinQ, and Oeadorization 

A model plant representative of Subcategory A 7 was developed in 
Section V for the purpose of ap~lying control and treatment alter
natives. Jn Section VII, eight nltcrnatives were se1ected as being 
dpplicable engineering alternatives. These alternatives provide for 
various levels of waste reductions for the model plant which refines 
454 kkg (500 ton) of crude edible oil per day. 

Alternative.~ 7-I - This alternative assumes no treatment ar.d no 
redutt;on in the waste load. It is estimated that the effl~ent from 
a 454 kkg per day plant is 1147 cum (0.303 MG ) per day. The EDD 
waste load is 16.09 kg/kkg (32.18 lb/ton), the s~spended solids load 
is 7.84 kg/l:kg (15.68 lb/ton), and the oil and grease load is 3.93 
kg/kkg (7.86 lb/ton). Tne mcdel plant developed for Subcategory A 7 
is as~umed to have separate disc~arge of process and non-contact 
wastewater, in-plant gravit_y, separation, skirruning, pH control, and 
an oil recovery sys~em for skimme~ oil and water wastes. 

· Costs: O 
Reductio~ Benefits: None 

Alternative A 7-II - This alternative pr·ovides for the ad~ition of pre~
surized air flotation utilizing chemical flocculating agents to en
hance floe forr'"lation and f1catability of wastes. Oil, \·tater, an1 
solid waste skimmings are pumped to dn in-plant oil reclamation syste~ 
for dewatering, and recovery of inedible oils. 

The resultin~ BOD ~aste load i~ ~.as kg/kkg (9.70 :b/tJn), the suspen~~~ 
solids ~oad is 2.35 kg/kkg (4.70 lb/ton), and th~ oil and grease load i3 
1.13 kg/kkg (2.26 lb/ton). 

Costs: Total investment cost: $i93,640 
$ 49,530 Total yearly cost: 

A~ itemized breakdown of costs is presented in Table 190. It is 
assumed that land costs 582,040 per hectare ($33,200 per clcre). It 
is further assumed that two operatcrs are required. 

Reduction Genefits: BOD: 
SS: 

O&G: 

890 

69.B percen~ 
70.0 percent 
71.J percent 
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TABLE 190 

ITEMIZED COST SlJ''.~VIRY f-'OR Al rrn::1HIVE A7-I I 
(EDIDLE OIL REFl~ING) 

ITE~JZEC cr~T 5LM~A~Y FC~ ~A~T~~AT~~ TREAT~[t\T (~Al~ 
DESI~~ EFFICIE~CY,,, 10.n PE~CE~T ~cc RE~~CTIC~ 

TR~,T~E~T ~C~uL~S1 
&1,,CC~T~CL ~CL5r 
e,.,PL~~r~~ STAT'C~ 

J,,,AI~ F~CTATIC~ 

INVEST~ft\T crsrs1 
1. rC'.ST~LCT:c~ 

2 • l HD 
3 • E to. G p. Ff >; p .. c, 
u. CC'-'Tlt-.C.O·C'Y 
TlTAL 

VEA~LY [PE~ATit\G crsrs: 
1. LAPC:( 
2. ~r.ii.f~ 

31 C:l"E"'rCALS 
I.I• ~·A p! T ~ '. H C:; ~SL. F ~ L. HS 
TCT AL 

TCTAL YEA~LV CCSTSI 
1. Y~~"LY :~~~aT:•G CCST 
z. YE~~LY J~\f~T~E~T 

C:CST r<F.C~v!::~Y 

J, ['lfi:'Pf.CJATI2~ 

TCHL 

Cl92 

1oc?P.o.co 
73!00,00 
10:30.c10 
10C30,0C 

1Qlf.UO,OO 

2c:.ic;qo.oo 
3tLIO,C·O 

o,n 
bc;jQ,0(1 

35HO,OO 

3':760,0C 

7150,00 
6020.0("I 

uqs30,oo 
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f.lterna':i·1~ fl 7-fJT - Thi-; .:iltP..-ric1tivr.! provitlc'.: in adtlition to flltcr
nt1(1~1-e:_/\ ... f--CCcui->-11't~ mix ucliv.Jtc·d slud11e. sec:ond.lr·y clarific.ltion, 
slud~c rccirculr1lin9 j)Ull':J, .l ~11J1..Jr)!' thir:l:cninq •;ink, vacuum filtriltion, 
and il sludge holding tilnk. Sluduc is h~uled tc a 1.:indfill facility 
every ten d.-ys. The activ.:ited sludge unit also includes a control 
house .:ind two full-time oper.:iturs. 

The resulting noD waste load is 0,25 kg/kk9 (0.50 1~/ton), the suspended 
solids load is 0.25 kg/kkg (0.50 lb/ton), and the.oil and grease load 
is 0.25 rg/l:kg (0.50 lb,'ton). 

Costs: Total invest~ent cost: $672,560 
$151,370 Total yearly cost: 

An itemized breakdown of costs is presented in Table 191. It is 
assumed that land costs $82,040 per hectare ($33,200 per acre). It 
is further assumed that two operators arc required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98. 4 percent 
96.8 percent 
93.6 percent 

Alternative A 7-iV - This a~ternative provides in addition to Alter
native A 7-III oual media pressure filtr.:ition with a pump station to 
generate sufficient head for filter operation. 

The resulting BOD waste load is 0.13 kg/kkg (0.25 lb/ton), the suspe,dod 
solids load is 0.13 kg/kkg (0.25 lb/ton), and the oil and grease lodd is 
0.051 kg/kkg (0.10 lb/ton). 

Costs: Totill inve::;tr.~ent cost: $718,620 
$164,520 Total yearly .cost: 

An ite~iz~d breakdown of (OSts is presented in Table 192. It is 
assumed that land costs $82,040 per hectare ($33,200 per acre). It 
is furthe· a~sumed that two operators are required. 

Reduction 3cn~fit~: BOD: 
SS: 

O&G: 

'.)9.: µercent 
98.4 percent 
98.7 percent 

AltcrnJtive A 7-V - Thi~ alter~ati~e nrovidcs in addition to ~ltcr
n.uTfvC!TT-TV .:ict".'iltcd c,1rbon .)dsr;ri'tio:: heforc tinal Ji::.chargc. 

ihc resulting !30D -.~Jste lo;id 1~ 0.07G 10/1.ku (0.15 lb/ton}, the sv;;->•_·:i.~ .. · 
solids load is O.OA3 k<i/kkQ iU.lJ lb/ton), and the oil ~nd grease lo,1d 
is 0.025 kg/k~q (0.050 lb/ton). 

Costs: Totul investmAnt cost: $1,004,970 
Total yearly cost: $ 216,~50 

M3 
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TABLE 191 

ITEMIZED COST SUt·'.t~ARY FOR ALTERNATIVE A7-III 
(EDIBLE OIL REFI~ING) 

ITE~Izro rrsr fL~~AP~ FCC ~45TF.~4TE~ T~£AT~E~T C~AI~ 

OES!GP. E.FFICIE\CY ••• qe,tJ i.;c;i:;cEf\T llC:.D kf:.C;l,,CTIC"-

iRE•T~E"-T ~CCULE~t 
tl 1 • • C Cr, 1 ~ C i. 1- C I ~ E: 
e ••• PL~~r"~ SlATJr~ 
J, •• AI~ FLrTA1J(I\ 
K,.,6CT!VAT~~ ~LLOGE 
C,,. ~.Ll.CCE Tf.JC1<€'--t:i.; 
S 1 ,,V~CLL~ FJLT~ATlCN 
y • • • ti (j L !: I " G l A " I( 

I~VESTMf~T CCSTSI 
1. ccrvsr~L..C.TIC" 
2. L.\~O 
J, E''-GI'.f~~p·i:; 

U • C C N T l !\ C p. C'1 
TC'TAL 

VEARLY CPE~'TI'l.G CCSTSr 
1, L.•DC~ 
CI lo' ( ~- f fl 
3. CME~!CAL~ 

"• t-:.6INT£:,r.:.~E8SU:q::LIES 
TCUL 

T~TAL VEIRLY CCST~r 
1, Y~.6~LY CPE~AT1~G CCST 
2. VF.ARLY I~vEST·~"T 

CC~T ~~r'.°:"";:'r 
!. ('!;:PCf:r:ATt;'\ 

lCTAL 

894 

u~q~eo.co 

73.:~C'.CCI 
llqqlJl),CO 
"qq ,, 0. 0 0 
6725~0.oo 

(!U9C!O,O'l 
Ub72Co,00 
5~30.00 

11no.oo 
c;u510.oo 

qusio.oo 

2ti'Q0(1,(10 
?.Cfqt-il'),(10 

151370,01) 
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TABLE i 92 

IT£.'-1lZED COST SUi·i~·~i\RY FOR l\LTEr.Ml\TIVE A7-IV 
(EDIBLE OIL kffitl!l:G) 

!TE:~tZED C~ST SL"'~A~v ~l~ ~A~TE~ATfR T~~AT~E~T C~AI~ 
DESIG~ ~FFICit~CY,., ~q.2 PE~CF~T ~en R~C~CT!C~ 

T~~AT~E~T MCCULESt 
P.1.,CC~1QQL ~CLSE 

~ ••• P0~~111.G S1,l!CN 
J 000 AI~ ~~(T6T:C' 

i<.,.ACTT'UiTfC aLOGE 
,,,,SLL:~f T~IC~E~ER 
~ ••• \/ fl (' L L ~· F I L l ! I :. T ! c ~, 
'<, •• ~GLCI'-li TA"'I( 
p I •• Du,, p ! ~. c: :.: 7 i. 'T ! c,... 

'~ ••• OGAL Uf~IA ?~ESSL~E FILTgA'N 

I to. V ~ ST 1.1 o, T ·C. C ST:: : 
l • r r:- ~! s T ra c T r c r... 
2 I LA t, D 
J. E'-r.P,€::oI'G 
~ • C Cf., T l ~ GF. 11.· C Y 
TClAL 

YEAgLY C~EgAT!'C cc~~sr 
1. L Hai, 
2, P(',.E'_. 
l, r".•f"'!C~L~ 

~ • " a I 1·: 1 r "· " "' c ~ '· ~ , ;J i.: L r E ~ 
tCTAL 

TCTAL YEAQLY CC~TS: 
1. H4wL" c.P~1:1~n·~ ~cs~ 
2, y~_APl.'I' :•,·,r·;':" "°' • 

CCST ;<fen~ ...... 
3. CfP~t:C!.:."'rr•, 

TC'TAL 

C95 

S377io.oo 
73300,\111 
53H!C.O" 
SJHIC,00 

718630,0Cl 

2 II q q 0 1 0 0 
s~ooo.co 

5530,('0 
:7f'l~t'.l.Cl'I 

103500,00 

2e1i;o.0C" 
H270.C'l('I 

loll~2Cl,C~ 
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An itemized W-cakdo~m of costs i~ presented in Tob1e 193. Jt 1s 
assumed that land costs SBZ,040 per hec~urc ($33,200 per acre). It 
is further·assumed that two operators are required. 

· Reduction Benefit~: BOD: 
SS: 

O&G: 

99.5 percent 
99.2 pe1ce11t 
99.4 percent 

A cost efficiency curve is presented ii Figure 273. 

Alternative A 7-VI - This alternative provides in addition to Alter
native A 7-ll an aerated lagoon and settling pond. 

The resulting BOD waste load is 0.25 kg/kkg (0.50 lb/ton), the suspended 
solids load is 0.25 k~/kkg (0.50 lb/ton), and the oil and grease lodd 
is 0.25 kg/kkg (0.50 lb/ton). 

Costs: Total investment cost: $607,720 
$266, 550 Total yearly cost: 

An itemize~ breakdown cf costs i~ presented in Table 101. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further as~umed that two operator:; are required. 

Reduction Benefit5: BOD: 
SS: 

O&G: 

98.4 percent 
96. 8 percrn t 
93.6 percent 

Alternative A 7-VII - This a1t~r~ative provides in adoition to Alter
native A 7-VJ dual media pressure filtr·ation dnd a pun:µ station to 
generate sufficient hedd for filter operdtion. 

The result1ng BOO waste load is 0.13 kg/~~g (0.25 lb/ton), the suspended 
solids load is 0.13 l.<:;/kkg (O.~S lb/ton), and tne oil and grease luild 
is 0.051 Y.9/kf:g (0.10 lb/to!i). 

Costs: Total inve:.trr.cnt cost: $65J,790 
$279,680 Total yearly cost: 

An itemized brcaKdown of ~osts is pr~scntcd in Table 195. It is 
assumed that land cost:; $4100 per hectare iS1660 µer .:icre). It is 
further assumed that two operato1·<; are required. 

Reduction Benefits: ttOD: 
SS: 

O&G: 

99.2 percent 
9B.4 percent 
90.7 percent 

Altern~tive A 7-Vlll - This altcr~Jtivc provides in addition to Altcr
nat1vc A /-VII <H:ti11,1tcd carbon adsorption before fir.al discharge. 

The resulting OOD w1~tc load is 0.07G 1.n:~Lg (0.15 lb/ton), t~c susoen~cd 
5ol1ds lo~d is 0.063 kg/kKg (0, 13 lb/ton), and the oil and 9re~se load 
is O.C25 kg/kkg (0.050 lb/ton). 
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TABLE 193 

ITEMIZED COST sut:MMY FOR /\L TERr:ATlVE A7-V 
(EDIBLE OIL REFI~ING} 

ITE'IIZED Cf":T El'~,,.A~V FL~ IO/.STi:'l•tHR T~FAP'Ell.T C~A!ll. 
DfSIG~ EFFICIE\CY,,, q~.5 ?E~CE~T 90D WfC~CTIC~ 

TRUT,..P-1'!' "'[Cl.Lf~r 

R1 •• rc~T~CL ~CLS~ 
8 , , , Pt."" c ! \ r. .c. T ~ T I:·~ 
J,,,Al~ FLr.1Ai!C' 
~ •• ,ACTivATEC ~lLDGE 
c,,.SLL:Gf r~1c~E~E~ 
S,,,VACL~~ FilT~AT!r~ 
Y,,,.-:·L~I'•C: 'TA~ti 

P,,,Pu~rr~c ~TAr1r.~ 

~ ••• u~~L ,..~rra F~ESS~~E FJLT~~· ... 
Z , , , /1 c T I v A T F. " r A i' !" r: ~ 1- t. ~ r: .. c. i i i. ~. 

I~VEST~E~T :c2Ts1 
1. CC\'~T~i..:T:::., 

2. LH.D 
3, £1.,G!:.F:·=:~.~ 

6j • c ( ~. ,. ! " li t .. c .., 
TC Ut. 

VE~~LY C~E~,·:"G :cs~~! 

I , t.. A ~ C1 ~ 

2. ~c:.:.~ 
3, ( 1-EH;CAL.S 
" • ... A I •:Ti.: '· t • c E' ~ s l.?? L. : Es 
TCTAL 

TCTAL Vfl.~L'!' cr.~'T~r 

77bHO,OO 
73300,0C 
77t11JO.O' 
77b_.O,OO 

1oo"q7o.oo 

~uqqo,ot'I 

6351.10,0~ 
~5'.B,CO 

35010,Cl'I 
12Qt:70.00 

1. vrA~lv CP~R6~='~ ccsr 12q~10,oc 
z. YfAl\LY l'.vF~l"rf\T 

c r !i .,. of. :: ~ .,, c: ;, " 
3. CEPi<fUi.i;~i. 

TCTAL. 

"0200.~c 
UfJ~'!O,CIO 

2JbUSO,CC' 
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TABLE 194 

ITCMIZCD COST su~~W1RY FOR ALTEfWATIVE f-.7-VI 
(EDIBLE OIL REFJrlillG) 

ITE~!7E~ c~~T SL~~A~V FCQ ~ASTF~6TEQ T~EAT~~~T C~At~ 

OE~IG~ tF~lC!E'Cv, •• qp,u ~F~CF~T r:~ ~ECWCTIC~ 

'!'R F fl. l '.' ~ r. T ~1 C C L l t ~ I 
Pl.,Cf~i°CL ~CL~F 

r ••• r ·.i" ;.i I .. r. s r 1 1 ! r: '· 
J , • , t T ~ ~ L r· T /, 1 1 r ~. 

L, •• 6~~AiEC LLGCr~ 

H :Fsn-1:.1-.1 cr:srs: 
1. rr~ST~~~lIC~ 

?. L-''!: 
3. t"\I'-E~-~:··~ 

"• (rf.T~'-C·E··r.Y 
S , r '' c L ! .. !:. :. 
HTAL 

YEA~LY CP:~ATl~u CC~iS: 

1. LAbCi< 
c, i:c .. t.;· 
3, Cl"E"TC!!.S 
L! • ""'1 ~ - ~ '· I·. r: ~ ~.: t. ;;> p LI t: s 
S. ''v[ c.:•E: 
TCnL 

I!, ~-1 11 ~: ~ '! l " ·: r ~ T • :-: 1 T 
cc::1 ;;h~~>.:-.,.,. 

~. cri.: ... rc:l-:· '· 
i C TA L 

099 

i.18723C,GC 
fl7e~.Ol'i 

ueno.c~ 
t.i8720,CJC. 
H 2 7V. C· n 

t07720,C"J 

,21.1QIHl,(':I'\ 

101.1ZS0,r.o 
0,0 

2~2\0.oCI 
11.10,or 

2 1 2 l ~ C • 0 C; 

2'-'31o.rc 
30CC:~.: ~. 

;>H15':c .• :'!' 
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TAl3LE 195 

ITLMI ZED COSi SU~1:'.MY FOR AL TC:::t:ATIVE A7-V II 
(EDIBLE O!L REF IriH:G) 

11EW!ZFD r~~1 ~L"'~AF'V Fl~ ~~S1E~A1(R T~EAT~El\T C~AI~ 
OESlGN tF~!C!E~CY,,, Q~,2 ~~~Cf~T ~rD PE:LCTIC~ 

T~F-T~~NT M[CLLE!1 
~1,.Cl1 1\TPCl 1-C'-~'~ 
ri,.,P~"'t'!'.'.i 1:-rnrr•; 
J,,,AI~ ~LCTAT:CI\ 

L,,,6F~t.1t~ LtGCCI\ 
P. • • • ~ ~,.. f- ] !. :. ~ T b lf C '\' 
...... :- ~J A L. ,, " I'\ 1 f. ~ J:; E 2 :; L " ~: F I L T Q A I .... 

r~vfsT~E~T CCST~1 

1, CC,.,,~T:lLC'. T 7C"-
2 , LA~. r: 
3, F.~.[)'.[l.~l'.G 

1.;, CCl\T!"lif·'f" .. 
5. '·'VC: Ll'f'ic 
ir: 1 t. I 

YEARLY CP~~AT?~G CC~T!: 
1. L.A~ci:; 
2. Fr:r.s::~ 

3. r•E"':~ns 
II • ... A T "' • ~ ' ~ • ': ::: I! ~ l ... p L I F. 3 
~. P~C Li"!'.;. 
TCHL 

TCT•L 'V~A~LY cr~T~: 

s2:b20,oo 
~?eo.ce 

5?.Se<;,Ct' 
s2:oc.r.o 
1 f. n (JI 0 0 

bt;JHo,on 

2u~qo,nn 

172S~~.~,, 
o, e 

zcr:,:~.~r 
.,110,c-o 

2211110,co 

1. YEA~L~ cc'P6~J~r rcsT 2211~0.rc 
2 , v f "' i:. L Y : ._ v • ~ l ,. f' I\ T 

r: (' !: T ~ • C C \ r :, Y 2 b I ~ (: , (': 0 
l. t:til"J:CTA·~::'. ~2:S~\l.r:O 
'Cl AL ~7Q~PO,OC 
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Co~t!:r: Total i11ve'.ti:1r.nt co5t: 
Total yeurly c~~t: 

$:.Mo, i JD 
$331 ,()20 

fin itcmized...breilhJovin of co~ts i'.; presented in Ti!l>le 196, It is 
assumed thJt 1Jnd cost5 $4100 per hcctJrc (SlGGO per clCrc). It 
is further ass urned that two opera tors cl r~ required. 

Reduction Benefits: BOD. 
S!i: 

0&5: 

99.5 percent 
99. 2 percent 
99.4 percent 

A cost eff itiency curv~ i~ p~esent2d in Figure 274. 

Cost Dnd Reductio~ Benefit~ of Altnrn~tive !r~~t~~nt Tuc~~olnaip~ 
for Sul> ca t~'iorv-'A~$-:.-Taihi r! .. 1ff17:' r1y ;:;,:.-r ilc __ t1v . .1~1:ii~-f j ,:- lti!J::W.r~n.- .:.. 
m;..-o-ces~.,-rna',--a-no .. lf<~(Jor-iz~u-n----·-------------~ 
A model plant rep·cscntiltivc of S11bcutc~1,)ry A 8 was dr>vr•loped in Sccliori 
V for the purpose of applying ccr1trol and tre<:trnr.Pt alternJtives. Jn 
Sect·i('\11 VII, eigh~ alternative~ ~,e~e ~.f'li•cte(i ,)s ln·inq 11pplic;1tih: '"1r:i· 
ncer1ng ~lterndt1~e5 Thes~ altcrnJtiv~s pr01iJc for VJriou~ 1rvel~ 
of waste reductinnr, for the mudc.!l klimt 1·11J·iL 11 1·pfiri<~J 154 kk9 (';CO tCJn) 
of cruric edible oil per ddy. 

Alterriative ,~ 8-I - Thi'.; altcrr:cJtive ils· ... :·1ics 110 tre;Jtmerit and no rellt.:c~;'11 
·in the was~£loacf. It is estirna'.'~~ thJ':. th~ efflur~nt fr'JITI a 454 U:q 
per day plant is 927 cu ni (0.?45 "~r, ) 11er da_y. The BOO wa::;:.e 10.1d i', 
11.73 ~g/kk9 (·23.46 lb/ton), t11e r,u<,pe11•!ed solido; l'JJd is 6.::,o kq/U.q 
(12.60 lb/~on), .:ind thr. oil .ind 11ri:i.1~.I;! 1c1ad i:; 2.111 kc;/l.kri (~._(,~' 1!1l•.,:. 
The •11oc!1.:_.l pl.mt. dcvelo::1~ll for :;1i.cil~csory AP. i:. ,1'.,'.urrL':·l to 11;1v,, •.1·:-..:1- .. " 
Ji~;ch.1rge of pn;.1.;:;::; ,1nrl 1'1(111-\:imtJ,:t wa<;t<:".·1atl'r<;, rn-pl.rnt 1:r-,J'.'i•: ''f':r
aratior;, :.;l.i1•1111int;, µH r:onUol, ci:id an 011 ren.rver_v o;,ystem for thl' ;.~.i:r•
med oil .:in::l 1·1.::. t_,:f 1vd;. tt: •. 

Co~ts: Cl 
Reduction Benefits: tlu11e 

AltPrn,-1t1v._. ·i B-:; -- i11i:. ,iJt~:r11.1: ; .. .., 1·rrwidr•r; pr""';':i1ii:"'"' .iii f'.,· .• : ;:! 
utii 1.:·r',(J Chi"·.·,;~ .. 1 f111 .... '.l.1'..:::-; ;1·:·:1.:· .. L.; enrwnce f Inc fr•1"'.;iJt1~1 1 1 Jlld f:.i.~·.
~l>ilitj of was~e ... 011, w~trr. 11nrl "';"'Jirj \o/1.Vi'.r •;ki:i::-:i11q:; .ff•• j•:;1:~11r") ~ .. 
an in-plant r:il l"t'rlc1111J~l:.111 '.y•;11-"11 f:.ir dt•wJ:.cr1rHJ, ·lfld l"'COV"r·r rd 
i ,,,~r, i lr I e 0 i I ... 

Till' 1·1.>:;ultir,.1j:r1:~1.;<J<,!1• li.1.id i'. l.':, ~·1,'l.i.ci (;'J,ri lo/ton), tt.P 111'-i"'"·l···i 
solidi; lrJc1d;; 1.'.·•n k'.J/U.q \.'l.0 lL./tonl. ,1ritJ U1e <Jil <11Hl grr•iJ',f' 1uJJ '" 
O.t\6 k~~,'kl.<J (1.i'2 lli/ton). 

Costs: lot.il irwc:::;:cnt co~t.: 
Tota 1 yt>iH· 1 r rcy. t : 

S192,i160 
$ 49,0GO 

f\n Hr.mi::-ed tircJl;dc..•m of cci;t~ i~ , .. -... r-11•.f'd in l:ihlP. 197. It is 
Js~u;;;c-j th.11. l ,1•· 0.! CC!'· tc. ;.1!2, O·iC: : : "---: .. ire ( :.~l. ;'00 pc•r ilCr'('). l t 
1!; f;irll1rr .1'.'.:1°Ttl ;J1,1t l'1·.o UPL"·1'.·1·-. ,11_• rcq11i1·c'J. 

~01 



TABLE 196 

ITEl'i!ZE'.J CO~T $Uf1~~/\RY FOP. AL TL!:~:i1T!V[ A?-\' 111 
(EDIBLE OIL rlEFI~:I7:C) 

l TE" "' I z r. (j c:r. s T ~ L ,... ,.. 0 ;; \' Fr;:: :·. L ;, T F. d H ~ 'T ~ H T "' p T c I- A I r. 
DESIG~ EFFic·~~('I,., q~.s p~uc~hT P~: ~rc~CT!C~ 

T~FAT~F~T ~C~~LES: 
e 1 , , C: ( '· T ll C L I- C l ~ E 
B,.,~~~~J~~ ~1oTIC~ 
J, ,,AJ~ F~rTtl~C~ 
!,. , • , A~. f.; h T f '.; !. b C: Cr-•: 
t! • • • p I . ~ ;.; I '· r: ~ T /. T ! Ci '• 
~ .•.. (; u L •• ~ ·: ~ /. F;; f ~ s l. ~ ~ ~ IL T ~ A I "' 

:z , , , t. c: T r v ! T::,.. r.:. r ... r • .. ~ ~ t- ~;.;. ,. T :· • 

It..:VEST~Et.T C.(.SHt 
1 • C r '· S T ;; L C: T l C 11. 

2. ~ .. ~"' 
3, ~"-GI' r:n1-;;. 
" • c c ': 'T ~ t. '; f .. ,. y 

~. !olvC '.PE~ 

TCTt.L 

YE~~LY C~EqATI\G CC~TS: 
, , l. F·r:"Cl 
2, l'C;'f"' 
J I c .. f. I• J C' - L s 
"• l'fI..,lr;·1.··c~11.:1.1o1J.:1.lE~ 
S, Pvt LPs:1; 
TCTAL 

TCTiL VfARLV CCS'T~t 
1. YEAµLY (P~UfTl\G lCST 
2 I y !' f ~ L l ! . \' ;· :: T ., F \ T 

CC~T 1.i£C·:. 1"i'I 

J, r[P~f'.:''.!'A'!'~r-., 

TC 1 ti\. 

7o"2ll0,00 
t.71'.!C',on 

?b"?.'-'.00 
H,;;20.o:i 
1flc'?t),O~ 

~"OlJO,CO 

21i0Cl) 1 1j(\ 

181070,Cll 
(I I 0 

uO!)"Cl,CO 
7110,C:-:l 

2i.73"0,00 

21.1nuo,oo 

J71,10.oo 
w~o7u,OC\ 

3!lf'20,no 
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TABLE i 97 

ITEMIZED COST sur.::~1~RY FOR f,LiEf{:l/..TIVE A8-II 
(EDIBLE OIL REF!tlING) 

ITEµIZEC cr~T SL~~~~y FrR ~t~TE~tTE~ T~~AT!'~~T :~,r~ 
DESIG~ fFFfC!E~CY,,, 1n,o ~t~(~~T ~LO ~tLLC1IC~ 

T~fAT~f~T ~LC~LES: 

e1,,CG~TW(L ~rl~f 
e,,.µLu~r~r, ~7LTj(\ 

J,,,AIC FLnTATrr' 
Y,.,HCl.~!~r; TA~i< 

l~VfST~E'T CCST5s 
1, CC~ST~~~T:L~ 
2. L!l'-'l"l 
3, tf>:GP.F.EO!''f: 
ii I c r. N T : \ ::, E :, c y 
lCHL 

YEA~LY CPfQA~I~G CCSTE~ 
1. L ~ fH~ !;) 
'-• F-C1.t.F.'< 
3, Ct•C'-':('..:.L::; 
U, t-'A 7 ~ H. 1 . !. ' CH.~~ PP Ll E S 
TCTAL 

TCTAL VEA~LY CCSTS1 
1 , 'YEP l Y C PEP AT p, :': CC ST 
i:! • y E ti. "' L 'I' ~ ~ \' ~· ~ T "~ '· T 

CCSi i.r.:C'.'7,;;v 
3 I c E ;.i ? ~ ( I A i l i.~ ~. 
TCHL 

904 

lr;rC7'1.co 
elfq7C.OO 
!Oi:1n,1\0 
1c210.oc 

H~z ""Ci. co 

c"qqo,oo 
331C',OO 

0 ~ 0 
oCLJQ,00 

3S2~C.C0 

1s2uo,co 

7700.CO 
61?0.00 

uqo~o.no 



DRAFT 

Reduction Ccnefits: !<OJ: 
SS; 

O&G: 

G9.9 percent 
G9.n rerccrit 
G9. 4 percent 

Alternative A 8-III - This alternative provides in addition to 
Alternative A 8-II complete mix activated sludge, secondary clarif
ication, sludge recirculating nuinp, a sludge thickening tank, vacuulll 
filtration, and a sludge holding t~nk. Sludge is hauled to~ landfill 
facility every seven days. The acti-/Jtcd sludge unit Jlso includes 
a control house and two full-time operators. 

The resulting eOO 1·1astc load is 0.20 kq/kkg (0.41 lb/ton), the SUSr'f'"IC!Cc1 
solids load is 0.20 kg/l:f'.g (0.·11 lb/ton), and the oil and grease load 
is 0.10 kg/kkg (0.20 lb/ton). 

Costs: Total investment cost: $585 '720 
$120,180 Total yearly cost: 

An itc~i:ed breJ~dow~ of costs is nresented in Table 198. It is 
assu~ed ~hat l~nd costs 582,C4D ~e~ hectare ($33,200 µer acre). It 
is further assuned that two operators are required. 

Reduction Benefit.-,: BOD: 
SS: 

O&G: 

98.3 percent 
96.8 percent 
%.4 percent 

AlternJtive A 8-IV - This alternative provides in addi~i0n to Alter
native A H-111 d~~l mediA pressure filtration with a punp station to 
generate sufficient hea~ for filter operation. 

The n:::sulting GOD waste load i5 0.10 k:i/Hg (0.20 lb/te,,n), the su~~cr.~.-··.i 
solids le.ad ~s 0.10 kg/kkg (0.%0 lb/ton), and the oil and grease loa,J 
is 0.041 kg/kkg (0.082 lb/ton). 

Costs: Tota 1 inv<>stn-~nt r:o«;t: 
~ot~1 y~Jrl; cost: 

$628,500 
$140,210 

An itc?:~i:::ed br,,akdmm of CO'.;t~ i~. presented in Tabii' 199. It is 
assume'1 thilt land c:o~.ts $.:l(.(1.~rJ ;'('r '1ccLire ($3~.2CO pa c•~rr.'). It 
is further <1sc;ur.1ed that t1·10 1.11H.•r,1tor~ ;ire• n~quirc•d. 

Reducticn Be!1('fi t'.;: 130[1: 
SS: 

O&G: 

'.19.1 percPnt 
9B. -l µercent 
98.r percent 

Altc:rn:lfi·:c :, -::.·; - l'1is altrrn;iti\-., p1·r>vid<>:. in .iddi1ion to /\ltr.r
nat1·.··:!·-/\B"'-T'J- '.:ict1·•atect cart>u11 ,1Jsorr.tion before final discharge. 

The r·~~: 1t.ino GOO w.i'.;tc load is 0.0Sl l.r1/kl.q (0.10 lb/ton), thC! suc.rer .. :,' 
solids iOiH1 i~ 0.051 kn/kkq (0.10 1~,:tan), and the uil and grease lo.iJ 
i5 0.020 k;;/1.1.g (O.O·W lb/Lo1i). 

905 
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TA!3lf 193 

IT8-1IZED COST sur.~;·i/\P.Y FOR AL Trnr:1HIVE AB-I II 
(EDI!3LE OIL f~£FIUirlG) 

I E •q 7 E [) c (' s r SL ~· I. A ~ v F r: ~ ... A s ~ r i' :. l F p T Q E: ~ i ~, E " T c ~ A I "' 
DtSHI. fF'FICH"-CY ••• 4~.:i v!'.:'1(.ff\T u:0 i-<EGLC11C" 

TNEtT~~~T ~C~UL~~: 

CCST~: 

1 • 
2 ' . 
3. 

a1 •• cc"r;rL i...cL~F 
8 ••• p I J , .. ;.; J I. r. ~ 'T & ,. T [ • . 

.J • • • A l i; • L r· 1 A i ! C' ~. 
'l' ••• "'C"L(!l"G T-."I( 
I< • , • AC.: T j '.' t. TE !: !: L L.. r:· C: E 
i; ••• s L L :, c: f T "" I r I( t. 1

• ~ e< 
S,, 0 V6(l~~ FILT~tT!C~ 
Y ••• ~CL i... I ;. r. 1' ~ '- i< 

C r ~. ~ T R L C 1 J C ". 
L Al\ D 
UC 1 :-..i E F;; ! ~. G 

u • C: tr. T: r, G =:" C ·y 
~ C-1 AL 

YEAP.LY C?~RATI"G CCST~: 
1, L'6i·~ 
t , o;; r: f, E ,.; 
3, Ci-<c~'lCtL ~ 
"• :•f.PiTC::i PP~SLPl-IL IE!: 
TCHL 

TCTAL VEARLY CCST~1 
1, Y(HL v C;-f:i:. 'T ! '~ C':ST 
Z. YfA~LY i~v~~'T~t"T 

CC~T i;:·r.1:r_· ,r;;.;y 

), DEP~ECttT!r:'I. 

TCTAL 

90G 

u2c;1c;o.co 
bGQ70,0C 
u211ro.c:io 
~2cieo.on 

58 s 72 o. ~ n 

2UQQl'.l,CO 
3i;~qo,oo 

u100.oo 
1521"1',CO 
7!lSoo.co 

23w30,00 
;!57«10.0l'I 
!2~1~0.00 
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TABLE 1 !J9 

ITEMIZED COST SUl-'.rlARY FOR ALTEIW1,TIVE AB-IV 
(EDICL[ OIL f!.EFirlli:G) 

ITEnn:o ::risr SL 1111 APV i:-r? io,t1STE' .. AH~ TRt::ATf'E",T Cl-It.II-' 
~ESIG~ EFrICIE'Cr ••• ~q.1 rE~CF.~T ec~ "ECUCTlC~ 

TRElT~E~T ~cCLLES! 

e1 •• cr.~r:::ci_ ~CL~F. 
8 0 -.PL:l'PJ1-.·t; ~HT!C'; 

J ••• AIP FL~l&TiC~ 
v ...... cu:!i-c::; TA"-i< 
K00 .6CT!VATEC ~LLnGE 
O.,.SLL~GE 1~!~¥~~~~ 
S • • • VA Cu·'-' F !L 'T ;:; 6 T! C f.J 
v ...... r,Lrr:-.r. ~~ .. I( 

R, •• cu,.,~!'G ~TAT!(~ 

,., ••• CL!AI. 1-ECI/. ~;;::ssL~~· FILT~A'N 

I~VEST"'E'T CCST!r 
!., C.CNSTl<L.Ci°!~" 
2 • L. A r, \') 
3. Et .. GI NH;:: PIG 
"'. Cr.'-T I '•GE:r:cv 
TCTAL 

YEA~L.Y CPEQATI~G CC~TS: 
i. L.6~t:ir. 
2. PC,,Ew 
3. CHtMJC' \L,C, 
Q. ~6JNT. A~~~E~LP0L!E$ 

1 CUL 

TCT~L vEA;Ly C2~T:1 
1, YE4~LY C~LPA~l\G CCST 
2, YE.~~L~ l~',l='~Tn:~.T 

cr•:r <nc·.~"" 
l, Cf P~fC!4TI['I. 
Tr.i AL 

907 

:.__ ·-· .•· . .. ::. 

t.lb5S20,C('I 
b'Yl17o.co 
lH:sso.oo 
lJ65SO,OO 

e2e~qo.oo 

~"qqo.oo 
CJ2110.00 

1.1100,00 
iscnJ0,00 
~71/JO,OO 

2s1~0.co 
cHlo.oo 

UOcl0,00 
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Costs: Total investment cost: 
· - Total yearly cost: 

$85G,530 
$183,240 

An itemized breakdown of costs is presented in Table 200. [t is. 
assumed that land costs $82,040 per hectare ($33,200 per acre). It 
is further assumed that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99. 6 percent 
99. 2 percent 
99.3 percent 

A cost efficiency curve is presented in Figure 275. 

Alternative A 8-VI -·This alternative provides in addition to Alter
native A 8-Ir--rr:e., dissolved air flotation) an aerated lagoon in
cluding a settling pond. 

The resulting BOD waste load is 0.20 kg/kkg (0.41 lb/ton), the suspended 
solids load is 0.20 kg/kkg (0.41 lb/ton), and the oil and grease load 
is 0.10 kg/kkg (0.20 lb/ton). · 

Costs: Total investment cost: $488,440 
$206,100 Total yearly ~ost: 

An itemized 'breakdown of costs is presented in Table 201. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further dssum~d that two operators are required. 

Reduction Benefits: BOD: 
~.S: 

O&G: 

98.3 percent 
96.8 percent 
96.4 percent 

AltP.rnative A 8-VJI - This alternative provides in addition to Alter
native A 8-VI dual rr.edia prcs$ure filtration with a ;:>ump station to 
generate sufficient head for filter oppration. 

The resulting BOD waste load is 0.10 kg/kkg (0.20 lb/ton), the su)pended 
so1id'.. lood is U.10 kg/kkg (0.20 11..J/t("l). and the oil and grease load 
is 0.041 kg/kkg (0.082 :b/ton). 

Costs: Total inves~rrcnt co-:.t: $531 ,310 
$218,140 Total ycurly cost: 

An itl'Mized breakdown of costs is presented in Table 202. It is assum~d 
that land cost~ S4100 per hectare ($1660 per acre). It is further 
assumed that two operators are reouired. 

Reduction Benefits: SOD: 
SS: 

O&G: 

903 
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99.l percent 
98. 4 percent 
98.5 percent 
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TABLE 200 

ITEMIZED COST sur~lARY FOR ALTERN~TIVE A8-V 
(EDIBLE OIL REFI~I~G) 

ITEMIZED CCST ~l.~~A~Y ~CR ~t~lE~ATEP 1~E6l~E~T C~AI~ 
DE5:G~ ~FFICJt~cv ••• QO,~ ~E~CFhT flD RELJuCTIC' 

B l •• c r: •, r >1 r i.. 1o- c L 5 !: 
8,.,P~~~!'G STll!C~ 
J,,,LI~ r~~T~TIC~ 

y ••• "" L· !_ ~ ! . G T A l. o( 

K,,,L~TJV~T~r ~LL~GE 

C,,,SLLRGE T~!C~E~E~ 
S,,,VA~i...l :• F'iL T;.cATlLt>i 
Y,, 0 1.1Q1_.:T\!; 11.>,I( 

~ , , • Pi.'"',. ! ' :.: ~ T ~ i ~ ~ 
~ ••• I' l: t l I' ~- :: l A ;;. :; ~ s l. ~ F. F l L T Cl A : \. 
! ' • • /,. C T I ': t. T ~ '. C. :. ;· ' ~ .~ c.,. ,_ '; : '· r 

t~v~s~~E~T c~~1s: 

1. cc•.SlR1.CTTC"-
2. Lt.r.o 
J, E\GU't~• .. ?'1': 
U , C: C ~ T T l, G P· C Y 

TCTl.L. 

YE~~LY CPE~LT;\G c::rs1 
1, LAt:C:.; 
2. r-c::11.S::'< 
l, rl-t."'lC~l'.~ 

b5Su1.:o.r.c 
eQq70,oo 
oSS'lO,\lO 
assi:-e.c~ 

eseis'!o.oo 

C?tlQGO,U 
uc;1uo."r 

'110<':,00 
" • I' 6 I ~ .. , ~ • ' ~ • : : : P, !: '- µ p L I ~ :; :~ ~ " '" C' • c ' 
1(1AL IOqb~0.r0 

lCTlL VtARLY CCSi~: 
1. YfbJ:'.L'r C~t 0 ATi>·G CC:ST 11)'1b~O.cr 
c 1 'I' ~ .'. I. I. Y I : '. I :i T : · :: P\ T 

3. nr.:::i.~cPTF'"

Ti:H1. 
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l"?.~o.oo 
3q330.oo 
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llEf.lIZED COST ~.u: 1r1ARY FOR ALTER;J/\TIV[ AB-VI 
(EDil:ILE OIL REFillJNG) 

I 1 S: I : ! H C C ("' :i T ~ L "' ~· t. R Y • C P '.• ~ ~ 1 F. • o i :: P T I< E. t. T ,_, E I\ T C "'- A p, 
C [ ~ ! G ~- E. F" i: J C ! F. I. C Y • • • c; ~ , ~ f.. E '° C:: t r, i "' C : .: ':. G \.. C 'T ! ~· I\ 

f' 1 • • {" r_:, ~ T ' L. L "' r: 1. ;; E 
e .• , ~ L 1 ·' ;: 1 · ~ .~ .: , ~ ,. ; 1: ·~ 

J ••• AI:.; Fi...r~ ..... yr, 
l ••• i~~6T~~ LAGCC~ 

t~vr~T"'E"T CCS1S: 
! • er: t. f Tr:; L':: TH" 
2, LU.r::: 
3. ~",i:,,~'t:~tJ!"·:; 
1.1 • c r 1: T: ' r. E • c ~ 
~. F\IC t.~'~-
TC i AL 

YElRLY co:~AT~~G C(ST~: 

1 o LAH~!< 

2, PC:··E'< 
3, C~t"'lCot..S 
"• ~Al~l~~a~r~RSL;gllES 
5. "''.' i: :.. : •. :: :;f 

TCTAL 

TCTAL Vf.h~LY CC~T~! 

1. YfLt..L' 
2. Y~hl.L' ~ ... t '- "'!' •· '- ... ,. 

• I '- ' 

( [ ~ ~ ,\I [' • • -· " Y 

J. r.:t~1..~::1~·:: ... 
TrT6L 
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~"'11:'70,C·O 
bGCiO.CC• 
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3q11fC,!'10 
l(~cC.(I'\ 
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o.o 

177'5~.flC 
ooo.co 
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I q ':> lJ O • r· .~ 

2u12c.~~' 
2ou100.co 



DRAFT 

Tf\OLE 202 

ITE1'1IZED COST su:·~tt.f>.RY FCR ALTEP.r~AilVE AB-VII 
(EDIBLE OIL P.EF!NillG) 

JTEMIZ~C cc·sT SL~Wt~y F~~ ~6~TE~bTE~ TQEAT~E ... T C~Al~ 
OESIG~ EFFIClt~cv ••• 9Q.l P~P(E~T ~cc ~ErUCT!C~ 

TRf AT~!':~'T 1.1cr~LfS:. 

E1 •• CC~'~CL ~CL~E 
~ •• ,"11 1 • 1 '-!~·r: ,:'.1o!Tc~. 
J I I I t. ~ ;; F ~ ~ i ,.. T T c ~· 
L 1 .,A~R~~f~ LA~CC~ 
Fl I O I p l 1 !) i.; ! ~. c:: ~ ,. 0 'f ! r. ~ 
t.. ••• ~ 1.: ti 1. ,,. E r: I 11 P lo( r:. ,o; s L: R F. r I t. T ~ A 1 "" 

I~VlST~E~T CC~TS: 
l , cc•· s ·r;; L t: T ! c" 
2, Lti"-r: 
3, ~1<.Gy•.r::·n1~:r, 

<l, CCf\TI'.t,r:'.r.\' 
5, FVC L.I\F~ 
TC TAL 

VEARLY CgF~~Tl~~ CC~TSt 
1, LH~C'R 

2, PC;· !: •• 
3. C .. E''Ic.:.u 
LI • r· A l r- T ~ ! .. \ '!'." E ~ : L ~ PL I E S 
!j , P \/ C L : ;, : ~ 
HTA~ 

TCHl HARLY CCSl~J 

"27b('l0.00 
booo.oc 

"27tO,CO 
"c7bO,OO 
l~Plv,O'l 

531310.0~ 

z1.1i;qo, o" 
1?.H?.\',:0 

0 I ~ 
1eu1c.oo 

b00,01) 
17!'1t>20.00 

1. YEA~LY C?~~AT!'G ctsT 170~?C,OO 
c , \' £ A f' l 't I ! . v I :.'. 'T '' r ~ T 

c r 5 T ~ F c r· -. r- ;; v 
~. f'lF~PEcr.:.i:C\ 
TC l At. 
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Zb270,00 
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Altern11t·ivc A !3-VII! - This illtcrnativr. provitlc~ in addition to 
;~ftcrn.:iTivc_A_B.:vn-.:ictiv.:itcd cadJon acJ:-.orrtion before finJl dischJrgc. 

The re!;ulting 000 waste lo11d is 0.051 krJ/kkg (0.10 lb/ton), the suspended 
solids load is 0.051 kg/Kkg (O. 10 lb/ton}, ilnd the oil ilnd grease load 
is 0.020 kg/kkg (0.040 lb/ton). 

Costs: Total investment cost: $759,220 
$263,200 Total· yearly cost: 

An itemiz~d breakdo11n of costs is presented in Table (03. lt is a!;:;umed 
that land costs $4100 per hectilre ($1660 per acre). It is further 
assumed that :wo operators are required. 

Perlucticn Benefits: BOD: 
SS: 

O&G: 

99.5 percent 
~9.2 percent 
99.:; percent 

A cost efficiency curve is presen~ed in Fi~urc 276. 

Cost and P0ductian Benefits of Alterrative Trea:ment Tec~nolc~i~s &or 
Subcat~y ,~ 9 - [d1ble Oil Procec;sinri bv Cai;S~2..£.~rvn;nn. ,.J,ci;J~_fJ"~i"·l. 
Oil Proce!;sinn, Deodoriz.Jtion, and Si:ortenino and TJble Oil Proccssinc 

A model plant representat;ve of Subcategory A 9 1·1as developeJ in 
Section V for the purpose of ap~lving cantrol and treatment alter-
natives. In S~cticn v:r, eight a~ter~atives were selected as beinq 
applicable engineering alternatives. These altern~tives prov~de !Or 
various le·;els o•· v1aste reductior.s for the model pla!·.t which refines 
454 kkg (500 ton) of crude edible oi i per day. 

Altern~tive A 9-I - This alt~rnative assumes no treatment and no 
reduction in ue 1·1aste load. It i:; est1i11ilte.j that the effluent 'frn!"'"! 
a 454 kkri p~r day :lli'lnt is 122Cl c:;.., '.'J.:'-~9 ~IG) per day. The MC 
lvil:-.tc lou~ i'.i ~:'.~2 kt-tJ (24.24 1b/~011), :he r..uspenr1ed "'Ji1ris Jn.id ii; 
8.b3 kc/:·,~ (17.36 1~~/~cn), Jr~l: ~~~e .;ii; Jrh.: JreJ·:,t: ~uac.j ~~ . .:.35 k'J,·.~···: 
(a. 70 ib/tnn). 

The modf'.11 pl.1nt dcvr.loped for :.11!:~.;~r·!'Wrv ''qi~ .1s~.11mc<I to ha·;1· '·(·;·,~,-, ... 
discl~anie of procPs~ and 11on-c1n~.io..'. 1·1J:..tt.··,1.itl'r'..o, 111--plant. grvv1ty •,•·1 1 -

ar<1lion .rnd ~.kinmi11j, ptl contrnl, :111 1J ,in u1l rL·c....ivcry :;.y~ter.1 for re
claimation of waste oil and 9rr>t1'..P <,kimminqs. 

Cost: O 
Reduction Benefit$: lione 

Alterniltive A 9-11 - This altern"t1~c prnvtdcs the clddition of prc~
surizl:cl.i"li·--flotation utiltzinl) c:"~·"ii·:.il flocculating il~t'nt!; to enh.1ncc 
floe forrntion Jnd float11bility of wcl'.itcs. Oil, wiltcr, ilnd solid 1-.·;iste 
skimminr,~ ilre pump1~d to .:in in-pl·.11~ ()il ,.,_•i:.1.w,11.ion ~ystcm for de-
1~ateri119, a11d recovery of ined1l>lL' 011~. 
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TABLE 203 

ITEMIZED COST SU~'.l·!r\IH FOR AL'Trnr:f1Tl'JE M-·::1; 
(EDIBLE OIL REF!~!~G) 

I i f'. " ~ 7. " : : : .':i T S :... "' " A io< Y i;- C: i; ·~ /.. S T ~ " t. T f' :.; ~ :, E ti T '' r: ~- • C 1oo A ! r-. 
D F. • ~ ~ f. F • ; C l :: t, C Y • • • q q. ~ P ~ PC. E r... i i: CC· :Ji.. :: L. C i : CI\ 

TRELT~F~T ~cLvLEEt 

P1 •• r:v1ocL .. C:...ff 
i? , • , Pl·" c J \ G ~ T \ '! ! l ' 
J ••• A I 1: r Lr·~ ~ ~ ~ c" 
L • • , t. ~ r.. .' l £ r, L ~ r. ;: ~- "' 
~ ••• ~L~~l\G !~ATiC~ 
f\ • , • "'1, ' L •· > i: T .1 ? ,; i.. 2 S ~ :1 f " ! '· l ~ :. 1 ._ 

7 ••• Al r •• , A ":' f I' c ""' t' r_ '· A '.:' :: r ..; ,., : TL I, 

INVE~,~E"T CCSTS: 
1 • C ; ~. c;, ~ ;: L ~ T l ~ ' 
2 • l A~. r" 
3 • E .. c, 1 ' ~ ~ ., ! · ·,. 
u. c~·."':•.-::'-:"' 
s. ~vc L:·-~? 
TC Hi. 

YEA~LY LP£QAll\G CCSTS: 
1, u~c.o 
2. l-1C"'F~ 
3, C'"t"l~'··-~ 
'4 , l• A ! ~ · "'~ ~ .. l · .. --~ : r ~ : .. ~ c ~ : ~ ~ 
5 0 PVC L~·.~~ 
TC lA~ 

TCTAL YEA~LY r.rs'E: 
\ • Y l A ~ L " ·= ~ '" ;.,\ .: "' ; ~ ._; : C S T 
~ • 't''"' A~ L Y : \ '. :· i: .. '' ::_ ' "" 

c r f T r ' ·· ~ ~· • :: .,. 
3. ffr.J.<Ec;n;~" 
TCHL 
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b17~:!~.Ct" 
cOcO.·"l'.l 

t-\7~·~.~c 
til7t;.:.~". 

!c!CHo,;~ 

7':>92cC,CO 

2LIQQC;,CO 
13hS0,<'0 

0. : 
3~q~C.\G 

bOC,~' 
lq517C,l"O 

H370,C1' 
:Ptl~li.CO 

2b3200,CC 

----~~~ ............ ....:..·=--~ .. =-::::::::;:~;;;;:~~~~~:::==~iiiMllililiiil------~:::::!2!:!!!1111!11!!1!!111191 ........................ .. ·--·· ..... - -·-- ·-·-"~-"-=-- --·~--



The rr:::ultin,- 8'.):: .:.::t(: 1o.Jd ~'.: S.~S l:•1,'!·1·:1 (Hi.30 l!./ton), tl1c '.:.U'.;jll'::·!" ~ 
solid$ load is 2.G2 k:J/~·1:9 (S.2-~ lb/ton), Jnd tne oil and 9r~il~c lo,-,d 
is 1.31 k~/kk!J (2.62 ll.J/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$20 l ''1130 
~ 50,GGO 

An itc::-:i;:c:! brcJh.~~":n of ca'.:t'.:: ;~ ;:irc~c:~:::'..l ;., i,:blc 2911. It i~ 
a!iSUl:'.':d tl1,1t Lrn·~ CQsts ~82,0110 jJc1· hectJre (S3J,2CO per ilCrc). It 
is further assumwl that tl-10 rip(•r;Jlors ill"C r<>q•Jir~cJ. 

Reduction Benefits: c:D: 
SS: 

O&G: 

70.·'.l r~~rccnt 
70.0 percrnt 
70.0 percent 

Alternative A 9-Jil - This alternative provides in nddition ta Alter
rIB"ti¥r~i·~-lT~~;1Tetc "'·ix ilct'i-J~trd ~lucJr~e, secrindur'f cl;irifir:1tinn, 
sluc'.~0 rc~irculci'.::·'.'J ;:iu:np, a '.iluci·J~ thidcn:n·~ tank, v,;ui~a: fi'ltnti:I'), 
and a '.,ludge 1wldi11<J tant;. $luogc i'.i h<1uh:r.: to a l..11;df':11 filr~i:i:_11 
every nine day~. The Jctivat~d sludge unit al~o inrludes il control 
house and two full-ti~e operator~. 

The resulting BOD l'Jil:;te load is 0.26 kqn.l ... 1 (O.S2 lt)/ton). tlw susr::rndr·1! 
solids load is 0.26 kr,/kkg (rJ.52 '.:)/tui;), a:id the oil and grease load 
is 0. 13 kg/kkg (0.26 lb/ton). 

·Cost$.: Toti11 inve~~:.ent cast: 
Total yeariy cn~t: 

$59•1, 5r.,l 
$157,6\.1 

An itr~~~ed breu~doNn of cos~s l~ ~re~entcd 1n Table 20[. It is 
as:u~21 that land cos:: !22,C~J :er h~:~lrc (!33,288 ;er a:rc). It~~ 
furtl'.f~r a~sumed :r.at :'.10 op1?r-1trw::. Me ··~:;uil"ed. 

Reduction 8e11·:f:~s: BO!J: <:IS.~_; oert:·~nt. 
S~: ~7.~ ~~rr0n~ 

Oi; fj: ')'/ , (l jH' I'< I~ t. 

Alt.ei·111tivt :1 0-l'.' - Thi:; alt•:niati'.r· ;, .. ,. . .';·j~·. wi1.h t'H: addi•.it•n of 
Artr.·1-;1~-\tive ~\-·~,--.:-~::dual :r.e•.!iti pr•_·~·;1.1r,. f:1tr.Jt~on .,.,.'.:}1 il piJi"P ~.t,1t~1·n 
to gen~rate sufficient liel!J for fi l ~1·1· -.ipt•r,J t icn. 

The rPsultinri 00!'1 l'1,1:;tr. load i•, 'J.1:' i.".'ll.·1 (O.:G lb/~on), tt1r· ~.w.rwnd1·d 
solid:; lotld is 0.13 l.9/l·l:r1 (O .. ~( ;1i,·'_1.11i, ll!d Lill'! •iii and l)rt:.i<,e lu.itl 
i~ Cl.OSP ~g/kkg (0.12 lb/ton). 

Cost::.: 7ot.1l in·.i:-:-.:_ .. :1.~ ;_:-.-·· 
Total ye~riy ~~~t: 

S7·13,HO 
Sl 71,G20 

An itcn·1zed bre~l:do~m of co~g is :-•·"~"··:r1 in Te>blc 206. It ;~ assun~:"l 
that land cost!; :i::--.0.10 pC'I' hi-rtai·t, : : ·. "'CP prr acre). It is further 
as sume<.I that two opera tors a re re!lu 1 r~·I. 
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TABLE 204 

IiLMIZED COST ~Wi:l/RY r:or. t,L rrnr.'ftTIVE f.9- II 
( ED IC L [ 0 IL RE r I ii Ir '.G ) 

IT E' ,, ! 7 c !' Cr~ T ~ L. •·I' .H' Y F'r ;- .· A~ iE" t. 1 r:: • T ~- E ! T '' !:. ~ T C ~ 4 } 1. 

DES!G~ trFICir~cv •• , 70,C F~~LE~l r(~ R~rlCTIC~ 

B1 •• Cl'~,ir.1·L. 1-r::..~: 
a, •• P~· .. ..:r•.:· ~;Ar:c•. 

J,,,Al~ FLr~~ilr' 

I!-.VE~T· :.•.: Ci.ST~: 
S , r r r, S T r L ".: 1 I C ~· 
2 , L ~ t. (; 
3 • F •, G 1 : '" ~ :: : ' G 
ii , C C :, T ~ ' r- f !· C v 
lCHL 

Vf•~LV CDE~AT;'~ ClET~: 

1, L~rC'~ 
2. i-: c ,, F.;; 
3,. c:1--r:'!r .. 1.s 
"· nl'-ic' .. '.'·C~~;Lr-~LIES 
TCT/IL 

'TCT6\. vi:ti::i!_v Cl"~"~I 

- -z-·r-. 

1, V[~~L· :~~~A~;~~ r~2T 

2 • Y t :. PL Y 1 ' \ :- ~; l' ~ ~ ,. 

C C:~ I r; ' ( ,. \ ·: I• 'I 

J • c t r:. ;. ( (. : : . • : ;- '. 
T( TA L 

ni., 
'JI' 

Hill()<: (i. c 0 
"lbi:3·'.'.,f'".' 
1CIJC'O,<'~ 
1(\Li(;l'l,0:'\ 

2C:llJCC,,C.D 

~/1::jG\l,CC 

~2r:r .• cc 
0. c 

?020.co 
l6f.U,v0 

l'IJ~JCl,CC 
b {; /J 0 • (i '\ 

5CStO,O~ 

.. rtiffi? 
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TABLE 205 

rrrnrzr:::i COSi SU!·!r·'.MY FOi'?. ALTrn:u,;rvr A9-r: 
(fDIDLE OlL RU'J1:11;:.;) 

TTE··r2~:: ::-::T .:1.."•·1.i:v F"Li< •.:..1::1~_ ... l1~·p ic:..q· .. ~·-i c·~.n. 
0 E ~ I G ·'· E; F ! C J f ;, C Y • , , q e • ~ F C: .; C f t, T .., •-: J f< E C u r: i IC~ 

?NVEST~E~T CCSTS: 

F.1.,Cl'·l·TPCI •·[L.~f 
E •• ,i:>1_. .. ~P"G ,:1!:)'r'". 

J • 1 1 " ! ;':" ; ! ,..., T !. f T C •: 
1< ••• A c r r 1; >- ~ • r .c L •. ri G E 
r .•• SLL~':J r1-:~;..f·~p 
E,,,VtCL~~ ·~~~:,r:c~ 
Y,,,HCLG!'-l- ~t·.; 

l. ( O• s 'Ti; .. c T ! c )\ 
2. l for-. c 
3. u.G!'l:c::'J•i:; 
'~• CCt.·T!ll.'.·E'CY 
TCi.AL. 

VEAPLY CP:OAT!ll.C cr~T~: 
l. LA~Cf.' 
?. ric;.E~ 
3. C~E•):U.L~ 
~. ~~I~Tf,A~C~K!LPPL!ES 
iCHL 

TCTAL Yf~qLY CC~T;: 

1 • YE b ;; l 't' C ;: : :; .1 T I " G CC S 'l' 
2. Yt,~LY l~,~~T~Fll.T 

CC~"!' ~~r.c,,r~v 
3. croPEC;orrc11. 
TCTAL 

5]UClf-/),("!O 

7H'.!0,f'.lC. 
515CO,Cl' 
S I :; ti ci , f' ·' 

~Q"59J,CO 

2Ll9Q(l.OO 
5<'3no.~c 

5 r., ~ :'.'. c: !"\ 
l ~ .... ~ -~. : () 
QAl;('(i 0 C~ 

QBct20.ce 

~77~o.co 
30r:ioo.~c 

157bCO,co 
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TABLE 206 

ITff!IZEO C'JST ~t':'.:'l1'.rf :o~ r.:.. TEr.r:·r:'![ /:.9-IV 
(EDlflLE OIL RHHIIt:G) 

I1~~rzr~ c~~T ~~~Ml~Y F~G -~~r~~fTr~ l~rt·~~ .... T ~~~1~ 
or:sr~·. UFIU!:.\i.:Y •• , C:Q,{ H ... c~-~T E:CC' "tr.Lener.. 

n; F. .IT'•~~- T ~ r cl. u s I 
Ft.,rc~uir., 

f' • • • ~ L "' ;. T : ;. 
~r:u=i:

~T.t;;c .... 
J ••• t!~ :-_'"!',•.;::.l . 
..:,.,i\C'Tl\~T~r-: 5LL:;C~ 
(" • • , S ~ l C l- '- T >- I [ .1 : " ~ ~ 
s ••• \·.:. c L 1. : F ~ L. i; ~ r ; r .•. 
Y00 •"'r.Ll"'T• r: T;,..: 
r ••• P ,_ ... ~ ! ,.., c.. c: j A; r c ... 
I, • • • r~ '- ~ L • i: r r :. ~ .. t. -~ :: l. .~· f F ! L T r, A I ... 

I~V£STvE~T CCS1Sr 
l • rc.,1r::!...~·1c' 
2, L '• i r-

3 • E ·" [. T '1;; :c ..:i i · :; 
ll • c c q 1 .\ ;.; ~ ~- ( "y 

TCTAL. 

1 • t. A !'.: ·~ ~ 
2. p ('" ·, ~ ~ 

j • c ~ ~ 't : c ;. ·_ ~ 
", "ti I'- T !': \ ~ :. r. i & :; ~ y ;i L It.: 9 
T~l .~\. 

TrTAL vE•~Lv ccsr~, 

!;5C:u30,t:'l 
'7c~1.v,.:>·'.l 
SS~i<O,uo 
~ssuo, n 

7~31.:JO,(."' 

21.1ttc;o,oro 
~If 2 3 0. {· ~ 
Sr.!o.oo 

1e510,r.c 
lOil~t:o.oo 

i. vH'-L'I' tPf ).~, ;'r; u:::r 1/'1~':>6C.cc 
2 • Y ~ L ,; 1. V ! ' ; ,- :: T ~· r '. i 

cr:;r ><fc,··.l .. .,, 
3. tr r~·~c r Jr:,_ .. 
i [ l A!.. 

2qi'3C,Ct'I 
33.530,~') 

l71£:lv.CC 
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f\euuc ti on ~t..:11(.'f i ~=-: CO:J: 
SS: 

O&G: 

9'J.?. ,,eJ"CC:•1L 
<;8.5 µerc1:nt 
98.6 percent 

AHcrn.~tivc A 9-V - This altcrniltive provides with the addition of 
ATternatTve A 9-=TV uctivutccJ carbon adsorption before fin<1l disc~urgc. 

The resulting ODD Wd~tc load is 0.073 kg/kkg (0.15 lb/ton}, the su5pcndcd 
solids loud is O.C73 i'.g/Lk'.) (0.15 1b/ton), end th~ oil and grease loud 
is 0.029 kg/kkg (O.OSB lb/Lon). 

Co:;ts: Total in .. 1estment cost: $1 ,075 ,830 
s 229,000 Total yeurly cost: 

An itcmizi:d brea~do;·in of costs is presented in Table 207. It is 
assumed that land costs $32,040 per hectare ($33,200 per acre). It 
is further assumed that two op~rators are required. 

Reductian Benefits: P,QD: 
SS: 

O&G: 

99.6 percent 
99.2 percent 
99.3 percent 

A cost efficiency curve is presented in Figure 277. 

Alternative A 9-VI - This alternative provides in addition to Alter
native/" 9-II (i.e., dissolved air flotation) an aer.::ted lagoon system 
including a s~ttling ponu. 

The resulting BOD \'1aste load is 0.26 kg/l:kg (0.52 ib/to~). the suspenl!cd 
solids load is 0.26 kg/kkg (0.52 lb/ton), and the oil and grease loau 
is 0.13 kg/kkg (0.26 lb/ton). 

Costs: Total invc$tment co~t: $6(}4. l so 
$305,590 Total yeai-ly cost: 

An ite1:ii;:ed breakdmm cf cor;t::; is prr:'..en:.c'! in Llble ?'JS. It is as::;u;·1d 
that l.rnd costs s.;100 per hect.ire (SiG60 µ~r acre). It is fu1·t11er 
assumed that twrl operators are 1·equired. 

Reduction Ocnefits: BOD: 
SS: 

O&G: 

98. 5 percent 
97.0 percent 
97.0 percent 

Alterri:itive A 9-VTI - This alternative rwoviJe::. \'li!h the addition of 
ATte~T;ve A 9-VI dual mediii rressure filtration 1'lith a pump !,)taticn 
to generate a sufficient head for filter cperJtion. 

The rc:>ultinCJ BOD 1vJste load is 0.13 ka/U.o (0.26 lb/ton), the :.u'.;pcnd1•J 
solids load is 0.13 krJ/kkCJ (0.:5 lb,':oi1), and the oil und grea~e loJd 
is o.osn lg/lo.kg (0.13 lb/ton). 

920 
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--·.iii! 



TAC3LE 207 

ITEMIZrD co:.r SL1:·::wn FOR 1iLTrnr.nur A9-V 
(fDIJLE OIL P.ff Ir:I~:G) 

! T: ~ r 7 f' ;"; r: r ,c; T s ~ "., ~ ;; ~ F' c '~ "A 'i, : ,, 6 TE ;'{ T .. ;,; A T.,: t T c"" A ! ~ 
DE S l r. "- t c: F Ir. I t '. ( Y • • • c; :. , 'i ;;. E =>Ct ' T :.; C t: i.; t. C ~ C f I C ~ 

T~EAT~F~T ~crLLf~: 

El,,Cr\i:.::,-~ 1-t:l.c.: 
2 • I • IJ l1 j I ;; 11 .. G s T t ,. ; '.:. • .. 

J , • • " I • " L c r t ,. r r. · .. 
;t •• ,llC7!\/AiEl ~LL~.GE. 
c ••• ~L~r~f r~rc~c·~~ 
S,,,YA~LL'' ~!LT~!TJ(~ 
1-,,,1-rt.c:r·G 'Tfl~K 
F-,,,Ptui:.:1•:. ~T!.T~C\ 
~ ••• ~U~L ~ECJA ~=~~SL~E FILT~~·~ 
2, 1 1 AC i ; \:. i: r CA' - 1• " t> I~~ C. ,. I ~ •I ' 

L:CS~S: 

1 • 
? • 
3. 

i. C \ ::; T ~ '- C i I C •, 
Lt~ L'· 
E ,.._ G : 1+ i:. ~ l ', G 

U • C: C ~ 1' I ~, G E ', C v 
iCU1. 

1, Lt.h(";;. 
c, p~· ... f;;-
~. Crf:"ICJ.i.S 
4 • I• A I I, Tc ,' "'. c [ P. ; L;; i: L l' E s 
TCTAL 

TCTAL YE•QLY CC~T5: 

8 3 2 (• t: Cy. c 0 
76t:>.5C,l'IO 
eJno.oo 
..\327 0,. c ~ 

1075£'.'30,CO 

21JCl!ll),C' 
;,Rc;10,oo 
soo.c~ 

31:220,00 
13e~·10,C'O 

l, YEA~LY L~~~tr:~~ c:sr 136~10,00 
2, Yi.6i;;LY 1: vf':T"r·.T 

C ( 5 T ;:. " ~ (' V ,. c.; v U 3 o'.I ~ ~ , Ci Cl 
3. CLF~Fr;ar10~ Qq~~o.on 
TCT4L 2zqooo.~o 
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TABL[ 208 

ITErHZED COST SUMMP.RY FOR ALTERtlATiVE A9-VI 
(EDICLE OIL r.EFINING) 

ITE~IZED CCST SL~~b.~V ~C~ ~£5TF~ATE~ TRtATWfNT C~A!~ 
DE~Ii.;~ ;:i:"F!Cif::P,('f••• ~8.~ PU<CFf>.T f-l(.'D HtcLCTlC:~: 

TREAT~ENT MCC~LES1 
Bi •• cc~r~rL ~c ~E 
P ••• ~L~PI\~ b~~TI(~ 
J, •• AI~ FLt •ATlC~ 
L.. ,H'<AT:::C l.A\.:C'~ 

INVEST~E~T CCSTS: 
1 • C'CNSTF;1.Cl !:'.~ 5tJ7730.00 
2. L H.f) 7B30,(IO 
3. Ef\C:PE~IJ=: .. G SU77u 1 CO 
/J I CC"T?~r.:•u 5~770.CO 
s. PVC L II. E;; 1qoso.o., 
'!'C'UL bSLIJ5o.co 

YE APL'' CF'PATl~G CCSTS: 
1 • LA6CP. 2~qcio.co 

2. ?C~:f~ 1q3a20.co 
3. C~E,..IC.t.LS o.o 
" . I" h l N TE~- A;, C : 1, ~LP PL IE S 21l730.00 
s. PVC l.!f.H 81,Q,L'(°) 
TC TA I. ZU'4UOO, CC 

TCTAL VEiqLy C~ST~: 

1. YeARLY CPf~AT!~G CC~T 2u~IJOO,v0 
2. Y~~~LY I~v~~Tw~,T 

CCST ~Ecrvt~Y ?7370.CO 
J. DFP~rrr•r!:~ 33~?o,no 
ttTAL lossqo.oo 

923 
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Costs: TotJl invc!:tl~"nt LO::.t: 
Tot.i l yearly cost: 

~.7~2.710 
$319,590 

An itemized breakdown of costs is presented in Table 209. It is 
assumed that land costs $4100 per hectare (SlGGO per acre). It 1s 
further assumed thut b10 operators are required. 

Reduction Oenefits: BOD: 
SS: 

O&G: 

99.2 percent 
98.5 rerccnt 
98. 6 percent 

Alt~rnativ~ A 9-VI!l - Thi~ alternative provides in addition to Alter
n,:tive A·9-'Jli <.1ctivated c.:.rbon adsorption befo1·e final discharge. 

The resulting BOD v:a:;~e loJd is 0.073 kg/kkg (C.15 1b/ton), the suspend,.,! 
solids lo~d is 0.073 kg/kkg (0.15 lb/ton), and the oil and grease load 
is 0.029 kg/kkg (0.058 lb/ton). 

Costs: Total inve!;trr.ent cost: $1 ,065,380 
s 376,990 Total yearly cost: 

An itemized breakdo1-m of costs is pre:;ented in Table 210. It is as'.:u1r.c>d 
that land co:;ts $4100 per hectare (Sl66J per acre). It is further 
assu~ed that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99.E percent 
99.2 percent 
99.3 percent 

A cost efficiency curve is presented in Figure 278. 

A model pl;int rP.prcr;cntativc .Jt '.:11L1Cii~C'Jor:1 A 10 •1as d<:veloj;P.d in 
Sectiorr V for the purpose of JPPl.1in~ ·:Jntrol and treatr.1cnt al terf"l,1ti·:~·. 
In Section VII, eiqht altcrndtivP~ w~re \electe~ dS hP.irq ~pµ 1 icablP 
enrJineering altern~tives. These r1lt.1!rr.ati•1es provide fn;. v,1rious 
levels of \-Jaste reduc~ions for tile morlel µlant 1~hich refines 45•• kkC'J 
(500 ton) of crude edible oil per dJy. · 

AltrrnativP .~ 10-T - Thi:. altrrna 1:ivP ·1·;·.11me5 no trc11t.nPnt and no 
rPductiGn in t.11e 1·1astc> loild. It i'.. P~.t.irr·llted that the ef1luent f.-001 
a 4S4 Hg pc1· nay plant ir. 1101 cum (0.291 MG) per day. The BOO 
waste load is 12.76 ki/kkq (25.52 lb/~:n), the suspended solids load 
is 7.l<l l.q/U•J (14.:s·1ti;i.011), J11tl U12 oil and grcJr;e load is J.2:.J kg/;··: 
(6.46 lb/ton). 

The model plirn~ developed for ~ubc.1•,.,,,., .. , ft. 10 is assumed to h.ive sep
arate discli.H')c of process ,1nd non·<..•:.::~..::ct wilstr.\·1aters, in-plant grilvi~" 
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TAl3U:. 209 

ITEM Em CC.ST SU'.-11-'.ARY FOR AL rrnr:,\TIVE M-V I I 
(EDHlLE OIL REFillil:S) 

I '!' E ~· r 7 F r, I'.: c s T c; L'' ~ L :: y F' (°ti "' i c; ,. n ~ 7 i= •I i ,. ~- A T ~ r: " T O· .~ I ~
Cf S :~~ tFF!ClE\L~ ••• ~~.2 PECrf~T ~~n M~S~tlI~\ 

TREH~·E~.T 11.Cl'LLESt 
[' I , , r: S :, i RC L ._CL S:: 
fl , •• i:: :! '' ~ I t .:; ~ T t i I C . , 
J., .•11; F1.r.r1inc•: 
L,,,br::.:tTf.;> L.~r.cr:•. 

P , , , 1-l l ~· P l "- r: S T .I 1 1 C '·. 
i...,.~l,~l. "r:r,14 ~;.r';SL~E Fl1_1'1.;t. 1 ~ 

lNVEn"'E'·T CC::;l.:1 
1. er~ ~T~:...:i rn 
ti • L .Hd) 
3, fl.C:P''FFll':G 
~. cr~r!.r.F· .. r.r 
': , P II C L I ~- r: f: 

1'CT'I. 

Y[A~L~ C~ERAl:~~ crsTS: 
1, L•i::ri:: 
?, FCH.:~ 
J, C~~":~AL:: 

" I t' ta : ~ 1 ~ E ·~ At· c !: R ~ ~ ~· r. L : ~ ~ 
5, FvC L ~'~oi 
H'.1 Al. 

TCTAL V[A~LV cC;:T~1 

r. 'W':_~.i;Lv rPi:n.1r:·~ c::sT 
2 • H ~ µ L Y : '; v f·: 3 'T ",. • ~ 

C ~ Si r· C: C ~ v E i; 1 

l, Cl:.Pl'~CIHlt:" 

, cl '~ 

,--

5F-P.!QO,~n 

HJO.OC 
~et!20.C'O 

58/120.«"' 
1GOSO.O~ 

73c11.o.oo 

2"c;qo,oo 
2oc120.tio 

0. Cl 
25i.7G,CC 

1"60,!'.0 
?.~Lll'ltl('). co 

2Q31C,CO 
3b,"'LICJ,Ct' 

J1ti':.i~o.r.o 

mews 



TABLE 210 

ITEMIZED COST su;;r.1.n.1w F'OR r~Lrcr.::Ar;•JE f19-Vr I I 
(£DIBLE OIL RUIN!i!G) 

I T f !~ I Z E G Cr: ST ; Lt' "" 6 i.J V F' C' c; ~· 1. ST E •,,. t. T ::: ;.; 1 1: [ :. ; ~ ': ' i r r- t. ;, ~ .. 
OfSI~~ EFFitI~~cv ••• QQ,~ ~t~CF~T ~c~ ~~~LC1J(I\ 

TREATl'fll.T "'C0l:L.£S: 

~1 •• Crl\T~~L rCL~E 
e ••• PL·~· P J 1• G ~ i :. T r '· .... 
J , •• .A ! i; ~ L S ~ ~ ·1 T r: ' 
l, 1 ,A[~Al[~ LAGCC~ 
8 , , • IJ l ! "' P ! •' ;; ~ T t. T 1 C ~: 
~ ••• "1; t. L "'~ c r .6 1r c; ~ s s L. " F. r:- I L r:. " • N 
z • • • A c r r ·,· '·"r ~: : · r ~ .. · r:,., ! :.: .s ~ '; i' ·~ : ~ •. 

H' \' E S T t-l E ~: T CC 8 . S r 
1. r.c~.c;;c;Lc:1c,., 
C!. LAI I') 

3 • £ I. G I ~ ~ E ;; I ~. c; 
ll • r C: 1. T I \ c, E "C t 
s. i:ivc L.I"-F.~ 
lCHL 

et:54cC,OO 
783•),00 

BbSt.:c.co 
8&'51.10,01' 
lqOSli,00 

t"~~Jeo.eo 
't'fia~!.Y :;:i;:EOAT!\G t:~TS: 

1. LA!H'l.I 
Z • PC: .. E P. 
:!. C::~f"'l:'°''.S 
'I , I" A l "-Tr: "' ~ \,Ct. ' :; L F=- "!.. : ~ ~ 
S, P\•C ll'.E~ 
TCTAL 

2uc;c;c,c~ 

212ti=c.n 
0 I 0 

U~1'~.CJ 
Pf'tO,CO 

2~1'490.1'.'.0 

TCT~l VEA~LY CL~T~t 

1. ~fARLV CPf~/;T!l\r. CCST 2P.!~~o.oo z. 't'EA~LY P•H'~T"'r."'-T 
ccs1 ~f~rir=~ u2~20.c1 

J. rrF~E~IAl;c' S2P-n,oo 
TCTA~ 37eQQo.co 

. ·. - ··..: -··c: ... . - -
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scp.:iriltion ilnd :.I· ir.:n1in'J, :·JI cor1trnl, ;;rFJ Jn oil 1·ccovt:ry system for 
rcclu111,1:ion_uf 1.usLt: uil <.rii.J QrLu'..e ~.i.i1;1;11i11•JS, 

Costs: 0 
Reduction Ccncfits: None 

-Alternative~ 10-lf ~ This alternative provides for the addition of 
pressurizedaTrTiOtiltion uti1izinri clw:1ical flocculating agent::; to 
enhance floe for~~tion a~d float~b1l1ty of wastes. Oil, water, .:ind 
solid ~1aste skinr.:iings arc iWm:->ed to an in-plJnt oil rec1airr.ation 
systr:m for de1·1atcring, arid recovery of inedil.;l.: oils. 

The resulting !30D 1·1aste loud is 3.82 !'<J/kY.g (7.G4 lb/ton), the suspen·1r•i 
solids load is 2.18 kg/kl:q (4.36 lb/ton), and tl:e oil and grcas~' loil<l 
is 0.95 kg/kk9 (l.69 lb/ton). 

Costs: Tou·1 inve~tr.ient cost: $191,780 
$ 49,200 Total yearly cost: 

An itemized brr.:ik:own r"Jf cost~. is pr~~.cnteu in T.:ible 211. I~ i~ 
assumed thJt land cost$ ~82,040 per hectare ($33,200 per acrP). It 
is further assu::ied that ~·.10 r,pcriltor:; ilre required. 

Reduction ~enefit~: BOD: 
SS: 

O&G: 

70. 0 percent 
69.5 per::rnt 
70.0 percent 

Alternative A·lO-!IT - This alternati~c provides in Jd~itior :o Alter
native ITO:-!!. c:::r:ipi!?tc nh ac~1v(JtC·::'. '..1ud·1c. ~.ec.nr:dar:: clarifiCJtir.n, 
sludge recircula~~ng ~urno, J sludge Lnicken1ng tank, vacuum filtration, 
.-nd a sludge iic~ding tan~. Sludge is n.iulcd to a landfill fiJci1ity 
ev:-:ry six d,Jy-;, The acti':ilted $l:;d;c ;;nit ..i1so i11c7udes ~ cor.trol 
house and two full-time 0µerators. 

The i"e~ultinq p.:,:[1 wastf' ioad •, '1.1., :.1.'U:q (Cl.3') lb/~.on), the su:.r1enc!• 
r,nlidS lOiHl i:; 0.2°2 l.~;i.1 . .; '.2.ol~ lb/:ni1:1, and !hP nil o1nd Jrn,1c;~ lot1-1 
is 0.097 kg/lky ;C.19 l!J/:.on;. 

Costs: Total inve:;t1;.erot Co'...l.: ~.GOO ,850 
$133,730 Total yearly to',t: 

f\11 itemized br1<1kdown of co~t~ is ;11·L·:;entcd in lc1blP 21(. It is 
as!:umcd thilt 1.:;nd cost~, ;;.;:,(i.10 1wr l1c~:tJre ():U.?00 per arrc). It 
is further assuined that t1~0 operatcr~. MC rcqui.-cd. 

Reduction Benefit~: DCC: 
SS: 

Q.1.G: 

98.5 percent 
96.9 pcrcc:nt 
97. 0 pc1·ccnt 

/\ltl'rn,1tivc f\ lO·IV • Thi~ alternJti·.-e j:rovides in cJddition to l\ltl'.'r· 
nafivr. A-n~-:Tc:-uwl 1rcd1; pri~~.::.ur:.: .. ! ::1!r,1tion w1th ii pu111p ,_;tat1on t·:o 
~c::1'1·.itc sufficient he.id for fillc1· 1•1 . .:!•·Jtion. 



fWflFT 

TABLE 211 

ITEMIZE.D COST SU:·11·1J\RV FO!\ J\LTERrlA1IVE A10-Il 
(EDJBlE OIL PEFil:It:G) 

r T F. 
1 ~ 1 z f o r: r s T ~ '· ,, ,., ' ,. v ~ L';; 1• ~ -; i F' • " 1 ~ ~ T K E A T "' F. ~. T L ~ " I ~ 

c f n c: .. u n C'l E ~. CV • • • 7 ('I • ~ i; E' ~ c: p. T R c D ~ E c L c T J c ~ 
TPE~T~F~T µCClL~S: 

I I.VE S 'T '' C:: q CC~ i !· I 

P. 1 •• C L '· i I: ...: l. I- C I. 5 I= 

e ••• Pu!·..,r:i1; ~1!nr:11. 
J ••• i:; FltTlT!(\ 

1 , C C r..: !'l T P : . C i • r: I\ 
2. LAii.fl 
3. fP',C~T·.·r,:;:~· ~~ 

LI, CC~.TI'-Gf•rr 
EHL 

V[A~LV rp~~tT!~G rr~T!t 

l. LA~'·'-' 
Co P[i-':;.. 

:3 • c 1- !:. •1 I ~ : l 5 
LI, ~AI~T~~A~Cf~Sl~PLifS 
Tr.' "i AL 

TCT•L VE6~LY CC~T:1 
1, Yf:bw~v C~!::JJT:~~ C::Si 
2, YE1>r=Lv !\.'"ET 1·•11.T 

C: u: T "s:- '.: ': ·1 .~ r.; v 
3. CE.P1Ji:cr.1n-:--.. 
Tr. T ~ '· 

qP·1i;o.~:1 

7 ~ 3 0 Q 1 ()[I 

"C7c.cr. 
C1870,CO 

ii:nur.oo 

21.JG«~.cc 

'3730,co 
c. c 

e:eqo.cJ 
l:b10,r.n 

35c10.oo 

'Oo.r.-: 
5~20.0.'.l 

uq?.CIO,C·~ 
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TAOLE 212 

lTE!-117.EO COST sur~i,1ARY FCR .C..L"'."Cr.r:ATIVE AlO-III 
(EDIBLE Oll R[Fit;I~:G) 

ITE~IZE~ c~~T !~~~A?y Fr~ ~~sT~•tT~~ T~~~T~~,, r~~r~ 
DESIG~ (C"FJC!~'CY,,, ~P.~ ~~~c~,, ~r~ ~ECLCl!C~ 

I~VfST~E'T CC~T~r 

Et,.C· ... ~.Tf"r.L '"[I.!:~ 
Fl , •• ~ L.. u P T ~ C: c: 1 .~ l ! r: ,. 
J.,.~l~ FLrTA1![~ 
K. 11 ,ACTtvt.'T•r. ~L·.~c;f 
!;, ,.SLL'.:c;F l""!C~~1·::_;;.. 
S,,,vtCLL~ ~ILT~4T!~" 
'f , • • i-c L !" ! ~ r. T ~ "K 

1 • c r ~- ~ r ; ~ r T I c " 
2 1 L41'~ 
J, t"Gl'·E~c;;-.i; 
II, tC~Tit-.G~-~-C°" 
lCHL 

YEA~LY OPt~ATl\C CCSTS: 
1, L41-'('i" 

Cl, PCr.F~ 

J, C:l-!:."TL'~L~ 

" , "' A P' TE ._ i\ " C ~ !t ~ l P :"l L : E5 
lCHL 

TCTAL YE•~LY CCSTSt 
1. 'ftA~LY [O~~~TJ\~ C(ST 
2, V~A~LY i'1rc1~~\T 

cr~1 ~c-rc .-~;..v 

L CF.PwfCTe°r;'.~ 
TCHL 

1)30 

"3tlt~0.(')0 
73Hv.Cli 
uHeo,c~ 
~3Qeio.co 

H·C:~~o.co 

.::ilJQQ(). 01'1 
JllHo.co 
"3uo.:~ 

1~~10.CI) 
P332C,r,(I 

ioJ030.0(I 
2b3110,('C 

133730.00 



DHf\FT 

The rc~ 11lti11g [·r,o 11ust1! load is 0.0')7 i''.;ikk~i (C.19 11>/ton), thr. susprndcd 
solids loud is U.11 l:q/l:l:!J (11.22 11J/tr1n), crnd the: 011 and grc,1se lood 
is 0.04C kg~l:g (0.096 lu/tcn}. 

Ccs ts: Totcll investment cost: $G'16,270 
$146,640 Totcli yearly cost: 

An itemized br~a~down of costs is prcsC>nted in Table 213. It is 
assu~ed that land costs $82,040 per hectare (S33,200 per acre). It 
is further assur.;uJ that t1'lo op~rutors are required. 

Reduction Benefits: BOO: 
SS: 

O&G: 

99.2 percent 
98.S pe:rcent 
98.5 percent 

Alternative A 10-V - This alternative provides in addition tc Alternative 
A 10-IV activated carbon adsorption bP.f1re final discharge. 

The resulting ~OD waste load is ~-0~8 kg/kkg (f'J.095 lb/ton), t'ie ~u5~r.nr'.r·.l 
sol ids load is 0.056 kg/kkg (0.11 lb/ton), and the oil and gre>:ise 1oJJ 
is 0.024 kg/k~g {O.Q4B lb/ton). 

Costs: Total investment cost: $919,530 
$199,530 Totul yearly cost: 

·An itemized !JreakdO\~n of costs is oresented in Tab1e 214. It is 
assumed that land costs $82,040 per hectare (S33,2CO per acre). It 
is further assumed that two operu~ors ar2 req~ired. 

Reauction Benefit~: BOD: 
SS: 

O&G: 

99.6 percent 
99.2 PHCCnt 
99.2 PQl"'CP.nt 

A cost efficiency curve is presented in Figure 279. 

Alternativ~ A 10-'/I - This alter'la~~v.~ :~"'" 1:ir1er, 1:; :lddi:~on ~o /\1~er
·native AT0-II \i.e., dissolved u~r Cot.Jtion) an ,)crated 1a·JC:On 11nd 
a settling pond 

The resultfng [300 waste load is 0.19 kg/kkg (0.3~ ,~,/ton), thP. !;ll!ii'('fl·.~r·c 
solids load i~ 0.2?. kg/Hg (D.44 ~h/tr.11), ,rnd !tll' oil and :11·r:J'.;e loJd 
is 0.097 kg/kkg (0.19 lb/ton). 

Co~ts: Totill inv•",tr.-.i:~t. ·;o!;t: 
Total yearl; c0st: 

$6QIJ,4nD 
$262,740 

AJ1 iten1i~1~(~ brrakd(l1 ... n of co<.t:; :.-, ; r• ·· .. ·!~~ed i11 1.~1>11· 215. rt i!:. 
il~<,urn.;-rJ tli,1t 1..:nd cos.g $4100 pc>r M~ctJrc ($1(\C,lj ;11.:r acre). lt i'i 
further assumed that t~10 opcr.itori; ,ir·1 :r1uir'ed. 

rsrasr 
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TABLE 213 

ITEM I ZED cos T su:::·~ARY FOr\ t.L TE!'H ,A. iJ v E Al 0- Iv 
(ED!8LE OIL REFr:n:;Gi 

ITE~IZ~O C~ST 5L~~l~Y FUM ~~ST~·~TE~ 1~fA1~f~T C~!:~ 
CF!lG~ EFFICIE\~~ ••• 4~.2 PE~CE~T FCC ~E8~CTtC~ 

TRE~T~ENT ~CCLLES1 
P l • • L C ~, T C:( C !. I- C L E !'. 
e , • • P L. ~ P l " l- ~ T l. T ! C '-1 

J •• ,Al~ FlrT~TlC' 
~ ••• ACT!VATf~ !~~C~E 
C,,.SLLO~~ T1-JC~F~~P 
~ ••• YtCLL" •:!..Hl7IC"' 
v ••• ~c~cr'~ TA~~ 
~ •• ,P~~Fl\~ ~T~TIC~ 
1'. ••• DU6L ~E~I' P~E5SL~E FILT~~·N 

P• \I E. S T ' • E '' T C C 5 T ~ t 

1 • C C ~: 5 T :; '- C ! ~ C ~ 
z. LA~O 
3, E"-GilliEE~Z~G 

"· CCll<Til\.GF.l\C-y 
TCTAL 

YE4RLY CPFP~T!~G cc;Tsr 
11 LAt-tt;~ 

2, rc·,.E' 
3 , C ;- E !~ Ir. ~ L 5 
~. ~AI~TE~4~CE~5L~:~l~~ 
lCTAL 

TC1AL YEA~LY CCST~: 

1. VfA~LY C~E~~T!"l- CCST 
2. YEA~Lv i~ -...;:~~"c:"i 

CCST ~-ECC\··~v 

3. CIOP~ECil.T!.:" 
TCTAt. 

932 

iJ77iJ7Ci,C1' 
73300,cr, 
"77S,.oo 
"'750.00 

b " ~ 2 7 C , 0 C· 

ztio<;o,cl'." 
"tl'::O~.'.lO 
'13~0.0('I 

1c:10.00 
q21ao.00 

?.Sa~o.oo 
2P.~~c.co 

1"oe!io.c.o 
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TABLE 214 

ITEMIZED COST SUl·i:'t·~r;y FOR AL Trnr-:Anvr A10-V 
(EDIBLE OIL REF INiliG) 

?1£~JZ~C C~ST SL~~A~Y Fri: ~~STF~61f~ T~EAr~~\T C~A?~ 
CESIG~ fFr!Cl~~c~ ••• G~.o F:~cE~T ~cc Q~C~CT!C~ 
T~EATwE~T ~cr.uLE!: 

fl,.CL~T~CL ~CL!E 
B, 11 P~wPI~~ ~l&TlC\ 
J.,,~I~ ~~~TATlC~ 
K,,,6CTIVAiEC ~LLJGE 
~ ••• S~L~G~ r~1r~~~E~ 
s .•• v~~LL~ FIL1~ATIC~ 
Y,,.~CL0!~~ T~~K 
~ •• ,o~w~I~; STLT:C~ 
~ ••• r~AL ~~er~ ~~ESSL~E FILTl:AI~ 
2 , , • AC T l \' .\ T !:. ~ ~ ;. ;,; f- C .•. " r~ !: 1 • i1 i.- ; ! L" '· 

1~vtsr~f~T ccsrs~ 

1 , CC Iii S T I: L'C T 1 C "-' 
Z, L H. r1 
J , fl-. GI'' E F :(I "G 
~. CC,..TH.c;;fliC\ 
TCTAL 

YE'A?L'< C:PEQ~i!~.G CCSTS1 
1, LAefJ~ 
i?, P'.'.rf~ 
3, C""Eoj?CAL~ 
~. ~A1~TE~A~CE~~LPPL!ES 
TCHL 

'C!AL vEJ~LY CC!TEr 

10s1qo,co 
'3300.00 
10520,00 
70520,00 

911?530,00 

Z7uqo.oo 
5"700,GO 
"Ho.co 

33<;10.00 
1~04/JO,r.o 

i. YfA~L~ CPt~ATJ•~ CCST l2Cu~o.oo 
2. Y~•~Lv T·v~sT~f~, 

crsi ~Fcr~;~y 3~7~n.~~ 
3c rf~RECTLT;r~ ~23to.~o 
lClA~ J~4~Jo.oo 

933 



I . " 

II) 

<r 
j 
-• 0 
0 

u. 
0 

Ill 

2 
i <{ 

Lil 
I a I· I 

I-

z 

:t. 
I-
ll1 

"° 0 

l w v 
" 

.;. 

i1 >-
I 

l >-
J 

1: a: 
<! I w 

\ >-
I• 

0 

!' z 
< 

u 

.J 
< 
I-... 
a. 
< u 

tH.• 

,.,_. 

•H • 1 I 

I 
I ,, 

,~l.\ I 
I 
I 

.... , 
JCT, A 

Jl:.1 

UJ.l 

!lt,I I 

,······-·········-··,······---.·······················································-······~·-···-~ 
7v.:: 'J.:: 'e.:: 1•.:c ''·•; ,,,;t re.tt ,1,:: ca,c: ~'·'' 1c;,:~ 

EFFICIENCY 

r:.vEsrn: .. :rr ~'\'fl 'l'EAP.~Y COSE FGR SUOCATE(ORY A10, ALT. II THPOUCll IJ 



~-.:.. . .:..--

Dr!flrT 

TABLE 215 

ITEMIZED CC'ST su:lrJAnY FO~ ALTElll!f,T!VE AlO-Vl 
(EDlllLE OIL REFINit:G) 

!TE~tzr~ cr~T ~L~~&~V F(~ ·!~TE~~T~~ T~~&TVf~T c~t!~ 
o E. s 1 c: •. E. F F 1 c I E' ~ c v • • • ~ s • ~ r- ~ 11 c F ' t :~ r· u ~ t:. c L c T ! c "' 

T~EJ.T;'~r-.T ""lrL1 L~~1 

ccs~:.-: 
l I 

2 I 

3. 

!: 1 •• r 1 · •• T ~ ~· t 1- c L !: F. 
p I •• p I)" .. I r. r, s 1 a , Ir ~
J,,, 6 J~ FLrTA11r•. 
L,,,•f .;~iED L6f.([.\ 

CC~ ~ 1 ..: 'Jr. :" ! •: t-.. 
Lt.~- ('I 

t:~Gjr.r::c I·"' 
/J • CC~. T r ·' ,; i'. '· C Y 
5. F11t Lt"-f~ 
TCT.4L 

CPt,QHif.G C:CET51 
11 L6\<C,. 
~. PC:1FQ 

!o C'°~''.lt:Al~ 
w. 1-AJ:~H'.A'-CF.!St.~i:LIES 
~. ~~C LJ~E~ . 
.,CTtL 

TCr,L V[l~LV CC~T~r 

4P.12~n.c.n 
7(1('1),C(l 

Lic11.?o.oo 
"~11>0.on 
1b01C'.C'lt' 

6COti~l),OO 

zuqq(),~0 

1b147Q,(l(j 
o.o 

213Po.oo 
110.00 

2oqo~o.co 

1. ViA~LY r~EP6Tl'G CC.ST 20CiOSO,D~ 
2. VEA~LT )~v~~l~~-.T 

.- ·._. ?" ._---

CC~l ,..~i::,-vFl.i'I' 

J. c•i:::..t_~rn1r~ 
TCTl.1.. 

?.l.IO?o.on 
zc;,,7c .• r,n 

2tJc7Ll(l100 



ORArT 

Reduction Cencfits: noo: 
SS: 

O&G: 

:in. 5 r0 rcc·n t 
% . 9 rerccnt 
97.0 p~rccnt 

Altrrnative A 10-Vll - This alternative provides in addition to Alter
native A 10-VI dual media pressurized filtration with a pump st~tion 
to generate a sufficient head for filter operation. 

The resultinq 800 waste load i~ 0.097 kg/kkg (0.19 lb/ton), the susrendcd 
solids load is 0.11 kg/kkg (0.22 lb/ton), and the oil and grease load 
is 0.04B kg/kkg (0.0~6 lb/ton). 

Costs: Total investment cost: $645,910 
$275,650 Total yearly cost: 

An itemized breakdown of costs is presented in Table 21G. It is 
assumed thJt land costs $4100 per hectare ($1660 per acre). It is 
furtt-.er assumed th,lt two operators are required. 

Reduction Benefits: ~OD: 
SS: 

O&G: 

99. 2 percent 
98.5 percent 
98.5 percent 

Alternative A 10-VIII - Th~s alternative provides in addition to Alter
native A 10-VII activated caroon adsorption before fi~al discharge. 

The resulting BOD waste load is 0.042 kg/kkg (0.096 lb/ton), the suspe~dc~ 
solids load i's 0.056 kg/kkg (0.11 lb/ton), and the oil and grease loud 
is 0.024 kg/kkg (O.Q48 lb/ton). 

Costs: Total investment cost: $919,160 
$326,050 Total yearly cost: 

An itemized breakdown of cos~~ is presented in Table 217. rt is 
assumed that 1and costs $4100 ~er hectare (51660 per acre). It is 
further assurrcd that t'i10 uper.:i~or·:; <ire rcqui red. · 

Reduction Benefits: BOD: 
SS: 

O&G: 

99.6 percent 
99.2 percr.nt 
99.2 percent 

A cost efficiency curve is presented in Figure 280. 

A model plant rcprescntJtivc of Subcat01ar~ A 11 was developed in 
Section V for the purpose of applyin~ control and treatment Jlternativ0s. 
In Section VI~. einht a1tcrnoti'Jer. ··"""<' •.rlrcted as being apul icJble 
engineering altcrna,;iv~s. focse a~tc-niJ~hes provide for variou~ 
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TABLE 215 

ITEM I ZED COST SU:'.i-'',f~Y FOR ftl TErW/\ TIVE A 10-V l1 
(EDIBLE OIL REFINir:G) 

ITE~!ZED COST SL~~4~Y ~~~ ~ASTE~'lE~ T~~~T~~~T C~AI~ 

CESIG~· EFFICIP.,cv ... qc;.2 PE:.~C'.fl\T !?Cr. "'l:.CUt:TlC" 

T~f.4Tlo'~~T MCO~LES1 
?1 •• C:~TPCL ~ll~I:' 
e, •• F0~FI~~ S1LTICN 
J,.,Al~ FLClLlir~ 
L,.,6~~,TE~ LAG(~~ 

6 0 , .Pl·"i:'!~r. STLi!C~ 

~ ••• ~UAL ~ECI~ ~~E2SL~E FILT~tt~ 

I~VfST~E~T CCSTSc 
1. CCt-~7i;LCTIC~ 

2. L6"0 
l, E~C:!~F'f:l.ll"G 

4 • C. C ~ T ! ~. '., E " r. Y 
5. l'VC LP~F 
TCTAL 

YEA~LY O?EQAT!~G Ct5T5: 
l. L•e1Ji.: 
2. PC';, E ~ 
l. CHE~IrAl.9 
u • lo' A ~ ~ T I:' '. 4 '• C: E: I!. ~ 1. i= "L. I E ~ 
~. PVC LP F~ 
TClAL 

TCTAL YEARLY CCST~I 

~iqoec.oo 
71'101'.1 0 00 

s1cno,oo 
i;11~10.co 

16010.00 
lluc:cqc.cn 

2u~~o.oo 
l70~qr,oc 

o.o 
22010.c.io 

710,00 
2178(:0,00 

l. YF:HLV r:~EJ.fATl'"i C~ST ?.t78e0,00 
2 , 'Y E A P L V 1 ~ v E ~ T ,,. r .., T 

cc~T Rfcrv~~v 2seuo,oo 
l. ~fP~~CIATlU~ J1q50,0~ 

TCTAL 27S~so.oo 

937 
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TABLE 217 

ITF.MIZED COST SU~'."1ARY FOP. f,LTrP.l:ATIVE ft.10-VIll 
(EDil3LE OIL REFJNir;G) 

!T~~IZ~O r~3T !LvMA~Y F:~ ~LSTE~ATER TQ~~T~~\T C~AYt\ 
CESIG~ ~FFICIE~cv,,, qq,~ FE~CEt\T eCD ~tC~CTIC~ 

T~EATM£~T µCOlLE!: 
B 1. • CrJt. H("L I-CL~: 
B .•• ~~~Pl\~ ETA1JC~ 
J, ,Af~ ~~CT,T!C\ 
L,,,AEPAT[~ L~~c:~ 

B ••• .:0~PI~~ ET~TT:' 
N.,.DUoL w~CIA ~~ESS~FF ~ILT~~ 1 N 
z •• I ~ c T I \: :.. ; f.. :.~ r.;... ::: ~ ~ ' L L' ~: i_· :~' 'T ~ , •• 

YNVEST~E~T CCSTSt 
1. cc~snL.crrc" 
2, LH:O 
3 I E ~ r. I ~· £ : ~ I •. G 
&i , r. C Iii TI " :-; o. C 'Y 
5, "'YC L!"-Ec 
TC TAl. 

YE6RLV C?EQATI~~ CCSTS: 
1. L•ecg 
2. Pr:1o.f.i:> 
3, Cl<t."I:.:.LS 
u • ~ 6 1 ~1 T ~ • .... •. e E ~ ~ ... 1' "L I c ~ 
5, P\.'C 1..:r-.U 
TCl AL. 

TCTAL Y[ARLY CCST~I 

7ut-1c;o,eo 
700('),CO 

7i,;oeo.c0 
7Lle,~o.oo 

1~010.r"O 
q1q1-,o.co 

z41qc;o.cc 
S7Pt'Cf!l,/\O 

o.o 
3011,~c.~" 

710,C'~ 

24Jb70,CO 

l, Y(6~lY C'~OAT!~r. CC!T 2u!~70,00 
2, Y~A~LY I~VE~T~E~T 

crsT qfcC~E~V 3h770,CO 
3. CfQPCC1AT1C~ u~~to,o~ 
TCTAL 32ti~u,CO 

930 

:-',--& - ~'.::.__·--·- - z· ... ----· .. --~ 3W 
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levels of 11J~tr rcd11c:ion~ for· the? ;::ode1 j>lont 1·il1ich refine~ '1S'1 kk~ 
(500 t0n) of-en/de c:dibk oil ;:ic1· day. 

Alt<>rnutive A 11-I - This ulternativ~ a'.isur.1cs no treutment and ~o 
rec!UC:-fiunin tt-:C viaste load. It is cstimutcd thut the effluent froin 
a 454 Hg pC'r duy plant is 1574 cum (0.41G r1G) per day. The 1300 
waste load is 20.57 k9/kkg (tll.14 lb/ton), the suspended solids loild 
is 10.98 ~g/kkg (21.96 lb/ton), and the oil and grease load is 9.95 kg/kk~ 
{19. 90 i ~ii ton). · 

The model plant developed for Subcategory A 11 is assumed to have seD
arate di~chJrge of proce~s and non-contact wastewaters, in-plJnt ~ravi~; 
separation and 0.kirnming, pH control, cJnd .:in oil recovery system for re
clar.ia~ion of ·.1as-.:e oil and grease skir.mings. 

Cost: 0 
Reduction Benefits: None 

Alternative A 11-It - This alternative provides for the addition of 
oressuri zeddirflOtcJ ti on ut il i zfr.g cherr.i CL! l fl occul a ting a gen~;, to 
enhance floe formation and floatability of wastes. Oil, water, and 
solid waste skir::mingi; are pumped to Mi ~n-plant oil reclamation syste:~, 
for dewacering, and recovery of inedible oils. 

The resulting BOD waste load is 6.14 ks/kkg (12.28 lb/ton), the suspe~dc~ 
solic.'s load is 3.33 kg/kkg ( 6.66 lb/to:1), and tl1e oil and grease load 
is 2.92 kg/kkg (5.84 lb/ton) . . 

Costs: Total investment cost: 
Total yearly cost: 

$215,730 
$ 52,410 

An itemized breakdown of costs is presented in Table 218. It 1s 
assur.:ed ~hat li:lnd costs $82,C·~O ;'e,· hcct.:ire ($33,200 per acre). It 
is further dSS~~ed that two operators are re~uired. 

Reduction Benefit:;: ~OD: 70. i pi;irr.::~nt 
SS: 69.7 percen~ 

Ot.G: l0.6 ;Jcrcent 

Alternative A 11-III - This alternJ~i~e provides in Jddition to Alter
nativeAlT.:-rT cOir.Pfetc mix activated :.lud~1e. sccondar·y clarification, 
sluage recirculating pump, a ~lud~c thick~ning tank, VJcuum filtration. 
and a sludge ~olding tank. Sludge is hdulea to a landfill facility 
every eight (.,1ys. The activHed ',;;1dr;c u;1it a1~o includes a control 
hou~c and t\.,,O full-time operators. 

The resulting r.JD h'aste loud i:; 1.21 ~~~/kkg (0.6: lb/ton), the ~uspen·:~· J 
solids load i~ 8.35 kg/~kg (0.70 ~~:L~n), lnd the oil and grra~~ load 
is 0.30 kg/kkg (0.60 lb/ton). 

940 
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OfliirT 

TABLE 218 

ITEMIZED COSi su:'",ARY Ff'l" MTEP.~:f·TIVE f1ll-Il 
(EDIBLE OIL REFINI~G) 

J T E ·~ J i' E' ~ C'" ::: r t L '• .. 4,. Y Ff"." · ... ~ ·~ 1· ~ • •' 1 ~ •' T ;.. r· ~ T 1· r- ~- 7 C 1- 4 I ~ 
DE 5 !C>· r: ~· ~ ! C H \ ~ .. , • • • 7 ~ • "' Fr· ;>CE" T r~ L i: "t ~ L C TIC, 

(' 1. • r:: ~ 1.; :· 1. 1- r· L ~ t 

t3 • • • r-- t l I I "' ; '. \; ~ ~ I. T : i: ~. 
_j 1 e 1 ,'1 : ~;_ r: • ;• ~ l.,. ~I~", 

I~~F~!~t\T er~'~: 

1 , U " S F l C l ! U· 
2. l.l."I" 
3. E"GI'-~.~1.:·~ 
jJ I r: r. :,· j j I\ l; f ' r Y 

TL T '- L 

¥EA~LY c~~~,Tl~G t~~~r, 

1, LHC~ 

2. "r'r" 
3, c,.~ .. ~c~u 
"' , "A : 1. 1 r::: • ~ ·• r : R ~ ;. i:: c L ~ Es 
TCT AL 

':'C"'AL vL-H~v er:·~: 
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1131t:O,OC' 
7QG7C,1)1'.' 
1t:!10.r" 
11:))0,0" 

215730,0l'I 
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o.o 
71cO.~O 

Jer;qc,oo 

e1:1..,.c-:-i 
::7i:!'.O~ 
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Costs: Tot..il invc:;tr:ic:nt co~t: 
Total yearly co~t: 

!7Gl ,7r!O 
~ll':i,1!30 

An itemized breakdown of cost~ is presented in Table 21Q. It is 
assumP.d thut land costs SC2,040 per hccture ($33,200 per acre) .. It 
is further assuined thut b10 opervtor') are required. 

Reduction Benefits: DOD: 
SS: 

O&G: 

98:5 percent 
97.2 perc~nt 
97 .0 percent 

Alternative A ll-IV - This alternative ~rnvides in addition to Alter
native-A 11-111 dual rriedia pressure filtration with a pump !;tJtion 
to generate a sufficient head for filter op~r?tion. 

!he resuiting BO::> 11,:iste load is 0.16 kg/kkg (0.31 lb/ton), the su~pcnded 
solid~ load is 0.17 kg/kkg (0.35 lb/ton), a-id the oil and grease ioad 
is 0.069 kg/kkg (0. 14 lb/ton). 

CosB: Total investment cost: 
Total yearly cost: 

sa13,qi;') 
$ 1 91 • 110 

An itemized breakdo1m of costs is presented ;.., Table 220. It is 
assumed that land costs $82,040 per hectare ($33,200 per acre}. It 
is further assumed that two operators are required. 

Reduction Benefits: BOD: 99.2 percent 
SS: 98.4 percent 

O&G: 99.3 per:ent 

Alternative A 11-V - This alternative provides in addit~vn to ~,ter
natTveA-11-lV illi vated carbon adsor;--t ion before final di ~charge. 

The re:;u1ting BOD waste load i ~ 0. 07ii klJ/V.kg (IJ. 15 ~ b/~0:1), the sus;.;~ndc·d 
solids load is 0.087 kg/kkg (~.17 lb/ton), and the oil Jnd ~rease load 
is o.~35 kg/kkg (0.070 lb/t~n). 

Costs: Total 1nve-:.t~·:nt c1s':: 
Total yearly cost: 

$1,21.1,~40 
$ 256,440 

An itemized breakdo1vn of costs is presented in Table 221. It is 
assumed that land costs $02,040 per hectJre ($33,200 per acre). It 
is further assumed that two operator~ arc required. 

Reduction Oencfits: ano: ~9.6 percent 
SS: 99.2 percent 

O~G: 99.6 percent 

A cost efficiency curve 1s presented i~ figure 281. 
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TABLE 219 

ITEMIZEu C:C'.>i SUMMARY FOR ALTCfiilAT2VE Ail-I:I 
(EDIBLC OIL PJFIIU::G) 

rTF.:"'TZED CC'$T 31.'"'f'lil''f Fr~r: ht>SF,.;n·q rr..~-AH't~T C"'lir~, 
OE~IG~ ~~Fr~~~~L'··· Q~.~ ~l~(EhT ~CD REruCTIC~ 

T~E6Tu~~T ~CC~LE!1 

!~V~ST~f~T crsT~I 

P1 •• C~'TGCL ~CLSE 
e •• ,PL"'rI~r. Sit.Tt(j~ 

J ••• q.:o '"LCT~i !Cl\ 
~,.,ACT!V4TE: SLLCGE 
~ ••• SLLC~E T~lCKf~~~ 
s I • I v.:. c l. L '~ F : L. T;.; 4 11 c"" 
"· •• ~rL:::·~c TL''" 

1. tr.fllSTglnltl\ 
2, L~~C 
l. E ~GI NH;; P'G 
U, CC~"i'I"IGc"-'l:Y 
TCTAI. 

VE•~LV CPERL~I~~ cr.s1s1 
1, L HC-R 
l, FC"~ll 
3 • C '" f ·~ I C Al. E 
"• ~•l~TE\~'CE•~~rD~IES 
TCTAL 

TCTAL YEARLY CC~TS1 

~l'le1eo.of'l 
7qQ70,0(I 
56P~o.oo 
~ftfl~0.00 

7b17qo.oo 

2"qqo.co 
'"~"0.0~ 

et1Jeo,o"l 
JQ3bO.OC 

111270.00 

1, YU.f'LY c:rp:'A'TI'C: C:CST 111270,00 
2. V£trLY :~v~~T~F,T 

CC~T ~rc~v~~., 30U70,0~ 

3, CEr~~C:ATlC~ )UOQO,CO 
iCTl~ 17,~JO,OO 
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TABLE 220 

JTEJ·~IZED COST $tJ:::1A~Y Fon flLTEfHitHIVE J\11-IV 
(EDIE.LE O!l. llEFirl!r;G) 

ITE~IZEC c~~T SL~~A-v FV~ ~!~TE•AT~~ iijElT~~\T c~,1·. 
D~SIG~ f~~TC'l~\CY •• , ~c.2 PE~c=\T M[~ ~EC~CTIC\ 

T~!AT~E~T ~C~ll~E1 

. 

~1.,CC\T~~L ~rLS~ 
~ ••• ~~µ~!;~ ~1~TI~~ 

J •• , " I ;; FL r TA l I c r. 
K., .z.clJvt.1!;:": fl L~G: 
,.,,SLl~~E 1~rc,~~~~ 

S,,,VACLL~ ~1LT~~7I~\ 

V.,.~•t'LO::.~r·f: Te.~" 
E ••• Pu~P!~~ F~ftT!C~ 

~. , • , D L 6 L " E. C. ! A ~ ~ i: ~ H ;:; C: F 1 L T R A ' ~ . 

I~VESTµE~T c:5TS: 
1, COSTS:L.C'!'!CI\ 
2. LA":': 
3. HGT'.:~°'l'r. 
ii, CC~"'!'C~·.c~ 
TCT4L 

YEAQLY CP~~•TI~C cc:T~: 
1. L6Pl'.'l:l 
2. ~c ... c:g 
3, CH~.: CHS "I ~.I,. '!'F.,.. A rvc H ~ l p,, LI cs 
TCTAI. 

TCTAL V~A~LY CC~TSI 

t.-11~70,vC 
1~1110,oc. 
bl170,00 
b ! 1 7 C • C''O 

t11Jqpo,oo 

,2LJC'!IC,CO 
~q730,oo 

•q110.o" 
20150,CO 

l2U5C,l>O 

I • v E ' W L. '( c? F •' p : • (: (' c : T t 2 1 8 ! 0 I 0 c 
c, 'E''LY l~vr~l~f'T 

cr~T ~~rrvr;v 325~~.oo 

~. r~P~~c''T!C~ l~7~~.oo 
TCT•L 1q11t~.vo 
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TABLE 221 

ITEMIZED COST SU~1~RY FOR ALT[PNAT!VE All-V 
(EDIBLE OIL P.EFir:IJ:G) 

! 'TE" I 2 > ~ Cr S,. S l 1· v t. ~ v F '.":; •·· ' ~ i i:.: ~ ; i : ;. T:. t t. 7" ~ '- T C ,. A 1 'I. 
OE!!~~ r~F!C~f\C~ ••• 90,~ Ff~ri:.:~i ~LD ~ECLCTIC\ 

TCEAT~'Et,T 1"CCLLE~1 
F1,,C[l\ll=''"L ~[lfr"' 
P. I •• p l ~· ,; : ~ ~. s T .'. 'T i c • 
J,,,Ai~ FL(TAT;(\ 
I< ••• tC:T I 'vi. rrr: tLl l'.H_ 
t:. ,.SL! "r.~· •1-1C-<£•.F.'°' 
~ , 0 0 V /. [ ~ L " ~ ! I. l i; ~ i l (_ \ 
Y ••• ~rLrJ·~ T''~ 
~ •• ,P~~~:~G ~1,1!C~ 
t-.,,.1'11.i~L ·[;Ji ~;.·~·5~:,,;.;~ l=JLT~bl~ 

Z • • , AC.TI v t. Tr,:.; C /..., • , · •. I.,; ~ ~ •;. ; 1 ( '-

H;VE~Tr··!:_~.T CC~TS: 

1. C:C...,SHLCiICr.. 
Z. LHD 
l. P.: G Y '· F.:: I:' I"· G 
41 • c n: r 1 " r- E ~ c: ., 
TCTAL. 

YEAKLV (PfQAll~G Cf.~TS: 

1, L.A'"r~ 
2. FC~~~ 

3. ci-·e.r'J(':' ~ 
41 , "' J. l ~ · 1 E ~bi, Ct '- H i: o: L ~ES 
TC''T AL 

TCl•L YEARLY cr.s1~1 
1. YfA~LY CFr~JT;'~ cr.~T 
2. ~fA~LV }\v•~1w~r..T 

c r i: , r: f c ~ ,. c o: Y 

~. CH>1otECit.rl'"'' 
Tei t L 
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q1.1s1:0.oo 
7qc;70,cio 
q(l~Hi.00 

q"510,CO 
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fll,fl0,00 
fl~PO,CO 

37t:c;o,oo 
~';;1160,00 

lSIH0,00 
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iso·110.oo 

i!Sbo.1.:.10,00 
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Altcrn-itivP f\ 11-VI - This altcrnilti·1c provides in ildrfition to l\ll~r
Mtivc -1\-fl-TJ-(i-:C., dis5olv<·d Ji r flotat.io11) iln uf.'rutcd lugoon 
syst~~ incl~ding il settling pond. 

The resulting .BOD waste load is 0.31 kg/kkg (0.52 lb/ton), the suspended 
solids load is O. 35 ~g/l:kg (0. 70 1 h/ton), and the oiJ and grease load 
is 0.30 kg/kkg (0.60 lb/ton). 

Costs: Total inbestment cost: 
Total yearly cost: 

$76n.5oo 
$353 > 770 

An itemized breckdown of costs is presented in Table 222. It is 
assurred that land costs $4100 per hectare (51660 per acre). It is 
further assumed that t1·10 operators are required. 

Reduction Benefits: BOO: 98.5 percent 
SS: 97.2 percent 

O&G: 97.0 percent 

Alternative A 11-VTI - This alternative provides in addition to Alter
native 11· 11-VI dual :nedia pres~ure fntration ~1ith a pump station to 
generate a sufficient head for filter operation. 

The resulting BOD waste load is 0. 16 kg/kkg (0.31 lb/ton), the suspended 
solids load is 0. 17 kg/kkg (0.35 lb/ton), and the oil and grease l0ad 
is 0.069 kg/kkg (0. 14 lb/ton). 

Costs: T~tal investment cost: 
Total yearly cost: 

S820,670 
$36Y,050 

An iter.iized breakdOl·in of costs is presented in Table 223. It is 
assu~ed that land costs $4100.per hectare (S1660 per acre). It is 
further assumed that two operators are required. 

Reduction Benefits: BOO: 99.2 percent 
SS: 98. 4 percent 

O&G: 99. 3 percent 

Alternative A 11-VII! - This alternative provides in addition to Alter
native A ll-VII activated carbon adsorption pri~r to final discharge to 
navigable wat~rs. 

The resultin9 BOD waste load is 0.076 kg/kkg (0.15 lb/ton), the suspended 
solids load is 0.087 kg/kkg (D.17 lb/ton), and the oil and grease load 
is 0.035 kg/kkg (0.070 lb/ton). 

Costs: Total i~vestment cost: 
Total yearly co~t: 

947 
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TABLE 222 

ITEMIZED COST Sllf·:~·if\RY FOR ALTEl'HlliTIVE A.11-VI 
{EDIBLE OIL REFWI:!G) 

I TE n z !-" n c n s T ~ \.. .. i· A;;; v r: r'. i: ... ,.. s T: I< t Ti: C'. T ~ E ,! Tl'' f" T c fol" J ~. 
OEs1r;1.. E~FICIC:'CY ••• 9e.:; P~.(C~l\T i.icn P.t.CL..Cllr. ... 

'!'RFAT"'~"'T ~CtLLt.S: 
B1 •• U11\fl'CL 1-CLU. 
,~ ••• P;;•·i:p.G ~1AT1(\ 

J ••• A i. r. F L ~1 T A , l !. " 
L, •• At~:T!~ LA~CC~ 

1~vEsT~E~T ccsr5, 

YEA~LY 

1. cc~:SHL:CT!C~ 

c:. l.t."r. 
3, !:'-Cil~ EE'P.P'C.: 
". cc~. T 1 t, c_:p .. ey 
~. PVC t..I~E~ 
TCTAL 

C~EIHTI~G CCSHI 
la LABC'~ 
c. JOC~E'" 
3. C"'Enc:.LS 
u. ~A:~1E"'A~CE&SL~PLIE9 
5, FvC LI"E~ 
TCTAL 

~ia~~o.co 

eHo.co 
f-1"?J.i:o 
fdCl?0.00 
~c2UC1 0 00 

7beSC0,(·0 

2u~qo,oo 

230770,00 
0 • (> 

2euo.oo 
10.?C,OO 

2eso1Jo,eo 
TCTAL VEA~LY CCST~t 

1. YFA?LY CgE~AT!~G ccsr Z~Seao.oo 
2. YEA~LV !"~r:s~·~~T 

cr~T '~C(vE~V ~0100.00 
3. r.f~RECt~TI~~ 37oco.oo 
T~TAL 3~3770.no 
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TAnLE 223 

ITE11IZED COST SW11t,/lRY FOR ALTERllATIVE All-VIJ 
(EDIBLE OIL REFIIHr:G) 

ITEn;.'E"J cr!)r SL:'' ~;.y l='(C: ~1.c;r~ .. 1.1~ ... T?~AT•·t.~T Cl.AI~ ... 
OESIGI. E.FFIC!~"C'I'.,, qQ,( Pfi:;CE1,T 1:00 t<ECuCT!Cll. 

TREATl'F,:r..:T ~~C~L!L~S: 

F1 •• cr~T~rL ~CLSf 
e ••• _PL·,., r- n · G ~ TA n c '· 
J 000 AI~ FL~T41lC~ 
L •• ,Af~AlEr l~rCCN 
~ ••• ~L~Pf\G ~1AllC\ 
~ ••• r~lL rfCl' F~t~SLHE FILT~A 1 f\ 

I~V~~TVE~T cr~rsr 

! 0 tr:~.5TCl.CiICf\ 

2. u~.r 
3 , F. '- G I ~. ~ ~ Ii l '' G 
'I, cc~nq:~"'r" 
s. Fvc LPfg 
TCHL 

YEARLY C~EQATI~~ CCSTS1 
1 1 l.AfCl:i 

2, PC111f~ 
3, C.!-H.J~AL5 
u, !'an.. TI':"" r c: ~ H f' i:: L::: s 
S, FvC Ll"F~ 
T(TAL 

TCTAL YEARLY CC~T~t 

f:51H=c.oo 
e~~O.vl'I 

6SfSO.OO 
(•'5610.00 
222CJO,OO 

t!20e7C,OCI 

2tic:c;o.oo 
21.10550,0t'J 

o.o 
2c;0,.o.o., 

1020.00 
2ci~c20~00 

S, ~EA~LY C.~tD~,l~~ CCST 2~Sb20,00 
C, Y ~A I< l Y p IF 5 i "F. '· T 

CC~T ~fcr~~~y 32~!t'J,('IO 
J. rrFF~r!aiJr~ uo1:00.~n 
TCTAL Jb9C~o.on 
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/\n itemized brea~down of costs is pre~entad in Table 224. It is 
asrumed that.Jand costs $4100 per hecture ($1660 per acre). It 
is further assumed that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99.6 percent 
99.2 percent 
99.6 percen.t 

A cost eff·iciency curve is presented in Figure 282. 

Cost and Reduction Benefits of Alternative Treatment Technolor.ies 
ter Subcate~ory A 12, Edible 011 Proc~ssinq by Caustic Refining4 

Oil Processing, and Deodor1zat1on, and the Product;rin.nf...$hn .. tening, 
Table Oils. and llaraarine -

A model plant representative of Subcategory A 12 was developed in Section 
V for the purpose of applying control and treatment alternatives. In 
Section VII, eig~t alternatives were selected as being applicable engi
neering alternatives. These alternatives provide for various levels 
of waste reductions for the model plant which refines 454 kkg (500 ton) 
of edible oil per day. 

Alternative A 12-I - This alternative assumes no treatment and no re
duction in the waste load. It is estimated that the effluent from 
a 454 kkg per day plant is 1355 cum (0.353 tlG) per day. The BOO 
waste load is 16.20 kg/kkg (32.40 lb/ton}, the suspended solids 
load is 9.44 kg/kkg (18.88 lb/ton). and the oil and grease load is 
8.83 kg/kkg (17.66 lb/ton). 

The rnodel plant developed for Subcategory A 12 is assumed to have 
separate discharge of process and non-contact wastewaters, in-plant 
gravity separation and skirrming, pH control, and an oil recovery 
system for reel amation of waste oil. and grease sk invnings. 

Costs: O 
Reduction Benefits: None 

Alternative A 12-II - Th1s alternative provides for the addition of 
pressurized air flotation utilizing chemical flocculating agents to 
enhance floe formation and floatability of wastes. Oil, water, and 
solid waste skirmiings are pumped to an in-plant oil reclamation 
system for dewatering, and recovery of inedible oils. 

The resulting BCD waste load is 4.84 kg/kkg (9.68 lb/ton), the suspended 
solids load fs 2.87 kg/kkg (5.74 lb/ton). and the oil and grease load 
is 2.69 kg/kkg (5.38 lb/ton). 

Costs: Total invest~ent cost: 
Total yearly cost: 

950 
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TABLE 224 

ITEMIZED COST SUi~MARY FOR ALTEnNATIVE All-VIII 
(EDIBLE OIL REFINI~G) 

ITEMI7Er crsr SL~~A~Y FQ~ ~t!T~~ATER T~~6T~~~T C~AI~ 

CESIG~ EFFIC!E~cv ••• qq.~ ~E~C~~T ~CD R~~uCTIC~ 

T~~.T~~~T ~CCGLESr 

YfAJ.ILY 

~1.,CD~T~rL ~(~SF. 
B ... :::•J .. ~I.,'.. STATIC.Ill 
J. I • A 1 Fi F LI) Hi ! c ... 
L , •• A F. ~ t. T EI' :. fl C: CC ~· 
P ••• ~~~~I~G STAT!CN 
N, •• n~4L ~:er~ rgESS~"E FILT~A·~ 

l 1 1 • AC Tl \/ L T ~I'. C ,, :; "'C ~ ' ': !: ~ .. "' ·r : ( I. 

1 • Crfl.'SHL.C"Tl:"' q~1o30,Co~ 
2. LA "-0 etseo,l)r, 
3, ("-C!P·q~1·~G qqloO,,O 
" . C C' "· T I t, G ".' ._ C Y qqu:o.oo 
s. PVC LI~f ~ 2a2t10.cc 
TCT'L 122oesn,o" 

CPEIHTHG CCSTSr 
I ' L AEHH~ 2uQc;o.oo 
2. PC1t.f;. 2520?0.00 
3. C..,E ~t IC t. LS o.o " .. ~Al~T~'A'CE&SLP~LI~S ueiq10.oo 
!i • jJ v c LI~. E"' 1020.00 
TCHL 32'1quo,oo 

TCTAL VEA~LY CCSTS1 
11 V(£~LY CPE~•TI~~ CCST ]2UQUO,OO 
2 1 V ~ 6 :; L Y 1 ~! v f ~ T" E '- T 

CCST PECCV~~y a@~3~.o~ 
3. CEF~fCT•Tir~ bObto.io 
lCT'L QJUJ!o.on 
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An itemized ~rcakdown of costs is presented fn T~blc 225. It is 
assu~d that land co~ts !B2,0~0 per hectare ($33,200 per acre). It 
is further ~umcd that Lwo op~rators are required. 

Reduction Benefits: BOD: 70. 1 pP.rcent 
SS: 69.6 percent 

O&G: 69.5 percent 

Alternative A 12-TTJ - This alternative provides in addition to A1ter
notive A 12-Il complete mix activated sludge, secondary clarificat~on, 
sludge recirculating pump, a sludge thickening tank, vacuum filtration, 
and a sludge holding tank. Sludge is hauled to a landfill facility 
every five days. The activated sludge unit also includes a control 
house and two full-time operators. 

The resulting BOD waste load is 0.24 kg/kkg (0.48 lb/ton), the suspended 
solids load is 0.29 kg/kkg (0.57 lb/ton), and the 011 and grease load 
is 0.27 kg/kkg (0.54 lb/ton) 

Costs: Total investment cost: $672,950 
Total yearly cost: $152,640 

An itemized breakdown of costs f~ 'resented in Table 226. It is 
assumed that land costs $82,040 per hectare ($33,200 per acre). 

Reduction Benefits: BOD: 98.5 percent 
SS: 97.0 percent 

O&G: 97.0 percent 

Alternative A 12-!V - This ~1ternat1ve ~rov1des in addition to Alter
native A 12-III dual media pressure filtration with a pump station to 
generate a sufficient head for filter operation. 

The resulting BOD waste load is 0.12.k9/kk9 (0.24 lb/ton), the suspended 
solids load is 0. 14 kg/kkg (0.29 lb/ton), and the oil and grease load 
is 0.060 kg/kkg (O. 12 1b/ton). 

Costs: Total investment cost: $722,000 
Tota1 yearly cost: $166,810 

An itemized breakdown of costs is presented 1n Table 227. It 1s 
assumed that: land costs $82 ,040 per nectare ($33,200 per acre). It 
is further assumed that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99. 3 percent 
98.5 percent 
99. 3 percent 

Alternative A 12-V - This alterndtive provid~s in addition to Alter
native A 12-lV activated carbon adsorption before final discharge to 
nav1gab1c waters. 
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TABLE 225 

ITEMIZED COST SUMMARY FOR ALTEP.N/\TIVE A12-II 
(EDIBLE OIL REFINING) 

IT:~I7En CCST s~~~A~Y ~~~ ~ASTF.~ATE~ TPEAT~~~T C~AI" 
Of~l(il, HFICIE~·cY ... 7C.O 1-e?CHl i:ioo i;1::c1..CTIC"' 

THfAT~E~T ~CC~LES1 
S1 •• Cl~T~CL ~CLP~ 
b 000 P~w~!~G STATl~N 
J.,,AI~ ~~GTATJC~ 

Jl.iVESTl'Et..T C'C5TS1 
1. cc~~T~LCTIC~ 
2. lA"C 
3, f.'-iGl"':~r:;pCi 

"· cc~u ... :;c:~c" 
TCiAL 

YEAPLY OPE~ATl~G CCSTSs 
1. uec~ 
2, PCH~ 
l. c1o1f~1IC4L5 
~. ~•J~T~~A~CE~SLFPLJES 
TC'T AL. 

TCT~L YEA"LY ccersr 
1. YlA~LY CPEQATI~r. CCST 
2. Y~AAL.Y I~VEST~E~T 

CC~T !ol~::cvF~Y 
l. l')~PREC!ATIC 1 

TCTAL 

954 

l0~2P.O,OO 
Hl'l30.00 
1C530,00 
10530,00 

2ozq10.co 

c"~~o.oo 
,.JJO.on 

o.o 
1ouo.oo 

;ue.o.oo 

lbH0.00 

eico.01' 
&120.on 

Slll.I00,00 
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TABLE 226 

ITEMIZED COST SUl·i~·~AP.Y FOR Al.TEl'UlATIVE Al2-III 
(EDIDLE OIL REFtUIHG) 

ITE~:zro CCST SL~~A~Y r~~ ·~~TE~lTf~ T~EAT~E~T C~AI~ 
CESIG~ EF~JCIE~cv •.• qe.~ ~,~c~~, ?CO ~trwCTIC~ 

TRF~,~~~T MCCLL~St 

l~VESl~E"T CCSTS: 

e1 •• c~~T~C~ 1-C~SF. 
~ ••• ?~~~1·r. STATIC~ 
J • 0 • J. I I' F L L' T 6 T 1 C I\ 
~ ••• ACTIV41~C ~LLO~E 
c. ••• S!..lrr:~. 11-j'.(';itf'~~~ 

s ••• v•rL~~ FlLT~•1IC~ 
v ••• ~LL~lhG TA~~ 

1. Cr.l\STPLCTIC.~ 

'• L,. '· ~ 
3 • ~ '- t; 1 \ E t " l ' :; 
11. CC:•iT I t.C1~ ~CY 
TCUL 

VE•RLY OPE~ATl~~ CCST~I 
1. upr-c: 
i. l'C'd!~ 
3. C~~MlC4LS 

4. 1· A I"' TEN Hr F. & s 1. r: PL. IE s 
TCHL 

TCTAL YE&~LY CCST!I 
1. Y~A~LY C~t~ATI~G CCST 
io Y~~~LY t~~E~Tw~l\T 

Crl!T "E:!:'v=~v 
3. ctrP.HPiir' 
TCTAL 

955 

ucaq"o,oo 
76b30,00 
41qeiao,oo 
11f;eiqo.oo 
~12q~o.oo 

lllqqo.oo 
6'!150.00 
s"c;o.oo 

17C70,00 
qSqoo,oo 

qsc:ioo,oo 

2e1 1no.oo 
21J820.0tl 

lShiJ0,00 



DRAFT 

TABLE 227 

ITEMIZED COST su:·ll·'..i\RY Fon AL TERtlA Tl v E A 12- IV 
(EDIBLE OIL REFI~l~G) 

1rr~IZFP c~sr SL~~•~v FC~ k•STF~,,~~ TREirw~~T C~blN 
OESIGll. EFFltl~'tv ••• ~Q.3 ~E~~~~, ~c~ i;E~LCTtCN 

TRE•T~E11.T MtCl.LES1 
ei •• cr.~rµr.~ ~cLsE 
E, •• PL~~!\G ST•TTC~ 
J •• , b l ;, ,: 1.. r· r b T Ir.-. 
~ ••• •ClIV•TEr SLl.~GE 
c ••• ~LLU~E r~JCKE~E~ 
s ••• v~c~L~ ~TLT~6TI~~ 
V, • , 1-C LC l ~ C: l A II. K 
e ••• Pu~FI~~ ~T6T!t~ 
~ •• ,r11.i1:. ''F.')!A 1-loiES~L"°E FilTl;A 1 N 

I~Vf STwE~T CCSTS1 
1. cc~~T~l.CT1C~ 

C:, 1.0•D 
l • E "" it P· n ~ ! 11: G 
"• CC~T111.Gf!fliCY 
TCUI. 

YEA~LY CPE~~Tl\G ccs:31 
1. LA~C".~ 
z. J.IC:•F.~ 
l, C""E"IC:alS 
"• ~AlNT~~a~CE~!LPQLfES 
TC TAL 

TCTAI. YE•RLY CCST~I 

537PI0 1 C,O 
76b:!C.OO 
537@0.('l('I 
snen.oo 

72looo.oc 

2uqqo.oo 
57HO,O~ 
154qo,oo 

1st12e.co 
105f'l60,00 

l. V~ARLY C~~~6TJ~C CCST lOSbbC,00 
i, 'Y f 6 F< L \' I,, 'If~ H F' ~ T 

CCST QFCCVf~v 2P.eeo.oo 
~. Of~RtCl•Ttr.~ )2270,0~ 
TCTtL 1b6P10,CO 
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The resulti~ COD vlilStc locld is O.OGO kg/l:k9 (0.12 lu/ton), the suspcndcr1 
solids load is 0.0/2 k9/kkg (U.14 lb/ton), ilnd the oil and greJsc loild 
1s 0.03 kg/kkg (0.06 lb/ton). 

Costs: Total investment cost: . Sl ,063,760 
Total yearly cost: $ 225,270 

An itemized breakdo\·m of costs is presented in Tablc 228. It is 
assumed that land :;osts :e2,040 per hectare ($33,200 per acre). It 
is further assumed that two operators are required. 

Reduction Benefits: BOO: 99.6 percen~ 
SS: 99.2 percent 

O&G: 99.6 percent 

A cost efficiency curve 1s presented in Figure 283. 

Alternative A 12-VI - This alternative provides in addition to Alter
native A 12-Il ~i.e., dissolved air flotation) an aerated lagoon 
system including a s~ttling pond. 

ThP. ~esulting BOD waste load is 0.24 kg/kkg (0.48 lb/ton}, the suspended 
solids load is 0.29 kg/kkg {0.57 lb/ton), and the oil and grease load 
1$ 0.27 kg/kkg (0.54 lb/ton). 

Costs: Total investment cost: 
. Total yearly cost: 

$706,850 
$319,260 

An itemized breakdown of costs is presented in Table 229. It is 
assumed that land costs $4100 per hectare ($1660 per acre). !t is 
further assumed that two operators are required. 

Reduction Benefits: BOD: 9B.5 percent 
· SS: 97.0 percent 

O&G: 97.0 percent 

A1ternative A 12-VII - This alternative provides in addition to A1~~r
nativeAT2-Vl dual media pre~sure filtraf.11>11 and a pump station to 
generate sufficient head for filter .operat:on. 

The resulting BOD waste load is o. 12 kg/kkg ~0.24 lb/ton), the suspended 
so1ids load is 0. 14 kg/kkg (0.29 lb/ton), and the oil and grease load 
1s 0.060 kg/kkg (0. 12 lb/ton). 

Cost~: Total investment cost: $755,880 
Total yearly co~t: $333,~SO 

An 1tern12ed breakdown of costs is presented fn Table 230. It is 
usulJl..id that land costs $4100 per hectilre ($1660 per acre). It is 
further assumed that two operutors are required. 
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TABLE 228 

ITEIHZED COST su:.::tMl.Y Fon ALTERNATIVE A12-V 
(EDIBLE OIL REFI~ING) 

ITE~lZEO CCST SLv.1·~;;y FOq 11;.:.':lT!EioiTF.c:! Tl.le'Af"'Efl.T c~,q~ 
DESIG~ tFFI:!E~cv,., qq.t PEa~E~T eco RECUCTIC~ 

TREAT~ENT ~COULES1 
s1 •• cu~1~2~ ~cLs~ 
8,,,PUP.nr.r: ~HT!C~ 
J, •• Ai~ FLGT~T1C~ 
K,,,ACTlV6T~~ SLUC~E 

c ••• SLlrG~ T~Ir.~F.~E~ 
s, •• VA~~~~ FJLr~ATIC~ 
'I I •• 1-1 l.i L c p, r: T H I( 

~ I • • p u ,, p I .... r: !: T A T I 0 ~-
l'f,,, O l.i • L l"El"l~ FwESSl.~E FILTRA'N 
2 ••• ACTtVA'f~"; C4R~;::, Ai;sc;.i1--'!I1 ,, 

I~VESTW~~T CCSTSr 
I. CC1"STIH.CTICf\" 
2. Li~D 
3, t.~GINEERit-.t: 

"· CC"-'l~GE•-cv 
TOTAL 

YEA~LY CPfQATl~~ CCST!I 
1. lHCP. 
2, PCi.EP 
3, C"'E::"'ICH.S 
~. ~AINTE~A~CE&SLPPLIE~ 
TC T/oL 

TCTAL YEARLY CCSTSt 

e22b10.oo 
76ei30.00 
B22f)0.(10 
~~uo.c.o 

1063Ho.oo 

2"qqo,oo 
67130.00 

5CllJO,OO 
357~0.CO 

133Ho.oo 

11 YEA~LY CPEPlTI~~ CCST 133lc0,00 
2. YEA~LY l~~EST~E~T 

CC~T PECOVF~v a2550.00 
3. or;~ECI•T!~~ u~3~0.oo 
TCTAL 22s210.oo 
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TABLE 229 

ITEMIZED COST SUl·i:·iliRY FOP. AL TERHATIVE Al2-VI 
(EDIBLE OIL REFINI~G) 

ITE~!ZED C~!T ~L~~A~y Ft~ ~!~TE~AlER T~fjl~E~T c~,J~ 
r.ESIG~ EFFICic~cv ••• 9e.S p~~CE~T ~co ~Er,ucr1c~ 

TRE~T~E~T ~~CULfSr 

I~VESTM~~T crsTs: 

ei •• co~T'CL ~CLS~ 
fl ... PL•,..Pj.,'; ".T:.iI~~ 
J.,,Al~ FLrTLTlC~ 
L, .. J.E.r.i,Hc.D 1.LGCCl'li 

1 • C C ~- ~ T ~ L C T ! C ~ 
2. L4;•D 
3 • f t- c; p; ~ E !< l -.: r; 
~. COTI:\fE'CY 
5. ~\IC L!~F.~ 
~rl'L 

YEA~LY CPERAT!~G CCSTSr 
1. U ~Ci:i 
l. PCrE!o! 
3. CH~"'!CALS . 
II, ~AINTE~A~CE&SLFPLIES 
S. F\IC L.Ir-E~ 
TCTAL. 

TCTAL VtAQLY CC5Tfr 

565780.00 
800:l.('0 

St~81),CO 
scsto.co 
1c;c;10.oo 

7t1beso.oo 

~11qqo,oo 
20,11c;o.eo 

o.o 
2s3c;o.oo 

eac.oo 
2seo~o.oo 

1, VEA~LY CPCHLlI~G CCST 25~oso.oo z. Y~ARLY 1~v~s1~r~T 
CCST ~EtC\E;y ~~270.00 

3. <~tP'<r:'.CIATIC~ 3aqao.oo 
1CTAl 3soci~o.oo 
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TAB' E 230 

ITEMIZED COST SUMMARY FOR fo.LTERW\TIVE A12-VII 
(EDIBLE OIL REFINING) 

1TE~IZFD c~ST ~L~~A~Y ~c.= ~,~,~~•TE~ ,~~AT~~~T C~Aill. 

CESIG~ EFFICIE~t'••• ~Q,3 ~r~CE'T PGD ~EC~CTIV,._ 

T~~.T~F~T ~co~L~S: 
c1.,cr~T~0L ~LLP~ 
ci, •• ~l~~J~~ ~TAlJC~ 
J,, 0 AI~ FLnTAT!C~ 
~ •• ,AE~6T€n L~Gcr.~ 

6 " , P ;~a. F-1 "' G ~TAT I(;~ 
I• ••• ,., u j L I ' ;:: r: I A F lol F. s s L ~ E F IL T R A I ,. 

INVfSTMf~T CCS'S1 
1 • cc~.::;HL t 7 IC,.. 60t6~c.oo 
2. LAl~D eooo.oo 
3, F.._GIME~P.iG 60e6o.oo 
" . ccqp.c~'-cY t-~~60,00 

s. PVC lHEP'I iqcno.oo 
TCT•~ 755Af!O,OO 

YEU~Y CPE'R• Tt.._G CC:.STS I 
l • uen? 2u•no,oo 
1• F-CwE~ 21Jeo~.oo 
3. t .,. E ~1 I C • i. S 0,0 
4i • ~Al~1f'A~C~&SLF?Ll~~ 2t11~0.oo 
s. f-\IC L.111.ER 8l'0,00 
TCTAL. 2ese20,oo 

TCTAL YEARLY CC~T~! 
1. YEA~LY LPER•ll~G C~ST 'bS~eo.oo 
2a Y~A~LY I~VESTrf,..T 

CCS1 RF.CCVf~Y 30200.00 
3. CfP~fll,Tl(~ 373q~.oo 
TCT•L. 333aso.oo 
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Reduction Ccncfits: BOD: 
S5 :· 

O&G: 

99.3 percent 
98. 5 rcrcer.t 
99. 3 percent 

Alternat;ve A 12-VIJI - This alternative prov;dcs in addition to Alter
native A 12-VJI activated carbon adsorption before final discharge to 
navigable waters. · 

The resulting BOD waste load is 0.060 kg/kkg (0.12 lb/ton). the suspended 
solids load is 0.072 kg/kkg (0. 14 lb/ton), and the oil and grease load 
is 0.030 kg/kkg (0.060 lb/ton). 

Costs: Total investment cost: $1,097.630 
$ 391,900 Total yearly cost: 

An itemized breakdo~m of costs is presented in Table 231. It is 
assumed that land costs $4100 rier hectare ($1660 per acr~). It is 
further ass~med that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99.6 percent 
99. 2 percent 
99. 6 percent 

A cost efficiency curve is presented in Figure 284. 

Cost and Reduction Benefits of Alternative Treatmen~ Technologies 
· ror Si.Jhcatecorp 1r.-rnsric·izingand Packagin~ ot lfarnarine 

A mvdel plant representative of Suocategory A 13 wJs developed in Section 
V for the purpose of applying contr:>l and treatm<?nt alternatives. In 
Section VII. six alternatives wer~ selectad as beir.g applicabie engi
neering alternatives. These alternatives provide for various levels 
of waste reductions for the model plant which processes 227 kkg (250 ton) 
of WGrgarine per day. 

Alternathe A 13-r - This alternative i'ssumes no treatment and no 
reduction in the was~~ load. It is estimuted that the effluent from 
a 227 kkg per day plant is 340 cu m (0.09 MG ) per day. The BOD waste 
load is 3.92 kgjkkg {7.84 lb/ton), the suspended solids lo~d is 2.72 kg/kkg 
(5.44 lb/ton), and the oil and ~rease load is 5.81 ~g/kkg (11.62 lb/ton). 

The model plant developed for Sub:ategory A 13 is assumed to ~ave sep
arate discharge of process and r.on-contact wastewat~rs, in-plant gravity 
separation and skimming. pH control, and an oi~ recovery system for re
clamation of waste oil and grease skinmings. 

Cost: 0 
Reduction Benefits: None 

Alternative A 13-TI - This alternative provides for the addition of 
pre~:;t•r1Zed air flotation uti1 izing chemicai floccui l'lting a9ents to 
enhanc~ floe formation and floatabil i!.y of wastes. Oil, wat12r. and sol id 
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TABLE Z31 

ITEMIZED COST SUJ.11-lAP.V FOR P.LTEFWP.TIVE A12·VlII 
(EDIBLE OIL REFINlllG) 

? TE'~~ I Z F' i: C C E T S 1. ,.. t· ;. ~ Y F Ci; :..- A S TE la L TEP T I< f A TI' f ~ T C ... A I ~-
0 ES! C: N EFFICJE~CY ••• ~Q.b PE~CE~T ~rn ~ECuCTICI\ 

TREAT~E~T V(CLLE!: 
R1 0 .COT'<C'L 1-'Cl.~E 
q.,.~U~F!~G ~T£T![N 

J.,.AlF FLrTAl!C~ 
L ••• AE~~T~~ LAr.Cr.~ 
e ••• Pu,..~I~~ !TAT!C~ 
~ ••• ~LLL "~CJ4 P~~S~L~E FILT~A 1 N 
Z,.,,CTIV,Tt: roFrC•. A~~(~F~~~, 

INVEST"f~T CC5TSt 
l. CCt,STl<LCT!Cll. 
? • L .A~. r'l 
3 • E. t.G !'-~: 1; l'•(; 
Ii. CCl ... T!J C:Hi:'Y 
5. PVC L~'•t,; 
TC:'T 4L 

YEARLY CPE~ATII\~ CCSTSt 
1. L~~Cr< 

TCTAL YEAi:iL'I' 

2, POFR 
3. Cl"E"!C~L9 
u. ~AlNT~~A~CEgSLFPLIES 
!>. FVC Lil\E~ 
TClAI. 

CCSTS1 

f!qu110,oo 
eooo.oo 

6 1HlJO.Otl 
89U0.00 
19q10.o~ 

1C)Q7b30.00 

2Qqqo.oo 
2Z3770.00 

0. 0 
43870.00 

aeo,oo 
2c;!s10.oo 

< 1. Y~£~LY (OfC~TJ~G CCST 2q3s10.oo 
2, 'rE4~LY Pvt::P1 F11.T 

COT ~f':C~E''<'\' 
3. DE,.~EClAfI!';\ 

H'.UL 

963 

4'3<110.00 
s11aeo.oo 

Jcnqoo.oo 
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TABLE 232 

ITEMIZED COST Sl.!MMARY FOR ALTEl'!NATlVE A13-II 
(MARGARWE PROCESSING} 

1TE~11~~ CCST Sl~~A~Y FUR ~ASTF~ATf P TPE•T'E~T C~AI~ 
OtSJC~ fFFJC?!~rv ••• 1n.c PEPCf~T eoo RfCUCTlCh 

'Tl~ EAT~· f. ~ T •~ r. CI.: LES & 

~1 •• ra~l~CL ~CLSF 
e ••• ~u~Fl~G ST,TIC~ 
J ••• ,I~ FL.OTATJC~ 

fNVF.~T~E"T CC~TSt 
l. cr11.~T~t.;CTIC"-
z. Lt i. I') 

3, HC:l'·F~l=l'•G 
41, CC"-'!lP..GENCV 
TCUl. 

YEARLY CFEQ•TI~G CCSTSt 
1, LAb('ll: 
e, FC'~!R 

3. C ... E~ICALS 
o. ~aINTE~4~CE&~LPPLIES 
,CTlL 

TCTAL YE~RLY tCSTSJ 

.. 

t, ~F•~LY CPEPATI~r. CCST 
z. Yf•~LY I~vrsr~F~T 

C'tST l=ECC'v~i:iy 
3, Cf PRFC I A TIC:~ 
lCTAL 

966 

72150,00 
5qc:no,oo 

7210.00 
7Zl0,00 

141fl~'IO,OO 

i?41CiqO,OO 
SS?C,ClO 

o.o 
5CJ7o,on 

3!530,00 

32530,00 

'Se6o,oo 
"330,00 

11~720,00 
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TABLE 233 

lTD1IZED COST su:~~4ARY FOR AL TEP.NATIVE A, 3- II 1 
{MARGARINE PROCESSING) 

tT£~17f0 crsT ~L~Wt~Y rrP ~tSTE~tTER T"f~T~E~T (MAI~ 
DESIG~ E~FJC!~'CY .•• qP.5 PE~Cf~T ~~O ~ECLCTIC~ 

TRE~T~E~T ~lCLLE~t 

J~VESi~E~T cc:i~1 

~1 •• cc:.11-c..it. ~CLH 
a ••• P~~~lhG ST~11r~ 
J.,,aJ~ ~~[T6TT~~ 

k ••• •crr~~T~C 5L~~Gf 
c ••• ~LLt:i:E 1t-Jrll:F..~E~ 
5 , •• ,, i. r IJ l. .. F I 1. T o ' 'r : : ~• 
v ••• ~CLrI~r- ,,~~ 

l. c:t-.SHd .. CllC"-
c. L.:.r-.O 
3. E~·Glf .. ~F.t:It..:G 
I.I. CC:~.T:t\:;t:~,CY 

TCT6L 

YE4RLV C~ERATI~G CCST~t 
1. LtllO~ 

i. "'Clto'E'" 
3. C"'f"'ICHS 
~. ~Al~TE~l~C~~SLFPLJES 
TCTAL 

TCTAL VfARLY CC~TS: 
1, YF4RLY CPE~~T!~~ CCST 
2. 'fA~LY J~vt~l~f~T 

cr.si "iEC' \'f;;y 
3, C·E. ?r.E CJ.~ T It1 " 

TClAL 

967 

1'1c03o.~o 
5997(1.00 
lqbl)0,(10 
sqboo.oo 

2QSlOO,OO 

2"'9qo,oo 
96qo.oo 
2ceo.0C1 
Q870.0" 

416630.00 

UH30,00 

ss~:o.oo 
1lHO,OO 
1cno.cc 
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An itemized bre<il:down of costs is presented in Tulllc 234. It is assumed 
that land costs So2,040 per hectare ($33,200 per acre). It is further 
assum'?d that two operators are required. · 

Reduction Benefits: BOD: 99.2 percent 
SS: 98. 6 percent 

O~G: 99. ~ percent 

A cost efficiency curve is presented in Figure 285. 

Alternative A 13-V - This alternative provides in addition to Alter
native A 13-Il (pressurized air flotation) an aerated lagoon system 
with a settling pond. 

The resulting BOD waste load is 0.060 kg/kkg {0.12 lb/ton), the 
suspended solids load is 0.075 kg/kkg (0.15 1b/ton), and the oil and 
grease load is 0.075 kg/kkg {0.15 lb/ton). 

Costs: Total ir.vestment cost: $277,07C 
$110-220 Total yearly cost: 

An ite~ized breakdown of costs is presented ir. Table 235. !t is 
assurr.ed that land costs $4100 per hectare ($1650 per acre). It is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98. 5 percent 
97.?. percent 
98.7 percent 

Alternative A 13-V! - This alternativt orovid~s in addition to Alter
natbe A 13-V dual media pressure filtrat·ior. and a pump ,;tation to 
generate sufficient head for filt~r operat~on. 

The resulting BOD waste load is 0.030 kg/kkg ~~.060 lb/ton), the suspended 
solids load is 0.037 kg/kkg (0.074 lb/ton), and the oi1 and grease load 
is 0.037 kg/kkg (0.074 lb/ton). 

Costs: Total investment cost: 
Tota1 yearly cost: 

S:'OY. 79C 
$119.~00 

An itemized breakdown of costs is presented in Table 236. It is 
assumed that land costs $4100 per hectare ($1660 per a~re}. It is 
further assumed that one operator is requir~d. 

Reduction Benefits: BOD: 99.2 percent 
SS: 98.6 perc~nt 

O&G: 99.4 percent 

A cost efficiency curve is presented in Figure 286. 
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TABLE 234 

ITLMIZED COST SUMMARY FOR ALTERNATIVE A 13-IV 
{MARGARINE PROCESSING) 
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TABLE 235 

ITEMiZED COSi su;','·:ARY FOR ALTEP.NJ;TIVE A13- v 
(MARGARI:lE PROCESSlllG) 
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TABLE 236 

ITEMIZED COST SUf·~W,RY f'OR AL TEr:H.~.iiVE A13 .. vi 
(MARGAr.rnE PROCE5S!NG) 
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Cost ~nd Reduction Benefits of A1tern~ti_y~__!_r~atf1!?nt Technol<?_!).!.£~ 
f orStJbC~!_C(JOr~_ll_J_ 4_, ~].!.!,!_i c i z i n.!l_.il_nll__l:~.k_a!~...fil:lortcn_i 11q iltHJ T ,11.1 c Oils_ 

A model plant representative cf Suhcatcgory A 14 w~s developed in Section 
V for the purpose of applying control and treatment alternatives. rn 
Section VII, seven alternatives were selected a~ b~ing applicable engi
neering alternatives. These alternatives prQvide for various levels 
of waste reductions for the model plant which processes 227 kkg {250 ton) 
of finished edibl~ oil products per day. 

Alternative A 14·1 - This alternative assumes no treatment and no 
reduction in the waste load. It is esti~ated that the effluent 
from a 227 Hg per day plant is 87 cu m (0.023 r~G) per day. The 
BOD waste load is 0.56 kg/kkg (1. 12 lb/ton), the suspended sclids 
load is 0.42 kg/kkg (D.84 lb/ton), and the oi1 and grease load is 0.21 
kg/kkg (0.42 lb/ton). 

The model plant developed for Subcategory A 14 is assumed to have sep
arate discharge of process and non-contact uastewaters, in-plant gravity 
separation and sl:imming, pH control, and an oil recovery system .for re-
clamatior. of ~1aste oil and grease ski1TTI1ings. · 

Alternative A 14-II - This alternative provides for the addition of 
a complete mix actfvated sludge unit, seconcary clarification, sludge 
recirculating pump, a sludge thickening tank, vacuum filtration, and 
a sludge holding tank. Sludge is hauled to a landfill facility every 
26 day~. The activated slud~e unit also includes a control house and 
two full-time operators. 

The resuiting BOD waste load is 0.029 kg/kkg (0.058 lb/ton), the suspended 
solids load is 0.038 kg/kkg (0.076 lb/ton), and the oil and grease 
load is 0.021 kg/kkg (0.042 lb/ton}. 

Costs: Total investment cost: $201,390 
s 39,35(; Total yearly cost: 

An itemized breakdown of costs is presented in Table 237. Tt is assumed 
that land costs $82,040 per hectare ($33,200 per acre). It is further 
assumed that one operator_ is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

94. 8 percent 
90.9 percent 
90.0 percent 

Alternative A 14-III - This alternative provides 1n addition to Alter
native A 14-lI dual media filtration and a pump station to generate 
sufficient head for filter operation. 

The resulting DOD waste load is 0.015 kg/kkg (0.030 lb/ton), the suspended 
solids load is 0.015 kg/kkg (0.030 lb/ton), and the oil and grease 
load is 0.003 kg/kkg (0.016 1b/ton). 
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TABLE 237 

ITCMlZEO COST SUMMARY FOR ALiErHlATIV£ Al4-ll 
{SHORTEIU~IG AND TACLE OIL PROCESSING) 
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Costs: Total invcstrcnt cost: 
Total yearly co~t: 

$217. 340 
$ 44,070 

An itemizcci h';'.ca~down of cost~ is presented in T~ble 230. It is 
assumed that land costs $32,040 per hectare ($33,200 per acre). It 
is further assumc·r· that one? operator is requfred. 

P.e..iuction Benefits: BOD: 
SS: 

O&G: 

97.3 percent 
96.4 percent 
96.2 percent 

Alterriative A 1'1-IV - This alternative provides in addition to Alter
native A 14-JII activated carbon adsorption prior to discharge to 
navigable ~:aters. 

The resulting BOO waste load is 0.008 kg/kkg (0.016 lb/ton), the suspended 
solids load is 0.008 kg/kkg (0.016 lb/ton), and the oil and grease load 
is 0.004 kg/kkg (O.OOB lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

~'?59,260 
$ 62, 190 

An itemiz~d breakdown of costs is presented in Table 239. It is 
assumed that land costs SB2,040 per hectal"'e ($33,200 per a~re). It 
is further. assumed that one operator i~ required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98.6 percent 
98. 1 percent 
98. 1 per~en t 

A cost efficiency curve is presented in Figure 287. 

Alternative A 14-V - This alternative provides in addition to Alter
native A 14-l an aerated lagoon system with a settling pond. 

The resulting BOD waste load is 0.029 kg/kkg {0.058 lb/ton), the suspended 
solids load is 0.038 kg/kkg (C.076 lb/ton), and the oil and grease load 
is 0.021 kg/kkQ (0.042 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$147,390 
$ 34,810 

An itemized breakdown of costs is presented in Table 240. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that one-half time operator is reGuired. 

.,--··g· 

Reduction Benefits: BOD: 9~.8 percent 
SS: 90.9 percent 

O&G: 90.0 percent 
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TABLE 238 

ITEMIZED COS'i St.::-~:~ARY FOR ALTEnJ~ATIVE A14-III 
(SHORTEt:I?:G AND TABLE OIL PROCESS!i·,G) 
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TABLE 239 

IiErll ZED CO'.:T SU!'.'·'ARY FOR flLTrntlflTII/£ A14-1V 
(SHORTEl/Ii:'.i AilD TADLE OIL PROCESSI~IG) 
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TABLE 240 

JTH:IZED COST su;i:!M!Y FOR ALTERf~ATIVE Al4-V 
(SHO~TENI~G AIID TABLE OIL PROCESSING) 
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Alternative A 14-VI - This alternative provides in addition to A1ter
ridt1-VC-A-i47V dual media pressure filtration and a purr.p stat1on to 
generate sufficient head for filter operation. 

The resulting COO waste load is 0.015 l:g/kkg (0.030 lb/ton), the suspended 
solids load is 0.015 l:g;'i:kg (0.030 lb/ton). and the oil and grease load 
is 0.008 kg/~kg (0.016 lb/ton). 

Costs: Total investment cost: $163,3SO 
s 39,520 Tot~l yearly cost: 

An itemized breakdo1·m of costs is presented in Table 241. It is assumed 
~hat land costs $4100 per hectare ($1660 per acre). It is further 
assumed that one-half time operator is required. 

Rl!duct·ion Benefits: BOD: 
SS: 

O&G: 

97.3 percent 
96. 4 percent 
96.2 percent 

Alternative~ ll-VII - This alterna~ive provides in addition to Alter
native A 14-VI ac:1vated carbon adsorption before final discharge to 
navigable waters. 

The resulting BJD waste load is 0.008 kg/kkg (0.016 lb/ton), t~e suspended 
solids load is 0.008 kg/kkg (0.016 lb/ton), and the oil and grease load 
is 0.004 kg/kkg (0.008 lb/ton). 

Costs: Total investment cost: $205,260 
s 57,640 Total yearly cost: 

An itemized breakdown of costs is presented in Table 242. It is 
assumed that land costs $4100 pe,. hectare ($1660 per acre). It is 
further assumed that a one-half till'e operator is required. 

Reduction Benefits: BOO: 
SS: 

O&G: 

98.6 percent 
98.1 percent 
98. 1 percent 

A cost effic1ency curve is presented in Figure 288. 

Cost and RPr111ctiori R"?nef'its 0f Alternative Treat~~t 
Technologie!; for C:uncateoorv A )C. - rlJivo n;1 Pefjjjlrjg 

A model plant re;;rESentative of subcategor; A 15 was developed in 
Se;;tion V for tin purpose of applying cor.trol and treatment alter
natives. In Section VII, three alternat~ve:s were se·lectcd as being 
applicable engineering alternatives. These alternatives provide for 
various ievc1s of ~aste reductions for the mode1 plant 11hich produces 
7.6 cum (0.002 MG) of refined olive oil ~er day. 
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TABLE 241 

ITEMIZED COST SU~!-'l\RY r<JR :.LTDH!!1TTl!E Al4-VJ 
(SHORTCt;JrlG Al:D Tf\CLE OIL PP.OCESSING) 
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YE6~lY CrE~~TI~G cC~T~r 
I. UH'~ 
2, Fr;.F.k 
l. C ... Enc•L~ 
u. ~ll~Tf\4~CE~SLFCL1ES 
s. FVC Ll~-H 
TCT4L 

TCTAL YE~?LY CCST~1 
I, YE6~LY CPEPt.TJ~r. C£5T 
i, Y!A~LY !"~~ST~~"T 

CC~T i-F'CC~F.'liY 
3, C'Lr"1-r:"CT'1'Ir>.. 
TCHL 

llc~~o.ero 
33H.CIO 

13020.00 
13V2c.oo 
3710,CO 

163350,C.C 

bZiso.oo 
1521fC,OO 

o.o 
3310.00 
scio.oo 

2u9qo,on 

zuqqo.oo 

6530.00 
fleoo.oo 

lq520.GI') 

ceua~ 



TAnLE 242 

ITEMIZED COST SUfll·V'IRY FOR ALTERUATIVE A 14-V!J 
(SHORTC:rm:G Arm TASLE OIL PROCESSWG) 

!lF.1'!7.:D C!Si ~1 ""6;.y FTQ .._~~T!=°ll4T~~ "TR(Ai~HT Cl"!Alr.i 
n~SIC~ E~F?::E~CY •• , ~~.~ ~EPc~·' ecc ~tC~CTJCh 

TQEAT~E~T ~CCLL~~I 

P,. ,r:u~~J~~ !11rrc~ 
L,,.A:~6TF~ L6~cr~ 

e ••• P~~~r~~ STAT!C~ 
h ••• DUhL ~f~!A P~E!S~~E ~lL.T~A 1 ~ 
z ••• A c 7 ' " ' 1 ::: r· c i. 1- i' c ~. h :-. ~ c r, ;: • ~ c 1, 

!~v;:i~~hf ~C~TS: 

l. (l'"t..~Tr:L.rT;u 
c I L 6 ~. r. 
3 • f ._ C: It•:: E -i 1 "Jc, 
~. cc,..rp,.ct.~cy 

S. ~Vt: LP.F;, 
TC'T.AL 

Y~6'1LV cq:i\.t.Tl'.~ CCSH: 
1. LAFrJR 
z. iJO.EPi 
3. ci.:f'4ICAL~ 
~. ~6JNTE\A~rE~SL~FL!ES 
5, PVC L!~ER .. 
TCTAL 

.. 
TCTAL YEARLY CC~T~: 

1. YthR~Y CPERATlhG cr.sr 
z. 'E~~LY :~vrsT~f\T 

CCST ~[CCVF.'IH 
3, CF.PJ.>EC:.:."'~CI> 
TC,. t.L. 

983 

S65!llO.oo 
l33C.CIO 
H~iO,O~ 
us10.oo 
3770,'10 

20S2oO.vO 

6250.00 
17ti5Cl.OO 

o.o 
1~ZIJO.OO 

1110. 00 
3c,330.oo 

JQlJo,oo 

ezso.oo 
10100.00 
5'1ouo,oo 
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Jt is Cstirotcd thcit the cfflr.JC•nt fro1:1 <l 7.6 CU I'\ (r:J.~J")?, r~r,) rer clay 
plJnt is 1.1 ~ m (0.0003 ~lS) nc.>rdJi' The UOD w.1stc loc1d 1s 0.0~ 
l:g/cu m (7.1 ltJ/1000 y..:P. tl?t: ~:ispc11dcd sr.lids loJd is 0.044 kg/c:.i m 
(O. 37 lt.i/1000 9.:..1) and the oi I .:JnO un:.:::;c lcild is 0.02S kgicu m 
(0.24 lb/gal). 

Altsrnil+ive A 15-1 - This alter:i<Jtive consists of pur.ipi,,g station, a 
holding tank and spray irrigJtion of the raw waste effluent. It is 
as~umed :hat a miniraum of O.fj ha (1.6 acres) of land is required. 

The resulti~g BOD waste load is O.O kg/cum (0.0 lb/1000 gal), the 
suspended solids load is 0.0 ls/cu~ (D.O lb/1000 ga~; and the oi1 and 
grease load is 0.0 kg/cu rn (0.0 1~/lOOv ga1). 

Costs: Total investment cost: ~37,730 
Total ye~rly cost: $ 5,17G 

Ar: item1zec breakd:.>wn of cr.sts is pr~sen:ec in Tabie ?.~3. lt is 
assume~ :h~t lan~ :osts s~ioo pe~ nectare (S1660 per acre). lt is 
fu;ther a~surned th~t no operator is required. 

Reduction Benefits: BO~: 
SS: 

O&G: 

100 percent 
100 percer. t 
iOO percent 

Alterna~ive A 1~-rr - This alternative consists of land spread1nr 
the ra~ ~!Ste effluen!. Jt is assuffied t~at a minimum of 0.4 ha (one 
acre) of iand is required a"d that the effluent does not need to be 
pumr-:d rcore than i50 m (500 ft). 

The resul:ing BO~ waste lo!d is 0.0 kg/cum (0.0 lb/1000 ga1), the 
suspended solids load is C.O kg/cum (0.0 lb/1000 gal) and the oil 
and grease load is O.O kg/cu m (0.0. lb/1000 gal). 

Costs: Total investment cost: SS.260 
s 540 Total yearly cost: 

An ite1r,)zed breakdown of costs is prtsented in Table 244. It i!: 
assum~d that land costs $4100 per hecta~! ($1660 per acre). lt is 
fur ti . .: r '1S5Uii1Cd that no opera tor is required. 

ReCifuction eenefits: ~OD: 
SS: 

O&G: 

985 

100 percent 
100 percent 
100 percent 
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TABLE 243 

ITEMIZED COST SUr·1MARY FOR ALTERNATIVE Al 5-I 
(OLIVE OtL REFINING) 

I TF r-J 7F r• C "ST SU'"~;. v s:: r_, i; ~ H· TF 11 !l F. R TR t ! H' E I\ T C i-1 Ii I I\ 
OF!IG~ ErF!C!E~rv, •• icr.r FF~CF~l PQC ~~~GCTJC~ 

Y,,, ... '.·L['j~.r. TJ.t-.,.. 

L ••• s~~iY r~~ll-tTIC~ 

I~VE~1vf~T CC~TS: 

1 , . ( C ~,ST IC L; C T ! C: I\" 
2, LHO 
3 • f " C ! :, ;: £ ~ l t-.· G 
"· cr•.TI"-C·F~ry 
TCUL 

VEA~l~ ~PE~ATI~G CC~TS1 
1. L•'r:< 
2. F-C11o~Q 

l, Cl-'E""1CALS 
a, ~Al~Tf~A~CE~~LPP~IES 
TCT~L. 

TCTAL \lfH!.'!' cr:sr.s: 
1. VE•~LV CP~RATI~r. C~Si 
2, YEARLY I~~~~T~E~T 

CCST RECC'v~~v 
l , C ~ P lH' C I liT I N. 
TCTAL 

986 

2c;z2c.cc 
ct-:H. on 
2C1?0,0C 
2•no.oo 

3773r.. 00 

o.o 
eJO.co 

0. Cl 
lOSO,c10 
1q10.oo 

11~10.00 

15!0.00 
1750.00 
5170.00 



TABLE 244 

ITEMJZED COST SUMMARY Fon ALTERNATIVE A 15-JI 
(OLIVE OIL REFINING) 

ITEMIZED COST SUMMARY ~OR WASTEWATER TREATMENT CHAIN 
DESIGI~ EFFIClEr4CY ... 100 PERCENT BOD REDUCTION 

TREATMEt;T MOD:JLES: 
LAND SPREADING 

INVESTMENT COSTS: 
1. CONSTRU CTl ON 
2. LAND 
3. ENGINEERitlG 
4. CONT ING ENCY 
TOTAL 

YEARLY OPERATING COSTS: 
1. LABOR 
2. POWER 
3. CHEMICALS 
4. MAINTENANCE & SUPPLIES 
TOTAL 

TOTAL Y~ARLY COSTS: 
1. YEARL~ C?tRATlNG COST 
2. YEARLY INVESTME!:T 

COST RECOVERY 
3. DEPRECIATION 
TOTAL 

987 

3000.00 
1660. 00 

300.00 
300.00 

5260.00 

o.oo 
o.oo 
o.oo 

150.00 
150.0!) 

150.00 

210.00 
180.00 
540.00 
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Altcrn~tive A 15-Ill - This alternative corsists of hauling the waste
\.1-atcr to a rnurl.icipal treatinent facility. 

The resulting eon w~ste load is 0.0 kg/cum (0.0 lb/1000 gal), the 
suspended solids load is 0.0 kg/cum (0.0 lb/1000 gal) and the oil .and 
grease load is 0.0 kg/cum (0.0 lb/1000 gal). 

BCVCRAGES 

Costs: lotal investment cost: $0. 
Total yearly cost: 

Reduction Benefit~: BOD: 
SS: 

O&G: 

Sl .zoo 
100 percent 
100 percent 
100 percen~. 

Cost and ~eduction Benef~ts of Alternati\e Treat~ent 
Tecrncilo'.li_es for Subcatea_")rv A 16 - rlev: Lar2e Bre1·1e;·ies 

A model plant rep~esentative of subcategory A 16 was developed in 
Section V for the purpose of applying control and treatment alter
natives. In Section VII, thirteen alternatives ~ere selected as being 
applic~ble enyineering Qlternatives. These alternatives provide for 
various levels of waste reductions for the model plant which produces 
1500 r.u m (12,800 bbl) per day. 

Alternative A 16-I - This alternative assumes no treatment and no re
duction in the waste load. It is estimated that the effluent from a 
1500 cum (12,800 bbl) per day plant is 8300 cum (2.2 ~) per day. 
The BOD waste load is 10.55 kg/cum (2.722 lb/bbl), and the suspended 
solids load i~ 3.89 kg/cum (1.004 lb/bbl). 

Costs: O· 
Reduction Benef~ts: None 

Alternative A 16-II - This alternative provides scr~ening and a grit 
chamber, f1ow equalization, neutralization, nutrient addition, and an 
aerated lagoon system. 

The resulting BOD waste load 150.28 kg/cum (0.072 lb/bbl) and the sus
pended solids load is 0.39 kg/cu m (0. 100 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

$2.355,740 
$1,055,530 

An itemized breakdown of costs is presented in Tabic 245. It is 
assumed that land costs $4100 per hectare ~$1660 per acre). It fs 
further assumed that two operutors are required. 

Reduction Benefits: BOD: 97.4 perc~nt 
SS: 90.0 percent 

908 
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TABLE 245 

ITEMIZED COST SWNMY rOR flLTEnNATIVE Al6·II 
(N[W LARGE DREWERIES) 

I1P'TZfl; c~si SL.:·~1.i:;y "'~·P lt..lf;H ... ~T;:Q TIH::AT,..r:t.T CIHfl
~f~!~~ ~~F!CJ~~rr,,. 07.u ~EPrr~r DC~ ~~uucrrc~ 

TMELT~E~T HCO~LE~: 

fl,.SCAEf~I~~ ~ G~I7 C~A~~fQ 
c ••• E1L~Ll7LTif" e£Sl~ 
F ••• A c I ~ I. F L T f: A L T z 6 T l c ~-

J~vE~T~E~T CCST~1 

~ ••• ~lT~C~~~ ~~r111c~ 
L,,,Af~6Tr:c ~~~r.c~ 
L, •• A~l\J.TED I loG(CN 

1. ti."-STl:lC'TTC"-
c, LA~. 0 
J, F.'·~Jfllr:~~P.!: 
"· crr.;TJ1o..r:F .. :t:'r 
5 • ~ \I C LI ~· E c; 
H 1A•. 

YEARLY CP~~A~l~5 CCST!t 
S • LHC.:I 
?. FC ... E:r 
3, Cl"~"JCHS 
~. rA%\1£~A~tE8~LFPLlE~ 
5 • F' ... c l Jt, ~ ~ 
TCUL 

TCTAL YE•~LY CCST~t 

1nc:euc..oo 
21:-1i1c.oci 
1e1q~o.oo 
1BH~O,(ln 
7377n.oo 

23~57uo.co 

211qQ0,0') 
uu,o. [10 
u1con,(lo 
i.u10,(ln 
szoo,on 

811~&30.[10 

1. YrA~Lr CPE~•Tl~G CCST 8QUe3o.on 
Z, VfA~L~ JhVf~Tl"FhT 

cts1 ~~crvF~v qucJo.o~ 
), r.fP"ECIA1Jr.~ IS6w70,DO 
TCTAL soss~~~.oo 
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Alternative I\ 16-111 - Th1s alternative provides in addition to 
Alternative A 16-ll du~l media filtration. 

The resulti~g COD wast~ load is 0.14 kg/cum (O.OJG lb/bbl), and the 
s~spended solids load is 0, 19 kg/cum (0.049 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

$2,495, 160 
$1,088,090 

An 1tamized breakd~wn of costs is presented in Table 246. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that two operators are required. 

Reduction Benefits: BOO: 98.7 percent 
SS: 95.0 percent 

Alternative A 16-IV - This alternative adds activated cart'n to 
Alternative A 16-111. 

The resulting BOD waste load is 0.07 kg/cum (0.018 lb/bbl), and the 
suspended solids load is O.OS kg/cum (0.023 lb/bbl). 

Costs: Total investmerit. 1,;u::.t; 
Total yearly cost: 

$3,798,200 
$1,324,820 

An itemized breakdown of costs is presented in Table 247. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that two ~p~rators are required. 

Reduction Benefits: BOD: 99.4 percent 
SS: 97.6 percent 

A cost efficiency curve is present~d in Figure 2~9. 

Alternative A 16-V - This alternative provides a control house, screen
ing and a grit chamber, flow equalization, neutralization, nutrient 
addition, a complete-mix activated sludge system, sludge thickening, 
aerobic digestion, and vacuum filtration. 

The resulting BOO waste load is 0.28 kg/cum (0.072 lb/bbl), and the 
suspended solids load is 0.39 kg/cum (O. 100 lb/bbl). 

Costs: Total inve~tment cost: 
Total yeurly cost: 

$3,730,960 
$1,029,SOO 

An itemized breakdown of costs is presented in Tab1e 24R. It 15 
assumed that land costs $41,000 per hectare ($16,600 per acre). It 
is further assumed that ~ix operators are required. 

Reduction Be11~fits: BOD: 97.4 percent 
~S: 90.0 percent 
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TAGLE 246 

ITCMI!F~ c0sr su:u~~RV FOR ALTERNATIVE A16-III 
:NEW LARCC OREWCRIES) 

lTE~l7~~ crsr SL~~'w" re~ ~'src~ftT~M TWEAT~~"T C~A!N 
~~SlG~ EFF!Clf~cv ••• ~~.7 PE~CEh1 Pr~ RE~~CTIC~ 

T~EAT~~~T MC:LLc!: 
c1.,.SC~H':Tf\C: i, C:J::'IT Ct .. HeEI< 
C.,.~QL6LlZAT~Ch ~tSl~ 
F,,,6Cl~ ~fLT~4LJ7~1l(I\ 
~ ••• ~r~~r~~~ ~~LlTIG~ 
L • , • 4 t c; /:. TE t l t. C: C r •, 
L • I • ~ E I; A i t ~ l II G ( c ~I 
"•••~~'L ~~rIA ?~~S5L~E ~ILT~AI~ 

INVESlvf~T ttSTf1 
1, Cr:'~:=T~LC T!C" 
2. Lu.· 0 
3. fr:r:]r'ffPPG 
" o C ". /, T l "I (; f n C Y 
".1 , f' v' L I : , EH 
TCHL 

Vfi~LV CPf~ATl~G CCSTSt 
l. LAi!OR 
2. FCl'<EI' 
3. C~f.'4JC.1.LS 
a. ~Al~T~~~~CEt~L~~LIE! 
5. P\IC LJH~ 
TCHL. 

TCTAL VE6DLV CCST!t 

1qqse20.oo 
i?bll10,0tl 

1c.ciseo.oo 
1'l«;i:;FO,O~ 

73770.00 
i!IPiSU:0,00 

~ClflC0 0 00 
•~ueo.oo 

7'1tCJo.oo 
eiJs110.oo 
5~0(1.00 

86Cl~ll0.00 

J, H.\DL'f C:F'EJ;"~TJP r. CCST !t'!P"',00 
Z , 'f E A I- L 'f J ~·VF' ~ T "'F I\ T 

crsr ~~crv~~., qcie•n.oo 
l. CE~~E~IATIC~ l23u~o.oo 
lCTAL tO~~oqo.oo 
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TADLE 247 

ITEMIZED COST SUMMARY FOP. AL TERf/!1T1VE /\16-IV 
(NEW LAR~~ OREWERlES) 

IT~~!Zf~ c~~T SL~~~~y F(~ ~ASTr~~TER T~EAT~E~l C~AJN 
OES!G~ fFFtCJf~C~ ••• ~q,q P~~CFkT a~D ~ECUCT?C~ 

'T Fi E A H' F ;., T ''. C ~ l. L E S 1 
e1 •• ~C~fr~1~G ' G~!T C~A~ef~ 
c ••• er.L~LIZ,TJ~~ ~AS!~ 
F • •• AC l C ~1 r;: L Tr! L I! 6 TIC'· 
... • , • ~ l'T "'(' :: F' I. t. "" r 1 T l Cr. 
L 0 .,6E~AlE~ LA~CC~ 
L, •• &ERATE~ l~~cr~ 
~ ••• ~~AL~~~!' F~ES!UR( FILT~AIN 
z •• ACllVftTEr :6~~r·. ~~~r~'1I(\ 

?~Vf~T~t"'T ccsr~: 

VE6FLY 

1 • tr 11. s 1 "LJr n c ,, 
2. L''L~ 
3 I E II. G 7 :VH ~ p. (; 
11, C'::'"..TI~G2 .. •CY 
S. PVr; L.I~'ER 

lCUL 

CPEIHTil\.Ci CCSHt 
It l.AF~R 
2. PCP.f'R 
J. c1of"'ICALS 
II, ~j?,T£~~~CE~~LPPLIES 

S. P\IL L.INE" 
1t'1AL 

306h!D,CO 
~bUS0,00 

30i!l70,00 
30817(',00 

731'f 0. 00 
31qE1zoo.oo 

l""•o.co 
12e22n.eo 

71111fC,C'l0 
15170(1,0() 

Sloo,co 
Cf(llll00.00 

TC'T'L YEARLY cr.~T~t 
1. YEAwLY OPF.R•TI~G cr.sT ~~u300.oo 
7, vr•~tv r~vf~T~f~T 

Ct~T P.Ecr~E~Y 151q30,oo 
3, r-~P~:ctATir~ IPP.sqo.o~ 
1r14~ s3~~ezo.oo 
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TABLE 248 

ITEMIZED COST sur·:l·'J\RY FOR ALTERllf1TlVE A16-V 
(NEW LARGE BREWERIES) 

ni:nnn crST Sv 11 H'r' F'[D "'-'STP.HE~ TREt.Tl"Et-.T CloiArl\ 
PESlfi~. ~FFIC.Jfl.LY••• rn.u ~~1-f=-s:q F.C·C "E~l:CTIC" 

Ti<F"ATHC:~T t'(D:,,L:~r 

ri1 •• cr•1J:<CL f-CLH 
E \ •• SCJ:F ~ '·l ~ C: R G?I T Ct'.-'""HR 
~ •• ,PL1"'Pn.r. ~TAT!i:" 
c ••• E ;, L t L r 7 t. ... ! r' '; .! s I ... 
F",.,t~I~ ~FLT~~LIZAllCN 
~ ...... 11~rGF~ '~ClllO~ 
~ •• ,ACliV£Tfr ~LL~GE 
t ••• ~L.u::.'. r1-;r..-c- 1.EP. 
R,,,AfF'l~lr. r.rr:c~TC~ 
5 10 ,VACL~w FJLT~tTlD~ 
Y, ,, \CT!V,Tr~ :~l:";C .. t.:':!!C~?TTC~ 

:l\Vf~T~E~T CCST~! 

l, CCIST'-LClIC~ 
2, L.t.:.r. 
3 , F. lq,; ' :·: ~ c F: I ~ G 
14, CC~TJl\~ENCY 
Tr. HL 

VfAPLY OF~~•rl\G CCSTSr 
1. Lt.~i~ 
i. ~r. .. i= ... 

3. Ct-E~l":Al.S 
~. ~A!~TEl\Al\Cf'~~P~LlES 
TCUL 

Joze~zo.oo 
llb6ZO.~O 

30ll't0,CO 
3(1?860,00 

3730960.00 

'7"910,('0 
"~eu10.oo 
ll37'0,00 
~ucao,oo 

6~!sao.oo 

TCTAL ¥E6MLV CCSTS1 

frftt~- r · rn ·can 1 

1. 'r'E6~L' ~ 0 E~,~r~~ ccsT bqAs~o.o~ 
2 , Y E 6 ;~ !. Y l " v ~ 5 T "' = '- T 

CC!T o~r.tv~~~ 1uq2uo.oo 
!, c~µ~E~IATJrl\ 1~1720.~0 
TCTt.L 1ocqsoo.~o 
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Altern~tive A 1G-V7 - This ulternat;ve p~oYides dual media filtration 
in addftion tQ.f\llernt1tive A 16-V. 

The resulting BOD waste loud is 0. 14 kg/cum (0.036 lb/bbl), and the 
suspended solids load is 0, 19 kg/cum (0.049 lb/bbl). 

Costs: Total investment cost: 
1otal yearly cost: 

$3,870,380 
$1.062,060 

An itemized breakdo~in of costs is presented in Tab.le ~49. It is 
assumed that land costs $41,000 per hectare ($16,600 per acre). It 
is further assumed that six operators are required. 

Reductio~ Benefits: BOD: 98.7 percent 
SS: 95.0 percent 

Alternative A 16-VII - This alternative adds activated carbon to 
Alternative A 16-Vl. 

The resulting BOD waste load is 0.07 kg/cum (0.018 lb/bbl), and the 
suspended solids load is 0.09 kg/cum (0.023 lb/bbl). 

Costs: Total investment cost: $~.173,420 
Total yearly cost: $1,298,800 

An itemized breakdown of costs is presented in Tat· e 250. It is 
assumed that land costs $41,000 per hectare ($16,600 per acre). It 
1s further assumed that six operators are required. 

Reduction Benefits: BOO· 99.4 percent 
.SS: 97.6 percent 

A cost eff1ciency curve is presented in Ffgure 290. 

Alternative A 16-VIJJ -This alternative replaces vacuum filtration ;n 
A 16-V with sludge storage and s?ray irrigation. 

The resulting BOD waste loa~ is 0.2B kg/cum (0.072 lb/bbl), and the 
suspended solids load is 0.39 kg/cum (0. 100 lb/bbl). 

Costs: Total investment cost: 
Totel yearly co5t: 

$3,652,280 
s 933,750 

An itemized breakdown of costs is presented in Table 251. It 1s 
assumed that land costs $6150 per hectare ($2490 per ncre). lt is 
further assumed that six operators are required. 

Reduct1on Benefits: DOD: 97.4 percent 
SS: 90.0 percent 

Altern~tive A 16-lX - This alt~rnativc adds dual media filtration to 
Alterna'tive A 16-VZII. 
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TABLE 249 

ITEMIZED COST SUJIMARY FOR ALTERNATIVE A16-VI 
(NEW LARGE OREUCRIES) 
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TAOLE 250 

ITEMIZED COST SUMMM~Y ron ALTCRWITIVE Alo-VII 
(NEW LAR~E BREWERIES) 
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TABLE 251 

ITEMIZCD COST su:·'.:~r;P.y FOR l1LTUHlllTIVC Al G-VII I 
(NEW LARGE UREWERIES) 

I ,. r: "' J Z f- r, C r [; T S l. '' •· 6 1: v F' i.'. !-- ~ t S 1 ~ ~ t. l E P 'r o F A T ~ f ' T C ..., /. I r. 
C~Sl~' E~'!C!t•CY.,, c7,u r:LQCf~i ~rr rEC~CTI~~ 

Tl- E /.l 1· r •. T ''Cr. L·L f ~ r 
fJ,.r;r.,1.trit·L i-ctSE 
fl,.!C~~f~lhG f GPJT ChAr@E~ 
P , , , P L1""' J '. r. ~ T A T 1 C"' 
c ... €r.lttl7J.Trr" ~·~~~ 
F,,,l.C".TI~ HLh£LIZA1lC" 
'"• .,•~pi;r.ut~ H:r.I TH'.-. 
l',,.~CTl'dHI' i:LLCCi' 

1i..vi . .n:•f.r.1 c::!-H: 

t ••• ~LtrG~ i~!r~E~E~ 
~ •• ,1Ei;C~lt r1~r~TL~ 
'···"'1.l[J•·r: ,~~< 
L, .s~~"Y r~~f,ATIC~ 

1. er·• ~rr:u·ru~ 
2 • L "~I'\ 
l, E~GJ:,f!:f:IJq; 
"• CCll.TJ~H.,C\' 
lCHL 

CP£q•Tlf\.G CC~TSI 
l. U!-!C'fi 
2. PC-EFI 
J, r•P·rcHi; 
~. ~•I~T~~A~rt~SL~PLlES 
TC1•L 

,CT•L vl•i;~y rts1~, 

1. ·~t~LV r~~D61I'~ cr~T 

i! • " l " " L. 1 J f, I t ~ T "' f .. T 
~(!;1 ~r:rrvt-~• 

3, r(~l-(t•A:Jr' 
HHL 

999 

3 CJ (I fl 7 7 0 • (• 0 
liUl~O.OCJ 

J(IOt.eo.oo 
HhflO,OO 

H5Ul'O, li0 

111no.nt1 
li303SO.t0 

1i11qo,oo 
z11uo,on 

flO?iSn,t'~ 

!ljt-(\C 0, ('In 

1kC!IOIC.on 
CO)J7H,Clf\ 

. . . ,~-~ - ~ . ~ ... - . - -
- ----.--~- _.._:....., ... ,.- .. . ------·- --~-



onArT 
The resultin9 COD waste loau fs O. 1~ kg/cum (0.036 lb/bbl}, and the 
suspended solids load is 0.19 ~o/cu m (0,049 1~/bbl}, 

-Costs: Total investment cost: 
Total yearly cost: 

$3,791,GBO 
s 966,310 

An itemized breakdown of costs fs presented in Toble 2sa It is 
assumed that lond costs $6150 per hectare ($2490 per acre). It is 
further assuMed that six operators are required. 

Reduction Cenefits: BOD: 98.7 percent 
SS: 95.0 percent 

Alternative A 16-X - This alternative adds activated carbon to 
~lternative A 16-IX. 

The resulting BOD waste loud is 0.07 kg/cum (0.018 lb/bbl), and the 
suspended solids load is 0.09 kg/cum (0.023 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

$5,09~.720 
$1,203,040 

An ite~ized breakdown of costs is presented in Table 253 It is assumed 
that land cost~ S6150 per hectare (~2490 per acre). It is further 
assumed that six operators are required. 

Reduction Benefits: BOD: 99.4 percent 
SS: 97.6 percent 

A cost efficiency curve is presented in F1gure 29l 

Alternative A 16-XI - This alternative replaces vacuum filtration in 
~lternative A l6V with sand drying. 

The resulting BOO waste load is 0.28 kg/cum (0.07?. lb/bbl). and the 
suspended solids load fs 0.39 kg/cum (0. 100 lb/bb1). 

Costs: Total 1nvest~ent cost: 
Total yearly cost: 

$6,76~.510 
$1.527,890 

An itemized breakdol'l'I of costs is ~resented in Table 2S( It 1s 
assumed that land costs $20,510 per hec~nre (S8300 per acre). It 1s 
further assumed that six operators are required. 

< 

Reduction Benefits: BOD: 97.4 percent 
SS: 90.0 percent 

Alternative A 16-XIT ·This illlernative adds dual ~edia filtration 
to Alternative A 16-Xl. 

The resulting DOD waste load 1s 0.01~ kg/cum (0.036 lb/bbl), and tha 
SJSpended sol;ds lo4d ;s 0.019 kg/cum (0.0~9 lb/bbl). 
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TMLE 252 

JTEMIZt.D COST SU~M~RY FOR ALTERNATIVE A1~-IX 
{NEW LARGE BREWERliS) 
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TABLE 253 

ITEMIZED COST SUMM/\RV FOR ALTERNATIVE A16-X 
(NEW LARGE BREWERIES) 
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TAOLE 254 

ITCMJ ZED COST SlJ1-'.~·1AP.Y FOR f1L TERfJATI VE A 16-X I 
(NEW LARGE B~EWCRIES) 
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Costs: Totul investment cost: 
Total yearly cost: 

$6,903,930 
$1,560,460 

An itemized breal:dovm of costs is presented in Table 255. It is 
assumed that lund costs $20,510 per hectare ($0300 per acre). It 
is further assumed that six operators are required. 

Reduction Benefits: BOD: 98.7 per.cent 
SS: 95.0 percent 

Alternative A 16-X!JJ ·This alternative adds activated carbon t0 
Alternative A 16-XII. 

The resulting BOD waste load is 0.07 kg/cum (0.018 lb/bbl), and the 
suspended solids load is 0.09 kg/cum (0.023 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

$8,206,970 
$1,797,190 

An itemized breakdovm of costs is presented in Table256. It is 
assumed that land cost~ $20,510 per hectare ($8300 per acre). It 
is further assumed that six operatcrs are required. 

Reduction Benefits: BOD: 99.4 percent 
SS: 97.6 percent 

A cost efficiency curve is presented in FigureZ92. 

Cost a0d Reduction genefits of Alternat1ve Treatment Technologies 
for SuJcategory A 17 - Old Large BrewPries 

A model plant representative of subcategory A 17 was developed in 
Section v for the purpose of applying control and treatment alternat1ves. 
In Section VII, thirteen alternatives were selected as being applicable 
engineering alternatives. These alternatives provide for various levels 
of waste reductions for the model p1ant which produces 2600 cu m (22,00~ 
bbl) per day. 

fllternative .~ l7-J - This alternative assumes no tre11tr.1ent and no re
duction in the waste lriad. It is estimated that the effluent from a 
261)0 cum (22,'JOO bb1) per day plant is 2~, 1)00 cu l'!l {7.5 llG) per aay. Tne 
BOO waste load is 18.56 kg/cu~ (4.78 lb/bbl), ~nd the suspended solids 
load is 7.32 kg/cum (1.89 lb/bbl). 

Costs: O 
r.educt1on Benefit•: None 

Alternative A 17-l! - This ~lternative provides screening and a grit 
char.iller, flo\~ equalization, neutralization, nutrient addition, and an 
aerated lagoon system. 

The resulting DOO waste load is O.SS kg/cum (Q. 14 lb/bbl), end the sus· 
pended solids load is 0.76 kg/cum (0.20 lb/bbl). 
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TADLE 255 

ITEIHZCD COST SU~·~MJ\nY FOR ALTERNATIVE Al6-XII 
(HEW LARGE DREWERIES) 
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TMLE 256 

JTDHZED COST Sllt%'\RY FOR ALTEP.:lATIVE ~16-Xlll 
:NEW LARGE BREWERIES) 
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~ ••• ,e~c~rc crr.rsrc~ 
T ••• ~~"~ r~vr~r. ~fcs 
~ ... ~u•~ ~Er!A ~µ;~SL.RE FILTRt. 1 N 
z ••• ACTI~AT~~ ~t~~L~ AC~C~P11c~ 

1. cc~~HL·c:r1c" 6657q~o.oo 
2171.110,00 
b6Seoo,oo 
~bseoo.oo 

Z, L 1' 1, D 
3, 0Gl"~U1ING 
U, rct.1H-Cift..:CY 
JCT AL 82too!i7o,oo 

YEHnY Ci:EDhTP,(; CC~H: 

1. L•~~~ 1uq10,oo 
~. Fr~r~ G?Sb10.~0 
l, tl-E"'ICt.L $ '"1qo,oo 
a, ~~J~Tf~~~CE~~L~PL?ES U~lbb0,00 
TC1'L 1o~qu30,oo 

TCTAL Vfl.~LY CC~'~r 

1. YfA~Lv CPt~•,1~~ ecsTJobqu30.~o 
~. YfA~L~ '~y~~TvF~T 

CC~T ~Ecrv~~v 3?A2PO,O~ 
3. ~F~~[ClA,]n~ 3qq~Pe.o~ 
,c,,~ t?~11qo,o~ 

1007 

--~- ··--- - ·-
..... --· ----~-- ... -----:.-:::---~--=-- - ·--~·::-- ------=-.·:rii5ii1 



•' 
" 

J 
•, 

en 
~ 
J 

d 
0 

..... 
Q .. , 
~ 
< 
II) 

5 
t: 
;z 

I>-
11'1 
0 v 

> 
0 
0 >-
~ ri 

"" ~ 
2 -c 

v 

.J 
~ -~ v 

,,.:.c 

·~~'.r 

"11,1 

•l 31 ·' 

HJ,·' 

·!H,t 

•:••.t 

IHI.I 

ltd.I 

., 

,,, ... t I 

l!lr .t I 

I 

I 

I 

c 

I 
_c c--

' ____ ,/' 
.~·----········-····.------················-·-··················-··-································· •;.:: ••.=~ •1.~· •1.:~ • .. :kr:FrcitNc:v •a.c~ u.co u.cc ''·=' ic:.:' 

FJGURE 292 

iN'JESTlUfl' ~O YEMLY Cl1ST F~ SOOCATEGORY A 16, SUBCATEGOfff )') 



DR/\FT 

-Costs: Total investment cost: 
Total yearly cost: 

$7,125,250 
$3 ,328.061) 

An itemized breakdown of costs is presented in Table 257. It is assumed 
that land costs $4100 per hectare ($1660 per. acre). It is further 
assumed that two operators are required. 

Reduction Oenefits: COD: 97.0 percent 
SS: 89.5 percent 

Alternative A 17-lII - This alternative provides in addition to Alter
i\i'flve A 17-Il dual media filtration. 

The resulting BOD waste load is 0.27 kg/cum (0.07 lb/bbl), and the sus
pended solids load is 0.38 k~/cu m (0.10 lb/bbl). 

Costs: Total investment cost: $7,526,890 
Total yearly cost: Z3,422,~20 

An item~ zed breakdown of c:Jsts is presented in Table 258 . It is assumed 
that land costs $4100 per hectare ($1650 per acre). It is further 
assu~ed that two operators are required. 

Reduction ~enefits: BOD: 98.S percent 
SS: 94.7 percent 

Alternative A 17-fV - Tnis alternative ~dds activated carbon to Al:er
nat i ve A 1 7- 11 I. 

The resulting BOD waste l~ad is O 13 kg/cum (0.03 lb/bb1), end the sus
pended solids load is C.19 kg/cum (O.OS lb/bbl). 

Costs: lota1 investment cost: $11,677.060 
Total yearly cost: S 4.195,440 

An itemized tirE:akdown of costs is presented 1n Table 259. It 1s assumed 
that hnd costs $4100 per hectare ($1660 per acre). It is further 
assumed that two op?rators are required. 

Reduction Benefits: BOD: ,9.3 percent 
SS: 97.5 percent 

A cost efficienC'y curve h presented in Figure l93. 

Alternative A 17-V • This alternative prov1d~s a control house, screen
fng and a grit chamber, flow equal1z~t1on. neutralization. nutrient 
addition, a complete mix activated sludge systera, sludga thickening. 
aerobic digestion, and vacuum filtration. 
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TABLE 257 

ITEMIZED COST SUMMMY FOR AL HRNf\ilVE Al7-I I 
(OLD LARGE OREWERIES) 

ITf~!l!D c~sT ~L~~6~Y ~CR ~,~,~~tT~~ TQf 6TWfhT C~AI~ 
nESIGh ~~rl:l~~cv ••• ~7.~ Ff~CE"'T ~en "EOutTICh 

TQ~Al,.,r:~·T 1'C~lJLE.St 

El.,sc~r~~ThG ~ GPIT C~4~PFR 
F 000 PU~PI~~ ST•1!~N 
C ••• ~~lALllATJCh ~~SIN 
F ••• ACtC \~LT~~LI7~T7C~ 
~ ••• ~11;r~Ff ir:?T:c11. 
L .. ,hEGt.lEC LHCO• 
1. ••• ~Er.~1Er. LLr:ccr.i 
~ ••• SETTLlhG ~rhD 

l"'VE"Sh'Ef T CC£1~t 
J, rChST~uCTJC~ 
2, LA'-r: 
3 , E "- G 1 ~; F' EI< I ~· G 
£i, CO.TI Hi E 11. C'r 
5. F'vC Ll'-ER 
lCHL 

VEA~LV rPEP4Tihy cc~,~, 

SbQ7lJ60,C\O 
55 31 0 IC• 0 

5bq7SC,Ol'l 
St>c;75o.oo 
23?<tllC'.OO 

711.5250.00 

1, LAeCR 2~~00,00 
2, PC~ER 225~300,00 
3, r~E~IC6LS cUl7PO,CO 
~. ~AJll.TE~•"'CE~SLPPLlES l~Sbec,oo 
s. F~C LJ~E~ l78(\C,oo 
TCTA~ 2&!~550,0~ 

TtTAL VE•~LY CCSTSt 
1. VEAWLY rPC~£Tl~r. rCSTZtaqsso.oo 
Ct VEA~LV JhV~~Tw[hT 

CC"ST "FCCvr:i:v 285010,00 
l. ~~µ~fCIATlG~ l~l5oo.~o 
TCTAL 33?8"ec,oo 
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TABLE 258 

ITEMIZED COST su:·l:·:M~Y FOP. /\LTERN/1TIVE Al7-III 
(OLD LARGE BREWERIES) 

Ilf~ !ZE0 C~FT !L~~A~v FC; ~tST~~LTFP TPE~T~E~T C~Al~ 
DESlG~ EF~ICI~~c• ••• qs.~ FEPCE~, ~GD ~ECUCTIC~ 

TRf.AHPT lo'L!;ULE:: 

£1 •• sr~ff~!~~ g ~gJT C~t~PER 
E!,,,?1·.,i.:1•::; ~lAT!r'\11: 
c ••• ~~LhLl!btlr~ ~~Sl~ 
F ••• t:!~ ~E~T;ALT7,TJ~~ 
~ ••• ~r,,rG~\ tr~ITI:\ 
L •• ,A~cL;~~ LL~rr~ 
L,,.ArOA~~~ ~A~C~N 
",,.SFT'TL I":; cC''-C 
t- ••• ,... ~·AL ,.. f r: ! A F .. E s ~I: p E F I L T p A I ~ 

J~V~~T~E"T C(Sl~: 

S, CO.~H._~;::• 

2 • :. ''· r, 
3 • i::" G 1 ... E ; ;. r •1 r; 
ti, r.r.11,·TJ,.,GE"'CY 
s. Pvc u"~Q 
1CU1. 

bC32160,(10 
55310.CO 

bC13i20, 00 
603i:21l,OO 
zJZqeo,oo 

7S2ti@qo.co 
YE~PLY CPER~Tl~~ CCSTSt 

1. L•SVR ?~~qo,oo 
z. ~c~r~ ZJ11710.oo 
3, C~~~JCALS 2~1780,00 
~. ~Al~TE~/\CE&ELPPLIES 1s11~0.co 
5. PVC Ll~f~ 17800,00 
TC1AL 27~7~60,00 

TCTAL V[APLY CC~T!: 

-

"1, '~A~LY tP(CAi:~G CC~T27~7Ub0,00 
~. vt•~L• 1~v~~,~F~T 

r:cn :.s:c:·\'r-~v 

3 • r u 1; E r 1 • , J 1"1 '· 
iCToilL 
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TACLE 259 

JTl'AIZED COST SUl·~~1/\f>" FOR AL TErWATIVE Al 7-JV 
(OLD LARGE DREWEnICS) 

JTF~IZEO cnsT SL~~A"Y fLF ~LSTr.~ATf~ T~EAT"~~T C~AIN 
OESIGt ~Ffl~lL~CY,,, qQ.3 ~l~Cfl\i :~D ~t~UCTICI\ 

TRS:-·.,.''ff\T to1.COWLES: 

£1,,SCfJ~Et'll\t:; R r.~IT Cl1Al-1~E" 
~ .. ,P1.1•F!~Ci ~Tt.T!Ctl: 
C,,.f:t•L17~TI~I\ ft.S!'
F,,.AC!r ~[~T~AL!ZATlt\ 
1-,,.r.•r1r:rG..-"' Arc~11=,., 
l.,,ALkAiE~ Lt.r.c~~ 
L,.,&rr:;t~f.~ LACrr~ 
" ... Hll~!IC ~C ... r.; 
N , , , ;~ l t. L " F C I t. r: i:; f S S L· P E F I L T o A t t-. 
Z • • , AC , l V A T t ~ C A'· L· C 'I A r. SC ;.. r: T : : 1, 

I~v:s~~El\T CCSTS1 
1 • C C ~ S 1 r:; ~· C T IC '-
~. l u.o 
J. E~n .... r~i::!t.~ 
"• CCl\TI\Gt~CY 
s. Pvc u~ER 
re TA L 

q"qcb:o.oo 
SSJ1e.oo 

q"qCl&c.oe 
q"q060,00 
i'32q@o.oo 

1U7701:c.oo 
VEA~lV C?E~ATII\~ CCSTSr 

S, ~·~CA zaqq0,00 
i. PC~E~ 2"1~~~0.00 
3, c~t~JCALS ia11eo.oo 
"• 1'6.Jf\TC:• HCEtHPPL.1£S "50~70,00 
5. PVC Lll\ER 17~00,00 
TCTAL 3!"7270,00 

TCTAL VEA?LV Ct~T~r 

1. YEAr:;L., C 0 EOATl~G :CST31~7270,00 z. YEAkLY l~v~s1~E~T 
ccsi ~Fcrv:~v U67~~~.oo 

l. CtPP.EClt.Tlr." '58lOQO,Otl 
HTAL u,qsuuo,Clo 
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The resulting noo wc:istc load is 0.55 ~g/cu m (0.14 lb/bbl), and the sus
pcndcd solids load is 0.76 tg/cu m (0.20 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

Sll,377,110 
s 3 I 1 0 7 I 2 3Ci 

An itemized bre<1~do11n of costs is presented in Table 260. It is 
assumed that land ccsts 541,000 per hectare ($16,600 per acre). It 
is further assurned that six operators are required. 

Reduction Oenefits: BOD: 97.0 percent 
SS: 89.5 percent 

Alternative A 17-Vl • ihis a1ternative provides dual media filtration 
in addition to Alternative A 17-V. 

The resu~ting GO~ waste load is 0.27 kg/cum (0.07 lb/bbl), and the 
suspended solids load is 0.38 kg/cum (0.10 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

Sl ., , 778, 750 
$ 3 ,201 ,290 

An itemized lireakdm-m of costs is presented in Table ~61. It is c:issu~ed 
that land costs ~41,000 per hectare (16,600 per acre). It is further 
assumed that six operators are required. 

Reduction Benefits: BO~: 98.5 percent 
SS: 94.7 percent 

Alternative A 17-VII - This alternative adds activated carbon to 
llternative A 17-VI. 

The resulting BOD waste load 1s 0.13 k~/cu m (0.03 1b/bb1), and the 
suspended sol ids load is 0.19 kg/cu m (O .. OS lb/bbl}. 

Costs: Total 1nvestme~t cost: $15,928,940 
Total yearly cost: $ 3,974.630 

An 1tem1zed breakdown of costs is presented in Table 262. lt 1s 
essumf!d that land costs !41,000 per hectare ($16,600 per acre). lt 
fs further assumed that six operators are required. 

Reduction Benefits: BOD: 99.3 percent 
SS: 97.5 percent 

A cost efficiency curve is presented in figure 294. 

Alt~rnativc A 17-Vlll - This alternative r~plac~s vacuum filtration in 
Af7~V Wlth sludge storage and Spray irrigation. 
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TMl.E 260 

ITEMIZED COST SU 1'.nM~Y FOR ALTER!IATIVE A11-V 
(OLD LARGE BREWERIES) 

!T~~T7~~ CCST !L~~~~v FC~ h,~,,~~Tf~ TR~£T~E~T CM£l~ 
r.ES~GI, U"rIL:lE~c.v, •• 07,1'! lo'i;.Pi(Ft-T per. F(t:DuCTIC" 

Tl<Et. H:~.r r~c•·i...Lc ~: 
~ 1 , • C C t, l 1- t L 1- rt.. ~ E 
r ••• AC!~ ~ELT~&L!7AT!r~ 
~ ••• r;>lr"1F-lt.~ ~TAT!C\ 
c ••. ~(li.LIZt.r!Ct-. "'!SIP\ 
F,.,ACTL ~~LThAL!7&TIC~ 
1-, •• ~·JT~(·:;:t. HCITlr" 

!hVEST~E~T CC~T~: 

~ •• ,ttTI~~T~~ ~L~G~E 
r.,.,!=LL:r;~ 1..,H"'.::.ER 
~ •• ,t~~rhl~ C!~ESTCQ 
5 , • , V Ii C' l l ~· F I 1.. 1 I-' t. T l C t
Y •• ,~L..-Lr.P.G 1H.1< 

1, CC~ET~LCTIC~ 
2. LAl-41'1 
~ , F. ,... G J ~, £ r "- I "'G 

Ci26oeeo.oo 
2o"or:o.on 
~i!bo~o.oo 
li261'.1qo.oo ~. CCll.Tl"Gft>;CY 

'TC'.HL 11l77no.oo 
YEAQl"' N"ERAllt-.'G CCST5: 

1. L•~c~ 7aq70.~o 
z. PC~(~ 1SS83QO,OO 
3. C~E~!f cLS U81b70,00 
ll, ~'Al~'TEt.l.t.;CUSLFF>LlES 214170,00 
rC'TAL 20Qh5CIO,OO 

TCTkl YEARLY CCST~: 

1. YFA~LY rr~R~~l~r CCSTZOQ~S00,00 
2. HAFl y p v~~n·u.T 

rts~ ~~rrv,~v asso~o.oo 
3. rF~~~C!tTIC~ 55Sb~0,0" 
l~T~L 3107230.on 
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TADLE 261 

ITEMIZED COST SUM:1MY FOR /\LHRll/\TIVE A17-VI 
(OLD LARGE DREWERIES) 

T TF ,, I 2 f [; r C· n s Lf•"' AR y F" c I( ~ A~ H'"' I TF p T p E: A p· E" T c ~A I Iii 
tESIG' EF~ICI~'CY ••• ~P.~ ~EPCEhl PCC REDUCTJC~ 

T~FAT•~~T ~cr.~L£~: 

?1 •• c:cqc("L '"CLH 
F.,.tC!C ~~LTCAL!ZATIC" 
~ ••• ~~WP!~~ :T~TIC~ 
c ••• rc;i.LU~.:.irrt.. r:1:s1~ 
F ••• ~crc ~=~r;t~ZZATlLt.. 
~ ••• °'.! : ; w r: i:: r 1. .•. ~ ~ ~ i I c r. 
~ ••• ~CT!VtT:r =Ll~G~ 
C • • • c: L l I' ('; t 'T • I r: " c ·'• E :< 
R,.,A~k[PJc r.1r.~:1c;; 
S ••• V" Cl Li"' F IL T;; t TI.:"" 
v ... ~r:u1~-i:: 'THK 
N, •• ~uAL ~fCTA FR~S~L.~E FILTRA•N 

l"VF~T~~~T tCST~: 

11 CChSHL.CT!C"-
2. LAfd) 
3 t f' 11, G l t. Ef I:) H. G 
I.I • C. C" T 11- ~ E' •; C Y 
TCTAL 

qsqsseo.oc 
Ztl.1050.00 
qsc;sbo.oo 
Q59Sb0,CO 

1177050, 00 

VfA~Lv CPERATf~G CC!TSt 
1. L'~Ck 7uq10.oo 
l. PC~F~ l570S!O.O~ 
3, C'"f~JCtLS ~61~70,00 
"• ~All\'TF.f\H'CflHPPl..IE:S 2b'Hi0,00 
TCT!L 215"1.110,00 

TCTAL YEA~Lv tC~T~i 

5GEE 

i. YfAµLY r~~P6TI~l ccs121suu10,o~ 
~. YfA~~y J~\~~T~f~T 

crs1 ~Eccvt~v 0111~0.o~ 
3. rE~~Ec:iT!r\ 575730.~n 
TC'TAL l2C12QO.O~ 
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T/\BLE 2152 

lTEMIZCD COST SUl·:M.l\RY FOR /\LTERtlATIVE A17-VII 
{OLD LARGE BREWERIES) 

T T f '-' ! Z: .":' C "S T S L ~· 1' /. F' 'y t t':; " t. ,t; T F' • A 1' I'.',; T fi f A T " E t- 'T C ~ t. J ~. 
OES1r.' f~FIC1£'C~ ••• ~Q.3 P~~Cf"T ~CD ~EO~CTIC~ 

Tt;F'f.l"'f'.T •'CGL1LE.S: 

I~VfST~E~T CCST!t 

e 1 •• r p: T i:o n 1- ct H 
F 10 ,ACT~ ~t~T~ALIZt.T]C~ 
P ••• P ur• i;. 7 "'G ~ i n IC"' 
c: ••• ~. ~· :. t l I 'J:. ,. : r .,, ;:. t. 5 I 1. 

F ••• ~r.:r:: "ELT;.;tl_!ZAT1C\ 
.... , 0 •·11:.r.c;f• A~r;!T!C'" 
~ •• ,ACT!VATE~ fLL~~E 
r. ••• surr;: ,. .. H ... f 1.Ec; 
i:o ... H>-r rJr !"lr·E~~rr.r 
~ , • • V 6 C i.. l. ).' F' J L T I. A T I C f\.· 
Y, ,. 1• L'L C' I II. r. 'T /.\I( 

~ ••• CU!L ~f:Ia FQ~SSLkE ~ILT~•·~ 
Z•••ACTI~PTfC r~~2c~ A~S:~~l!~~ 

1. C:P·5TOl..CTJ(k 
?, L~"'" 

13051.1010.co 
2ti"oso.oo 

1305" 1 Cl, 0,, 
1lo~u10.oo 

15qz1'C)l!C,OO 

3 • E ""G J •·:ER I •; G 
". en 1 I"-Gn.cr 
lCTAL 

VE•~LV CPERt.lJ~C CCST!1 
1, L&~Q~ 7uq10.oo 
2. ~r~rR 1011120,00 
l, (~fMTCLLS ~81b70,00 
~. ~Al~Tf"-A"C!•~L~PLIFS 32~c7C,O~ 
l~T~L 25S~2JO.OO 

TC1'4L Yf•~L~ CCSTSr 

1. YFHLY CPfPl-TI~r. CCST25S'123C.oo 
2. ~ft~LV 1~~f~T~~~T 

rt .ct r,FCl Vfl.;y t-3'1~C'.OO 
1 • t· t 1o> r. EC 1 • 1 lC ·., 7 8 3 Z 4 0 • 0 Cl 
t~l'L 3q7~b30 0 0~ 
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The resulting COD Wilste load is 0.~5 kg/cum (0.14 lb/bbl), and the ~us-. 
pended· olids load i~ 0.76 kg/cum (0.20 lb/bbl). 

- Costs: Total investment cost: 
Total r~arly cost: 

$11,233,200 
$ 2,833,190 

An itemized breakdo1-m of costs is presentea in Table 263. It is 
assumed that 1 and costs $6150 per hectare ($2490 per acre). It ;s 
further assu~ed that six operators are required. 

Reduction Benefits: BOD: 97.0 percent 
SS: 89.5 percent 

Alternative A 17-!X - This alternative adds dual media filtration to 
Alternative A 17-Vlll. 

The resulting BOD waste load is 0.27 kg/cum (0.07 lb/bbl), and the 
suspended solids load is 0.38 kg/cum (0.10 lb/bbl). 

Costs: Total investrrent cost: 
Total yearly cost. 

$,, • 634 ,840 
$ 2,927,240 

An itemized breakc;o~m of costs is present~d in Table 2ti4. It is 
assumed that land costs $6150 per hectare (52490 per acre). It is 
further assumed that six operators are required. 

Reduction Benefits: SOD: 98.5 p~rcent 
SS: 94.7 plrrer.~ 

Alternative A 17-X - This alternative adds activated c~rbon to Alter
native A 17-lX. 

The resulting BOD w:ste load is 0. 13 kg/cum (0.03 lb/bbl), and the 
suspended sol ids loa, is O. l~ kg/cum (0.05 lb/bbl). 

Costs: Total investment cost: $1S,78S,030 
Total yearly cost: S 3.700,570 

An Hemized breakdown of cosg is presented in Table 265. It is 
assumed that land costs ,.ssumed that six operators are required. 

Reduction Ben~fits: BOD: 99.3 percent 
SS: 9?.5 percent 

A cost effici~ncy curve is presented 1n Figure Z95. 

Alternative A 17-XI - This a~ternative replaces ~acuuM filtration in 
AlternDtive A 17-V wltll sand drying beds. This altcrnutive was not 
deemed econo111ically viable and therefore "''ai; not costed. 
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TJ\BLE 263 

ITEMIZED COST sur::·i/\r.Y ron f\LTCRW\TIVE Al7-'t/IJI 
(OLD LARGC BREWCRIES) 

nFr"YZF'": i.~ST H""~~r.;y FOr li.L~H~d'HI< TQfl.T":.~T Cl-'AH. 
nESTf ~ ~FFJC1F~r~ ••• e1,0 P[~Cr:"T ~:~ ~LCUCTIC" 

TPEAT~E~T ~C~'..LES: 

, r· c:.,. c: ' "''•' I. f 

c:i l • • : r •. i ~ r: 1. , . c 1. != F 
~1 •• ~c~~r:~1~~ & G~IT CHA~ee~ 
"' • • • p \. " ? p. r. s l q ! c .,, 
c • • • [ l ' I ! '·· r ? :. 'T ! r· " r ti s T "' 
F,,.~C!~ ~r:L.,~tL1ZA1JL" 
..... •' p..-r·::r:t.. l.r,r:ITttr-
.,. • • • I '.. ., ! II .~ T r r ~ L l r G l 
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ITEMIZED COST SUMMAnY ron ALTEr.NATIVC Al7-IX 
(OLD LARGE OREWERIES) 
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TABLE 265 

ITEMIZED COST SUl~MJ\f'IY FOR flLTERllATIVE Al7-X 
(OLD LARGE CRCWERIES) 
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The rcsultin9 COD waste load is 0.55 kg/cum (0.14 lb/bbl), and the 
suspended &.elids load is 0.76 ~g/cu m (0.20 lb/bbl). 

Reduction Benefits: DOD: 97.0 percent 
SS: 89.5 percent 

Altern~tive ~ i7-Xl1 - This alternative adds duill media filtration 
to Alternative A 17-XI. This alternative was not deemed economically 
viable and th~refore was not costed. 

The resulting BOD waste load is 0.27 kg/cum (0.07 lb/bbl). and the 
suspended solids load is 0138 kg/cum {O. 10 lb/bbl). 

Reduction Benefits: BOD: 98.5 percent 
SS: 94.7 percent 

Alternative A i7-Xll1 - This alternative adds activated carbon to 
Alter~eT17-XII. This alternative 1vas not deemed economically 
viable and therefore was not costed~ 

The resulting BOD 1~aste load is 0.13 kg/cum (0.03 lb/bbl), and the 
s~spended solid$ load is 0.19 kg/cum (0.05 lb/bbl). 

Reduction Benefits: BOD: 99.3 percent 
SS: 97.5 percent 

Cost_ and Reduction Brnefits of Alternative Treatment Teclinolooies 
for Subcategory A 13 - All Other Bre1·1eries 

Amodei plant representative of subcategory A 18 was developed in 
Section V for the purpose of applying control and treatment alter
natives. In Section VII, thirteen alternatives were selected as be1~~ 
applicable eng~neering alternatives. These alternatives provide for 
various levels of waste reductions for the m~del plant wbich produc~s 
470 ~um (4000 bbl) per day. 

Alternative A 18-I - This alternative assumes no treatment and no 
reduction in the waste load. It is estimated that the effluent from 
a 470 cum (4000 bbl) per day plant is 4500 cum (1.2 MG) per day. 
The BOD waste load is 13.53 kg/cum (3.491 lb/bbl), and the suspended 
solids lc,ad is 6.19 kg/c11111 (1.60 lb/bbl). 

Costs: O 
Reduction Benefits: Non~ 

Alternative A lB-11 - This alternativ~ provides screening and a grit 
cfiamDer, flo1~ equa11zat1on, neutra11zat1on, nutrient addition, end an 
aerated lagoon system. 

The t~s~lting 000 waste load is o.~B kg/cum (0.12 lb/bbl), and the 
suspended sol1cs lead 1s 0.68 kg/cum (0.18 1b/bb1). 

102'1 
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Costs: Total investment cost: 
Total yearly cost: 

$1,3~4.140 
$ 530,240 

An itemized breJf:down of costs is presented in lable 266. It is 
assumed that l~nd costs $4100 per hectare ($1Ci60 .per acre). It 1s 
further ~ssumed thut two operators are required. 

Reduction Benefits: BOD: 96.4 percent 
SS: 89.l percent 

Alternative A 18-!Il - This alternative provides in addition to 
Alternative A 18-II dual m~dia filtration. 

The re!;111ting BOD ~1aste load is 0.24 kg/cum (0.05 lb/b~l), and the 
susp~nde~ solids load is 0.34 kg/cum (0.09 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

$, ,432. 280 
$ 551,760 

An ite~ize~ brea~rlown of costs is presented in Table 267. It is 
assumed that land costs $4100 per hectare (Sl660 per acre). lt is 
further assumed that two operators are rcqui red. 

Reduction Benefits: BOD: 98.2 percent 
SS: 94.5 pP.rcent 

Alternative A 18-IV - This alterndtive adds activated carbon to 
A1ternatTve A lS- I IL 

The resulting BOD waste load 1s 0. 12 kg/cum (0.03 1b/bb1), and the 
suspended solids load is 0. 17 kg/cum (0.04 lb/bbl). 

C~sts: Total investment cost: 
Total yearly cost: 

$2,337,000 
$ 706 ,630 

An i temi ;:ed breal:down of costs is presented ; n Table 268. It 1 s 
assumed that land co~ts $4100 per hectare ($1660 per acre). It is 
further assumed that two operator!:. are required. 

Reduction Benefits: COD: 99.0 percent 
SS: 97.3 percent 

A cost efficiency curve is presented in Figure 296. 

A1ternativ~ i. 1~-V - This aHernative provides a control house, !'.creen-
1ng and a grlt cti"amber, flow equ~li~ation, neutralization, nutri~nt 
add it ion, a complete mh act 1 vatec s ltr0gC? system, s1 udoe th1 ckenin9, 
aerobic dfgcstion, and vacuum filtration. 
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TABLE 266 

ITEMIZED COST SUMM/\RY FOR J\L TCIWAT IVE A 10-I I 
(OTHER BREWERIES) 

JT~PT2F~ crsT 5L~~'~' Fn~ ~A~TF~6T~? T~EiT~~~T C~•J~ 
Dt~I~· fFF1C!f~cv ••• ~~.£1 Pi~CE~T ~LC ~FLUCll[~ 

f 1 ~A T" F: •. T i" C' '." •.; l. ~ ~ : 
~ •• ,P~W~]~~ F11.T1C~ 

E. 1 •• Gr c r; ~ ~· 1 " C.: It C· 11 I T C 1- ti ,.. p t: Fi 
c ••• E~LLLI7!Tl[h Q:.srN 
F • • • .~ C t ~ r. ~ L 1 F I. L l Z :. 'T 1 I: ~ 
~ ••• ~IT~~G~~ l.CCITIC~ 
L ••• ~~~LTEr LLGCC\ 
L ••• &F~,,~r L1.c.:cc~ 
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i • L A, .. :' 
3 • ~ '· C: I !, ~ E. r-; l "Ci 
iJ • (..' C ~. ~ l \ r; F. :... C Y 
~ • ,_ v C L I 1, F: ~ 

TC1AL. 

Ci: E ~AT l '· C. CL S lS : 
J, llol!'JW 
l, H11oER 
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~. ~AJNT~~A~CE&~L~~LIES 
§. PVC l!J\ER 
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TCTAl. ~~•RLV rc~Tss 
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puso.on 
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1(173£Jfl.C'l'I 
3~100.00 

n"~1t10.oo 

241qqo.on 
Ji'.?ClAO, Cl'I 

JUll)0.00 
25&00.00 
2eqo.oo 
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1. HH'LV cni:-1.n~r. crsi· UlOH0.00 
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3. C.E}"l'H JATJ!:'I>. b~~lC'.00 
1CTAl. 53~2~0.oo 
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TAl3LE 267 

ITEMIZED COST SUM:WlY FOR AL T[IWATIVE Ale-I I I 
(ornrn !lRHJERI(S) 

I T ~ •·• I z i:- " c 1 • ~ T s t. ~ r " .< 'f i:- l c;, "' /1 ~ H 1· , H i; T P. c. A T "' E' "' T c ,. A T ;~ 
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fl,.~r~~~~!~G t G"IT r~i~EER 
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L ••• ·' ~· ;.; / -,. c ,., L " r c c " 
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11H1ao.co 
1Hso.on 

J 11lt>er:J,C>('\ 
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lt'IOO,C(I 
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2&1(,lq0,0f'I 
3l3'170,00 

)IUIOO,DO 
~Ao10.oo 
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1. Yf'~LY c~~~tTI~~ CCST ~2~7~~.oo 
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l , :; l lo) .n C l ~ T l I.' r. 
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TABLE 268 

ITEMIZED COST SUMMMY FOP. f\LTEr?NATIVE A18·IV 
(OTHER BREWERIES) 

I H ~ l ZF I) n· ~ T SL '" ~ Lr' v i:- ~: ;:i ~.' ~ T ~ u T f' 1J 'T ~ U T Ii. E t-. T C "'.6 If\' 
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T ~ e l. T •· E q MC() l' L E S : 
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E1 •• sr~EF~lhG g G~I~ C~A~fE~ 
C 00 ,FUL~Ll7ATJC~ 6A~l~ 
F , •• 1. c ? r> '· F L' ,. i:; t 1 z z ,. ·i r c "' 
~ ••• ~llPC~~I ·~~JTI~~ 
L ••• i~~LT~C L~~cc~ 
L •• , ~ f " I. i f r:· L 1. r. C C ~! 
r, , •• ri L ~ L ~· = C· r t F i.; E s s L i:; F F I L T " /. 1 " 

z ••• HTIVHf~ CAi<t:c' ·r:~c~PT!C.1'-
l~VEFT~~~T CCSTS: 

1. er~ nPLCT!r" 
2. Lu t 
3. n.. n :. FF 1:111o,,;c 
Cl I c. c ~. l1 ~ G E " : y 
S. P\IC Lt"-H 
TCTAI. 
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l. ~Cflf'~ 
3 1 C ... t ~ l C' ·A L ~ 
~. ~AI~TE~l~C~~SLP~LIES 
S. P\IC LI~C~ 
TCT•L 

iCTAL VEtQLY cr.sT~1 

Pico1qo.c,o 
J'7QSO,oo 

IQtioeo.oo 
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38100.00 

Z3J7ooo.oo 

2"~qo.oo 
357830.00 

3"4.100.00 
77oqo,oo 

2!110,00 
4197200,00 

1 • Y F. A QI. V C P E ~ L 1 l ~ G C C S T 41 q 7 ? 0 0 • 0 0 
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The resulting BOO waste loud is 0.40 ~g/cu m (0. 12 lb/bbl), and the 
suspend~djolids load is 0.60 kg/cum (0. 18 lb/bbl). 

Costs: Total investment c'st: 
Total yearly cost: 

$1,506,780 
$ 440,710 

An iterr:ized bre11~down of costs is presented in Table 269. It is 
assu;11e~ thDt land costs $41,000 per hectare ($16,600 per acre). It 
is further assumed that six operators are required. 

Reduction Benefits: BOO: 96.4 percent 
SS: 89. 1 percent 

Alte~native A 18-VI - This alternative provides dual media fil
tration in addition to Alternative A 18-V. 

The resulting BOO waste load is 0.24 kg/cum (0.06 lb/bbl), and 
the suspended solids load is 0.34 kg/cum (0.09 lb/bbl). 

Costs: Total investment cost: 
Total yeariy cost: 

Sl,594,850 
$ 461 ,230 

An itemized breakdown of costs is presented in Table 270. It is 
assumed that land costs $111,0GO per hectare ($16,600 per acre). It 
is further assumed that six operators are required. 

Reduction Benefits: BOD: 98.2 percent 
SS: 94.5 percer.t 

Alternative A 18-VII - This alternative adds activated carbon to 
Aiternative A 18-VI. 

The resulting BOD waste load is 0.12 kg/cum (0.03 lb/bbl), and the 
suspended solids load is 0.17 kg/cum (0.04 lb/bbl). 

Cost!i: Tot?1 investment cost: 
Total yearly cost: 

$2,499,660 
$ 616, 110 

An itemized breakdown of co~tz is presented in Tab1e~71. . It is 
assun~d that land costs ~41,000 per hectare ($16,600 per acre). 
It is further assumed that s;x operators are required. 

Reduction Benefit5: BOD: ~~ 0 percent 
SS: 97.3 ~~rc!nt 

A cost efficiency curve is presented in Figure 291, 

Alt~rn~~iv~ A 18-VIII - This alternative replaces vacuum filtration 
Tn-;11-~-V 1·lith slud!.W stOl'.l!)e iJnd '..pra~' irrigiltion. 
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TABLE 269 

ITEf1!ZCD COST SUMMARY FOR Al TERr~ATIVE Ala-V 
(OTHER BREWERJES) 

I T ~,..? ZE fl C: D ~ T SL 1
• 1· HY '"1J;: d S 1 fl' A TE~ T P. EAT~· E ~. T C ~A IN 

0 ES IG '· ff n C :: E" : v • , , ~ r., ~ ;:: UC Et T SC l' I< EC; L' C 'T IC~ 

ei •• c~~TRCL ~CL!E 
E 1 • , 5 C !< £" ft'. 1 I i, E. G R I T C ro 0' eE if 
P,.,u~~~l~G STATlG~ 

C,,,FCL/lll,1lCt.. ~ASl~ 
F', 1 ,ACtr.· l-.Eo.11-AL!ZA,~(;f. 

INVEST~f"T CLSTS1 

~ ••• ~IT~:GFt.. 1.CCITIC~ 
~ •• ,AtTl\1.T~~ ~L~DGE 

C ••• ~LLCG~ T~ICKE~ER 
F.,.~r~rF1r rIGf~TrR 
S,,,V~CLLM F'?Li~4TIC~ 
Y,,,F(Ll!NG T1.._,r. 

11 CCt<:ST:;LCTHll. 
2, LAP..D 
3. ft.Glf\F.C::<ING 
"• CCt..TI~Gf.1wcy 
TC'T/.L, 

YEARLY CPE~ATI~G CCST~1 
le LA~C~ 

2 • PC"' S:: :~ 
3. Cto1~Hlet!.S 
U, ~AI~TE"'A~CE&SLP~LIES 
TCTAL 

TCTAL V[ARLY CCSTSr 

1201HO.00 
6llbUO,OO 
1201~0.oo 
i2ou10.oo 

150b7eo,oo 

7"cno.oo 
US!70,00 
50320,00 
17170.00 

308330.00 

1, Ve~RLY ~gEQATI~u C~ST 308330,00 
2e YEHLV l'·Vc:"SH'~l-T 

CCST ~::t1fCY 60270,00 
3. CEr~~CJ~Tir~ 12110.00 
iCTAL ~U0710,00 
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TABLE 270 

IU:MIZ[O COST su~·i:·i/IRY Fon ALTERNATIVE A18-VJ 
( OTllER BRrnrn I ES) 

IT p j z .:- !".· r ~".5 T ~ L ~ ,'J A ; y r ~:; H • .s a· ... t H ~ T ,. I: LT "'f. " T c ..., ,lJ r..· 
ci::s:c.-. ~FFIC!:t.!:Y ••• :;i~.2 PfgCEt-i t:t'l~ ~ECvC:TlCt.. 

TRfAT~r~T ~C~UL~~I 

F11 •• CL'r·HCL HLH 
f1 •• SC~FF~J~( ~ G~IT c~·~~eER 
~ ••• PJ~;z~~ STLiJC~ 
c ••• E.::LtL!lPH:. et~l:-.. 
F ••• t ~ H ~.EL 1 ,, .t LJ i .:. 'i l ~ t. 
~ ••• ~~i~CGE\ :rc!rr:~ 
K ••• ~:1JVATf~ ~LLGGE 
c: ... ~~Ll'1=~ ,..,.li""~t·fg 
~ •• ,b~~~r-1r. ~!r.E~rr; 
S, 0 .VACLL~ FTL'T~AT?Ct.. 
Y, •• jojl'Lr:I\G 1i~·I< 

"· • • • ! . L' I. L ., E' tl .:. F F; E: ~ s I. ~ ~ F H 'T ~ A I I\ 

r~vrsTM~~, rc~rsr 

YEARLY 

1, Ci11:~;1;\;CTIC~ 
c. u ~() 
l • f i... r. ! ·. E t. ~ 1 1~ C.: 

"· crt..TI"$t:r-·cv 
TCTAL 

CFfFiATl~G CCSH1 
1. Lld•l.G 
l 1 PCH:P 
3 , O· E ~· ! C LL S 
"• ~A1~TE~Af\CE£SLgP1.IES 
fl: UL 

TCHL YEH~LY CCST.~r 
l • Vf /. I~ l ' L., ~ Q ~ 'T 1 •. ~ cw!' T 
2, Y ~ ,. :.· L V 1 "\ f ~ i"' ~ ~ T 

Cl'~l' u~crv~r.v 
J , t' £ p I• t ( ! A 1 ] ( ~-
T f i 6 L 
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c"c1.10.CJ0 
~27S?c.oo 
127!'?0,00 

1Sf1wS50,00 

'"'n~.co 
177cso.0<1 
5C320.oo 
1eHo.no 

32oi;30,oo 

Jrc.c;:H.oo 

b 3 7 ~Cl. C• n 
7t:~10.oo 

Uh1230,0CI 
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TABLE 271 

ITEMIZEC COST SUM:·IARY FOR ALTCP.~lfiTIVE Al8-VII 
(OTHER rmrnrnIES) 

:iEr·~zq· rr:sr =L.~~·Hy fS'i •ASlf' 1·.6lF'R TRE6T"UT C"'AII\ 
O(SJG~ tFFILlL~tY ••• ~Q.O F~QCF~T ~(C P[CWCTIC~ 

l:!l.,C~ 1 i'-r,l. 1-(.LSf 
f l •• ::, ~ :.i ~ =- "' J •. r. • G i1 I T C "' " 1 • e !:: ;< 
~ ••• ~~~~1~~ ~T~TIC~ 

C. ;'.:'.i.L.!7L'Tl(t-. =t.~!~. 

- i c· • ~ L T lo J.. L ! Z A T 1 C ~ 
t· . • ., ·. r ~ (. r;:: • "r r l ,. Y c '· 
ll',.,.d:nv6l~'; ~LLL~GE 

c: ••• ~Llrr::: T1-Jr1tf•FI' 
F.,,.AI :rf.:rr i.Jr.F~TC"< 
S • , , VA C !.. l. ., F 1 L. ,. ~ A T 1 l' f, 
Y , , , ~· '; L ( ! 1 t::; T :. ~ I" 
": , , , r. U A L ': ~ ~ I t. F :; ~: S S L ? E F ! L T ' t. 1 N 

2 ••.• CTIVATEr :t.'~r~ Ar~~~FTTC~ 

1"vFf1• .. :t..T cnr:.;r 
l. r.oni1L.r1lC"-
2. L,Hwl"I 

3, F.•:c.~'EF"I"-G 
II, CCNTJ~GE/\.CY 

TCTAL 

~~4PLY C~~~ATl~r, CCSTS: 
1. L.lii•CI< 
?. I FCH~~ 
~. Crf"'lC•LS 
" , I" I• l 11. H ~ I ,. C ~· '·HP P LJ: S 
j( lAL. 

trTAl ~:A~LY C(~T~: 

20?~JPC<,('10 
6tJ#IUO,OO 

2oc1no.oo 
2(1~Q20.00 

24QCibH,OO 

7tJQ70,(l0 
2 0 '.b t (I. 0 0 

Slll?O .Cl O 
b7•:7!'1,on 

3QC.3i'O.OO 

I. YlA~LY r~~QAlJ~~ CC~T ~9~370,C~ 
2, vEA~Ll J~~Fs~~EhT 

Ct!T ~=~rvFC~ QUQ~C.CO 

3. OrP't.C!ITJ0~ S?1;so.ro 
,tlAL blhllO,O~ 
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The resultin9 ~~D ~aste load is O.~C k9/cu m (0. 12 1b/bb1), and 
the suspended solids load is 0.6n kg/cum (0. 10 lb/bbl). 

Ccsts: Total investment cost: 
Total yearly cost: 

$1.473,950 
$ .. 405, l 40 

An itc:".iized breakdmin of costs is presented ;,; Table 27~ It is ~ssumed 
that land costs $6150 per hectare (~249~ per acre). It is further 
assumed that six operators are required. 

Reduction Benefits: BOD: 96.4 percent 
SS: 89. l percent 

Alternative A 18-TX - This alterna!ivc adds dual media filtration 
to A1ternat1ve A 18-VIII. 

The resulting BOD was!e load is 0.24 kg/cu rn (0.06 lb/bbl), and the 
suspended solids load is 0.34 kg/cu m (0.09 lb/bbl). 

Costs: Total invest~ent cost: 
Total yearl~ cost: 

Sl,562,010 
$ 425,f;70 

An itemized breakdown of costs is presented in Table271 It is 
assumed that land costs $5150 per hectare ($2C90 per acre). It is 
further assumed that six operators are requirec. 

Reduction Benefits: BOD: 98.?. percent 
SS: 94.5 percent 

Alternative A 18-K - This alternative adds activated carbon to Alter
native A 18-IX. 

The resulting BOD waste load is 0. 12 kg/cum (0.03 lb/bbl). and the 
su~pended solids load is 0.17 kg/cu.m (0.04 lb/bbl). 

Costs: Tota1 investm~nt cost: 
Total yearly cost: 

$2,466,920 
s 580.540 

An itemized breakdown'of costs is pre'.ented in Table 2711. It is 
~ssumed that land costs $Cil50 per 1·,ec '.are (S,'190 per acre). It is 
further assumed that six operators are required. 

Reduction Benefits: BOD: 99.0 percent 
SS: 97.3 percent 

A cost efficiency curve is presente:d in Figure 290 

Altcrn~tive A 1~-Xl - This alternnt1vc replnces vacuum filtration in 
fl! ~-i.- lv~.--,-;-T;;:\~1~ i l It sand dry 111 'j : · ec:; . 
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TABLE 272 

ITEWIZED COST sur-:MARY FOR AL TEfWATIVE AlB-VIII 
(OTHER BP.HIERIES) 

!TF:'"?Zr~ r.rsT ~ 1."'''H<~ r:~.: i.A~TF'dHR Tlo<~AP'Et\T c1o10111 
OE~JCI\ FFF,CIE\Cv ••• ~b.~ ~~RC~~, ~o~ REDuCTIC~ 

T~FAT~rf\.T "'0CCLE~: 
~1.,cr.~rc;l'L 1.(l.H 
F1 •• ~(IH~•.y1,r. g (;~IT C"'t.11.llE~ 

~ ••• p L:n r I\ r. 5 T ~TH'~-
r • • , !: r · L t ~ l ? t l : (" " !:: t. ~ ! "' 
~ •• ,Af!~ :~~T;ALJZ&!IC~ 

... 1 • , P ! ?"' I< :- r: c- '· A ".' C' ! T 1 l '· 

K 0 ,,ArT!V~Tfr. ~LL~GE 
c ••• S~L~~~ T~J~~r~E~ 
~ •• ,Af~~~;c r1r.:~T~" 
" ••• H 11,: 1' ~ 'TA~- IC 

L,,,S~UAY !~~lGATIC~ 

I~VEST~El\1 CCST~: 

YEARLV 

1, C.:0.STlii.CTYCll. 
2, Ull.CI 
3, Et..r.l•'F':CJ•'G 
"• CCNTJl\C,E~:cv 
TC'J 6L. 

CPERATI~G C:CST!I 
lo LABOR 
2, PC ~-E Jo. 

3 • C: "'E !·'I rA l S 
n, ~•l~Tf~A"'CE&!L~PLI~S 
'\'CH~ 

1z102so.oo 
21bt:>0,00 

12ir:20.oo 
1z1020.oo 

1ll73950,00 

111r;10,oo 
155730,00 

)ij4'00.01) 
e~10.oo 

l7lS'70,00 

TCTAL V~AkLV CCST!r 
i. YFA~LY r~E~AT!~G CCST Z73~7o.oo 
c, YfAPLV l~VF~T~i~7 

cc !=i •H rnf k v 5eq110. 01. 
l • r· E P ICE C 1 ti 1 I r:: "- 12 b I 0 • 0 t'I 
TrT•~ ~DS>~o.~o 
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TABLE 273 

lT~IZED COST SUMMARY Fen r,L TE!'iNA7tVE Ale-IX 
· (OTHER oR£11ERlES) 

J':':l•TFC: cr.~T Sl."'"'tl1'r ~r~ H-ST'"HT~~ T~H'Tl"E"l C~J.l~ 
I)!:;~ l t. ~. f. s:- ~- l C J : •. C 11 •• • <.> f" , ? ~ ~ ~ !". H T r (•I" ~ E.C'· ~ C 1 TC"-

":' l • , r I.• I. T r. C.: L ~ C l S r 
'1 •• ~~r~~~r~~ , ~~'' C~AMPEP 
e ••. pt .. ;:: r :. G !: , / n c 1-. 

c •.• i::: .. r ... :.,z,.nr' ""SI"' 
..- , ••'CT!: :·rt Ti./1_ TZLi!(" 
!'- ••• ' 1 1 ;, r r. ~ ~- ;. :- r l ·1 I c :, 
1o.· ... tC'Tllt.Ti""':: !=Lli)l'?F. 
r. •• , S 1 .. '. ,. r: ~ T '" ! r', Ii E. r, f ~ 
;. ... t~::ri:.r~ t::1r::nc.:.: 
'I' • • • ;. t. ' .. ".' J ".: r. T 4 ~ I( 

L ••• ~~~LY 1~~l~&T}C~ 

~ ••• l"HL. ... r:r.~A ;:'"€:Sl.1-'E FIL'Tl=A't-

l\'Vni''E'-i c~~T~: 
1 • C p· ~ T ,_ L. CT l C "-
2. LH.f· 
3 • E ~- G ! '· ~ ~ '" l 1\ r; 
/.; • C C " T H. ti !: ~. r ¥ 
TCiAL 

YEA~LY C~F.~A1l~G rCsTEr 
l, Lbl?UW 
2. PCH:ll 
3. P·E .. l"A!..S 
~. "'Al~T~"b"-(E~~LFCLlES 
TC TAL 

iCTAL V[AhLY rCSTS1 

1283b30.C'IO 
?lbt.l'l.00 

i2e3bo.oo 
12flHO.CO 

tSti2010.C'l'I 

711cno. oo 
167120.0I) 
3£i"OO.~!' 

qb@0,00 
28~!7C,Otl 

1, YfA~LY co~o~TI·~ CCfT ~8h170.00 
(', '~11-1.V l'v~~,"~hT 

r.:t n ~-:CC\I:';;" fi?.wflC\.Ol'r 
~ • 1: ~ cc;~ t: I /. T I C •. 7 7 Co? 0 , ~ Cl 
lr1AL ~2~~1c.o~ 
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TADLE 274 

~EMI ZED COST SUMMARY Fon /\LTERNliTIVE A18-)C 
(OTHER BRE\-IERIES) 

T1FfJz~;, cr:.iT St.."1'1.lor'I' F'Cr. •/.~Hi.HI:"~ Pit6P':l\T C'"'Al'· 
r€~I~~ EF~]~;E~~v ••• qq,r ~~~rfhl ~r~ ~E~~CTI(I\ 

' i: ~ 1. T ~ • ~ .,. :. l r 1. L ~: s : 
~i •• rrq~rL '"CL~! 
El,.~C~~'~f'G ~ ~~JT CMA~~fi:; 
f • • • ~ • · .., ;; r ... r. ~ r r. r r i- '· 

C , , • i:_ :;. 1. ~ L l ~ t; i l ,.. ' ? A S : '· 
F ••• i.rn: ~.EL1'.LLJZ:11c~ 
r.,.~:i:~~F~ •r~Jil('" 

r- • • • I c ~ l 1.' t , F r ~ L l. r C: E 
G ••• ~L.LC:Gr 11--lCiLF,..~,; 
~ ••• et"r"IC tli:::src~ 
V.,.~LI ~I'~ TJ.~~ 
L ••• ~~rr.v 1~~I~•TT~' 
.._,,,C'l.i.l. 'FCTi. PO:!SSL.i<F FJLiJ:<A 1 1\· 

z ••• Ac Tr v 1. ,. ~ r· ,. t ~ j' r' t i: ~· ,- 1.. i..:,. ! , · ~ 

!"VE~i~E ... T rcsTSt 
1. CCl>.!=1;;1.JT!CI\ 
2. LA"(\ 
3. F'GIHfQio,:r. 
"• ~Cl\TH.\;fPliC'f' 
TCT AL. 

YEA~LY C~(~Alll\G CC~i~t 

1o L6~:·c: 

z. ~r~i:i; 

l. C'""~"'JCALS 
~. ~,J.,.Tf\A~Ct~ELrDLJfS 

TC'TAl. 

,.::,.AL Yt:t.,;1_y CC'~T~t 

203Hll0.C'O 
2lb00,CI) 

2C'3?t-o,on 
~o3Ho.oo 

2ubte10.oo 

7Qc;'70,(l('I 
icn~fln,ol'I 

3U'-CO.oo 
so1~,,.c,, 

3')'+t-10.0C' 

1. iwrtr·l" ':;;.~C:~'Tl'~ Cl.'ET !SGt-~O.C'C' 
~. v;.~~l" p \'F::T•·~~T 

ri:r::; i;~r~:;o;r: ... 
3. i.lr.~r:nnrr ... 
l CT" L 
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DR/\rT 

The resulting 000 w~ste lo~d is 0.48 kg/cum (0.12 lb/bbl), and the 
suspended solids load is 0.60 ~g/cu m (0.10 lb/bul). 

Costs: Total investment cost: 
Total yearly cost: 

$2,694,560 
$ 638,610 

An itf::mized breakdo ... m of costs is presentc.>d in· Tab1e 27~ It is 
assum~d that land costs $20.SlO per hectare ($8300 per acre). It 
is fLJrther assur.1ed that six operators are required. 

Reduction Benefits: BOD: 96.4 percent 
SS: 89. 1 percent 

Alternative A 18-XII - This alterna~ive adds dual med1a filtration 
to Alternative A lG-XI. 

The resulting BOD waste load is 0.24 kg/cum (0.06 lb/bbl), and the 
suspPnded solids 1oac is 0.34 kg/cum (0.09 lb/~bl). 

Costs: Total 1nvestment cost: 
Total yearly co~t: 

$2.782.630 
$ 659,140 

An itemized brea~down of costs is presented in Table 276. It is 
assumd that land costs $20,SlC per hectare ($8300 per acre). It 
is further assumed that six operators are required. 

Reduction Benefits: BaD: 98.2 percent 
SS: 94.5 percent 

Alternative A 18-X!Il - This alternative adds activated carbon to 
Alternative A 18-Xll. 

The resulting BOD waste load is 0. 12 kg/cum (0.03 lb/bbl), and 
the suspended solids load is O. 17 kg/cum (0.04 lb/bbl). 

Costs: Total investment cost: 
Total yearly cost: 

53 ,687 ,440 
s 814,010 

An itemized breakdown of cr·!>t~ is presented in Table 277. It is 
assumed that ldnd costs $2'-·.510 per hectare ($8300 per acre). It 
is further assun~d that six operaturs are required. 

Reduction Benefit~: BOD: 99.0 percent 
SS: 97.3 percent 

A cost effic.iency curve is presented in Figure 299. 

Cost And Reduction !hnefits of Alterna.Uv!....J.re~tment Techncilog1es 
J.gr Su~Q.U>.SQ!.LA.J 9 - tja Jt 

A model plant representative of sub:iltegory A lS was developed in 
Sect1011 V for the purpose of applyir11J control and treatment aiter-
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TADt.E 275 

ITEMIZED COST su:·::·lATl.Y FOR ALTERNATIVE A18·XI 
(OTllER BTl.EVIERIES) 

ITf~!ZEC C~ST s~wr·A~Y FU~ ~ASTE~ATE; TREAT~E~T C~AIN 
CE~l~\ E~F1::E~CY ••• Q~.~ PE~CE~T ec~ RE~UCT!C~ 

TRE~T~f~T ~ccwLtts 

~1.,C~~T~CL ~CLSE 
E1 •• SC~E~~l"G & G~IT C~A~~E~ 
e, •• FU!1 Pi~-r. sit.TIC~· 
c ••• E~~ALlZATlr~ HAS!~ 
F,,.4C'C ~ELT~AL1ZLTl2\ 
~ ••• ~lT~r~~~ A~C1TlC~ 

Il\\'E~T"E!-.1 CC~i~1 

~ •• ,ACTIVLT:~ !LLGG: 
(,,,SLL~GE T~!CK~~E~ 
F ••• ~E~:~lC DIGEST:i~ 
l,.,SA~~ ~~Yl~C ~EDS 

1, CC~ST~l.CTIC~ 
2, L.A~!") 

3, El\:G I N~E;; !1.c 
44 • tC~T l t..H t-.C Y 
lClAL. 

YEARLY CFf.Q4Tl~G crST!r 
1. 1./.8~1=> 
i, fo'r'~FQ 

l • C "" E ~· I t:A l S 
Q, ~AINTf~A~CE~!LPPLIES 
TCTAL 

T~TA~ VE4~LY CCSi~: 

C!H1f.10C,CIO 
1COOLIC,CO 
i>1b21C,tl0 
2lbZ10.C'O 

2fJtfUSfl0, 00 

1uq10.C10 
1'3UHIO.OO 

JU4'00,00 
13bqi::o.oo 
"01100,00 

1 • yr Ai:: L y c pc "A T : '· c c 1: s T LI c 11 0 0 • 0 n 
2. V(/~L~ ll\Vf5TrE~T 

CC~T R~crvf~Y 1077Ec.o~ 
l, CEPl./fCIATl( 1 t.. 1ii.''l':'JO.OO 
TCT6L 6l~bl0,00 
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TABLE 276 

ITEMIZED COST SUl'it·;,'1.RY FCR ALTEJIJjf,TIVE AHl-XII 
(OTHER BREWERIES) 

ITE~TZFC crs' s~v~A~y FG~ ~6~TE~,Tf~ TREAT~E~T C~Al~ 
o E 5 xr: ·. f ~ n c IE~ c v • • • ~ ll • ? PE~ c Er. 1 P:: n ?. c.c: u c T H: ~. 

TREAT~E~T ~co~L~~: 

E)..cc•.rr.cL '-C.LH 
E1 •• sc~E:~1~~ & G~lT C~A~e£~ 
ij •• • PL/''f; P.-C: ~ l t. Tl Ct\' 
C,.,E~~ALlZ•Tl(h ~£5!~ 

F 00 ,AClC ~~Ll~tLllA1lC" 
~ ••• ~11~~[~~ A~tlTlG~ 
~,.,ACTJVATE~ PL~?GE 
C ••• Sll.ur.t. i'"'ICV:'°'~ E'" 
~ ••• AEMC~rc C!r.~~TCR 
T,,,SA"-v c~"'Pr. PE~s 
~ ••• O~AL ~~C!A ~Q:SSL~E ~lLTRA'N 

I~~f~iwE~T CCSTSf 
1. CCl\Sl'iLCTICt>. 
2, LH0 
J, t:t-c;11:s::t,i;;:~G 

~. c.ci.,;n~.c:E~cY 

lC UL 

YEARLY OPERATI~G CCS'S1 
1, LAfC·'-' 
2, PC~.p; 

l. C!-f~~l~t.L~ 
,., ~AJllT:l.ai..cusLFDL.1£8 

TCTAL 

TC~A~ YE6RLY CCSTE: 

2c354J"O. CIO 
10COt.O ,0') 
cZlssc.oo 
22lSS0,00 

c7s,e,:o,co 

7'1970.00 
&~ol7c.oo 

l""oo.oo 
t:Ht~i::t.CJO 
~1!7(10,00 

l. vr~RLY [pfg6T!~~ LOST ~!3700,00 
21 Vtb~lY l~Vf ST~~~T 

crsr ~rrrvF~Y 111310.00 
J. ~f P~ErY~TJr~ 13~130.00 
TCTA~ t~q1uo,oo 



-a· , 

TAl>LE 277 

ITEMIZED COST SU!·~~·V•.P.Y FO~ /\LTERt:AT!VC A18-XIII 
(OTHER GR[\!Ll'Ui:S) 

JTf~rz:o c~ST SL~~~k, FD~ ktSlf~ATE~ TREAT~fp..;T C~AI~ 
CESl~~ EfFIC!E~CY,,, qq,c PE~c:~T ec~ R~C~CT!Cp..; 

fll •• cc·.1~~:.. t"CLSE 
E~ •• ~c~~F~I~~ l GQIT c~,~~E~ 
P ••• ~L~~1~~ ET67J~N 
c,,,fl';'Lt.l . .T7~,.rrl\ EA5H. 
F , " • O C i :." 1 \J FL ~ . ( I. ~ j Z :.. i l [' "
~ I I I ~ .. r Ti; r· c: ~ " /, ;- ~ l i j l \ 
~ •• ,ALT!V'T~~ ~LLr~E 
C ••• 5LL~G! ~~:~~~\ER 
~ ••• Af~L=!t r:r~~T(~ 
T,,.~,~~ D~~l~~ ~ECS 
~ .... (;L.f,L •·:~·~t P'-':SSLRE FILTC:A•."i 
z ••• ACT%VAi~C ri~rtl\ ~r!C~P7I~~ 

ThVf !=H.:•.T C(S1 ~: 
1, rr.11i~HLCTIC"-
2 I Lt.~: D 
3 , ~· I\' G Y N f ". ~ P<i 
'I, CCt"flr,GEr.;r" 
TCTAL 

YEA~LY OPE~ATl~G CCST~r 
I, LAHC'R 
c. PCl>-fF' 
3, Ct-'EMI~t.l.S 
~. r'I~T~p..;&PCE&SLFPLIE~ 
TCT.AL 

TC''L Yf t~LY CCST~r 

2qeqsno,oo 
SC'OO'JO,OC 
2qeCJSO,OC 
2qE1qso,oo 

3b87"U0,00 

'"Q70,00 
IQOS30,CC 

3"11CrC,O(:I 
1872.;jO,OO 
u~71uo,oo 

1. YF.~ICU' CP:i::~T:H- CCST :.oi1~0,l'l0 
2 • Y r A I' L " 1 ~ \ f ~ T L· i: "' r 

cr~T ~ECC'\·f:.>r 
3 • D F P ~ f C I t T l C'" 
TlHL 
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n.itives. In Section VII. seven alternatives ~1ere selected as being 
app1icab1~engincerin9 altern~tivcs. These alternatives provide 
for various levels of 1·1a:;te reductions for the model plant which 
produces 350 kkg (16,000 bu) per day. 

Alternative fl. 19- I - This alternative assum?s no trcatJnent and no re
duc~ion in tne 1·1aste load. It is estimated that the effluent from 
a 350 kkg (16,000 bu) per day plant is 2590 cu m (0.685 MG) per day. 
The 000 waste load is 4.55 kg/kkg (C.218 lb/bu), and the suspended 
solids load is 0.77 kg/kkg (0.037 lb/bu). 

Susoended solids in the waste, consisting mostly of grain and sprouts. 
are assumed to be removed by screening prior to discharge. 

Costs: 0 
Reduction Denefits: None 

A1ternati ve A 19- !J - This alternative pro vi des a control house, fl ow 
equaiizatio~. nutrient addition, and a~ aerated lagoon syste~. 

The resulting OOD waste load is 0.22 kg/kkg (0.011 lb/bu), and the 
suspended solids load is 0.13 kg/kkg (0.0062 lb/bu). 

Costs: 7otal investment cost: 
Total yearly cost: 

$1,200,150 
$ 572 ,660 

An itemized breakdown of costs is presented in Table 278. It is 
assumed that lar1d costs $~100 per hectare ($1650 per acre). It is 
further assumed that trio operators are required. 

Suspended solids in the waste. consisting mostly of grain and sprouts, 
is assumed to be removed by screening prior to discharge. 

Reduction Benefits: BOD: 95.2 percent' 
SS: 83. 1 percent 

Alternative A 19-III • This alternative provides in addition t~ 
Alternative A 19-ll dual mt?d1a filtration. 

The resulting BOO waste load is 0.11 kg/kkg (0.0053 1b/bu), and 
the suspended solids load is 0.06 kg/Ug (0.0029 lb/bu). 

Costs: Total investnent cost: 
Total yearly cost: 

$1 ,245,740 
$ 583,300 

An iter.1ized breakdoh'n of costs is ;:>re~ented in Table 279. It is 
assumed that lancJ costs $4100 per hectare ($1660 per acl"'e). It 1s 
further assumed that two operators are required. 

Suspended solids in the waste, consisting mostly of grain and sprouts, 
is assur.1ed to be removed by screenini:; prior to discharge. 
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TADLE 278 

ITEMJZCD COST SUl~MP.RY FOR ALTERNATIVE Al 9-II 
(MALT) 

lTE~!ZE" C~~T SL~~J.~Y FO~ ~LST~"'61EP TF~AT~E~T C~AIN 
OESir~ EFFillE~CY,,, q~,1 ~~~CEl\l ~OD RED~CTIC~ 

TREAT~fNT ~ccw~~St 
P1 •• ci:,..,Tnc1. 1-CLSE 
~ ••• PU~F!~~ !lAT!C~ 
C, •• E~LLLlZ~TICI\ ~ASI~ 
~ •• ,NIT~CGEI\ ACC!TIC~ 
L,,,AEn~iED LAl-CCN 

ll\VE!T~E"T CC!TS1 

YEA;(LY 

11 C~l.ST~LCTICI\ 

C:. LH-n 
J, E"C!fl.E:;:ip,G 
"• CO'Tll\C:~td~V 
S, F\IC Lil\ER 
TC'HL 

CPEPAT!"-'G CCSTS: 
1, LAec;; 
2. FCl'EF" 
3, CMl:'.t-11Ct.LS 
I.I , t~ A I ti: TE "J. "': C E R SL PF L IE S 
5, FVC LHEP. 
TC:T6L 

q5qe,qo,oo 
127UC,Ou 
q5q10.oo 
qS<i70,0C' 
3~7e0,CIO 

1200150,00 

z~q.;o,on 

'401SUO,OO 
3030.00 

3'4080,C'O 
hll0,00 

'1bS280,00 

TCTAL YEAR~Y CCST~I 
1. YEt?LY CPEQ~Til\G CCST 1.1~s2eo.oo 
2. YEAHLY INVEST~El\T 

rcsT ~ECCV~~y "80!0,00 
3. Of~~ECI~Tl~I\ ~q310.oo 
TC:T•L 572000.00 
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TABLE 279 

ITEMIZED COST SUMMARY FOR ALTERNATIVE A~9-III 
{MALT) 

ITE~TZE~ C~5T SL1'~4~'Y ~CQ ~AST~~AT~R 1REAT~Et>.T CHAIN 
)E~:Gr-.. ~FFlCIE~Cv ••• Q7.~ PE~CE~T BCD REDUCT1C~ 

TREATl'E\T MCDWL~~t 
et •• CCl\lRCL ~CLSE 
e ••• ~u~P!~G ST~T!C~ 
c,,.E(l ~LI?AT:in Bl.SIN 
~ ••• NI 'T "'.: [:.I. ' ~ r. I T 1 c I\ 
~,,,AE~tlED L'~CCN 
B, ,.P 1Jl'l>lr>.:G Sl,TICI>. 
l\,,,CvAL ~EC!A P~ESS~RE FILTR~'N 

ll\VEST~El\T CCSlSr 
1 , C i: ;, S T c l C i I C t-.. 
2. LAl>.0 
3. Er.r.p.E:Rll:G 
Cl, CC1'--Tlt>.G€~.CY 
S, PVC Lll\ER 
TCTAL 

YE,QLY CPtR~TI~G CC~TS1 
l 1 LliBCR 
2, PClr<ER 
J, Cl"EllICALS 
II , r· A IN TE t\ Al\ C :& SL' PI' LIES 
S, ?VC Lll\ER 
TC:TAL 

TCTAL VE•RLY CCST~I 

qq7bf:O,Otl 
12Ho.oo 
qq11c.oo 
qq710,on 
35Ho.oo 

12U57CIO,OO 

2110QC,OO 
nc7a'5o.oo 

3030,(\0 
3u110.oo 
suo.oo 

"71820,00 

1 • v E " jJ 1. v c P E RA ,. 1 ~· G cc s · ·· 1 1 e 2 c • o c 
2, 'El~L~ l~\FSlMfl\T 

CCST RECCVF~V uqe30,oo 
3. nEr~ECT£Tlr.t>. blbSC,OC 
TCTAL 583300,00 
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Reduction Cenefits: 000: 97.6 percent 
SS: 92.2 percent 

A cost effi~cncy curve is presented in Figure 300. 

AlternativE> A 19-JV - This alternative provides a control house, flow 
equalization, nutrient addition, a complete mix activated sludg~ 
system, sludge thickening, derobic digestion, and spray irrigation. 

The resulting BOD waste load is 0.22 kg/kkg {0.011 lb/bu), and the 
suspended solids load is 0. 13 kg/kkg (0.0062 lb/bu). 

Costs: Total investment cost: 
Total yearly cost: 

$709,240 
$176,410 

An itemized brea~do1·:n of costs is presented in Table2BO. It is 
assumed t:1at land costs $41,000 per hectare ($16,600 per acre). It 
is further assumed that three operators are required. 

Suspended solids in the waste, consisting mostly of grain and sprouts, 
is assumed to be removed by screening prior to discharge. 

Reduction Benefits: BOD: 95.2 percent 
SS: 83. 1 percent 

Alternative A 19-V - This alternative adds dual media filtration to 
A1ternative A lS-IV. 

The resulting BOD waste load is 0.11 kg/kkg (0.0053 lb/bu), and the 
suspended solids load is 0.06 kg/kkg (0.0029 lb/bu). 

Costs: Total investment cost: 
Tota1 yearly cost: 

$761.830 
$187,330 

An itenii·zed breakdown of costs 1s presented in Table 281. It. 1s 
assumed that land costs $41,000 per hectare ($16,600 per acre). It 
is further assumed that three operators are required. 

Suspended solid~ ~~ the waste, consisting mostly of grain and sprouts, 
1s assumed to .be removed by screening prior to discharge. 

Reduction Ocnefits: BOD: 97.6 percent 
SS: 92.2 percent 

A cost efficiency curve is presented in Figure 301. 

Altrrnative A 19-Vl - This alternative replaces spray irrigation of 
sludge in Alternative A 19-lV with send bed drying. 

The resultinq BOD waste load is 0.22 kg/kkg (0.011 lb/bu), and the 
suspendad solids loJd is 0.13 kg/kkg (0.0062 lb/bu). 
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TADLE 280 

ITE~IZEO COST su~~A~Y FOR ALTERNATIVE A19-IV 
(MALT) 

ITE~!Z~) C~~T SL~~'RY ~OR ~L~TF~&TER T~EAT~Ell:T CHAl~ 
DESI~~ EFF!CIE~CY ••• QS.1 PERC~~, ~cc HEOUCTIC~ 

TREAT"'E~T MCD~LfSr 

It-VOP'E~ T C~STS: 

e1 •• cr.~.'T'CL "'CLSE 
P. 0 •• ~L'"'"'I"r. SlAilC'-: 
c ••• E~L•LI7A'Tir"' ~AST~ 
~ •• , t~ l 'T ;.; CG I'. '- :, :: : ! T ! :' I\ 
~ ••• •CTjv4l[C ~L~DG: 

c •• ,SLL~Gf T~IrKE~E~ 
R ••• AE~~clc C!~ESTCQ 
v ••• ~~L:T~G ,,~~ 

u ••• ~~~AY i:;IGATir~ 

1 , C C \ :: T i:; L1 CT ! C ~ 
2. u11:e 
3. E~GJ~·EEi:;p,r, 

ii, cr:11.Tp .. GE,..,CY 
Tri AL 

YEARLY CP!QATZ~G crsTsr 
1, LAE!C~ 
2. FC~·ER 
3, CH"'!CALS 
"• ~AI~TE•A~CE~SLPPL!ES 
'TC TAL 

TCTA~ YE•~LY CCST~I 

Sb2S70.00 
3"150.00 
~tl2&0,(IO 

5t>2eO,oo 
'70q2£i0,00 

J71Jll0,00 
bc'~0,00 

3030,00 
1oqqo.oo 

11zilqo.oo 

l. YfA~LY r?FPAll"'G CCST l1"2qo,oo 
2, YEA~LY I~YFS,~F~'T 

CCST ~~CC\[~Y 28370,CO 
3. CEF~fCIATJr~ 33750,00 
TCTAL 1'7&£il0,00 
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TABLE 281 

n.rnrzED COST SUMMARY FOR f,LTERllATlVE A19-V 
(MALT) 

JTF~!7~D (CST ~~~~L~V FC~ ~ASTr~£T~~ ~~EtT~f~T :•Al~ 

DES!G'. ~~F!C!P.cv, •• cn,5 Hl-'CF.~.'T ?rO ~E.C'UCTIC~. 

Tr.. E /. H' P T ,. u~ LL E c: I 
£11.,CP.Tt;Cl 1-c1 ~;:: 

~ I • I pl,;" I= I 1.1: ~ , :.. , J r:: ..... 
c ••• ~r,LJ.L.~7~'71'.:~ ~~~~"' 
~ ••• ~11~r~~~ A:c1r1r~ 

~.,,LC 9 IV~TE~ S~l~~F 

c ••• SLLGGE r1-:c~~~~~ 
~ •• ,t~~:~J~ C!~~~T:~ 
y ••• lo' (1 L C" ! '. G "i H. K 

L, 1 ,~P~6~ !~"!l-tTlC~ 

P 1 .,P~~Flh~ ~Tt~JC~ 
~,.,D~~l ~~~!' F~[SS~~E F!LT~A'~ 

!~VEST~E~T CCSTS1 
1. co:T"1.CT!Ct-.. 
2, LAI\!" 
31 f'-Gli.JEE.l:llt-:G 
"• CCNTil\Gfll.CY 
TCTAL 

YEA~LY CPEPATl~G ~C~TSr 

l1 L.A8(1Cl 
2, PCl•FR 
J, C~~~ICALS 
U, ~AI~Tft-..A~CE&SLFPLlFS 
TC"TtiL 

TCTjL Yl•~LV CCST~r 

b005f-C,Co0 
~i1:c.oo 
bOOt:0,00 
~OOe0,00 

7eite30,00 

37£ieo.oo 
b!!700,CO 

lOH,00 
11b20,00 

120e30,00 

l. Y[A~LY CP~~£T!~G CSST 12oe!o,oo 
z. Y~A~LY t~v~sT~~~T 

r:rsr ~J:crvrr:..-
3 • C E. I= I' J: C t A T l C'. "-
HP L 
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Costs: Totul investncnt cost: $971 ,480 
$229,030 Total yearly cost: 

An itemized brc~kdown of costs is presented in Table 282. It is 
assumed that l~nd costs $41,000 per hf:ctare ($16,GOO per acre}. It 
is furthr:!r ussun:~d that three operators ar.e requi.red. 

Suspended solids in the waste, consisting mostly of grai~ and sprouts, 
is ilSSJr.1ed to bf: removed by screening prior to discliarye. 

Reduction Benefits: GCD: 
SS: 

95.2 percent 
83.1 percent 

Alter~etive h 19-VJI - This alternative adds dual media filtration to 
Altern<.itive P. JS-Vl. 

The resulting BOD waste load is 0.11 kg/kkg (0.0053 lb/bu), and the 
suspended solids load ~s O.OE kg/lkg (0.0029 lb/bu). 

Costs: Tota~ investment cost: $1 ,017,070 
$ 240,470 Total yearly cost: 

An itereized breakdow~ of costs is presented in Table 283. It is 
ass~~ed tM~t land crsts Sll,OCO per hectare ($16,600 per acre). It 
is fJrther assu~ed that three operator~ are required. 

Suspended solids in the waste, consistin~ mostly of grain and sprouts, 
is as!'.umed tc be removed by screening prior to discnarge. 

Reduction Benefits: BOO: 
SS: 

97 .6 percent 
92 .z percent 

A cost efficiency t::l• 4 •1e is presr:nted in Figure 302. 

Cost and Redu:tion Benefits of Alternative Treatment iechnol~ 
for Subcateoon· A20-=-l·line:r1es l~itho"t Stills 

A model plant representative of subcategory A 20 was developed 1n 
Section V for the purpo~e of app1ying control and treatment alter
natives. Jn Section VII, tP.n alternatives were selected as being 
applicable engineering al terriatives. Tl1ese alternatives provide 
for various levels cf waste reductic•r.s for the model plant which 
processes 100 I.kg (200 toPs) of graocs pC'r day during crushing, 
and produces ~l cum (10,800 gal) rer day during processing. Since 
the·treatr.ient :;yr.icm war. !'ized (';i cru~hing season des1gn values, those 
ere the costs 1·1hich will be presented. 

The following process o;>eratit'nS are a~sumed for the model plant: 
(1) stems are considered a solid waste to be spread on vineyard 
property, (2) pressed po111,1ce may be used for distilling material, 
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TJ\CLE 2132 

IlEMlZED COST Slll·:'.'iMY FOi'! ALTCl1NATIVE Al9-VI 
(MALT) 

ITF~rztr =~~T SL~~tFY Fr~ ~\~TEbATEQ TREAT~f~T CHAI~ 
~~s=~~ EFF!Cl~~cv,,. qs.1 ~E~CE~T PCO ~EC~CTIC~ 

T~E&T~F~T ~C~~L~St 

I~VE!T~E~T CCSTSr 

e1 •• cc~T~CL ~~LSF 
B,, ,Pl;l"f-!'.C: SHiIC~ 
C , , , f ·': L /I l. : Z /. T Z :: I, i" .\ S ! ~ 
~ ••• ~IT~CGE~ L:C:TIC~ 
l<,,,AC'l'!\'!TEr' HLr-~E 
C,,,SLL~r.: T•j~~~~tR 

~ ••• t~~c~rc r1G:~r~R 
Y 1 , , H C: L :: : ". G 'T 6 ~. I< 

T ••• ~i~c o~~r~r. ?.E's 

1 , CC t..: Si w L ::'. i! C ~ 
2. LAf\·D 
3 • ~ H~ 1 ~J E' :: ~· P· G 
'i. rct-.TPGHCV 
'TCr AL. 

YEARLV O~E~•T:~G ccs1~1 
le 1.AbC"loe 
~. PCii.EFl 
J, CHE''lCbU 
u. ~6l~1f\~~CERSLPPLIE! 
'TCTAL 

TCT~L YEARLY CC~T~t 

775270,nO II, 150,00 
77~3n.oei 
775!0.00 

(17tueo,co 

37"eo,oo 
btq20.cio 

lnJo,oo 
u?n20.oo 

1uu1.1so,o~ 

~. YFAr.LV C~E~ATI~G CCST 1uuuso.oo 
c, '\' E H l. V I'"•; F ~ 'P· E ._ T 

CC~T ~~C\\r~v 3~~~0,00 

3. D~P~~C~hTir~ Ub520.00 
TCT4L 2zq530,oo 
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TACLC 203 

ITEMIZED COST SUl·:l1Al1Y FOR Jl.LTER!IATIVE A19-VII 
(MALT} 

!TE~~?~C c~ST ~L~~6~Y ~c~ ~4ST~~,T~R TR~AT~:t<.T C~A:~ 
!) Es! r f.. Er F ~ c I !:. ~. c v • • • c; 7 • ~ i:: ER;:£: t, 'r f.l ;: D Q E:; L,; c Tl l ~. 

T R E' Q T L' f '' T •. c : : .. .: L c s : 
P1 •• 1QtF.CL •Cl~E 
~ •• ,c~~?J~~ ~7tT!C~ 

c ••• f (j '- t ~ ! 7 :. i ~ r" t ;;. t. : l t. 
~ ••• ~!T~~~Ef.. ArC!TIC~ 

~ ••• ACT!~AT~~ ~LL~~E 
C,,,SLLCGE T'"l\"~"F.o) 
~ •• ,A~~~c!: ~!~~Si[" 
y • • • I~ C· l c l . :; '! ! t. I( 

T ••• s,~~ c~v!~~ ~E:s 
B,.,~~~~1~~ STAT!~~ 

"'·°'••r:l..'6~ "E.'.:l! FPIE5SL.~E FIL'T!Ot>'"" 

I~VEST~E~T CCSTS: 
1, CCt-.SiRLCTlt.:._ 
c, L.""!) 
3. ~l\'CiH:H~l"IG 
", CC'~. Tl t<. GE ~:c v 
TCHjp 

YEARLV CFrR,TI~G CCST~' 
1, 1.tSC? 
2. PC...,EP. 
3. C~E"llr:tLS 
4', r'l.INT~t t.\CE&HHLIES 
TCTAL 

TCTAL VEAPLY CC~TS1 

e132eO,CO 
£11150,00 
ei:nc,oo 
81330,00 

io17010.on 

n"ao.oo 
b7830,00 

3030.00 
IJccSo.oo 

lsoqqo,oc 

i. YftRlY ci::~~ATJ'~ rcsT 1~eqqo,~o 
2, YE'hLY l~Vf ~T~[~T 

CCST Q~CCVfgV uo~e~.O" 
3. crc~Ec:~~1c~ ~Psoo.oo 

TCT~L 2~0~70.00 
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niay Le srire:cJd on vi nc Jiu rd property, or mily be re cove red as a by-product 
(3) diatornaceou~ earth (srent filter Jid) is considered to be cJ solid 
wasti: to bc~pre:..id on viney.:ird pro~crty, (4) no distillation is done 
on the premises, and (5) \1u:-,tewat.er is screened prior to discharse. 

Alternative A 20-1 - This a1ternative assumes n_o treatr.ient and no re
duction in tne w~ste load. It is estimuted that the effluent from a 
180 r_l·q (200.0 tor.) per day plant is 276 cu r:i (0.073 MG) pei- day. 
The B~D 11aste load is 3.57 kg/kkg (7.14 lb/ton), and the suspended 
solids load is 1. i6 k~/kkg (2.32 lb/ton). 

Costs: 0 
Reduction Benefits: None 

Altern~tive A 20-II - This alternativ~ provides a contrcl house, flov1 
equalization, nutrient addition, neutrali1~tion, a com~lete mix 
activated sl~~;~ s;s:e~. slud~e thickening, aerobic digestion, dual 
media filtra:1on, and spray irrigation of sludge. 

The resulting BO~ waste load is 0.77 kg/kkg [1.54 lb/ton), and the 
SJsper.ded solids load is 0.115 kg/kkg (0.230 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$414,130 
$116,400 

An itemized breakdown of costs is presented in Table 284. It is 
ass~1c:d that larid costs $41,000 per he::tare ($16,600 per acre). It 
is further assumed that three operato~s are required. 

Reduction Benefits: BOD: 97.8 percer.t 
SS: 90. 1 percent 

Alternativ~ A 2~-!!I - This alternative adds dual media filtration to 
A 1 ten«! ti ve A 20-IT:-

The resulting BOD waste loLd is 0.33 kg/kkg (0.76 lb/ton), and the 
suspended solids load is 0.0540 kg/kkg (0. 108 lb/ton). 

Costs: Total i nvestrnent cost: 
Total yearly cost: 

$434,350 
$122.300 

An itemized breakdowl" of costs is presented in Table 285. It is 
assu~:ed that 1and costs S41 ,OClO per hectare ($16,600 per acre). It 
is furtner assu111ed that tl1ree operators are requ1red. 

Reductio~ Benefits BOD: 
SS: 
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98. Y percent 
95.3 percent 

E 



ORMT 

TAnLE 284 

ITEMIZED COST SUMMRY F'OR Ill TEP.r:r.TI VE A 20-I I 
(WINERIES WITHOUT STILLS) 
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TAaL£ 285 

ITEMIZED COST SUi·:tlAP.Y FOR AlTEF:rJATIVt A 20-lII 
(WINERICS WITHOUT STILLS) 
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J'.1tcrn.1thP...A 20-JV - This alternative provides in additio~ to Alter
native A 20-111 activated carbon. 

The re~ulting COD wast~ load is 0.23 kg/kk~ (0.46 lb/ton), and the 
suspended solids loud is 0.031 kg/kkv (O.OG2 lb/ton). 

Costs: Totul ;nvestment cost: 
Total yearly cost: 

$502.200 
$P5,770 

An itemized breakdown of costs is presented in Ti!ble 286. It is 
assu~ed th~t land costs 541,000 per hectare ($16,600 per acre). It 
is further assumed that three operators are required. 

Reduction Benefits BOD: 99.4 percent 
SS: 97.3 percent 

A cost efficiency curve is presented in Figure 303. 

Alternative A 2'J-V - This alternative replaces spray irrigation of sludge 
in Alternative f... 20-Il with sand drying beds. 

The resultins SOD waste load is 0.77 kg/kkg (1.54 lb/ton), and the 
suspended solids load is O. 115 kg/kkg (0.230 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$492,450 
s 134, 160 

An iter11ized breakdown of costs is presented in Table 2S7. It is 
assume~ that land costs $41,000per~ectare ($16,600 per acre). It is 
further assumed that three operators are required. 

Reduction Benefits BOD: 97.8 percent 
SS: 90.1 percent 

A1ternative A 20-Vl - This alternative provides in addition to Alter
native A 20-Y dual media filtration. 

The resulting BOD waste load is 0.38 kg/kkg (0.76 lb/ton), and the 
suspended so1ids luarl is 0.054 kg/~kg (0.108 1b/ton). 

Costs: Tvtal investment cost: 
Total yearly cost: 

5512,68Cl 
$140,070 

An itemized breakdown of costs is presented in Table 288. It is 
assulTJ('d tl:at land costs $41,0'.JO per hectare ($16,600 per acre). It 
is further assumed tlrnt three operators are required. 

Reduction Benefits BOD: 98.9 percent 
SS: 95.3 percent 
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DRAFT 

Alternative A 20-VII - This alternative adds activated carbon ta 
Al tern at i ve ~ 20-V r. 

The resulting BOD waste load is 0.23 kg/~kg (0.46 lh/ton), and t~e 
suspended solids load is 0.031 kg/kkg (0.062 lb/ton). 

Costs: Tota1 investment cost: 
Total yearly cost: 

$580.520 
$164,530 

An itemized breakdown of costs is presented in Table 289. It is 
assu:n':!d that land costs $41,000 per hectare (~:6,600 pe .. acre). It 
is further assumed that three operators are required. 

Reduction Benefits BOD: 99.4 percent 
SS: 97.3 perc~nt 

A cost efficiency curve is presented in Figure 30~ 

Alternative A 20-V!II - This alternative provides flow equalization, 
nutrient adtition, neutraliza:ion, a~ aerated lagoon syste~. a~~ dual 
media filtra:ion. 

The resulting BOD waste load is 0.77 kg/kkg (1.54 lb/ton), and the 
suspended solids load.is 0. 115 kg/kkg (0.230 lo/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$413,090 
$172,300 

An itemized breakdown of costs is presented in Table290. It i~ 
assumed that land costs 54100 per hectare (Sl660 per acre). It is 
further assumed that one operator is required. 

Reduction BenefiH BOD: 
$('. 

¥. 

97.8 percent 
91J. l percent 

Alternative A 20·IX • This alternative provides in addition to Alter
native A 20~Y1-rr-aLial media filtration. 

The resulting BOD waste load is 0.38 kg/kkg {0.76 lb/ton), and the 
suspended solids load is 0.054 kg/kkg (0. 108 lb/ton). 

Costs: Total investment co~t: 
Tota1 yearly co~t: 

$433,290 
$178,210 

An itemiz;.d breakdown of costs is presented in Table 291. It is 
assumej that land c:osts $4100 per hectare ($1660 per acre). It 1s 
furthEr assumed that one operator is required. 

Reduction Benefits nov: 98.9 percent 
SS: :5. 3 percent 

.. ·-··-~-----~-- -- --------- ~~-------
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7ABLE 229 

ITDtlZED COST suriw\~y roR AL TEP.N/\TJVE A 20-VI I 
(WIHERJES WITHOUT STILLS) 
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Tfil3LE 290 

ITrnl Zi:D COST su:::.',l\P.V FOR AL TErrnAilVE A 20-VI I I 
(WINERICS WlTHOUT STILLS) 
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TABLE 291 

ITEM I ZED COST su;·~l1ARY FOR /\L TERt/ATTVE A 20-I x 
(~J!l~lRIES W~THOUT STILLS) 
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Alt~rnativr A 20-X - This altcrnilt1vc provides in addition to Alter
native-/\ ~o-=-1x activtltcd carbon. 

The resultin'.}1!00 viilste ·1ood is 0.23 kg/kk9 (0.116 lb/ton). and the 
suspended solids load is 0.031 kg/kl:g (0.062 11.>/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$501.~60 
$202.670 

An itemized breul'.down of costs is presented in Table 292. rt is 
~ssu~ed that land costs $4100 per hectare {$1660 per acre). It is 
further assumed that one operator is required. 

Reduction Benefits: BOO: 99.4 per~ent 
SS: 97.3 percent 

A cost efficiency curve is presented in Figure 305. 

Cost anc ~E:duc:; 0:' E.enef~ ts of ,',l tern at i ve Treat~e:-n: Techn:> I 2~- for 
Su~cateqorv h 21 - ~iner~es with S:ills 

A mode1 plant reo:-esentative of Subcctegor_v A 21 v1as developed in Sec:ion 
V for the purpose of applying control and treat~ent alternatives. In 
Section VII, t1·t0 alternatives were selected as being applicable engi
neering alternatives. These alternatives provide for various levels 
of waste reducticns for the model p1ant which processes 700 kkg (760 ton) 
of grapes per day. 

Alternative A 21-I - This alternative assumes no treatmen~ an~ no reduction 
in the waste loaa. It is estimated that the effluent from a 700 kkg 
(760 ton) per day plant is 1700 cum (0.442 MG) per day. The BOD waste 
load is 13.9 kg/kkg (27. 7 lb/ton). and the suspended solids load is 
13.6 kg/kkg (27.3 lb/ton). 

Costs: O 
Reduc:ion Benefits: None 

Alternative A 21-!I - This alternative consists of~ holding tank, pumping 
station, pipeline, and land spreading. 

" 
The r~sulting BOD waste load is zero. and the suspended solids load is 
iero. 

Costs: Total investment cost: 
Total yearly cost: 

1070 

$381,640 
$ 52,310 
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TAOLE 292 

JT(MIZED CO'.>T SUMMARY FOR AL TEl'WATIVE .A 20-X 
(Wrn:r.ES rl!lliv:JT STILLS) 
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An itc:nized brea~down of costs is presented in Table 293. It is assumed 
thilt lr:ind cost.~·~ifJ:J per hectare n1660 per acre). It is furt.her 
assum::c that t.1·10 operators are required. 

Reduction Denefits: ~OD: 100 percent 
, SS: 100 percent 

Cost and Reductio~ P.ene7its of Alt~rnativc Treat~ent Technolooies 
for Su~:ate~ory ~12 - Grain Distillers Oper~ting St1llage 
Recovery Svs ter;.s. 

Two model plants representative of Subcate~ory A 22 were developed in 
Section V for the purpose of applying control and treatment alter
natives. In Section VII. nine alternatives were selectecl as being 
applicatle engineering alternatives. These alternatives provide for 
various lev~ls of waste reductions for model plant A 22-A which pro
duces 380 kkg (lS,008 bu) per day. 

Alter~2tive P 2:-~-I - This altern2tive a~sumes no treatment anc.no 
reduc:icn in the waste load. It is estimated that the effluent from 
a 380 kkg (15,0JO bu) per day plant is 2500 cum (0.650 MG) per day. 
The BOJ ~aste load is 6.0L kg/kkg (D.336 lb/bu), and the suspended 
solids loac is 4.21 kg/kkg (0.236 lb/bu). 

The model plant assumes screening of the effluent prior to discharge. 

Costs: O 
Reductior Benefits: None 

Alterna~ive A 22-A-II - This alternative provides flow equalization, 
nutrient addition, and an aerated lagoon system. 

The resulting BOD waste load is 0.26 kg/kkg (0.015 1b/bu), and the 
suspended solids load is 0.32 kg/kkg (0.018 lb/bu). 

Costs: Total investment cost: $1,231 ,320. 
$ 602,940 Total yearly cost: 

An itemized breakdow" of costs is presented in Tab1e 294. It is 
assumed that land costs $410D·per hectare ($1660 per acre). It is 
further assumed that one operator is required. 

The model plant assumes screening of the e&fluent prior to ~ischarge. 

Reduction Benefits~ BOD: 
SS: 

95. 7 percC?nt 
92. 3 percent 

Alternative A 22-A-Jtr - This alternative provid~s 1n addition to 
Alternative A 22-A-ll dual media filtr.:.t·ion. 

1073 
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TJiOLE 293 

rrmIZED CCST su:·:'~/\r.Y For. ALTC~f~A711/~ A 21-1 J 
(WINERIES WITH STILLS) 
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TABLE 294 

ITEl'IZED COST SU~1::~ARY FOR ;'\LTtR~:.:..nvE /', 22-A-II 
(GR~I~ DIS~ILLERS OPERATJ~G $TILLAGE nrco~ERY SYST~MS) 
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Tl~c rr?sul:.i119 i.:cei 1·1~Sl(' lo.:i~ is 0.13 ky/kl:g (0.0073 lb/bu). arid the 
suspended ~olids lodd is 0.016 kg/kkg (0.0090 lL/hu). 

Costs: Totill invenm~nt cost: $1,276,250 
$ 613,420 Total yearly cost: 

An itemized br~il~down of costs is presented in Table 295. It is · 
assu~ed that l~nd costs S410Q per h~ct~re (S~GGD per acre). lt is 
furti1er assul7l(?d that one operat.,r is required. 

The inodel plant assumes screening of the effluent prior to discharge. 

Reduction Benefits: 1300: 
SS: 

97.B percent 
96.9 percent 

A cost efficien~y curve is prese~ted in Figure 306. 

Alto:?rrctive f. 22-!-~I\I - This alternative provides a control house, f101v 
equaT~zation, a c:::m:;::tlete mix activilted sludge syster., sludge thickening, 
at:rcliic c:gsstic.-., anc silnd drying beds. 

The result~n9 909 waste load is 0.25 kg/k~g (0.015 lb/bu), and the 
suspen~e~ solids load is 1.32 kg/kkg (0.018 lb/bu). 

Costs: Tota: inves7.er.t cost: 
Total yearly cost: 

$1.230,170 
$ 289.080 

An itel'lized breakdo1·;n of costs is presented in Table 296. lt is 
assumed that land costs Scl,000 per hectare ($16,600 ~er acre). It 
is f~rther assu;:-:ed that three operators are required. 

The model plant ass~me~ screening of the effluent prior to discharse. 

Reduction Benefits: BOD: 
SS: 

95.7 percent 
92.3 percent 

Alterr2tive A 22-A-V - ihis alternative provides in addition to Alter
native~ 22-A-lV-dual media filtrati~n. 

The resultiny BOD waste load is 0.13 kg;kkg (0.0073 lb/bu). and t~e 
su:.pe:.ded soi"ids loJd ~s 0.16 kg,'kkg (0.0090 lb/bu). 

Costs: Total investment cost: 
, lotal yearly cost: 

$1.275.110 
$ 299.560 

An ite;::izcd breakdo1vn of cost~ is presented in Table 297. rt is assurned 
that land costs $41,000 per hectare ($16,600 per acre). It is furth~r 
assumed tha! three opera~ors are requi~ec. 

The model plant assumes screening of the effluent prior to discharge. 

107t.i 



TABLE 295 

ITEMIZED cos; sur·1'~M~V ron AL rrnr:ATIVE {\ 22-A- I I I 
(GRAIN DISTILLERS OPERATIN3 STlLLA~E RECOVERY SYSTEMS) 
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TABLE 297 

ITEMIZED COSi SUMMARY FOR AL TERN~TIVE A 22-A-V 
(GRAIH DISTlLLERS O?ERATI~G STILLAGE RECOVERY SYSTEMS~ 
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Reduction Oenefits: BOD: 97.0 percent 
SS: 96.9 percent 

A cost efficiency curve is pre~~nted in Figure 307. 

Alternative A 2~-A-VI - This alternative replaces sand drying beds in 
Alternative A 22-A-lV with vacuum filtration. 

The resulting DOD waste loud is 0.2€ ~g/kkg {0.015 lb/bu), and the 
susp~nded solids load is 0.32 k9/kkg (0.018 lb/bu). 

Costs: Total investment cost: 
Total yearly c~st: 

$839,260 
$221,570 

An· itemized breal:d::>wn of costs is presented in Table 298. Jt is 
assum2d that land costs 541,000 per hectare (S16,60G per acre). It 
is further assu~~d that three operators are required. 

The model plart assur:JEs screening of the effluent prior to discharge. 

Reduction Benefits: BOD: 95.7 percent 
SS: 92.3 percent 

Alternative A 22-A-V!I - This alternative provides in addition to Alter
native A 22-~---;Y-aua1media filtration. 

The resulting 00~ waste load is 0.13 kg/kkg (0.0073 lb/bu), and the 
suspended solids load is 0.16 kg/kkg (O.OJ90 lb/bu). 

Costs: Tota1 investment cost: 
Total yearly cost: 

$884,220 
$232.060 

An itemized brea~down of costs is presented ir. Table 299. It is 
assumed that land costs $41,000 per hectare ($16,600 pt?r acre). It 
is further assumed that three operators are required. 

The model plant assur.ies screening of the effluent prior to discharge. 

Reduction Benefits: BOD: 97.8 percent 
SS: 96.9 percent 

A cost efficiency curve is presentzd in Figur~ 308. 

AlternativP. A 22-A-VJTI - This alternative replaces the sa~d drying 
beds in Alternative A 22-A-IV with spray irr~gation. 

The resulting GOD waste load is 0.26 ~g/kkg (0.015 lb/bu), and the 
suspended solids load is 0.32 kg/kkg (0.018 lb/~u). 

Costs: Total investrr.Pnt cost: 
Total yearly cost: 

1061 

$1338,600 
$212,850 
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TAOLE 2~8 

ITE~IZEO co:;r su~~J,ARY FOR ALTtRW1T!V::A 22-/'.-VJ 
(GRAW DISTILLCRS O?~t\AT!i.G STii.:..AG: r.~:8'.i~RY SYSTEMS) 
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,-,, 1t""1i 70rl t1rC'·)ktlo1m of costs h prt'scntctl in Tublc 300. It is 
...... ,,.. 1 t.i..it );ind co~ts Z41,fJf1'' pt•r hC"Ctill°l.' (:F1,G:1fl per a:rc). lt 
1 ., f 11 rllll'r a~~iJ111~c1 U1..it three OpQriltOr<; are rcquirc.>d. 

The 111ocJc1 plilnt assumes screening of the effluent prior to dischar!JC. 

Reduciton Oenefits: BOD: 95.7 percent 
SS: 92.3 percent 

Alt0rnativ~ A 22-A-IX - This alternative provides in addition to Alter
native h 22-A-VIII dual media filtration. 

The resulting BOD waste load is 0.13 kg/kkg (0.0073 lb/bu), and the 
~us.pended solids load is 0.16 kg/kkg (0.0090 lb/bu). 

Costs: Total invr:stment cost: 
Total yearly cost: 

$863 ,810 
$219,710 

An itc~izr:~ breakdown of costs is presented in Table 301. It is 
assum-:?d that land costs $41 ,O:JO per hectare (Sl E ,600 per acre). · It 
is furn.er assumed that three operators are required. 

The ~od~l plant assue~s screening of the effluent prior tc dischurge. 

Reduction Benefit~: BOD: 97.8 percent 
SS: 95.9 percent 

A cost efficiency curve is presen:ed in Figure 30,. 

Mrick~ p)ant [l produces 90 kkg (3SOO bu) per day. 

Alterna~ive A 22-B-I - This alternative assumes no treatment and no re
duc.t'ior. 'n the ,-.aste load. 1t is estimated that the effluent from a 
90 kkg (~500 bu) per day p:ant is 570 cum (0.15 MG) per dav. The 
COD 1·14lr.te load is 5.99 kg/kkg (0.335 lb/bu). and the suspended solids 
load is 4.23 kg/kkg (0.237 lb/bu). 

The ~odel plant assumes screening of the effluent prior to discharge. 

Costs: o 
Reduction Benefits: None 

lOCt. 
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TABLE 300 
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tT:MiZED COST SU~MARY FOR ALTEA~ATJVE A 22-A-JX 
(GRAIN DISTILLERS OPERATING STILLAGE RECOVERY SYSTEMS) 
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Alternative A ?2-0-II - This alternative provides flow cqualiz~tion, 
nutriu;-tu-dv1t~n. <Jnd an acr<Jtcd lagoon ~ystcm. 

The resiJltin9 r.oo 1·1.:i5tr load is 0.25 kg/l:kg (0.014 lb/bu), and the 
suspended solids lo~d is 0.32 kg/kkg (0.018 lb/hu). 

Costs: Total inve~tment cost: 
Total yearly cost: 

$348,'l.70 
$132.190 

An itemized breakdown of costs is presented in Table 302. It is 
assumed that land costs $4100 per hectare (S166G per acre). It is 
further assumed that one operator is required. 

The model plant assu~es screening of the effluent prior to discharge. 

Reduction Benefits: OOr: 95.8 percent 
SS: 92.5 percent 

A1tern~:~v~ ~ 2Z-B-!II - This alternative provides in addit~or. to Alter
native A-22-l.;-lI dual r.:edia filtration. 

The resulting BOD w<Jste load is 0.13 kg/kkc (o.on73 lb/bu), and the 
suspended so1ids load is 0.16 kg/kkg (0.0090 lL/~u). 

Costs: Total investment cost: 
Tqtal year:y cost: 

$373,3!30 
$139,050 

An itemiz~d breakdown of costs is presented in Table 303. It is 
assumed that land costs ~4~00 per hectare ($166~ per atre). It is 
further assumed that one operator is required. 

The model plant assumes screening of the effluent prior to discharge. 

Reduction Benefits: BOD: 97.9 percent 
SS: 96.3 percent 

A cost.~fficiency cu,·ve 1s presented in F'igure 310. 

Alternative A 22-B-JV - This alternative provides a control house, flow 
equ~lizat1on, a complete mix eetivated sludge system, s1udge th1cken1ng, 
aerobic digestion, and sand drying beds. 

The resulting BOO waste toad is 0.25 kg'kkg (0.014 lb/bu), and the 
suspPndrd so1ids load is 0.32 kg/kkg (0.018 lb/bu). 

Costs: Totdl 1nvPstmPnt co~t: 
TotJl yearly cost: 

$332 ,290 
$ 9 7 I 130 

An itenrlzed breakdown of costs is presented in Table 304. tt is 
assur.JCd that land costs $41,000 per hectare ($16,600 per acre). It 
is. further assumed that three operators are rf"qu1 red. 

l09C 
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TAOLE 30/J 

ULMIZCD COST su:·l'.·~l·.P.Y roR ALTCl'Wf,TIVF: /\ 22-B-lV 
[GP.J,111 DISTILLERS OPERATJl;G SiILLAGE l'?ECOVERY) 

r H t • 1 z E r:i c r: ~ T EL ,, ... ' " v F c· r; ~ " s ,. i: ... 4 H "' T i( r. u 111 £ t-r c "' , r "' 
~CSIG~ ErFIC!~~tY.,, q5,P PtkCf~T PCD REC~CTIC~ 

T~E/IT~f~T ~co~LESr 

es •• CC\1RCL ~(L~~ 
e ••• Pu~PI~G s1~11r~ 
c, •• f~L~LlltT!r~ ~LSI~ 
~ ••• ~;T~CGfl\ A~~lT!Cf\ 

I , , , F " r S i;i • C r. l ~ fl ~ C 1 T I C ~. 
~ •• ,,C7:~~1~G !L~CGF 
c I •• ~ L 1• t' ( F T ~ I c fl, F ~· F. R 
~ •• ,At~(~!: rl~EST:M 
r.,.st~c r~vr~r Qf~S 

l'VE!1~E~T c:sT~: 

J, 'C~~1~~CT!C~ 
2. L H ~ 
3, l!'I t;fr.F(i:l•:(; 

"· rc~"!'It...GF.f\CY 
'TCTAI. 

YEA~LY CPEk!Tlf\~ CC~T~r 
l, LAH:~ 
2. PC1o<F.;.I 
3. P·E"'lr:"L~ 
~. ~Al~T£1\•NCE&~LPPLJtS 
TC''U~ 

TCT4L YEt~LY rr.sTst 
J, YEiPLY CPf~ATI~t- CCST 
2, YEA~LV l~~FET~F~T 

Ct:ST 14s:-cc-n:·i:v 
:,, r.EP!lr:'.ClJ.TlO" 
T Cl Al 

1094 . 

?tnze.oo 
isti~o.cio 
263'10,C'O 
21:310,00 

:n22qo. o o 

JHeo,or
squo.co 
IU0.00 
etno,oo 

f>~Olo.oo 

6eoco.oo 
l321f0,00 
113fo?O.OO 
'?7130,00 



The mocJc1 plilnt assumes screening of the effluent prior to discharge. 

- Reductfun Benefits: COD: 95.0 percent 
SS: 92.5 percent 

Alternative A 22-n-v - This alternative provfdes dual media filtration 
in .:idd(f;(ifitZ-the treatment chain in Altcrnutive A 22-B-IV. 

The resultin9 B~O w~ste load is 0.13 ~g/~tg (0.0073 lb/bu), and the 
suspended solids load is 0.1G Y.g/kkg (0.0090 lb/bu). 

Costs: Total investn~nt cost: 
Total yearly cost: 

~357,500 
$103,9~0 

An fternfzed brear.do\o/n of costs is presented in Table 305. It is assumed 
that land cos.ts 541,0::30 per hectare {$16,600 per acre). It is further 
assumed th~t three operators are required. 

The model plant as~u::-!'s scree?'lins of the effluent prior tG dfscharcie. 

R~du:~ion Ben~fits: BC~: 97.9 percent 
SS: 96.3 perce~t 

A cc~t efficiency curve is presented in Figure 311. 

Alterna~iv~ A 2?-S-VI - This alterna:ive replaces s.and dryinQ beds in 
AfternitT~e A C:.2-B- IV \·:ith va:uum filtration. 

The resulting BOD waste load is 0.25 kg/kkg (0.014 lb/bu), ~nd the 
suspended sol ids load is 0.32 kg/Hg (C.018 lb/bu). 

Costs: Total investment cost: 
Total yearly cost: 

$387,710 
$106 ,650 

An Hemfzed breekdo1m of costs 1s presenttd 1n Table ~06. It fs 
11.ssumed that 1and costs $41,000 per he(.tare (Sl6,600 per acre). It 
1s further assumed that three optrators are required. 

The model pldnt assurnes screenillg of the effluent prior to dhcharri'e. 

Redu~tion Denefits: DOD: 95.8 percent 
SS: 92.5 percent 

Tit!? resultinq 11r·8 1:dste lodd is 0.1'.l 19.'IJ:!l (C.0073 lb/bu), and the 
suspr1,decJ sol ids loesd is 0.16 k9/kkg (0.0~90 lb/bu). 

Costs: Total invPStfll('nt cost: 
Total ye~rly ~o~t: 
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(GR/dll DI~TILLU:S OP£r./1TWG STlLLAGE RCCO\'ERY) 
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TAB!.E 305 

lTrnrzrn COST su:'.:'.td~Y F'Ofl f,L ";'"[Rf~ATIVE A 22-13·-Vl 
(GRAJr; CISTILLEP.S OPERATWG STILLAG( RECOVERY) 

rrc::~rzE~ c~~, !L"'~t;y ~~~ ~,!TC::reTf~ lRtAl~f~T C~AI~ 
DE!lG• EF~!C:l~cv ••• Q§.~ Ff~CF~T Pl~ ~EC0CTIC~ 

~s •• con cc.'. 1-c~~f 
~ ••• Pc.,F:n.r:. !;iLTJCt: 
c, •• E~LAL17LTJr~ ~A~I~ 
......... :~;r .. ct:' .~::r111c." 
1, •• F~r~~ .. r~L~ A~n:TIC' 
lo' ••• A c T r I/ i. Tc:: ,. ~ L t: r G F 
[; • .,5'.L:"r.~ h;t:"t<f.tF.:< 
~ ••• ~Ei:;crr~ r:~~STCR 
s ••• ~~Cll~ FILT~~Tl(~ 
v ..... ru~I"c: r.ir." 

lll.Vf!T~E~T CC!lS~ 

i • r. c r. s T P 1.. c r ! c ~ 
~. LAf'..ll 
3. E11.c.rr;ui:;p;(; 
' • C C i' T I r, G i: '. C Y 
'rCT'L 

YEA~L, cc;~ATl'r. CCSTSt 
1. l.J.C,I;~ 
a. "~~.f.·Q 
l. C:l"t.~'H''LS 
~. ~Al~Tf~6~C~&SLPPLltS 
TCUL 

TCTAL VEAwLY CCSTS1 
lo VE'H'l"r' (P~:?t.lj•.G CCST 
2, Hlo~L'I' Jl.v~~'T"'C::/\T 

C' L 5 T ;.: c· er: Y ~ ;.; '1 

·i. rt r r:; E c , ,,. T 1 r· " 
Tel AL 

109~ 

?Cfl-720.0!'I 
lln~O.Ot'l 
2q1:17o.co 
2qc70.ot'l 

Je7710.e;e 

31a~o.t10 
22000.00 

"3'50,\11'.1 
c;s10,c10 

7334'0,ClO 

1~SICl.OO 
17~!10. l'\O 

lC'l:t. c;ri I CIO 

·· · ·u--5n r~ff ·--;,,. ·c-··-·-- · - -·r·: c--irr-· -· I •1 • .. • 1• 11 • 



An Hemiz~:cJ brcLikc!o~m of costs is presented ·;n Tclblc 307. It is 
assurn~d th.:it land costs ~111,00() per her:tarP ($16,600 per .1crc). lt 
is f u rth~r a r;l_um".?<I th~ t three opf!rJtorc; a rP. r~qu ired. 

The model plant assumes screening of the effluent prior to .discharge. 

Reduction Benefits: BOD: 97.9 percent 
SS: 9G.3 percent 

A cost efficiency curve is presented in Figure 312. 

Altern:itive /', 22-R-':TJ I - This alternative replaces the sand drying 
beds iri P.lternative A 22-8-IV with spray irrigation. 

The resulting BOO waste load is 0.25 kg/kkg (0.014 lb/bu}, and the 
suspended solids load is 0.32 kg/kkg (0.018 lb/bu). 

Costs: Total investment cost: 
Total yearly cost: 

$388, 320 
$102,870 

An itemized breakdo\om of costs is presented in Table 308. It is· 
assu~ed that land costs $41,000 per hectare ($16,600 ~er acre). lt 
is further assu~ed thJt three operators are required. 

The model plant assur.es screening of the effluent prior to discharge. 

Reduction Benefits: BOD: 95.8 percent 
SS: 92.S percent 

A1terna~ive A 22-B-IX - This alternative adds dual media filtration to 
A1ternat1ve A 22-8-VII!. 

The resulting BOD waste load is 0.13 kg/kkq (0.0073 lb/bu), and the 
suspended solids load is 0.16 kg/kkg (0.0090 lb/bu). 

Costs: Total investment cost: 
Total yearly cost: 

$404,3~j 
Sl07,620 

An itemized breakdown 0f costs is presented in Table 309. It is 
assumed that land costs $41,000 per hectare (S1€,600 per acre). It 
is further assumed that three operators are required. 

The model plant assumes screeniny of the effluent prior to discharge. 

Reduction Benefits: BOD: 97.9 percent 
SS: 96.3 percent 

A cost efficiency curve is presented in Figure 313. 
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TABLE 308 

JTEMIZED COST sv:.~:ttS~Y FOR Al TERNATIVE " 2'.'-A-Vl I l 
(GRAill DISTILLERS OPERA"'WG STILLAGE RECOVERY) 
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(GRAIN DISTILLERS OPERATWG STILLAGE RECOVERY) 
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£~n_d_J!_1:S)~1_c_tion J'.:..~n_P.fi t2-..Q..f_/\l te~~j-~-~~a_tm~nt_J_~chnol ogi cs for 
Su!lcJtr911ry I\ 23 - r.r<iin D1~.t1llc·rs Not OJH.'ruting Stills 

A model plant reprcsent.:itivc of Suhcatcgory A 23 wa~ dCVC'loped in 
Section V for Hie purpo;e of ilPPlying control and trc.:it111cnt alter
nativcs. In Section Vil, five illteniltives \'1ere sel.cctP.d as t>eing 
applicable engineering alternatives. These alternativP.s provide 
for various levels of waste reductions for the model plant which 
produces 50 kkg (2000 bu) per day. 

Alternative .A. 23-! - This alternative assum!?s no treatment and no re
duction---:.;--tiie 1-1aste load. It is estimated that the effluent fror.i 
a 50 ~kg (2000 bu) per day plant is 91 cu m <0.024 MG) per day. The 
BOD waste load is 0.39 kg/l:kg {0.021 lb/bu), and the suspended solids 
load is 0.29 kg/kl:g (0.016 lb/bu). 

Costs: 0 
Reduction Benefits: None 

Alterni!ti'.'!· t.. ~3-~l - This alternative provides a pi;mpin~ station 
and ae-rat~T-G~pon system. 

The resulting BOD wa~te load is 0.06 kg/kkg (0.0034 lb/bu), and the 
suspended sc;ids 1oD~ is 0.07 kg/lkg (0.0039 lb/bu). 

Costs: Total investment cost: 
Total yearly cost: 

$133,720 
$ 28,200 

An iter:iized breakdown of costs is preser~, .. ~ in Table 310. It is 
assu~ed that land costs $4100 p~r hectar~ (i1G60 per acrP). It is 
furthc1· assumed that one half-time operator is required. 

Peduction Benefits: BOD: 85.7 percent 
SS: 75.0 perc~nt 

• 

Alternative A 23-III - This alternative pr0vides in addition to Alter
nafiv·e A 23-~TCTua-lmedia filtration. 

The resulting BOD waste load is 0.03 kg/kkg (0.0017 lb/bu). and ~he 
suspended solids load 1s 0.04 kg/kkg (0.0022 lb/b~). 

Costs: Total inve~tment ro~~: 
Total year1y cost: 

$149,750 
s 32. 940 

An 1t.em1;'.1~d breakdcMn of r:o'.;ts 1!> prr~c>ntec1 in Table. 311. It is 
l!SSUOlPU tlillt land costs sa100 ppr hc-•:t~··e ($1660 prr acrr.). It is 
furthC"r il~·!>llr:ied that one ha1 f-tim(> ~·11r1·,1tnr is required. 

Reduction Benefits: BOD: 92.9 percent 
~S: 87.5 percent 

A cost efficiency curve is presented in Fi9ure 314. 
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TABLE 310 

ITEMIZED COST SUMMARY FOR ALTERNATIV~ A 23-II 
(GRAlN DISTILLCRS NOT OPEHA}ING SiILLS) 

:T~ 1;,1zr:-,, r,'jST SL··~1.~·y •ci:o i.es·1i:~t.1F~ Tf(~.A'Tf"~l\T Ct<4/.II\ 
~ESIG~ EFFtCI~~cv ••• ~S.7 PtRCE"1 ~rD REC~CTIC~ 

T t;E Ii TM E ". T 1• Cr, l. l E ~ : 
H ••• PL 1-1 P l 'v r; ~ T 4 i T r .•I..' 
~ ••• ~I'T~[~F" £CCYTTC~ 
T ••• P ... c ~ ~ "'r,-;:; L ~ tr~::: r -:- 1:.: r. 
L,,,Lr~•i~~ Lice:~ 

t~Vf5TU~~T C~Si~: 

1 , C C ;, !3 TI\ :.. C 1 l C " 
Z, L .. ~:,, 
:!, !"U':f~'"i"-G 
/,j I (. c ~. T t " G. "'r. y 
~. H·': L?t-.E~ 

1C' TA L 

YEARLY OPER~TI~r, CCfTSr 
1. L&!:Orl 
2. i.:c;F.~ 
3 , r.1; E " I C .\ L S 
II • I• A J "1 T t 11: A "-' C E & SL PPL l ~ S 
s. Pvr Lil'.E'R 
TCTAL 

TCTAL \'EA~L• cca1s1 
1. YEARLY CP~~4TI"G rcsT 
2, YfA~LY l~V~~'W!~T 

c.uT oitF.crvF..-v 
l. n.;.·;-iu:1Li1r" 
TCHL 

11 O·> 

lO'!tl7Ci .O(I 
'3!C,0Ci 

1CS70,0l'i 
lOS7o.c.o 

35,:10,C(I 
l337ZO,C\O 

&21150,0l'l 
5170,00 

110.~n 
.,7qo,oo 

60,00 
U.330.00 

53'!0,00 
~~;o.C10 

ee2cc.c0 



Tl\ULE 311 

ITEMJZLD COST SUW·lf\RY ran 11.LTEfHIA~JV[ A 23-IJJ 
(GRAI~ DlSTtLL[~S NOT OrCRATING STJLLS) 
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Alternative A 23-JV • This alternJtive provides in addition to Alterna
tive A 23-ll 'Spray irri~ation. 

The resulting'1300 waste load is zero, and the suspended solids load 
is zero. 

Costs: Total investment cost: 
Total yearly cost: 

$224 ,·040 
s (0,590 

An itemized breakdo1·m of costs is presented in Tab1e 312. Jt is assumed 
that land costs $4100 per hectare ($16GJ per acre). Jt is further 
assumed ~hat one half-time operotor is required. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

A cost efficiency curve is presented in Figure 315. 

Cost and Reduction Bentfit~ of Alternative Treatment Technologies for 
Suiicateoorv A 24 - Molasse~ Distillers 

A model pl3nt representative of Subr.ategory A 24 was developed in 
Section V for the purpose of applyins control and treatment alternatives. 
ln Section VII, nine alternative~ were selected dS being applicable 
engineering alternatives. These alternatives provide for various 
levels of ~aste reductions for the mode1 plant whir.h produces 30,000 
pg per day. 

Alternative A ?.4-I - This alternative a5sumes no t~eatment and no re
duction in the waste load. It is estimated that the effluent from a 
30,000 pg per day plant is 818 cum (0.216 MG) per day. The BOD 
waste load is 969 kg/1000 pg (2140 lb/1000 pg), and the suspended 
solids load is 183 kg/1000 pg (403 lb/1000 pg). 

Costs: 0 
Reduction Benefits: None 

A1ternrtiv£o A 24-IJ - This altemat1ve consists of concentrating high 
strength molasses slops (stillage) by multi-effect evaporation, and then 
treating evaporator condens11te and all other wastes ""ith a treatment 
chain consisting of a control house, a pumping st11t1on, flow equalization. 
nutrient addition, a comp1ete mix activated sludge system, sludge thick
ening, aerobic digestion, vacuum filtriltior., sludge storage and truck 
h3uling. Ev~poration is predicted to have an investment cost of S2,193,310 
and a yearly cost of .S609,620. Evapor.:itio'l is assumed to remove 97 per~ 
cent of the BOO and 99 percent of the suspended &olids from high strength 
wastes. Two day storage of distill ins slops and seven day storage of 
mcl11sses b.v-product ii; provided, and al 1 necessary pumping equipmt-:nt is 
included. 

, 109 



DRAFT 

TABLE 312 

JTE!UZCD COST surmARY ron ALTERN/\TJVE A 23-1\/ 
(GRAl~ DISTILLERS NOT OPCRATING STILLS) 

1 T r " ' 7 ~ i'. r .. ':' T ~ I v '. ""' " c ~'. r i .:. .3 TE " i 1F ~ T " ~ f; T "' !: ~ T c ... 6 r ~ 
UESl~\ r.cF!CI~~~v,,,1~0.n PLwC~~~ ~C~ R£CvC1!C~ 

A ••• n 1 ';1 i; T "G ~ l A T I ~ :v 
,... , •• '· J i ~ r r. i? ~ ~· ~ i.: 1 T l r_ '· 
t ••• ~·Hr ~ ~ · ,. ~ 1. ~ /. :: ·J l i I c ~. 
L.,.H"-'Tf.'J l!~'.l::'.'' 
"···l·CLl";I.(: T,pl( 
L ••• ~~ct, :nr7c~11t~ 

yr..vC:T"f:"T c:n~: 
i. rn::T"Lr'Tit'"
i. L H '.• 
3. r."c; 1 :·,r-;;1•.:G 
"· LPl!'-Gr._;., 
':>. f' • C L ~ ~ ~"' 
1CiAi. 

'r'EH1L'f Cf'F.~ATll\C crsr:: 
1 o l.At'f'~ 
2, PC1t.F.'~ 

3 , CI- E !•I C A L & 
"· nn.rF~A\r!t~L~PL!ES 
~. ~\>C L1"EI-' 
HPL 

TCTAL VEARLY CCSl~f 
l • 'r ~ 6 ~ L 'f C: ~' f i;; I 'T l "' t C C' S T 
2, ','r11J:'l' ]IVf~Tt·[~T 

rr~T ilftr,r;;v 
3. r.•t'l.;~(1!1;~· 

'1C1A1 

1 no 

17CJ27t>,CO 
1~~~~.('0 
J'7Ll~O.CO 
1 7 IO! 0 • C· 0 
35~0.0 

z24411~0.co 

31ueo.~o 
6130.00 

to.~o 
72t0,0l'I 

t(l,00 
SC~Qt-,00 

eoto.co 
l 06" Ci, r.r: 
7C~t;C,C~ 
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The l"esu1ting COD \<1aste 1oild is 1.16 kg/1000 pg (2.56 lb/1000 p9). and 
the suspended solids load is 0.69 kg/1000 pg (1.52 lb/1000 pg~. 

Costs: . Total investment cos.::: 
Total yearly cost: 

$2,644,060 
s 690,640 

An itemized breakdo1-m of costs is presented in Table 313. It is 
assumed that land cCJsts $41,000 per hectare ($16,600 per acre). It 
;s further assumed that six operators are required. 

It is recognized that, although not included in the above costs, add
itional boiler and cooling capacity may be required for evaporation. 
Cost recovery from saleable by-products is not reflected in the costs. 

Reduction Benefits: BOD: 99.9 percent 
SS: 99.6 percent 

Alternative A 24-lll - This alternativ~ consists of adding dual media 
filtration to the t~eatmen~ chain in Alternative A 24-II. 

The resulting BOD waste load is 0.58 kg/1000 pg (1.28 1b/1000 pg). and 
the suspended solids load is 0.35 kg/1000 pg (0.77 lb/1000 pg). 

Costs: Total investment cost: 
Total yearly cost: 

$2,671,130 
$ 705,710 

An itemized breakdown of costs is preser.ted in Table 314. It is 
assumed that land costs $41,000 per hectare ($16.600 per acre). It 
is further assuned that six operators are required. 

Reduction Benefits: BOO: 99.9 percent 
SS: 99.8 percent 

A cost efficiency curve is presented in Figure 316. 

Alternative A 24-IV - Th;s alternative replaces vacuum filtration in 
Altern3tive A 24-II with spray irrigation of sludge. 

T~e resulting BOD waste load ~s 1.16 kg/1000 pg (2.56 lb/1000 pg), and 
the suspended solids load is 0.69 kg/1000 pg (1.52 lb/1000 pg). 

Costs: Tota1 investment cost: 
Total yearly cost: 

$2.638,610 
s 692,540 

An itemized breakdown of costs is presented in TablP. 315. It is 
ass;.imed that land costs $4100 per hectF" (t;l660 per acre). It is 
further assumed that sh: operators are ..j: 9uired. . \, 

Reduction Benefits: BOD:· '99,9 percent 
SS: 99.6 percent 
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TAOLE 313 

ITEMIZED COST SUMMARY FOR ALTERNATIVE. A21J- JI 
(HOLASSES DISTILLERS) 

ITEl'J7CC crsT SL.n·H•Y ~oi; ""ASH~.ATF:Q TRE.\Tl''E~"T ClolAH 
~ESlG" EFFICIENcv ••• 9q,e PERCE~T PCD REOUCTIC~ 

TREATME~T ~OD~L~S: 

gi,.~D~T~Ul. ~rLs~ 
e ••• P~~~1~~ STATJGN 
Ft,,~ULTJFLE fFFECT EVAPC~ATCR 
Y ... ~DLCJNG TH·t< 
P,.,Pv~Fl"G ST,TION 
Y,, ,i.nLC:If\G T/.t..1< 
e ••• Pu,, F I r.: G ~ r :. T Ir 111 

e,.,P~~F!~G STATTr~ 
C,. ,E~Ul !ZATIC'I'- e•SII\ 
~ ••• ~!T~rr,E~ Ar.C!T!C~ 
1 ••• ~~rsP~O~LS '~DlTIC~ 
K,,,ACTIV£TEC: ~LLDGE 
c ... s1.1.C'C:E Tl-lCKEt:EF 
A,,,tE"C~IC r.IGESTCR 
s ••• v,r.uu~ FILT~ATICN 
Y ... ~nLr.triG TA"tc 

INVF.ST~ENl CCSTS1 
t. CCt.:ST~WCiIC~ 
2, LAP'-0 
3, E ... GINEERING 
11, CCl>ITilllGENCY 
TCTAL 

YEARLY OPf~ATING CCSTS: 
11 LA9r')~ 
2, PCH~ 
l , C "'C. 1' 1 C A l S 
~. ~AJ~lE~A~CE&Sl.P?LIES 
TCTAI.. 

TCT~L VE~gLY CCST~r 

z1eta1'.oo 
26660,00 

. !18120.00 
2se120.oo 

'~6U'l060, 00 

7llQ70,00 
33q110,oo 

7350,00 
U0520,(IO 

Clb2010.00 

1. VfARLv CPE~ATI~c COST ijoao10,oo 
2, V(~~L' l~~EST~E~T 

CtST ~ECC~~"Y 105760.00 
3. OEP"f.CI,TlO~ l30e10.on 
TCTAL 6980~0.~e 
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TABLE 314 

ITEMIZED COST SUM:~ARY FOR ALTERNATIVE J\24-I I I 
(MOLASSES DISTILLERS) 

ITf~'!ZED crsT ~L~~AkY FC~ ~/STF~ATE~ TREAT~~,.., C~AI~ 
DESlr." EFFICIE~cv, •• qq,q P~RCE~T eco "EC~CTIC~ 
Tf;E~TuE~T ~COLLfS1 

tl •• ~Cl.TPCL 1-CL~E 
e ••• PvYFI~G STtTlC~ 
F 1 • , ·~UL ~ ! ;: l £ E ~ f • C T E V HCP. 6 TC f; 
'r,,.-..OLC1~,r, Tr.~.I( 
~ ••• ~~~PJ~·G SlATIC~ 
'r ..... Ci L .:: I ~ C: T t t.. 1t 

P..,.~:.,.-t·~!~G ~HT!('' 
t .. • '°' L' ' '' J '. r. SH Tl: ,. 
r ••• !=: c· Lt. l 1 z' T 1 r: ~ o;' As H. 
1-o • • , "' l T lo: C r. f I, A I"' C: ! T I C ~· 
I,.,c~c~~~~~LS r.c~Ir;c~ 
~ •• ,ACTJ~,,E~ SLLC~~ 
t,,,SL.i.CC.:. i~!:1<Et.!I"! 
R,,,Af.~C~lC r.~GESTC~ 
5,,,VA~Ll~ ~!LT~ATIC~ 
'\' 111 1-tQL[;l~G TAhK 

~ ••• OUA~ ~ftI• PRfSSLRE rrLTRAI~ 
l~VEST~E~T crsT~r 

1. Ct't-.ST~'l.:CT'C"-
2. LAll,C 
3. El\G?l-1EJ;~l"1:, 
Iii, tChT1"GF.'-f.Y 
TC1AL 

YEARLV CPf~ATI"-G CCSTS: 
1. LAl-'OQ 
c. PC~~~ 
3, (!-t't"Jr'tl~ 
44, 1"A?q~~.Al\C~~SLPPLIE'~ 
TCTAL 

TCtAL VF.ARLV ct~T~r 

2U3'730, 00 
lbbbO.OCI 

?.20370,CC 
;!~03'70.01) 

2671130,00 

11.:1no.oo 
3u34.150,oo 

7350.0C 
4.1Ce7Cl.OO 

' b t-. t)" o • ·o n 

1. 'E•~Lv CPE~~TI~G cr.s~ Qc~cao.o~ 
~. VcA~LV r~v~~TWF'T 

CL'Sr Hc:r.vnr-. iote~o.on 
J. tFFWFC1LTlc~ 132220.r.o 
1CP1 7os110.on 

1114 



1•'1.: . 
J. 

t 

en I•·~•' I a: 
< 
-' 
J 

8 
li'·•.4 

IL c 
U1 t 
0 z lr~J.~ <( 

::; 
0 

f. 
z \P•&.• I -
>-
111 -6 
0 .... v :,.J.'i .... 

U1 

>-

>- : ; 1 .... . J 
a: 
.<{_ 

w 
>-
0 

~ 
"'~ .. . 

v 
:~11., I 

~ ... -
~ rn.J ' 

tt•.~ 

·······················-································--·-.-~······························-······· •(.c~ •1.r: •i,)~ •s.1: ••.c: ~~.e: '•·'' •>.oo •t.co ••.Ge :c~.c~ 

FIGURE 316 

lt.J\IESTKNT ANO YEAALY COSTS FOR SUBCATtGORY A 24-III 



llitAFT 

TABLE 31 S 

ITEMIZED COST SUltMARY FOK ALTERNATIVE A24-IV 
(MOLASSES DISTILLERS) 

T'T E,.. ! Zr:: 11 C ~PT S l i• rt. P ":' ~ i. ~ "'t. 5 H ~. t. l: R TI\ Et. T"' U. T CI" A I I\ 
CESI~~ EFFICI~hCY.,, qQ,~ PE~CE~T aoc "FCUCllC" 

TRt::AHEt-.T "'CCULESr 
!33 ,.Ct"~l\HCL 1-CLH 
~ • I I SJ u ~ i: I ,~ G s l h ,. I c N 

F" 1 , • v ·- 1. i H' L E E n Ee.: T E v t. P C iH T C I< 
y • I I "' (" I. i'. I " i. 'T A " I( 

e ••• P ~. •1 il i " G ~ r t. r r o" 
Y,,,trGLrl~t; Tt.1\1< 
e, •• P~"'FI~G Er,rrc~ 
e ••• P~"'~!~G STATIC~ 
C, ,,E!"JI t.l.T7'6TIC~ ~Vil" 
t-.•• , 1. I" '- r r.::: r. .:. Cc IT I C"' 
1,.,P~r~~~r"L~ A0~1i:r." 
K,,,ACT!~AT~C SL~DGE 

I~VEST~E~T tCST~: 

c • • I !:i L I i'. (". E T .. I c .. f. II; E ~ 
R,,,Hf<t:.IIC CIGESTCI< 
v .. ,H(·U:P·~ T/a~I< 

~.,,SP~A¥ I~~lCATJON 

l. ec~·~Tl:LCTICI\' 
z. l.Af\~ 
), ~~Cl"'E'~F:P.:G 
IJ, CC~TH.LiE"CY 
TCUL. 

YEARLY CPERATI~G CCSTSt 
1. LA ElG~ 
2. Pr..,ER 
3. C 1- l '' j 0 L 3 
a , t• ~ Jt; T ~ r /. •; C 0 SL PPL IFS 
TCHI. 

TCTAL V~6RLV crsT;1 

21el-s~o.oo 
18330,00 

21SHO,OO 
216360,00 
2~3f6l0,00 

7UQ70,00 
'33HSO,(J0 

UJCl(l,00 
3c;1eo.oo 

OSSQQ0,00 

1. YE•P.L~ ~P~QATI~r. CC~T ussqqo,oo 
2 • 'ff HL "r l • \' r ~Tl" E "T 

cceT ~~cr\r~v i~~sao.oo 
lo r.rF~~Cl6T!~~ 132010,00 
T~T4L 6Q2S~0.~0 
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Alternative A 24-V - This alternative provides in addition to Alternative 
A 24-JV dual media filtration. 

The resulting COO waste load is 0.58 kb/1000 pg (l.2B lb/1000 pg), and the 
suspended solid~ load is 0.35 kg/100~ pg (0.77 lb/1000 pg). 

Costs: Total investment cost~ $2,6~5.690 
Total yearly cost: S 699,620 

An itemized breakdown of costs is presented in Table 316. It is 
usumed that land costs S410Q per hectare ($1660 per acre). It 
is further assumed thut six operators are required. 

Reduction Benefits: BOD: 99.9 percent 
SS: 99.8 percent 

A cost efficiency curve is presented in Figure 317. 

Alternntiv~ A 2~-VI - This alternative replaces vacuum filtration in 
A1terna~iv~;.. 24-i:l 1~ith sand drying beds. 

The resulting BOD waste load is 1.16 kg/1000 pg (2.56 1~/1000 pg), and 
the suspended solids load is 0.59 kg/1000 pg (1.52 lb/1000 pg). 

Costs: Total investrnent cost: $2,759,100 
Total yearly cost: $ 718,490 

An itemized breakdow~ of costs is presented in Table 317. It is 
assumed that land costs S20,510 per hectare (58300 per acre). It 
is further assumed that six operators are required. 

Reduction Benefits: 800: 99.9 percent 
-SS: 99.6 percent 

Altel"nat1ve A 24-VJJ • Th1s alternative adds dual media filtration to 
Alternative A 24-VI. 

The resulting BOD w11ste load 1s 0.58 kg/1000 pg (l.28 lb/1000 pg), and 
the suspended solids load is 0.35 kg/1000 pg (0.77 lb/1000 pg). 

Costs: Total investment cost: $2,786,170 
Total ye~rly cost: S 725,560 

An itemized breakdown of costs is presented in Table 318. It is 
assu1'.1cd that land costs S20,Sl0 per hectare (SB300 per acre). It 
is further assumed that six operator:; ilre required. 

Reduction Benefits: BOD: 99.9 percent 
SS: 99.B percent 

A co~t efficiency curve is presented in Figure 318. 
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TAOLE 316 

ITEMIZLD COST SUM'1ARY FOP. ALTCRNATIVE A24-V 
(MOLASSES DISTILLERS) 

I 'T f •· 1 7 r:: C C ,.. ~ i S L ~· ~· A r< 'r F Ci:; " A S i : ~ t 'f : g T Q ~ A T 1' E 11. T C 1o< A 1 '
CE SIG~ ~~FIC!f~tv ••• c~.q PE~r~~T ~oD ~~C~CTIC"-

TRE.l.P'~t.T "'·CC'L·L~Sr 
~1 1 ,CG~T;ll ~:L~~ 

~ •• ,P~"cl~G ~1tll0~ 
F1 .. 111 1 L1l 1~LF. f~~~CT ~'.A'-'C!:..ATC~ 
" ...... c 1• c I I, :; i 6 .. I( 

~,,,PG~~I~G ~l~Tl(~ 

V,,."'CLrJq; TPi< 
F, •• rL~~I~~ STAl!GN 
..... fi..",.J:r. ~1~1::·1-

c ••• ~~L•Ll]ATJ~~ ~·s111. 
t- •• , r·.' : T .- r: G E "- L C ~ I r l 1: \ 
I. •• P ... r:~;. ... :'<l ~ L~CITl(,11. 

~ ••• 1:TJVLTEr ~LLDG~ 
C.,,SlLC~F T1-J~l(ft-.EI" 
R •• ,AtCC~Jc rIGESTC' 
Y11 ,HuLCI"-1'.: Tl.Id( 
u ••• s~~A'r tC~IG•TIC~ 
J\,,,OIJAL. f"~C:A J:IOESSL.ICE Fll,.TQ•''-' 

%~VFST~E~T CCS'TSt 
'. cc;~.s ,.~L c 'TIC" 
?, LAll.D 
J, E11.GP:H'"'I'~G 

"• CC::O-."":"H"-CY 
Tr.'T &L 

YEARLY QPfR6Tl~G CCSTSt 
1 • I. 6 ?C· 'I 
2 • f' c " r: ;; 
3a Cl"l:"::.::.LS 
~. ~AlNTE~A~~EF~LPPLlE~ 
TC'T~l 

TCTAL YEA~LV CC!T!t 

220611.tO,OC 
J8330,00 

~~l'J610.00 
22oe,10.oo 

Z6bS~9o.oo 

1~q10.oo 

3~17l0 1 C>O 
u3c;o,OI) 

3ClSlO,Oll 
uoouzc.oo 

l • YE .A_. L v r· i:i ~ ~.:. r 1 q: CC S 1 u b 0 t- 2 o • O O 
ie V~~~~v ~~V~!T~F~T 

C:C~T l(E'·::•,;°"v t06f'le.C.0 
3. ~tP~fC~IT!~~ 1~2~,n.oo 
ic1~L ~·Q~lo,no 
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TABLE 317 

ITEMIZED COST SUMMMY FOR ALTERNATIVE A24-Vl 
(MOLA~SES DISTILLERS) 

?T~~r1rc ct~T ~L~~A~Y ~r~ kA~Tr~,,~~ T~EtT~f~T C~Ar~ 
CES!G~ E~FICIF~tv, •• q~.6 P~RCE~T ~CD ~ECuC1IC~ 

TR ~ A H' P• 'T ~CD 1; L E S r 
e1 •• rr.~TQOL ~rL~E 
t:l ••• i.-u~rJl\u ST.ITIGN 
fl. , I' ~iL T: PL E EH E' Ci Ev AFC iH Tr R 
Y.,.~0l~T~i ,6~K 

e,.,P~~;1"G STATIC~ 
I ••• "'') L c P. G , 't. I( 
~ ... F-t,,;'-'i;l"G ST.1.TJr.r; 
b,,,PuM~r~r. ~TtTJr~ 

c ••• FUL~LIZATIC' s~sr~ 
~ ••• 'IT~CG~~ •cc:11c~ 
~ ••• ~~C~g~~FLS A~~Iil~~ 
~.,,ACTIVATE~ ~LLDGE 

I~VEST~~~T CCSTSr 

~ ••• ~~L~~E T~lC•E~~~ 
~ ••• t.cC~~Ic CIG~~TC~ 
T,,,SA~C nQYI~C. ~EDS 

1 • C C t. S i 5' L C TJ 0 
2. LO.CJ 
3 • E ~ G ,,,. E Er- H; C 
II. CClt.T I~ c:E ~C'f 
TCHL 

VE~RLY OP~PATI~C, CCST~: 

l. LASr:R 
2. llC:\>E~ 
3 , i.: 1o1 E :q r ' i.. S 
". ... 6 ~I.-;-~ u t. c ~ ~ ::L pp I.IE s 
l C1'L 

TCTAL YEA~LV CCSl~r 

22Bt)360, OCI 
Z2660,00 

2~eouo.oo 
z2t1ouo,oo 

27SQ100.oo 

7QQ70.00 
l3f>b00, DO 

'13C10,(10 
55350.00 

1.171310.00 

l. YEARL~ C~~~ATT~~ CCST '171310.00 
2. YE,RLY l~V~S1~F~l 

r~,, ~rcr~~nv 11~S&o.oo 
J, DE~~~CIA'IO~ 136~20,00 
TCT&L 71e~qo,oc 
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TABLE 318' 

ITEMIZED COST SUMMARY FOR ALTERNATIVE A24-VII 
(MOLASSES DISTILLERS) 

IT ~ l• ! L ,.. o er- s 1 H ;: : · " i:i " , .. :.: :i 1o. .a rn i: i. ~ T r: ~ H E • T "" ~ r.. T c 1- /a I ,., 
~Esr~~ tFFJCJL~~Y ••• ~L,q P~QCE ... , PCC ~Ec~rTIC~ 

T R ~· A T "' F 1, T 'H' C '... l. t: ~ : 
~l •• ~c~·TRCL 1-CLS~ 
H0 ,,f-i..."'·ior:;r. ~T61IC-N 
F1 .. ' 1 uLTJ;>u· EF'P;CT ~llAPCiHTCP 
v , , , ~ :· L L' 7 ~ G 'T :. ~ rl 

~ ••• ~v~~r~~ S1ATTCN 
V,,,MCLtT~G 'A"~ 

~ ••• " I.'"' r: l ~. " 5 1 t T I • ~: 
R , , , o 'J ., P. T;. r, fo i L T l l" !\' 

c ••• ~ .; '. /,. ... I l 1. ,. I ~ " '!' II s ~ ,, 
~ ••• ~TT~r~~" L~~lTJL~ 
l, •. r-c~~~nhL! AC~ITICN 
K •• ,t~Tl\~TE~ SLL~~E 
'···~~LCGf T~I~K~~t~ 
~ •• ,,~rc•Ir CIGESlC~ 
T.,.~L~~ n~vt~G ~EOS 
~ •• ,u~AL ~~r.JA PQESSLME FtlTRA'N 

%NVEST~~~T ccsre1 
l. cct.:-;1'01 CTIC ... 
2, 1.AP..t' 
l , ft-. c; J •; i: F ~ l ~ G 
1.1. CCf\":'It.Gf!"l\C''t' 
1:TA1. 

VEAAl.V CPEA•Tl~G CLST~t 
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Alternative A 24-VIlt - This altcrnat;ve replaces the activated sludge 
and sludge h~ndling ~odulcs in Alternative A 24-II with an aerated 
lagoon system. 

The resulting COD ~1aste load is 1. 16 kg/1000 pg (2.56 lb/1000 pg). and 
the suspended solids load is 0.69 kg/1000 pg (1.52 lb/1000 pg}. 

Costs: Tot~: investment cost: 
Total yearly cost: 

$2,665.000 
800,511) 

An itemized breakdown of costs 1s pre~ented in Table 319. ·It is 
assumed that land costs S4100 per hectare ($1660 per acre). It is 
further assumed that six operators are required. 

Reduction Benefits: BOD: 99.9 percent 
SS: 99.6 percent 

A1tern6tive A 24-IX - This alternative provides in addition to 
Afternat1vt· ;, 24-Vl!I dual media filtration. 

The resultinc 300 waste 1oad is C.58 kg/1~00 pg (1.28 lb/1000 pg), and 
th~ suspende2 soli~s load is 0.~5 kg/lOJO pg (0.77 lb/1000 pg). 

Costs: Total investment cost: 
Total yearly CO$t: 

$2,692,880 
$ 807,580 

An itemiz~d breakdown of co~ts is presented in Table 320. I: is 
assumed that land CO$tS $4100 per hectare (Sl660 per acre). It 
is further a5~umed that six operators are required. 

Reduction Benefits: BOD: 99.9 percent 
SS: 99.8 percent 

A cost efficiency curve is presented in Figure 319. 

Cost and Reduction Benefits of A1ternat1ve Treatment Technologies for 
Subcateg,or..,L;.. 25 • Sottling and Slendir.c of Dever-ag~ Alcohol 

Two rnode1 pl ants representative of Subcategory A 25 were developed 
in Section V for the purpo~e cf applying control and treatment a1ternatives. 
Jn Section VII, three alternatives were selected as being applicable 
engineering alternatives for each model plant. These alternatives 
provide for various levels of waste reductions for the model p'lants. 

Model plant A produces a flow of 4 c.:u n1/day (0.001 MGO). 

Alternative fl 25-A-I - This i1ltern·3~1ve assumes no treatment and no 
red-uc t ,·c:;n1nt.he~te 1 oad. 

Costs: o 
Reduction Benefits: None 
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TABLE 320 

ITEMIZED COST SUMMARY FOR ALTERNATIVE A24-IX 
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Alternative A 25-A-11 - This alternative ~rovidcs ciai,y truck hauling 
of afl rianl process wastes to r.iunicir>al treatl'lcnt facilities or 
approved land disposal sites. A holding tank is provided. 

The result.ing...800 \'iaste loi:d is zero, and the suspended solids load is 
zero. 

Costs: Total investment cost: 
Total yearly cost: 

$12,860 
$16,470 

An itemized breakdown of costs is presented in Table 321. It is a~sumed 
that land costs $4100 per hectare ($1660 per acre). It is further 
assumed that no operators are required. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

Alternative A 25-A-III - This alternative provides for spray irrigation 
of the final effluent. A holding tank, pump, and pipelines are provided. 

The resulting BOJ waste load is zero, and the suspended solids load i~ 
zero. 

Costs: Total inve~tment cost: 
Total yearly cost: 

$38.270 
$ 5,210 

An itemized breakdown of costs is presented in Table 322. It is 
assumed that land costs $4100 per hectare (51660 per acre). It 
is further assu~ed that no op~rators are required. 

Reduction BenP.fits: BOD: lOC percent 
SS: 100 percent 

Model r :~t B h~5 a flow of 40 cum (0.01 MG) p!r day. 

Alternative A 25-B-! - Tn1~ alternJtive assumes no treatment and no 
reduction in the ~1aste load. 

Costs: 0 
Reduction Benefits: None 

Alternative A 25-B-II - This altei-native provides daf1y truck hauling 
for all plant process wastes to nunicipal treatment facilities or 
approved land disposal sites. A holding tank is provided. 

The resultin~ BOD waste lo~d is zero, and the suspended solids load is 
zero. 

Costs: Total investm~nt cost: $ 14,670 
Total yearly co~t: $153,470 

11 L:7 
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TABLE 321 

ITEMIZED COST SUMMARY FOR ALTCRNATIVE A 25-A-Il 
(BOTTLING AllD BLEllDWG OF BEVERAGE ALCOHOL) 
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TABLE 322 

ITEMIZED COST SUMrlAP.V FOR ALTERNAiJVE A 25-A-!It 
(BOTTLING AND BLE:WING OF BEVERAGE ALCOHOL) 
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An itemized breakdown of costs is presented in Table 323. It is 
assumed that land costs ~4100 per hectare {$1660 per acre). It is 
further assumed th~t no operators are required. 

. -
Reduction ~cnefits: BOD: 100 percent 

SS: 100 percent 

Alternative A 25-B-III - T~s alternative provid~s truck hauling on 
a monthly basis for redistillation residue. bad product. and deminer
alizer regeneration. It is assumed these wastes are collected in 
holding tanks. All other process wastes are spray irrigated. A 
holding tank, pump, and pipeline are provided. 

The resulting BOO waste load is zero, and the suspended solids load 
is zero. 

Costs: Total investment cost: 
Total yearly cost: 

$48.860 
$ 6.360 

An itemized breakdown of costs is presented in Table 324. It is 
assu~ed that land costs $4100 per hectare ($1660 per acre). It 
is further assumed that no operators are required. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

Cost and Redu:tion Benefits of Altern~tive Treatment Technologies for 
Subcategory A 26 - Soft Drinr. Canners 

A model plant representative of Subcategory A 26 ·"'as dev.:h;ped in 
Section V for the purpose of applyino control and treatment alter
natives. In Section VII, seven alternatives Here selected as "eing 
applicable engineering alternatives. Th!Se alternatives provide 
for various levels of '"'aste reductions for the mode1 p1ant which 
produces 309 cum (81,500 gal) per day. 

Alternative A 26-r • This alternative assumes no treatment and no re
duction ln the waste load. It is estimated that the effluent from a 
309 cum (81,500 gal) per day plant is 229 cum (0.0605 MG) per day. 
The BOO waste load is 1.02 kg/cum (0.505 lb/1000 gal), and the 
suspended solids load ;s 0.123 kg/cum (1.03 lb/1000 gal). 

Costs: O 
Reduction Benefits: None 

Alternative A 26-II - This alternative provides a control house. flow 
equa)ization, nutrient addition, a conolete mix activated sludge 
system, 'ludge thickening, and spray irrigation of sludge. 

The resulting SOD waste load is 0.052 Lg/cum {0.43 lb/1000 9al ), and 
the suspended ~olids load is 0.030 kg/cum (0.25 lb/1000 gal). 

11 ~o 
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TADLE 323 

ITEMIZED COST SIJM:-.1ARY FOR /\L TERNATIVE fl 25-13-I I 
(BOTTLil!G Al;l> BLENOll!G OF BHERAGE AL.COHOL) 
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TABLE: 324 

ITEMIZED COST SUM:·IARY FOR ALTERNATIVE· A 25-B·III 
(BOTTLHIG Arm BLE~IDI:IG OF OEVERAGE ALCOHOL) 
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Costs: Tot~l invcstn~nt cost: $238.SCO 
Totul yearly co~t: S 49.390 

An iternizcid bre~kdown of costs is presented in Table 325. It is 
assum~.1 that -tcJnd costs $41,000 per hecture ($16,600 per acre). It 
is further assumed that one operator is required. 

Reduction Benefits: 800: 94.9 p~rcent 
SS: 76.0 percent 

Alternative~ i5-III - This alternative provides in addition to Alter
Fii'tlve A 26-l: c:Ua'lmedia filtration. 

The resulting BOD waste load is 0.026 kg/cum (0.22 lb/1000 g~l). and 
the ~uspended solids ioad is 0.015 kg/cum (0.13 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$258.070 
s ss.010 

An iter.iizec b~eakdo·:rn of costs ·is presented in Table 326. It iS' 
assu~ed that land cost5 $~1.000 per hectare {$16,600 per acre). rt 
is further assumed that one operato1· is required. 

Reduction Benefits: BOD: 97.S percent 
SS: 88. 1 percent 

A cost efficiency curve is presented in Figur-e 320. 

Alternative A 25-JV - This alternative provides a control house, f~ow 
equalization, nutrient addition, a complete mix activated sludge system, 
and sludge thickening. 

The resulting BOD waste load is 0.052 kg/cum {0.43 lb/1000 $al), and 
the suspended s~1ids load is 0.030 kg/cum (0.25 lb/1000 gal). 

Costs: Total investment cost: $210,270 
Total yearly cost: S 47,070 

An itemized breakdo1·m of costs is presented 1n Table 327. It is 
assumed th<it land costs $41,000 per hectare ($16.600 per acre). It 
1s further assumed that one operator is requ1red. 

Reduction Benefits: BOD: 94.9 percent 
SS: 76.0 percent 

Alternative A 26-V - This alternative prov~des,1n dddition to alter-
native A 26-iVdii"al media filtration. -

The resulting BOD waste load is 0.026 kg/cum (0.22 lb/1000 ~al\. and 
the suspended solids load is O 015 kg/cum (0.13 lb/1000 gal). 

1133 
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TABLE 325 

t'rEM! ZED COS":' S'Jl·~MARY FOR AL TERl~ATIVE A 26- I I 
(SO~T DRINK CANNERS) 

ITE~!Zf? rrsT ~L~~6~¥ Fog ~cST~·tTE~ T~E~T~F~T C~AI~ 
'ESIG~ ErFIC!E~CY, •• q5,o ~EUC~~T ~OD R~CUCTIC~ 

a£ t T ~·""I, T ~ c r L' L £ 5 I 

I~v~sT~~~, cc~i~: 

i:-s .. cr.~"T..-r:·t 1-ct;;~ 
P,.,P~~~!~~ ST~1!~~ 

C,,,E~Lbl~~'TJ~~ ~tS!~ 
...... Nll"l}u~·,, t.r.cPJC" 
~ •• ,lC~l~~T~C ~LL~~E 
c.,.~LL:GE T1-1r~EN~~ 
'r, ,.MCLi'~' :": Tl.I.I( 
IJ,,,S~·;.:4Y !i;;;:t:ATIC"-

l I ( l "'· ~ ~ C: l c T ! c f\ 
2. LAI'.() 
3. UGP.'!£"l"G 
"· CCl\TihC!:>C't' 
TCUL 

VEtRLV CPt~ATI~G CC~T~1 
1, LAPnr? 
z, Ft1t.£R 
l, CM~~lr.H~ 

t. , ~· ' l N,. .- ~. ~. "r: f: i ! I P F' L I E S 
HHL 

TCTAL YEA~L~ CCSTS1 
1. 'OAF<LY C~fi'ATP.G CCST 
2, YEAPLY J'.\tn"'~t.T 

r.csT iJEC'"PJ;Y 

3, r-E.l'REcHTJ!'~ 
TC T6L 

11 J.; 

18'S1~C.O(I 
l~,.t:O,O:l 

1es20.oo 
1P520,Ci(I 

ZJOSP0,00 

u11~0.oo 
qq110,cci 
eqo,co 

~uon.C10 
le120,on 

2!72(1,00 

11s~o.oo 

11110,CCl 
41q3c;o.0C1 



DRAFT 

TABLE 326 

ITEM12'.ED COST SUMJ).AP.Y FOR ALTERNATIVE . A 26-11 I 
{SOFT DRINK CANNERS} 
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TPEHf'UT l·~CC'ULESt 
A1,,C0~7~CL ~CL5~ 
P. ••• Pu ... i:qu: ~-:1inr.1-. 

C.,.~QL.t.L!'Zt.TI:i·. B~~H 
1o1,,,~:T~C~f~ .t.~tll!C\ 

K,,,ArTI~tTEr ~LLD~E 
C,,,SLLr~f T~!r~E~E~ 

Y ••• 1-10Lrr··r. 'HK 
~ ••• SP~AV T~k!~AT!~~ 
~ ••• P~.,.PJ~~ ST~Tl~I-. 

~ ••• OUAl. ~f!"Il. Pl:E'SSl~E fILTPAIN 

I~Vf~T~E~T CCSTSt 
l , C C ~ S T ~ L· C TI C ~ 
2. lA"t' 
J, E~C:!\';:~·p1t..G 

u, t:Ct..Tl"GE"l'\C~ 
TCTAL 

VEA~L~ CPE~ATI~G CCSTSt 
S. L.ABO.Q 
i I PClro(f:"i 
J, Cl-t:1"ICALS 
~. ~AINTE~ANCEPeLF?LJES 
lCTliL. 

T:TAL VEAPLY r.CST~: 
1. V~AQLY C~~Q£1l~G CCST 
2. VfA~L, J~vr~TUE~T 

CCST J\E'Crvrn 
3, CU'FEr.l•TJ"."t
TCTAL 

113~ 

20!1H.I"" 
UUO.ClO 
zo1~0.oo 
Z012{1.00 

2seo1t1,oo 

12u~o.011 
12050,00 

ec,o,oo 
~lQC,on 

326~0.00 

10320,0(I 
12070.0('I 
55010.CJC 
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TABLE 327 

ITEMIZED COST SUMMARY FOR ALTER~ATIVE A 26·IV 
(SOFT DRl~K CA~NERS) 

ITE~IZE~ COST ~L~~~FY F~R ~£~T~~i~~~ T~E~T~~hT t~A!~ 
DE~!G" !~~lCIE~~~ ••• q5.c PE'CF"l PCC ~EC~C11Ch 

TREAT~F~T ~ccLLES: 

I~VEST~E"T cr~TSr 

~1 •• CC-\T~rL ._C, SI: 
P 0 ,,~~~µy~~ ~TLTIG~ 

c ••• ErLAL!Z~T!rh ELSI~ 
,.., •• ~:lT ... (.(;F.~ A~C'!TH.t\ 

k'. 0 ,.AC'l'!vtT•r: !=Li..C'G~ 
c, •• SLL~r,~ 1~rr~~~E~ 
Y,,,ML'LL:'.r. H"11. 

1, CC~'S'fOLrTTr'" 
c, LAl\C 
3, i:'-GI~'fi;p .. :; 
~ • C C " T p. (. E'. C Y 
TC:HL 

YEARLY CPc~£'l"r cCSTSt 
1. L•er:~ 
i. FC~E~ 
3. r.,.E~IC61.S 
~. ~61NT!~A~CE&!L~PLlES 
iCTlo\. 

TC'fAL YtARLY CC~TSI 
S, ~lA~LY r.PE~ATf"G CCST 
2, YF.A~LY !! \f~T,..J;r..T 

Cf'ST fifCl'Vf.Fi v 
3, OfPl;Er.?Anr" 
TCHL. 

1137 

lS30IC.CC' 
2tir-~o.on 
153r.tl,CI) 
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qioo.o~ 

. 80,C'O 
HOO,(•C' 

2~"eo.oo 

81110,00 
quo.oo 

1;1010.00 
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Costs: Total invest~nt cost: 
Total yearly cost: 

$227,790 
$ 52,630 

An itC>mized brca~down of costs is preser'ltC?c! in Ti!tle 328. It 1s 
assu~~~ that land cost S41,0QQ per hect~re (~lC,600 per acre). It 
is further assumed that one operator is required. 

Reduction Benefits: BOD: 97.5 percPnt 
SS: 88.1 percent 

A cost efficiency curve is presented in Fig~~e 321. 

-Alt~rnative A 26·VI - This alternDtive provides flow equalizat1~n. 
nutrient addition, and an aerated lagoon ~ystem. 

The resulting nao waste load is 0.052 kg/cum (0.43 lb/1000 gal), and 
the suspended svlids load is 0.030 kg/cum (0.25 lb/1000 gal). 

Costs: Tota1 inve~~r:".~nt cost: 
Total yearly cost: 

$20C,690 
s 66,240 

An ite~ized breakdown of costs is presented in iable 329. It is 
assu~ed that land costs $4108 per hectare (1660 per acre). It is 
furthrcr a:;:;:;;;~::J thil t on~ operator i !.. requi re:c!. 

Reduction Benefi~s: BOD: 94.9 percent 
SS: 76.0 percent 

Alterna!!ve A 26·VTI - This alternative provides i~ addition to Alter
native A Z6-Vl dua1 -media filtration. 

The resulting BOD waste load is 0.026 kg/cum (0.22 lb/1000 9al), and 
the suspended so11ds load 1s O.OlS kg/cum (0.13 lb/1000 gal). 

Costs: Tot~l invest~ent cost: 
Total yearly cost: 

$223,890 
s 71.d60 

An itemized breakdown of costs 1s presented in Table 330. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that one operator is required. · 

Reduction Benefits: BOD: 97.5 percent 
SS: ag, 1 pcrcer.t 

A cost eff1c1ency curve is presented in Figure 322. 

Cost and Qedu~~ion eene'its of Altern~~~ve 11~at~~nt Technclogi~s 
for S:i"t>catec101·v A 27 - Soft Orin( rrDttT1no or Co111oined 
Bofff1n~1111c; Plants · 

A model plant representative of Suhc~tcgcry A 27 was dcvel~ped in 
Section V for the purpose of applying control Jnd tr~atment alter· 

ll 3C 

-- -----------
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TABLE 328 

ITEMIZED COST SUMMARY FOR .'\L TERNATrVE A 26-V 
(SOFT ORmK CANrlERS) 

ITE~lZF.'C COST SLW"6~Y FC~ ~A~TE~~T~H ~REAT~E"T C~tIN 
OESIG~ EFFICI~~cv ••• q1.s FfPCE~T ?00 ~~tLCTJC~ 

TREAT~E~T ~ccuLESr 

e1 •• cc~TP~L ~c~~E 
e •• ,gL~~l~& ST~~!C~ 
C1 •• E~LALIZ,TlCh BAEl~ 
~ ••• ~rr~r~~~ •=~IT!:~ 
K, •• &~1lV6TEC SL~~~E 
~ •• ,SLL~~E 1~l:KE~EP 
Y,, .... Oi_i;l\r. TA"I< 

t•,,,CUJ.!. "'i:_:~JA Pl<f.SSl..PE FJl.TRAIN 

r~vrsr~E~; ~rsrsr 

1 • C C ~; S T l<L C T : C t-. 
2, L H·r> 
3, 0.GIMEC:;;I•-G 
I.I, CCt-.T4~GEt>.C:V 
1CTAI. 

YEA~LY CPER~T!NC CCSTSt 
1 I LABO~ 
2 I P~f.F.'~ 
le Cl"~"'HALS 
~. ~Al~TE~ANCE~SlP~LIES 
TCTAL 

TCTAL YEAR~Y CCS1!t 
l. YF Hll v CPF.PnI~ r, CCST 
z-. VE&RLY 1•,vrs1"E"T 

CCST ME'Ct'"'1S:~Y 
3, r.f Pl'fCI:Tlr.'-
TClAL 

1139 

uc;ooo.cio 
24'990.00 
1&900.eo 
S6<ioo.oo 

2,27190,00 

1211qo,oo 
12010.00 

8QO,OO 
7QQO,OO 

l33!0,00 

qt to.on 
lOtU0,00 
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TABLE 329 

ITEMIZED COST SUl1J'1ARY FOR Al TERNATIVE A26-VI 
(SOFT DRINK CA!INERS) 

ITF~1ZED CC5T SL~~ARY ~CR ~ASTF~tT~~ T~EAT~Ell.T C~AlN 
0 E S I C: r, E i:- F i C HJ. C'r • • • 'I ti • 3 PE "-' C E f'. i f' GD RED LC T I C '-

T" ~ n ,., E i; T ,.. cc Lil E s r 

J~!~ST~E~T CCST!r 

e.,.PU,.,PI~G !T~TICN 
c ••• EO~~LlZ~T!r~ ~~SI~ 
~ ••. ~ITPC~l~ ~CC!TlC~ 
L ••• •E~ATEn LA~Lr~ 

1 • C' C ~. 5 i;: l.: C it P' 
?. L.HO 
3, Ef..'G!"ffs:ip.:c 
'-• CCt-.Tl"-t·fllif".Y 
5. PVC LI"-E'< 
TCTLL 

VEARLY CPE~ATI~G CCSlSt 
j, 1.1.SC:R 
2, PCHR 
3, C~fMICALS 
~. MAI~T~~A"~E&~LPPLIES 
S, F\IC LI11.F.'!~ 
TCTAL 

TCTAL VF.~~LY CCSlS1 
1. VEARLY CgEPATI~G CCST 
2. ¥EARLY J~VEST~E"T 

Ct'.'.ST RECC\:El"'t' 
3, Cl::PF.EC.ItiTn" 
TCHI. 

1141 

1bfi3 6 0 1 c 0 
:!Seo.or. 

1biLliLIO.OC 
H,.LlO,vO 

3670.0{1 
2oi1.1bqc.oo 

~~50,00 
3S"eo,oo 

eqo,oo 
5210.00 

lt:0,(10 
"7990,00 

ei~o.oo 
ltl060,00 
ct2i1.1c,oo 
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TABLE 330 

ITEMIZCD COST sur·~~ARY FOR ALTERNATIVE. A2'6-V1I 
(SOFT DRINK CA~NERS) 

JTE~!7~0 rr~T ~~~"'i~v ~~~ ~A~T~~,T~P TREAT~E~T C~A!~ 

DESIG~ EFFlCll~cv ••• ~7.~ P~RCEh1 ?CC PECurtic~ 

T~~AT~E~T MCCLLE~: 
e ••• Pt;"'P 1 "G ~, /i 1 to~ 
C.,.ELL~LI2LTJCh ~ASl" 
~ ••• ~TT~r~E~ ~rcTTlC" 
L •••• ~~,·~~ LA~cr~ 
~ ••• PL·"'FJl.r. ST1>7TCN 
" ••• CLAL ~Fe:' P~ESS~ME FILTRA'~ 

I~VESTME"T cr~T~1 
1. cr.uH1.c r rr" 
2, L '~. [.; 
3. I::~ r.l '.; E = :; j ~: G 
"· CC~TJ~vc:-..r.y 
S. F VC LI I· r: i:; 

TCT AL 

Yf.A~LY CPE~~TI~G CC~TS: 
1. LliliC·" 
i. PClof P. 

3, Ci"E"'IJr.ALS 
~. ~lo?NTE~A~·tE&SLP~LIES 
5. PVC ll'-E'i:i 
TCTAL. 

TCTAL YEA~LY CC!TS1 
l, YEti~LV CPERtTJ~G CCST 
2. VFA~LV I~~fST~fhT 

C[ST ~·ccv•"Y 
l. CEl=F<fCl~iIC" 
TCTAL 

1142 

16v360.CC 
!Sflo,oo 

l80LIO,C.0 
iec~c.oo 
3870,CO 

Z23~110,00 

62'30,00 
JSJcao.oo 

e~o.oo 
6Jqo.oo 

160,00 
sseeo.cio 

Sl!IP0,00 

ee>~O.Ot'I 
11czo.oo 
71860,00 
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natives. Jn Section VII, seven alternatives were selected a~ being 
applicable engineering alternatives .. These alternatives provide for 
various levels..of waste reductions for the model plilnt ~1hich produces 
lJG cum (35,900 gal) per day. 

Alternative A 27-l - This alternative assumed no treatment and no re
duction in the waste load. It is estimated that the effluent from 
a 13f cu m (35,900 gal) per day plant is 477 cu m (0.126 11G) per day. 
The BOD waste load is 2.30 kg/cum (19.2 lb/1000 gal), and the 
su~pended solids load is 0.38 kg/cum (3.2 lb/1000 gal). 

Costs: O 
Reduction Benefits: None 

Alternative A 27-11 - This alternative provides a control house, 
flow equalization, neutralization, nutrient addition, a complete mix 
activated sludge system, sludge thickening, and spray irrigation of 
sludge. 

The resulting B09 1·1aste load is 0.24 kg/cum (2.00 lb/1000 ga1),.and 
the suspended solids load is 0.14 kg/cum (1. 17 lb/1000 gai). 

Costs: Total investment cost: 
Total yearly cost: 

$289,990 
$ 65,980 

An iter.iized breakdo\om of costs is presented in Table 311. It i!> 
assur.ied that land costs $20,510 per hectare ($8300 per acre). Jt is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 89.4 percent 
SS: 63.0 percent 

Alternative A 27-JII - This alternative provides in addition to 
Alternative A 2~dua1 media filtration. 

The resulting BOD waste load is O. 123 kg/cu m (1.03 lb/1000 gal), and 
the suspended solids load is 0.07 kg/cum (0.584 lb/1000 gal). 

Costs: Total investment cost: 
Totul yearly cost: 

$313,900 
$ 72,700 

An itemized breakdol'ln of costs is presented in Table 332. It is 
assumed that land costs $41,000 per hectare ($16,600 p2r acre). It 
is further assumed that one operator is required. 

Reduction Benefits: BOD: 94.7 percent 
SS: 01.5 percent 

A cost efficiency curve is presented in Figure 3~J. 

AlternCltive A 27-IV - Th1s alternative provides a control house, flow 
equaliz~tion, neutralization, nutrient addition, a complete-mix activated 
sludge sys~em, and sludge thicl:~ning. 
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TABLE 331 

ITillIZED COST SUMMARY FOR ALTERl~TIVE A27-I i 
. (SOFT DRillK PLANTS EXCEPT A26) 

17EM?Z~D r~ST FLr~A~V ~CP ~ASTE~AT~R T~EAT~E"T C~•I" 

0 E'S l G ;, c.F F H. JF. '' r. 'f • • • £19 • LI P ~ RC f fl T AC,, Fl E [i L. C T l C" 

TRELT~E~T ~GClLE&r 
Pl .,r:rl~Tl<CL 1-(L~E 
e 0 ,,PU~Pl~~ ~lATTC~ 

c, •• E~ltllZATlr~ ~ASl' 
F,,,AC!D ~~LTR&~lZATlC" 
..... ~IT~~G~~ ArOYTir' 
~ ••• ACT!VbTfr ~LuDGE 
G , • , ~LI. :'JG f: TI- l C: KE~; E ~ 
Y ••• ~OLrJ~·~ 'THI( 
L,.,SF~IV I~~IGAT!C" 

l"V~ST~E~T LCST~r 
1. CCl\STQIJCTYC'-
2, LHJ:! 
:S. o·Gp.ii;~gli..!C 

U, CC"Tlt.'tiEHV 
'TCl Al. 

YEA~LY CPERATI~G CCS'TSt 
I, LAef'.'lP. 
2. Pc:..ER 
3, C"'EMICAL!= 
~. ~AINTE\A~CE~SLPPLIE9 
TCTAL 

TCTAL YEARLY CCSTS1 
t, YEA~LY CPfRalI~G COST 
Z. Yct~LY lflVf~T~E~T 

CC~T WF:cc~c:hY 
3. OEF~f'Ct.ATlC'~. 
TCTAL 

1145 

zzs~qo.oo 
IQU:C\,00 
22570.00 
22570,00 

zeqqc;o.oo 

1euo.oo 
stseo.oo 
" s " 0 • ('l(i 
0000.00 

'108'10,00 

uoeuo.oo 

lHi00.00 
usuo.oo 
osqeo.oo 



TABLE 332 

ITfMI zrn COST !:Ul-'.:·~MY FOR AL T[r.i;f,TIVE !127 ~III 
(son DflllJK PL.Al~TS EXCEPT A26) 

7T~~T7~~ rrsT EL~~A~Y rr~ ~t~TF~tlE~ TC£AT~E~T r~A!N 

Ci!;(.\ r•F,r.!~·~v .• , ~~.7 ~~"CE"T ere Q(C~CTlC~ 

nE.:.T"F':T ''("'.l·~:Er 

P l • , c r " T i: r • L 1- r '· s E 
e ••• ~~~~I~~ !1t1TC~ 
c ••• E I~ L " L 1 z Ii 'T l c .... b :. s l N 
F,.,A~!r ~~LT~&L!Zt'TlL" 
~ .•• ~:,=rGr~ A:~112c~ 

~ •• ,tCTJVATc~ ~LLOG~ 

~ ••• ~LL:G~ 'T~l~~E~E~ 
Y" ,1-~1 ·.:.1"-C: T,p,11 
L ••• ~~;av i==rrtT!C~ 
P, •• ~~~;1~: s1~11c~ 
~ ••. r~·~ ~;:I~ ~~f5~L~E FlLT~A 1 N 

I~VE~'T~El\T CC~TE: 

1. cc~~,~~CTIC~ 
c, L.Ar\C; 
3. E'l;CJ:\EE~I._G 

14 • C C ~' T I " \if t.. C Y 
TC:H~ 

YEARLY C~E~•TI~G tC~TS1 
1, LAl"O~ 

2, PC·"~~ 
l • C ;. t =~ I C A L S 
1o1. ""A I~ TF u t, r: Et HP Cl LIE i:: 
'CUL 

TCTH YEA~l.Y CtSTSt 
lo Y~A~LY cc~~~TJl\G CCST 
2, vr~~LY l"v~s~~~"T 

CU:'T ri~C::"VE~Y 

3 0 r.i;Pi<~'C'A1jr"'I\ 

'TCT4L 

114G 

2U5b20,00 
1q1b0.00 
2USbO,OO 
2as~o.oo 

313qoo.oo 

!@7110,00 
15830,00 
11s2n.oo 
til10.no 

4.ISU00,00 

usuoo.oo 

12560,0{1 
1£17'10,00 
7nno.oo 
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The resultinq r,ori 1·w .. ti· 1(1.id ;·. o.7.t. l:ri/cu m (?.00 lb/lOOO gal), and the 
suspended solids 10.1<.1 1:. 0.1'11(.1/cu111 (1.17 lb/1000 gal). 

_ Costs: Tol.il investment cost; $264,650 
Tol,11 yt·,1rly cost: S 61, 140 

An iter.iizcd brNk<.lo1·in of c;n-;ts is p1·esented· in Table 31'3. Ith 
assur.ied th,it land CClHS ~.t.l ,001) per hectare ($16,600 per acre). It 
is further assumed lhill one operator is required. 

Reduction Lcncfits: 00~: 89.4 per:ent 
SS: 63.n percent 

Altern2tive A 26-V - This altcrnJtivc ,rovi~c~ in a~~iticn to Alternative 
A 2 fi- I '.' d 11c1 l nf> u 1 a f i 1 t. 1· ,H i n n . 

The resul~i~a 600 waste loild is 0.123 kg/cum (1.~3 lb/1000 gal), and 
!he suspend~d soljds loild is 0.07 l·g/cu m (0.584 lb/1000 gal). 

Costs: Total investmer:t cost: 
Total yearly cost: 

$288,560 
$ 67,840 

An itemized breakdo1·m of costs is presented in Table 3'.M. It is 
assu;r.ed that land costc; $41,000 per hectare ($16,600 per acre). It 
is further assumed that one ~perator is required. 

Reduction Se~efits: SOD: 94.7 percent 
SS: 81.5 percent 

A cost efficiency curve is presented in Figure 324. 

Alternative A 27-VJ - This alternative provides f1ow equa11zetfon, 
neutralization, nutrient addition, and an aerated lagoon system. 

The resu1ting SOD waste load is 0.24 kg/cum (2.00 lb/1000 ga1), and 
the suspended solids loao is 0.14 kg/cum {l. 17 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$243,870 
$ 78,820 

An itemized breakdo1'{n of costs is presented in Table 335. It is 
assumed that land costs S4100 per hectare ($1660 per acre). It is 
further assumed that one ~perator is required. 

Reduction Genefits: BOD: 89.4 percent 
SS: 63.0 percent 

Alternative A 27-Vll - This alternative provides 1n addition to Alter
native A 27-VI dual mad1a filtration. 

The resulting DOD w~ste load is 0.123 kg/cum (1.03 lb/1000 9al), and 
th~ suspcnd~d solids load 15 0.07 kg/cum (0.594 lb/1000 gal). 

ll '10 
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TABLE 333 

IT"'il zc:o COST su: ... '.~ARY FOP. f.L rrrmf,TJV(S 1,z7. IV 
(son ORlta~ PLANTS EXCEPT A26) 

ITfV!Z~D C~!T !LV¥A~Y rrc ~L~T~~•T!R TREAT~E~T C~A!t.. 
OE!lG~ F~Ft~If~cv ••• FC,U ~E~C~~T ~L~ REC~CTJC~ 

T ~ f" T"' I='"- T ""(· r: l: LE~ t 
P l • , ( r ~ 1 i. I:" I_ ~ C L ! !': 
P,.,Plwrr~~ ~T•TTr"' 
C,,,FGL~LJ7iTJr~ ~•Slt.. 
F

111
ACT:" ~r:l~:;i.L~Ztl!CI\ 

I", • , \I 'Ti:!'.'~:-· /. :- r l TIC'• 
"···tcnv~~:~ n1:::c: 
C,. ,HU'H T;.tcter:\Fg 
v,,.~c~rr~~ TA'-~ 

t"v•sr~E"T ~C~T~: 
1, CU~TPLCTT:'-
2. L6"-r't 
3 I E ~I (, p. f ~ ~ I ~ r. 
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TADLE 334 

!TCMlZED COST sur:'1ARY FOR f1L rrm.'/ITlVF. /l.27-\' 
(SOFT ORil;r: PL,~.~;T5 D:CEP7 .426) 
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TABLC 335 

ITEMIZED COST SUMMARY ron ALTtrll~/\T1VE /..27-VZ 
(SOFi DRWK PLflrHS EXCEPT "26} 
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Costs: Total investment cost: 
Total yearly cost: 

$267.780 
$ 85,530 

An itemized breakdown of costs is presented in Table 31G. It is 
assumed that land co~ts $4100 per hectare ($1660 pcf. acre). It is 
further assumed that one operator is required. 

Reduttion Benefits: BOD: 94.7 percent 
SS: 81.5 percent 

A cost efficiency curve is presented in Figure ~25. 

Cost and Reduction Benefits of 1".lternative Treatr.ient 
Tec~nol£3_ies for Subcateqory .~. 28 - Severacie 9~ses 

A model plant representat~ve of subcategory A 28 1·Jas developed in 
Section V for the p~rpose of applying control and treatment a1ter
natives. Jn Section Vll, thirteen alternatives were selected as being 
applicaole engineering alternatives. These alt~rnatives provide for 
various levels of 1va~te reauctions for the rr,odel plant 1vhich produce$ 
37S cu m (0. 10 tvn.) of bevera~e bases per day. 

It is estir.-1ated that the eff1ue·t from a 379 cum (0. 10 M:;) per day 
plant is 379 cum (0.10 MG) per day. The BOO waste load is 0.24 
kg/cu rn (2.0D lb/1000 gal), and the suspended solids 1oad is 0.05 
kg/cum (0.42 lb/1000 gal). 

Alternat;ve A 28-1 - This alternative consists of a pUllip;ng stat;on, a 
1TOW-equa11zat10'n-tank, and an aerated lagoon. 

The resulting BOD waste load is 0.010 kg/cum (0.084 1b/1000 gal), and 
the suspended solids load is 0.003 kg/cum (0.025 lb/1000 ~al). 

Costs: Total 1nvestment cost: $2~0,570 
Tot~l yearly cost: $114,720 

Ari itemized breakdown of costs is pres~nted 1n Tab1e 31?. It is 
assumed that land costs $4100 per hectare {$1660 per acre). It i~ 
further assumed that one operator is required. 

Reduction Benefits: BOD: 95.8 percent 
SS: 40.0 percent 

Alternative A 28-II - This alternative consists of a pumping station: 
a flDI~ equdli;.ation tanK, a complete-mix activated sludge basin, a 
sludge th~cl;ner, ar. aerobic digesto~. and a sludge holding tank 
follo1't'ed by land application of the di9estor sludge. 

The resultin9 BOD wa~te load is 0.018 ~g/cu m (0.084 lb/lOOO gal), and 
the suspended solid~ load is 0.003 kgku ~ (0.025 lb/1000 g~l). 
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TABLE 336 

ITEM!Zt:D COST su:·~:·'.AP.Y FOR f..LTEf!IJ.TIVE A27-\'II 
(SOFT ORiilK PLA/lTS EXCEPT A26) 
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TABLE 337 

ITrnlZE.D COST SUl~Jl.RY toR AL TEIHIATIVE A28-I 
(BEVCUAGE OASE SYRUP) 
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Costs: Total investment cost: 
Total ye~rly cost: 

$720,590 
$123,020 

A~ itemized brca~down of costs is presented in Table 31~. It is 
assumed th~t ~an1 costs $4100 per hectare ($1660 per ~ere). It is 
further assumed that three operators are required. 

Reduction Benefits: BOD: 95.8 percent 
SS: 40.0 percent 

Alternative A 28-III - This alternative replac~s the land spreading of 
digester sluoge in alternative A 29-II with vacuum filtration. 

The resulting BOD waste load is 0.010 kg/cum (0.084 lb/1000 gal). and 
the suspended solias load is 0.003 kg/cum (0.025 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$359.350 
$ 99,690 

An itemized breakdown of costs is presented in Table 333. lt is 
that land costs $41 ,000 per hectare ($15,600 per acre). It is further 
assumed that three operators are required. 

Reduction Benefits: .BOD: 95.8 percent 
SS: 40.0 percent 

Alternative A 28-IV - This alternative replaces the land spreading 
of digester sludge in Alternative A 29-II with sand drying beds. 

The resulting BOD waste load is 0.010 kg/cum (0.084 lb/1000 gal), and 
the suspended solids load is 0.003 kg/cum (0.025 1~/1000 gal). 

Costs: Total investment cost: 
Tota1 yearly cost: 

$545,980 
$138,320 

An itemized bre~kdown of costs is presented in Table ~~~. It is 
assumed that land costs $4100 per hectare (Sl660 per acre). It is 
further assumed that three operators are required. 

Reduction Benefits: BOD: 95.8 percent 
SS: 40.0 percent 

Alternative A 28-V - 7his alternative prrvides dual mediJ filtration 
in addition to the tre~tment modules of Alternative A 28-1 

The resulting BOD waste load is 0.005 kg/cum (0.042 lb/1000 gal}, 
and the susp2nded solids loHd is 0.001 kg/cum (0.0083 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

1157 

. -·- . 
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TADLE 338 

ITEMIZED COST SUM:\1\1\Y FOR Al TCl11JATJVE A28-Il 
(BEVERAGE BAS[ SYRUP) 
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TABLE 339 

ITEMIZCD COST SUM~V'.RY FOP. f,L TrJHIATIVE A28-I Il 
(BEVERAGE BASE SYRUP) 
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TAnlE 3110 

ITEMIZCO COST S'Jl·::·V1P,Y FOR f1L TCR!!ATIVE A2B-IV 
(BEVERAGE BASE SYRUP) 
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An itemized brcill:do1-m of costs is presented in Table 3111. It is 
assumca th~t land costs $4100 per hcctilrc ($1600 per acre). It is 
further assuraed that one operator is required. 

Reduction Benefits: DOD: 97.9 percent 
SS: 80r0 percent 

ilt~rn~tive A 28-VI - This alternative pro~ides dual media filtration 
Tr1-aoc1:ion to the treatm~rt modules of Alternative A 28-Il. 

The resulting BOD waste load is 0.005 kg/c~ m (0.042 lb/lOOO ga1), and 
the susperdec s~lids load is 0.001 kg/cum (0.0083 lb/1000 aal ). 

Costs: Total investment cost: 
Total yearly cost: 

$754,210 
$132,450 

An iterrized breakdown of c:osts h presented in Table 3~2. It is 
assu~ed that land ~osts $4100 per hectare (S1660 oer acre). it is 
further essu~ec t~a: three operators are required. 

Reduction Benefits: BOO: ~7.9 percent 
SS: 8~.0 percent 

Alternat~ve A 2e.vrr - This alternative provides dual media filtration 
in acciiion to the treatment modules of Alternative A 28~III. 

The resultir.g BOD waste load is 0.005 kg/~u m (0.042 lb/1000 gal), and 
the suspended solids load is o.oci kg/cum (0.008~ lb/1000 gal). 

Costs: Total investme.·t ~ost: 
Total yearly co:.~: 

$393,000 
$109,130 

An ite:r.ized breakdown of costs i., pre5enLd in Tab1e JB. It is 
assu~ed that land costs $41,000 per hectar~ ($16.600 per acre). It 
is further assumed that three operJtors are required. 

Reduction Benefits: SOD: 97.1 ~ercent 
SS: 60.0 percent 

Alternative A 28-VIII - This alternative provides dual media filtration 
in add{tion to the treatment modules of Alternative A 28-IV. 

The resulting BOD waste load is 0.005 kg/cum (0.042 lb/1000 gal), ano 
the suspended solids load is 0.001 kg/c~ m (0.0083 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$579,610 
$147,750 

P.n itemized breilkdown of costs is presented in Table 344, It is 
assumed that land costs $4100 per hectare (51660 per acre). It is 
further assumed that three operators are required. 
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TABLE 341 

1Tt:r-11ZED C03T SUi·~;~f,RY FOR /\LT::R:~.r~TIVE A2S·V 
(BEVERAGE CASE SYRUP) 
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u • c r ~- T I " r. ~ :-. c Y 
5 • F- v c I. p. f Q 

TCTAL. 

Y~ARLV CPE~ATI~~ CCST~: 
1 e l.AeG'> 
2, P:'.i.o.E~ 

3, C"'~MJCALS 
~. ~AI~T~/\A/\CEtSLPPLIES 
5, PvC U/\E~ 
TC TIL 

TCTLL YEARLY CC~TSI 
l, YEARLY C~!Rt.Tl~G CCST 
2, YEA~l.Y T"~~ST~~"T 

CCST r.~CCVE'GV 
3, M:Pl:ECTATIC'i.. 
TCTll. 

11 G2 

2t.l"~C.CC 
UU:O,OC 

2b1'1C,CO 
i?.otl.IO,CC\ 

b300.00 
32Lllc;o.oc 

12"QO,l"O 
1sc;20.co 

o.o 
650Cl,OO 

Z70.00 
qS1!0,CO 

qsieo.oo 

12q10.co 
ttiooo.oo 

l2L11SC'.OCI 
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T ;BLE 342 

ITEMIZED COST SUl·'.;·~.\RY FOR f,LTERNATIVE A28-VI 
(eEHln\GE BASE SYP.UP) 

IT~~rz~n ~~ST ~l~W·~~ FC~ ~~~TF~~TER TQEiT~E~T C~AIN 
DES![~ EFFI:IE~CY ••• 91.q PE~C~~T RCO Rt~UCTIC~ 

T~E~T~~~T ~cnL~~s: 
e1 •• cC~TRCL ~CLE~ 
~ ••• Pu~~!~G ~T&T!r~ 

C ••• E ~ L ;. L ! ? ! 'T I C 1. e t.. S r. t.. 
K.,.ACTl~~~~r ~LLOGE 
~ ••• SLLvG: irIC~F~~
r.,,.AfP~~IC r.Ir-ESTCR 
Y,,.~CL~!~r. TA~~ 

s •.• Pu~Pr~~ ~TA'TJCN 

~ ••• DUAL WECIA F~ESSL~E FlLT~A·~ 

l~VESi~Ef\T tCST~r 
I. COSH:..CT!C~ 
2 • L & ~. 0 
3, Et\GI"'r:-E"lJJ.Ji; 
"• CC~T!"'GH".: 111 

1'C'T _.l. 

YEARLV CPEFATI"'G cr,~T~: 
lo Ufl(JR 
2. rcr.ER 
3 0 C.t-EMJCALS 
"• ~'I~Tf\A~CE&SLPPLlES 
1 C'TAL 

TCTLL YE~RLY CCSTer 
1. YEARLY C~E~ATJ~G CCST 
2. YFARLY l~\FSl~E'°'T 

CC~T l'EU•~><'t' 
3. O~PRECJATJC:f\ 
TCHL 

1163 

33"1c;n,co 
3S31F.O.C·O 

33&120.00 
334120.00 

'7541210.00 

31"80.00 
33U70,00 

o.o 
112eo.eo 
e2210.eo 

30170,00 
2ooso.oo 

132"50,CC 
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TABLE 343 

JTE!f.IZED COST sunw .. r.v FOR Al TEl'l:/\TIVE A2S-VII 
(BEVERAGE BASE SYRUP) 

lH'''!Zfl) cr~'T SL~·,.,Ar.y FQl'l ~ 6~Hi.f.'Tr.~ 'TPF6H'P'T C ... AI"'1 
CE~ ! \, '· :. F "° 1 C : r. r. t Y , • • 9 7 • C: PF "C i:- '- i F< CD r;.. t. Ct.: r: i I t ~ 

'T~f~~~~~, MC~~LE~: 

f.l. ,Cft.HCL 1-tL~!=' 
~ ••• P~~~,~~ 51ATTO~ 
C •• ,t~LALl7t1lC'- ~ASl~ 
~ ••• a~i!v~i~c SLL~~E 

c. , •• s 1.. L c r. :. 1 ~ l r "' E ~. : .. 
~ • 1 • 'v L C L L ., F T L 'T :; A i l C l·i 
v ••• ~ Jj L r ! "" r; l 6 ' I< 
~ ••• PuwPJ~~ ~1e'TIG~ 

~ ••• DGAL ~Ee'~ ~~:~SL~E FlL'Tr~·" 

I~~Es'TuEil CCST~r 
l. rt.~~SHli:-':'~C'h 

2, LH·r> 
:! • Fr--(, l ~:~: q q: 
"· U~'Tl"-•::t::r-c:v 
TCHL. 

YEARLY CPE~ATI~G CCSTS: 
1 • LA !HiR 
i, FC"-F'R 
3. C:t-F.M!C!LS 
'I • ""• I"" TF 1-1. "-CHS l. PPL.IE S 
TCiAL 

1CiAL VEA~LY CCSTEI 
1, YE,RLY CP~~ATl~G CC~T 

2. Yf~PLY !"~f~T~~~T 
er.~; ~Fcrv~r;.,. 

3. C~FREC!tiHI\ 
l CT Al 

llG~ 

! (1 c; ~ Cl c • ::i I) 
2f>~H,CCI 

sr.:::Hi.c.o 
:?.CS3o.on 

]q!(lt0.00 

37UP.O.CO 
276?0,C!O 
lo~o.c~ 
blBO.OCi 

7SOCIO.~O 

1:1?.0,00 
leJu,no 

tr.~Dv,00 
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TAOLE .344 

ITEMIZED COST su~;A~Y FOR ALTERNATIVE A20-VIII 
(BEVERAGE BASE SYP.UP) 

I T F '°' ! Z ~ 0 CC S 1 S i.. t" 11 A ;. Y F ( Q i.. I. ~ T ~ i. I. l :: ;. T ~ F: A TI' E ... T C ;. ~ I '-
0 ES l t.~ £i:.·q::F.•:Y ••• cn.c; H;.;C~'i i:l'C ;;e,L.LCTICPI. 

T~Cl.T~F~T ~r~LLES: 
Pi •• cc,,~CL ~~LSE 
F ••• ~~~~r~~ ~TATit~ 
c ••• ~~LL~!?tT!C~ ~·~r~ 
~ ••• it~:~,T~~ Si..~~~F 
C ••• ~;_r_Lt::: i'-'!C.:-~··.j£~ 
F ••• tfCCFir Cl~fcrc~ 
T ••• s~~: ~RV!~G FE~S 
'·••~GLC!~~ Tl.f\K 
F.,.cLu;r~~ !T!1~~~ 

._,,,l")ut!.. ~·Fi::!t Fw~~s·.;:;.f F=ILHA't. 

I~VE~~~E~T CCSTSt 

VEARL 11 

1o CCPl.STRi..CiICf\ 
2• L HD 
3, fl'.G:~tc.•l"-ii 
U, C'C"-Tl~.GEi.CY 
1CUL 

OPEia l P·li CCSH: 
1. uerR 
2. i=c11-r:" 
3, CHY!:Al.S 
u1 ~AIN1~~6~CEL!~PPLIES 
TCTA.L. 

TCTAL YEA~LY CCSl~r 
1• Yf.ARLV r.P:R6,lP1.l- CCST 
2. V~A~LY JPl.Vf!T~~~T 

cnr ~:r,..vr i;;y 
3. r:EPFtEr.JATII' 
TCT6L 

11C~ 

u711~00.co 

"3:tO,Ot'I 
U7Cf£10,Ci0 
cn~t:o.co 

57~b10,CIO 

nueo.roo 
3lU71'1,0CI 

o.c 
z"etic.~o 
qso10.co 

23180,(l~ 
287t-O,C,0 

S~7'1'5l",Oi'.I 
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Reduction Oenefits: 000: 97.9 percent 
SS: 80.0 percent 

Alternative A 2B·IX - This alternutive provides carbon adsorption 
in addition to the treatment modules of Alternative A 28-V. 

The resulting 000 waste load is 0.0025 kg/cu_m (0.021 1b/1Q00 gal), 
and the su~pcndcd solids load is 0.005 kg/cum (0.0042 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$406,070 
$152,030 

An it.er.-;~ze.d brP.akdo~m of ccsts is presented in Table 345. It is 
a:;su:ned H;i:t ~c:ir.d costs $4100 per hectare ($1660 per acre). It 
~s furtr.er as:.ur;t'.<.! tha~ onE op~rator is required. 

Reduction Benefits: BOD: 98.9 percent 
SS: 90.0 percent 

A c.cs~ effi1;ieric.~1 curve 1s l n~sen:ea in Figure 326. 

Alternati~e A 28-X - This altern~tive. provides carbon ad$orption in 
ad::ii~iC·:i tc the treatmem module;; of t-lternative A 28-VJ. · 

The resulting BOD waste load is 0.0025 kg/cum (0.021 1b/10DO gal), and 
the suspended solids load is 0.0005 kg/cum (~.00042 lb/1000 gal). 

Cost$: Total investment cost: 
Total yearly ccst: 

$836,070 
$160,320 

An itemized breakdown of cos ts is presented 1 n Table 346. It is 
assumed that land costs $4100 per hectare {$1660 per acre). It is 
further assumed that three operators are requ1r~1. 

Reduction Benefits: BOD: 98.9 percent 
SS: 90.0 percent 

A cost efficien:y curve is presented in Figure 327. 

Alternative A 28-XI - This alternative provides carbon adsorption in 
adoition to the treatm~nt modules of Alternative A 28-Vll. 

The resulting BOD waste load is O.OIJ25 kg/cum (0.021 lb/1000 gal). anti 
the suspended solids load is 0.0005 kg/cum (0.0042 lb/1000 gal). 

Costs: Total investment cost: 
Total yea~ly co5t: 

$474,860 
$137,000 

An itemized breakdown of costs is prer.ented ;n Table)il7. It is 
assumed that land costs $41,000 per hectare ($15,600 per acre). It 
is further assumed that three oµerators. are required: 

j 166 
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I~vEsT~~..,,. rcsTS' 
1. rc"~~F~CT!CI\ 
? • LH~ 
l • E " G l ~ ' I'. t' I; T ~I G 
111, CC'Tll\P'.'C" 
S. PVC lI'E'F 
TCHL 

YEARLY C?ERATI~G CCS'TS1 
1, LA~CP 

2. FC1>.Ei< 
3. Clof,..trALS 
Q, ~AI~T(~a~c~iSLPPLIES 

S, P\IC LI"-Flol 
TCHL 

TCT~L YE£~LY r.c~i~1 

32ae.10.oo 
lll60.00 

3?.·:,71'1.00 
32q10.0C1 

6300,00 
COb07{1,00 

1ltJ19(l,00 
1c;11~0.eio 

o.o 
237~0.00 

210.00 
11soqo.oo 

1. YE•~L't' c~~~fTI~~ CCST 1156qe,oo 
2. V[A~LY l"~[El~~~T 

rr~1 Rtc~v~~,, 162"~.oo 
!. ~l~~E(!~T!e~ 2~1~~.~o 
TCT•~ 152030,00 
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TABLE 346 

ntJ.lIZEO COST sur.~·1AR' FOR Al TERl4ATIVE A2e-x 
(BEVEilAG[ BASE SYRUP) 

JTE~lZ~D cr~T SL~~,~· ~ci:; ~A~TFhAT~P TP[.6T~E~T C'"&l~ 
DESIG' ~~F!C:f,r.v ••• qq.~ F£~CE~T ~c~ nfr,uCT!C~ 

JRE~Tl·E~T ~C~LLES: 

~l •• CO"i'lrt. '"(LS: 
e ••• P~~PI~c ~TtTIC' 

c .•• ~~LGLlZ,ll~~ ~•sI~ 
K • • • H T : v :. T ~ 1: ~ L L i• (; E 
~ •• ,S~Lr~~ T~:c~~~E~ 
~.,,6;ClrlC CI~~~T~; 

v ••• .-cL '.: P. r. ·. "" '( 
a • • , o ~ ,, f• ! '. .-: S i 6 T ! C ' 
~ •• ,OU6L ~E~I~ o~~~S~~E FILT~A'~ 
z ••• 1crn .. q:.·: CA;;~L. 1o:-:c.-;.1;r1 

I~VE~11/f~T CCSTSa 
1 • C. Cf. 5 T .0 l. C iJ C 1-
2, LAl\n 
3. ft,t;p.1i:~~P·1; 

Ii, C:Cf\TH:;: ... c-r 
TCTAL 

YEARLY C~ERAT!~G CC5TSr 
1. LA~CQ 

l. fo'C;t,ER 
J, C'"E"'l0U' 
I.I, ~A7NTE~A~CE&~LPPLIES 

TCTAL 

tCTAL YEARLY CCSTS1 

uo2u10.co 
3531~0.oo 
1.102u~.oo 

·1.102uo,oo 
~3t070,00 

311.1eo.on 
36'130,00 

\)I 0 
2es30,r-o 

H211io,oo 

1. V[~PLY CPE~~TI~G C~ST 102740,00 
2. YE~~LY l"~F~T~E~T 

ct~T kEC~~~;y 3J~uo,oc 
3, DtP~:CJ•1It~ 2'1£10,00 
1CTAL 1~~320,00 

11C9 



..... 
. ; 

• I •• I 

~ 

--
t. 
0 

~ 
~'I 
::> 

~ ~"•I I 

z 

~ I-
c 'II 

0 
u 

>- . ~, .. 
>-
rl. 
~ 
>-

~ 
u 

.J 
I-

I~;..,• I 

~ v 

JJ!,: I 

.~' ------
FlGUl1f J;>7 

HNESTIENT At.() YEARLY COSTS.FOR SllBCATEGDRY A 28, ALT. II. VI.')( 



l>RAFT 

TABLE 347 

IT!MIZED CuST SW~·~ARY ror. AL rrrrnATJ\IE A28-Xl 
(BEVERAGE nkSE SYRUP) 

I , E'. !>' T z E [• r r: s T ~ L .. ,, ~ • y ~ r;.; • t. 5 T f .... ~ T C' ~ , I< t:: A , ,,, £" T c ... A I •; 
!) E S J r; ~. f FF T C !£ "- C Y , , • c; ~ • ".l ~ E ~I'.' C' ~- T e CD ~ t Cu CT IC~. 

TQ~AT~~~T ~GvuLt~; 

E~ •• i:p,.i:;r:L "'fl~F. 
B, ,,i::.1..."FJ~ (: ~TAlll:~ 

C,,,E0LALJ7tTlC" ~AS!' 
~ ••• ~CT~\!ii~ SL:r,~~ 

c •• , ~ L L r. c: ~ T .. ! c ... r.: ·' £ ~ 
S.,.~tC~l~ ~i1...T~6TIC~ 
V, .,""C!i..C:'G r,p,I( 

~.,,PL.v;!'"'.i. ~i!11C\ 

~ , , , C'I L' ~ I "' ~ C l A P ;; " S SL ? E F l L TI< A I P.. 

l~HST·~u T c: ·rs: 
'· C..C"-!'H<L.~':'!Cl.. 
2, Lt.t-.r; 
3, E~Gl'-'E~PJN:; 
II , C C "1 T I n. E I~ C Y 
TCUL 

YEA~LV OPERATI~~ CCST!: 
1. LAHg 
2, PC1t.ER 
3, C~E~lCHS 

r: . ~ .. , .• 
'" .. • I • 

~. ~AlNTE~A\CERSLFPLIES 
TCTAL 

TCT&L YEA"LY CCST~r 
'• v~&RLw crE~ATI~G CCST 
Co Y!:6f(LV Jl-1/~ET,..C'r..T 

((~T "S::C:'.:.'Vf"<Y 
3, rr;:~rCPilr~ 
TCUL 

1171 

37!~t10,(10 

2bt-b0,CO 
3 '/35 0. 0 (• 
37350,('(\ 

a1u~bo.oo 

J?L:fiC,(IG 
)('1£1~0.('10 

!OH1,CCl 
2u110,cio 
q5~01.1.oo 

1ei;c;(l.OO 
22u10.nn 

137COO,OO 
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Reduction Benefits: BOD: 
SS: 

98. 9 percent 
90.0 percent 

A cost efficiency curve is presented in Figure 320. 

Alt~rnative A 28-XII - This alternative pro~ides carbon adsorption in 
add1t1on to the treatment modules of Alternative A 28-VIII. 

The resulting nOD waste load is 0.0025 kg/cum (0.021 lb/1000 gal), 
and the suspended solids load is 0.005 kg/cum (0.0042 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$661,470 
$175,630 

An itemized breakdo~m cf costs is presented in Table ; ·.~. It is 
a~sumed that land costs $4100 p2r hectare ($1650 per a:re). It is 
further assumed that three operators are required. 

Reduction 13enef"its: BOD: 98.3 percerit 
SS: 90.0 percent 

A cost efficiency curve is presented in Figure 329. 

Alterrat~ve A 28-XIlI - This alternative consists of a p~mping station, 
a flow equalizatio 1 tank, and spray irrigation of the raw wast~ effluent. 

The resulting BOQ waste load is 0.0 kg/cum (0.0 lb/1000 gal), and 
the suspended solids load is 0.0 kg/cum (0.0 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

Sl92.79Cl 
$ 27,360 

An itemized breakdown of costs is presented in Table 349. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further alsumed that one-half time operator is required. 

P.eduction Benefits: BOD: 100 percent 
SS: 100 percent 

Cost and nedvction Ben~fits of Alternative Treat~cnt Technoloqi!S for 
Subcategory A 30 - Instant Tea 

A ~odel plant representative of subcategory A 30 was developed in Section 
V for the purpose of applying control and treatment al:ernatives. ln 
Section VII. eight alternatives were selected ~s being appli~able engi
neering alternatives. These alternatives provide for various levels of 
waste reductions for the model plant which produces 9. 1 kkg (10 ton) of 
soluble "in~tant" tea per day. 

Alternative A 30-I - This alternative assumes no treatment and no reduc
tion in the 1~aste load. lt is estimated that the effluent from a 9.1 
llg (10 ton} per day plant is 454 cu "' (0.12 :1G) per day. T!ie :.SUD 11.1ste 

117l 
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TABLE 340 

ITEMIZED COST su~~~RY FOR ~LTER~~TIVE A28-XII 
(BEVERAGE BASE SYRUP) 

ITE~rz~c c~f' SL~~~~' ~~~ ~&ST~AtTE~ T~E•Trl~T c~AJ11. 
CE S ! CI. F. F F ! C I f ~. : v , • • ~ o • 0 IJ ~ RC £ ~ T " C ~ ? C: C 1.i C T I G ~ 

YEARLY 

~1 •• cc~1~~L ~CL5~ 
~ ••• ~L~~'~G STATIC~ 
C, •• ~·::•_it !ZAT!C~ ~65!11. 

~ ••• AC7!~~-E~ ~LL~Gf 

c ••• SL~:G~ i~1c~f~E~ 
~ ••• At~C~;c CIG~ST~~ 
l,,.sa"r ~~v:~~ AECS 
Y ..... CL~i·-: -:.1.:\11 

~ ••• PL~cr~~ ~TtTlC' 
h.,.nuA~ ~~r:A ~~E~~L~E FJL1~~·~ 

2 ••• •CTJV~T~~ c,~~[~ ACSr•?TJt~ 

CCST5: 
1 • 
2 • 
3. 

cosr;:vcnc" 
L HD 
H G I "' F. : ~ ! ~1 c; 

41. CC,.,Tit-GEh:Y 
TClA~ 

CPEIUTI~•:; CC~H I 
lo LABC~ 
2. POE'?. 
3 , t I- t ~I I C t. L !: 
U, ~AI~1E\A~eE&~L?~LIES 

lt HL 
< 

5"H2o.oo 
unc.ot'I 

5"7to.o:, 
suHo.oo 

1:61£170.CO 

JHeo.oo 
:u7Jo.co 

o.o 
"2100.0l'l 

116310.00 

TCTtL VEA~LV CCSTS: 
1. VEARLV l~:~tTI~r. CC~T 11e310.oo 
2. Y~A~L~ ;~Vf~T~E~! 

C r ~ 1 " E :: C \· ~ ;; v 
3, [~Po'i<fCjLT!':'' 
TCTAL 

11 ?:. 

26CibO.~O 

l?F~o.o~ 
175t-H.OO 
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TACLE 349. 

ITEMIZED COST SUl·:~~MY FDR flLTEfU:ATIVE A28-XIII 
(BEVCRAGE DASE SYRUP) 

ITEM!ZFC CCST ~~~~A~¥ F(~ ~!~T~~AT~~ T~EAT~~~T C~,I~ 
OESlG~ fFF!C!E~rv ••• ~Ct,C Pf~~~~, ?C~ ~£~~:11c~ 

TREATVE~T ~crlL~~, 

Y,,.~CL~l~G 1A~~ 
~ ••• scQ,y l~~IGATIC"' 

l~VE~T~F~T ccs~~: 

J, CC,.,.SHi:..Ci!C"' 
~. LHO 
3 • C: '- u p. :: ~: P l 'Ii G 
"· cr.,.Til'i.GEr-..:v 
'JCTAL. 

YEARLY C.~EQATI~G CCSTS: 
1. L•er~ 
Z, PC~Etoi 
3. C:l"'~~IrtLS 
U, ~AlNTf~k~CEt~LPPLIES 
TCTAL. 

TCr•L. YEA~LY CCST~~ 
11 YfARLY C~FPATI~G CCST 
2. Y~~RLV l~VF!T~E~T 

CC.ST •"'E'CC'V~llY 
3. C!.PRECP'tlC~ 
TC:TAL 

117G 

n2c1qc.eio 
~3320.or. 
132c;o.oo 
1.32110.00 

1qn90.oo 

62So.co 
lb20.0!I 

0. 0 
3810.on 

11e,eo.oo 

11bec.oo 

7710.00 
H70,oo 

27Ho.oo 
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loao is 50.0 kg/kkg (100.0 lb/ton). and the suspended solids load is 
37.5 kg/kk~ (iS.o lb/ton). 

Altcrn~tive A 30-JI - This alternative consists of a pumping station, 
a flow equ~1il"5tTon tank, primary clarification, a complete-mix activated 
sludge basin, sludge thickening, aerobic digestion and vacuum fil'tration. 

The resulting eon waste load is 2.00 kg/kr.g (4.0 lb/ton), and the sus
pended solids load is 5.50 kg/kkg (ll .0 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$358,430 
$ 97,010 

An itemized breal'. do~m of cos ts is presented in Tab: e 350. rt is 
that lar:d c.os:.s S4: ,OJO per hectare ($16,600 per acre). It is further 
assumed that cne ope-rat.or is required. 

Reduction Benefits: BOD: 96.0 percent 
SS: SS,3 percer.·.: 

Alterna:ive A 30-J!I - Th~~ alternative replac~s the vacuum filtration 
moo:.:fe of alierr,ative A 30-1! with sarid drying t;eds. 

The resul~in; 5JC waste load is 2.00 kg/kkg (4.00 lb/ton) and the suspen
ded solids load is 5.5 f;g/kkg (11.C ltJ/ton). 

Cost: Total investment ccst: $40~.2)0 
~H'3,830 Total yearly cost: 

An ite~ized breakdown of costs is oresented in Table 351. It is 
that la~d costs $20,510 per hectare ($8,330 per acre). It is further 
assu~ed that one operator is required. 

Reduction Benefits: BOO: 96.0 percent 
SS: 85.3 percent 

Alternative A 30-JV - This alterna~ive consists of a pumping station, 
i flow equalization tank and aerated lagoon. 

The resulti~g ROD waste load is 2.0 kg/kkg {4.0 lb/ton) and the suspended 
solids load is 5.5 kg/kkg (11.0 lb/ton). 

Cost:;: Tl)tal inve~tr.ent cc5t: $359,080 
$140,200 Total yearly ~est: 

An itemi?ed breakdcwn of c~sts is presented ln Table 35?. It is 
tha!. lane c(;~:.:; ~ . .::.1oc ::>~r ~ec~a!":- (:.;,Gm ;;er acre). lt is further 
assumed that one half-tirne operator is required. 

Re,jur.t ion Senefi ts: B(JD: 
SS: 

1177 

96.0 pe;cent 
85. 3 percent 



TAOLE 350 

nrn1zrn cosr su:::·.!.""' roP. r,LT[rrn,;r:vE .t..30-JI 
(lli3TArn TEA) 

n~_r:rzr~ r"~i ~L""~"" F(;; 1-.1.~Tf .. ~T!:~ T'lfLl"!::~T =•Alf\ 
rl~'L~ ftF!CI~' er,,, ~~.~ ~tQ:r~r ~ro ~E~~CTIC~ 

,. .- : T c ' "" .......... 

P : •• ~ ; '\ T = r, L i. Cl ~ ~ 
2',,.~,,";iy~;, S1!1JC11. 
:: •• J::LAt.I7tTJC•, ?.:.sr~ 

K,.,L~T;VtT~~ CLL~ ~ 

~ ••• ~~~:~r i~1c~~~ ~ 
P,,,:.;~~~rc r1~Fs1 ~ 

s ••. v~c~L~ F!~1~'1 c~ 

'f • • • i... ~ .. · :.. :. ! ~ ~ T .! " r< 

1, !:'r· q;;LCi!C•. 
t: • Lt:,"' 
:>. •·•~·.~•.;J•L, 

"· cr·.r~•.c!.>C:Y 
TC 1AL 

vE~PLY c~E~tTI~G rc3T~! 

11 ~Ad.Ft 

~. H>U 
'3, L'"'ll'!C/LS 
l.I, ~Ll~Tf~L~~~[~L~~L?ES 
, r TA l.. 

TCT&L YfA;Lv crST!I 
1. Yi.tHY u-i.: .. ·nnr: rcsT 
l?, Yrt.PLY !q•';"'T~·:~T 

CC:; 1.rr,...~~·rv 

3. :r:r-~c!~T!,"•. 
lCTtL 

1178 

27~Ho.oo 
2c:iqCfO,Ol'.l 
znn.oe 
27370.00 

3se"'Jo,oo 

3'7QeO,OO 
1ec:iqo,oo 

2b7C,OO 
7110,00 

L>b2:0,C·C 

~~riso,eo 

JOJUO,C-C 
Ht:.?C,Cu 
Cl7Clt',00 
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TABLE 351 

i"l'tmzrn CCST SW·'.:·:Af?Y FO~ f,LTEP.~i/\TIVE A30-I I I 
(lNSTAIH TEA) 

! 'Tc:",..' z :': (' ,. ~ r ~ L ""A ~ '!' t':::: ,, L c T ;- ·"A 'Tc:" r Tr. r /; T ... ~ I\, T c ""Ar .... 
t E ~ r ~ ~ · f s: F l : l i:: ~. c Y , • • Q c; • ri s:: E ,, c ~ ; . ; e c !) ~ 1:. c L) r: r I c 11. 

T I< F A T q:", ,. '· C ~ L L £ !: : 
Ql,,r:n._,.i;CL ~Cl~~ 

t:,,,l-'i.."i...1.,,:-: ~1err~" 
r ••• ~ 1;'~~ 1_!7!":"iC ... ;:i,sq. 

K, •• ~:·~~t,.~~ E~--~~ 
c; ••• s~1 .... ~.:: T~!cw..:h~;. 

~,,.~r~:~~c ~l~~STC~ 

T ••• s~,t~ ~~'°·'~ ~~C..5 
y •••• ,.... .• :"'. : '· -:. -r :. ~ ,.: 

!"'v•Si~f~T :c~~~: 
1 • er• ~T~._!:r~> 
2 • LL P'I ~· 
?. E~ Gr"=c:":r•:G 
ti, CCl\i!P..GF'~Y 
lCUL. 

VfA~LV CPERtT!ll.G CCS'TS: 
1 • LI. E i:·:; 
c, PC"E"~ 
3 • C "' ~ ~· l C t. L ~ 
~. ~~l~TF~A~~E&!L~~Lif~ 
1C1 t. L 

T~iAL Ylt.~LY CCSi~t 
s. "'~e~LV Cl"'~~AT~"G ClS1 
,, "ft.IOI"' )11.VrST"'c:"~.T 

t.,;~1 CH'[r\~~y 

! • r ~. r: r- E r : 1 ,. ; ~ : . 

TCHL 

l l 7 !) 

3S 11 SEn,t:I) 
t<MC:C,Cl'I 
:.no~o.ce 
3!(-eO,CC: 

1Jo22c;n.oo 

37w!!0,CC 
t':lb~O.t'O 

o.~ 
P-:irC,CO 
tifo~!0,(10 

lHOC,!'IC 
li:;11Cl.C•(• 

1 Cl ~ ~ 3 o • r• o 
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TABLE 352 

ITErllZCD COST sur·~·1~.RY FOR AL rrn::AT!V[ A30-!V 
(INSTANT TEf\) 

!Truy7F~ r~ST !LUu~~v ~~~ ~tSTF~tTEC TUE~ru~~T C~Al~ 

o~~JGI ~rFJ~=~~cv ••• q~.o PEPC~ .... , ~cc ~ED~CilC' 

! I. V ~ ~ T •' :' ~ • i· C C S T ~ I 

e ••• ?w~F?~~ ~Tt1:c"' 
C ••• F~LLLTZLTJC~ ~ASih 
L 01 ,tf~L1E: LACCC~ 

1 , C ( ~. S 1 F I, C , ! C I\ 
2, L.HC 
~. p.c:y1.Et::1~·~ 

" • C ll· TI ., ( E '· C Y 
~. f-'vr L l"E'-
lCHL 

VEL~Lv cFr~~,;~~ cc~rs~ 

l. Ltt':i< 
2. i:-r~fi< 

3, c-.E:'.".lCt.LS 
"• ~Ail\.TE~~NCESSLFPLIES 
5. FvC UH.R 
TCTIL 

TCTAI YEAR~Y CCSTS1 

28P57C\,OO 
4l~t:r1.r.o 

j:lfl~t:O,CC• 
22P~c.cc 
e13o.eo 

lSQoeo.c-o 

12uqo.oo 
8711.10,0C 

o.o 
e1eo.co 

310.00 
10!120.00 

1. YfA~~v r.~:~ATI~~ CCST 1~e12~.oo 
2, YEARLY l~VE~t~~l\T 

CC9l ~Err.vE~Y 1U3~o.o~ 
3. CEF~ECJ~TJQI\ 17720,oe 
ICT~L 140200.00 

11CO 

. ·--·-----· -·--·~---,~--~·- -.=~-----



Altern~tive A 30-V - Jhjs alternative pravidcs dual media filtration 
in adcfftion to the trcatm!?nt modules of /\lternative A 30-11. 

The resu1tin~OD -..•aste load is 1.0 1-:g/ld:g (2.0 lt,/ton), and the 
suspneded solics load is 1.0 kg/kkg (2.0 lb/ton). 

Costs: TotoJl investr.1ent cost; 
lotal yearly cost: 

$382,030 
$103,680 

An itec:>ized brear.dowr of costs is presented in Table 353. !t is 
as~umed t~at land costs 54100 per hectare ($1560 per acre). It 
;s further assJ~ed that one operator is reQuired. 

Reduction Benefits: BOD: 
SS: 

98. C percent 
97. 3 percent 

A cost efficiency curve is preser.~ed in Figure 330. 

Alter~ativ~ ~ 30-~T - This alternative provides dual media filtration 
in a~~i~io~ to :ne trea:~ent mcdules of Alternative A 30-IIl. 

The resulting 600 waste load is 1.0 kg/kkg (2.0 lb/ton). 

Cost!': Total investment cost: S463,Cl70 
$120.500 Total y~arly c?st: 

An ite~~zed breakdown of costs is presented in Table 354. It is 
assur.:ed that land costs S2C.510 per hectare {$8330 per acre). It 
is further assumed that tlit·ee operators are required. 

---·----

Reduction Benefi:s: BOO: 
SS: 

98.0 percent 
97.3 riercent 

A cost efficiency curve is presented in Figure 331. 

Alternative A 30-Vll - This alternative provides dual media f~ltration 
in ad~tion to the treatment modules of Alte!"'nativc A 30-!V. 

The res~lting BOD waste load is 1.0 kg/kkg (2.0 1b/ton). and the 
su$pended solids load is 1.0 kg/kkg (2.u lb/ton). 

Costs: Total investment cost: $424,650 
$148.560 Total yearly cost: 

An itenr;zed breakdOlm of costs is presented in Table 355. It is 
assumed that land costs S~lOO per hectare ($1660 per acre). It 
is further assumed that one half-time operator is re~uirr.d. 

Recuction Benef;ts: BOD: 
SS: 

9S.O percent 
97. 3 perr;ent 

A cost effic.iency curve is pre:r.enteo in rigure 332. 

11B1 
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TAOLE 3~3 

ITEl'ilZED COST su:'.:·1A.P.Y FOR :•.LTEP.t:hTIVE /\30 -V 
( lllS'T Atn TE") 

ITE~t?~n rnsT ~L ... ~/~V ~c: WA~TE~~,~~ T~f~l~E~T c~,I~ 
OESJG~ f~ftCI[~CY,., ~7.~ c~~r~~, ~c~ RECUCTil~ 

TRfLT~:t'l;f ·~CC.uLE~1 

E-1 .. CC.~Ti.:r.t t.-Li.SE 
B ••• ~~~~!~~ STAllC~ 
C, •• E~L•Ll?~TlC~ ~~S!~ 
E,,,CL6:;p; j€~ 
k,,,,~T!V~1~~ ~LLC~~ 
c ••• SL~rGf Tlo-IC~f~E~ 
F.,,,6E~c~1r ~lr-F.SlC~ 
s ••. ~A(LL~ r!LT~~TIC~ 
'1,,,!~L·t l:·~',r; i'Lr.K 

S?,,,'-'~:v~p.r; ~TtiTlCI\ 

"' • • • r' 1..· :. :.. ,.. F : 1 " F " E ~ s 1. c; : F ! L , ~ :. • ., 

1~v:s1~~hT ccsrs~ 

) • r. ~ t. :; 'T c; 1.. C T t C ~ 
c. LH'.l 
3. E"C.l'-EE~P .. G 
41, t:t:t.Tit-.li[\C:Y 
TCTJ.L 

VE•RLY 0PFGiT1NC C~~TSt 
le lAE'CI;. 
~. PC'111EP\ 
l, ci..p·~CHS 

'-I • I' A J 1, l f '. A'· c:F. ! ~ '· PP l. l £ S 
TC TAL 

TCTAL Y~A~~y rCSTSt 

- -- --- - - -- . 

1, HH•l.Y (J.>f~tTI~G CCST 
c, YfhLV !~i:l~'T"'[l>'T 

CCST Ri:crvi:-;;v 
3 , t' F. ~JO EC I t. T ! C' •. 
HTAI.. 

... - -- --

2q33te,c-o 
z~qc;O,l'IC 
C?qJun.cc 
2q3uo.co 

~e2o3o.oo 

3'7-41f0,CC 
2l2c.iO,ClO 
2ti.,o,oo 
1 .. ,0.00 

708('10,0t) 

1necio.oc 

JScP.0.0tl 
l7bGO,(ln 

11'>3~P Cl• C'O 
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TABLE 3511 

ITEMIZED Cu:> r SUM:·lARY FOR AL TERr;r\ TIVE A30·VI 
(INSTANT TEA) 

I 1 c '' ! 7 F r. C ':'.!- l ~ L. "' ~ I t ·,· Fri; ~ 6 ~ T C:: .. A T : :> 'T ;; :: L T "' • ~ T r. .., A l 11, 

Cl!lrr tFF'C'L~c• ••• Q7.~ ~t~CF", Pre ~~cuCT!C~ 

Pt.,r:~,:.Cl ._Clff' 
~, • • C-\tf·S: ~ t. r, ! T .IT H,t. 
c ••• J: (; L 11. l 7 :. 'T Ir. p A! I r, 
E ••• rt.6:.~;;r-c 
l', •• AC"lv/Hr ~LL.;:-:: 
r; ••• s L L r r: ~ l "" r r: K ~ :. E ro1 

~ ••• t•cr~1r r:r.F~TC" 
i, •• !i~c ~~ ... ~~~ 'E:s 
"' , , , ., : L t' ~ . :-: ~ 6 ~. " 

~ •• 1 S:l1 '-'"'I! r: ~ltT!C" 
11,, •• r~6L :·rc1L P~f~!L~E" c1LTc~1, 

'"V~!iUf."T C(~i!! 
l. C[r·~T;;L"'.TTC"" 
C. , l. Co" [I 

3. HGJ:.r;:c.:.1•;u 
ll, Ct:N'l'J't;::-1 ~v 
TCTAI. 

VE~~LV CDE~~Tll\G CCST~t 
l, LA~~~ 

i, FC"'F~ 
3, Cl"E"~HALS 
~. ~•;~l~\&~rE~SLPPLIES 
TCUL. 

TC'TAL VE~~~V CCST~I 
1. ¥EA~LV cr~~ITJ'G Cr!T 
i, '!'~Ar.Ly j".·,~~T··Fr..T 

CCST 1.~c 1 ·\.o:.;~ 

3. G~S:h"~C;AT!"'\ 
Tf.l~L. 

1 l04 

.H?ruc.oo 
tQ~c;c..oo 
:sH~o.r.r 
3H20,0C' 

UcSSH,eie 

J?"~e.oo 
20eeo.ce 

e.o 
141~20,00 
7°!1t'O,OO 

17CIH .-(1 !'1 
2czc;n,co 

I !VS C 0. C• 0 
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TABLE 355 

-ITEMIZCD COST sur.:;:/,r~y FOR liLTErWATIVE A30-VII 
( INSTAtH TEA) 

J '! E '. ~ z ~ ~ r r. s T ~ L ~ ,, " r., y F" r· ~ ~: ~ ~ 'TE ~ f, 'TF. p T R E " T .., f ~ 'T c 1-1 A ! ~: 

OESl[."- ff=FJCJC:~·CY, .. 01.s Ptf:CEIT EGLl '"ECUCTICll. 

T~EAT~~~T V(~L.l~S: 

9 • 0 • P L , .. , i' I ~ G S T ~ i I Ct. 
C,.,E~~~Ll,t1lf~ ~AS!~ 
L.,,t[~'TEC LtGrc~ 
I- • , , f ,: "'.,_ l '-l.i !: 1 l T i C"' 
I, , , , r. L' A L. ~· E : ! t. ~ j:; £ S ~ ~ ;< E F I L T r; A I N 

I~Vf~T~f"T CCSTS: 
1. cc~ ~i=LrT1~·· 
2, LA r, ~ 
3, E'-G;'EFl'!~.c; 
'< , C C t. • I t, G ~ ,._ CY 
~. ~vc Llt.E~ 

TC T AL 

YE'A~LY (l=F.J:Ai;•.r: CC~TSt 

1, LA~ui? 
c, PCl<i~~ 

l, t'.1-1El'lCAl$ 
a, ~Al~Tfll.A~rE&~LPPLIES 
5, PVC Lll\ER 
TCTAL 

TCTAL YlA"LY CCST!: 

3oe2H.c"' 
t.lbbSD,00 
308?0,00 
1oe20,oo 

8130,00 
£12t.loSO,OO 

1c41QO,OO 
q13c;o.oo 

o.o 
"do.on 

310,00 
112670,0~ 

1, YEA~LY CP(i::AT!~G CCST 112b70,00 
l, YEARLY l~Vf~T.,r11.T 

ccsi g~cc~~~· 1bqqe,oo 
3, CE~~fCIATIC\ 1Pqoo.ro 
TUAL, 1U8~b0,00 
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Alternative: n 30-VlJI - This i!ltcrnativc: provides dual media filtration 
in i!tid"Ttfont:O"thc: trcatrr.c-nt modules. of flltcrn.:itive A 30-IV. 

The rcsultin!-COD l'lilste load is 1.0 kg/Hg (2.0 lb/ton). 

Costs: Total investment cost: $223,650 
$ J0',250 Total yearly cost: 

An itemized breakdown of costs is presented in Table· 356. It is 
assum~d that land costs S4100 p~r hectare ($1G50 par acre). It 
is further il~:>uli!Cd th<it one half-time operator i~ required. 

Reduction Benefits: BOD: 
SS: 

100 percent 
100 percent 

Co:;t a_nd l':e~uctil')n Genefits of l\lternative Treat~ent Technologies. 
for Subcr.!"f:0~1~v C a - Coffee P.oastino 1:1tli ~:et Scrubbers 

A mod::l plCtr1~ representative of Sub::iltegory C 3 was developed in 
s~~tion v fo~ ~~e p~·~ose of applying ccntr2l and treatment rl1ter
natives. h '.:::::tior \1;r. four alternatives 1·1ere selected as being 
applicab1e e~;1~Eerin; alternatives. These alternatives provide 
for vari·.:i\:'. :E:v~~s o"" 1·1aste :-educ~ions for trie model plant 1·1hich 
consume~ 60 ~~9 (6~ ton) of coffee beans per day. 

Alterr.a:ivE: ~ :-J - Th~:; alternative ;issumes no treat!!!':nt and no 
reduc~ior. ir,·~".i"\.aste load. I! i·. es:~mated that •he effluent from 
a 60 l:l:g ('.:5 ton) per day pian~ is ;4.3 cu m/criy (C.017 MGD). The 
BOO con:er.tra:ion is 35~ mg/1, and the suspended solids concentration 
is 200 mg/l. 

Costs: 0 
Reduction Benefits: None 

Altern~tive C S·II - This a1ternativ~ consists of a pumping station, 
caustic ne1Jtraiization, a pdmar-y clarifier, an activated sludg~ 
system, slud;e thickening, vacuum fi1tration, an~ sludge storage and 
hduling. A (Ontrol house is provided. 

·The resulting BOD waste load is 0.038 kg/kkg (0.076 lb/ton), and 
the suspended solids load 15 0.066 kg/kkg (0.1~ lb/ton). 

Costs: Total investm~nt cost: 
Total yeerly co~t: 

$181,710 
$ 78,600 

An itcmi10ci breakdO!-tn of costs is rre~ented in Table 357. It is 
assunic-d that land c'1sts s..:1,000 rer nPctare (SH.600 pcr acre). It 
is fo1·tnrl" <15su1:i:.>d thilt two OiJe1·c.1tOr$ ue re411ircd. 

Reduction Benefits: BOD: 90 pereent 
5$: 70 pe rr.ent 

llC~ 

~iiliiiii ...... ilii.~'-~·-··•~Hllii--Z .......... iil ............ iiiiii:aii""iilill)JW•·····z·--~.'-•rntllil. 
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TABLE 356 

ITEMIZCD COST su:·'.:·'.Ar.Y Fon. 1':L HR~JAT IVE J\30-V] II 
( IllST MT TEA) 

1T r .. r ZE = c: r :: T s l ....... H y F' c ~ ~. A 5 n: .. q ~ R 'T I< f t Tl-'£ "' T c"' " I II. 
CE:1G\ Hf!::£'.:Y •• ,:v~.c !:eP.CE"T ec: l'EDl.iCTIC~ 

v,, ,~rLt:!f\" TL• . ..: 
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I 1. \ E !: ~'"'::: t. i C: ST t r 
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" • r. C" "- • p. G ~ '" C Y 
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YEAPLV teE;'T!~G r:~TS: 

11 LA:>ri. 
' ' ~: .. r~ 
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TCTIL V[~~LY CCSTS1 
1, YC~~LY CFE~LTJll.G CCST 
z • v c: " R L v r ~· \I~ ~ T,., E,.. T 

CCS1 REC.CVP•Y 
3. r.Et:.;EC!PlC~. 
TCUL 

t~CL:cO,OC 
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TABLE 357 

nn:rno CC~T SU''i'.·~,.d~Y FOR AL T!:'r.~:ATTVE CB· 11 
(COFFEE P.O/\ST ll:S lffiH \·/ET SCRUGG~RS) 

?Tf ... IZEC ccsr SL~~~~y roQ ~ASTE~ATER T~EAT~C~T C~AI~ 
OESIG" EFFICIE~cv ••• ~c.n PE~CE~T ~cc REDLCTIC~ 

TREAT~E"T MCOLLESt 
~1 11 CQ"TPCL ~CLSE 
8, 1 ,Pu~PI~G !TAT!C~ 
G, 1 ,CLL~,!C ~E~T~ALlZLT!C~ 
E, .. C:LtF<Ji;']fP 
~ ••• ~ll~l~f~ ACCIT:C~ 
!, •• P-rs~~r~LS ADCITIC~ 
~ •• ,hCTl~L~f~ EL~~GE 

S, 1 ,VAC~L~ F!LT~ATICh 
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2. L.At.C> 
3, E'-Gll\/EEP!•:G 
"· tC"Tll\GE"-CY 
TCTAL 
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J, C"'E"'ICAL! 
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Altcrnntiv~ C 8-!II - This altcrnutivc consists of Alt~rnative C 8-II 
w1t11 th~ uddition of duul rti<!cliil filtration. 

The resulting COD 1·1.1ste lo<Jd is 0.019 1:9/l:kg (0.038 lb/ton). and the 
suspended solidi load is 0.018 kg/lk~ ~0.035 lb/ton). 

Costs: !otal investment cost: 
Total yeurly cost: 

$207 ;430 
s 65 ,260 

An 1tc~i~cd brea~down of costs is pre~cnted in Table 358. It is 
assum'2d that larid costs $~1.000 per hectare ($16,600 per acre). It 
1s further a:su~cd that two operators are required. 

~eduction Benefits: BOD: 95 percent 
SS: 92 percent 

A cost efficien:y curve is presented in Figure 333. 

Altp~r·~ivo C ~-IV - This alternativ~ consists of~ pumoino station. 
·ciiu=:-:·.~· r~""i.tr<s1:.:ut"ion, n:Jtriert additior,, and aerated lagoor.s. 

The rcsu~ting 90~ waste load is 0.038 kg/kkg (0.076 lb/ton). and the 
suspcr1c::c $Olids load is 0.11 kg/k~.g (e.22 lb/ton). 

Costs: Total invest~ent c0st: 
Total yearly cost: 

$218,7f.0 
S ti7.0S0 

An Her.-.izeo breakdo1-m of costs is oresented in Table 359. It is 
assur1~d tl1i:lt lard costs ~4100 per hec-:.are ($1660 per acre). It is 
further as~~~et ~ha~ two operators ~r~ required. 

Reduct.for. Benefit~: BOt': 90 percent 
. SS: SO percent 

Altcrniat1~·e C 8-V • This dit!rnativ! cons~sts of A~ternative CB-IV 
wi1Flthi" addition of dual r.ied1ii filtration. 

The re-su1ting l'!O~ wast°" lead 1:; 0.019 ~g/kkg (0.038 ~b/ton),' 11nd the 
suspended solid~ load is 0.031 kg/kkg (0.062 lb/ton). 

Co!t~: Total fnvP-stment. cost: 
Total yearly co:.t: 

$244 ,470 
$ 73.75G 

An itemi:Pd bre?.l .• :Jc·,m of co::.ts is pre~·f:nttd in Tahlr ~Ci'). It is 
ft:.su~i.:d 1h11t land costs sa1.:io per hcL t:irn ($1660 per acre). lt 1s 
f;.irthC!r astumcd that two operators are rP.quired. 

Reduction Br.nefit~: l31J:1: ~5 percent 
SS: 86 percent 

A cost efficiency curve is presented in Figure 334. 

11 tl1 
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TJ\BLE 358 

ITEr-: l ZCD COST S!Jl·'.'·1'1RY Fon AL TEP.II~ TI VE CS- I II 
( CGF FEE ROAST I ;iei l·J ITH l·IET SCRUC!JERS) 
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TABL~ 359 

l1EMIZED CQST S1.Ji·:·1.:,p,y 'OR f1l rrn::ATI'ff C3-l v 
(COFFEE ROASTI~G WITH WET SCRUBBER~) 
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1T£1HZED COST su~::-::iRY FOP. A~ T~RllATIVE CB-V 
(.(f!S P~iE8iiHJ!i) 
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Cost and R~duction Benefits of AlternativP Treatm~nt Technologies 
lor ~uhcatCQory ( ~ - Uccaf fination of C0ffee 

A model plJntrcj)rcsentative of Subcategory C 9 .,.,as develop~d in 
Section V for the purpose ~f applying control and treatment 
alternatives. Tri Se;;tion VII, three Dltcrnatives 1·1ere selected as being 
applicable ergineeri~~ alternatives. These flternatives pruviae for 
vario:.is levels of viasto. reductiol'ls for the model plant which consumes 
50 kkg (G6 ton) of coff~e beans per day. 

Alterntitive C 9-J - This alternative assur.!!S no tretitr.1ent and no 
~edu:tion in tn~ waste load. It is estirnateci that the effluent from 
a 60 l:J:g ~er d2;.· plcnt is 265 "cum/day (C.07 MSD). The BOD waste 
load is 3.8 kg/~kg (7.6 lb/ton), and the suspended solids load is 
7.0 kg/k::g (14 lb/ton). 

Cos ts: O 
Reduction Benefits: None 

Alte~~~~;~~ C ~-I! - Thi~ alter~ative consi~ts of a p~sping station. 
aflc:.,.:e:;L"iahzc:io;; !:iasin, a primary clarifier, caustic neutralization. 
vacuum filtr6tion of sludge, sl~dge storage and hauling. 

The res~1ti~~ so: ~este 1oad is 2.5 kg/k~g (5.0 lb/ton), and the 
suspen~e~ soiids load is 2.8 kg/kkg (5.6 lb/ton). 

Costs: Total inve~tr:ient cost: 
Total yearly cost: 

$158,350 
$ 56,950 

An iter.~zed bre2l:cm·m of costs is pre~1.::-.ted in Table 361. It is 
assu~ed :hat land co~ts $41 ,000 per hectare {$16,600 per acre). It 
is further assumed tnat one operator is required. 

Reduction Benefits: BOD: 35 percent 
· SS: 60 percent 

AlternAt~ve C 9-I!I - This alternative consists of Alternative C 9-I! 
with 81e addition of an activated sludae svstem with nutrient ad~1t1on, 
sludge thi:kening, and dual med'a filt~·ation. 

The resulting BOD waste load is •. 13 kg/kkg (0.26 lb/ton), and the 
~uspended solids load is 0.35 kg/kk; (0.70 lb/ton). 

Costs: Total investrr.en~ cost: 
Total yearly cost: 

$319.720 
$109,440 

An itc>::1ized bi·eakdol':n of co;.ts is pre!:.t"'ntr.d in Tablf' 36::'. It is 
assu:~:?d that lane costs S41.0::JC per h(·(~.:ire \$16,600 per acre). It 
is further assun~d that two operators are required. 

1197 
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TABLE 361 

ITEM I ZtD COST su~~'1ARY FOR AL TERN AT I \'E C9-II 
(COFFEE OECAFF[l~A7JO") 

IHI' I 2F D C ~.: T hf•,.. H' V F,, R i.. & STE' I< ti T ~ R T '< E AT"' EI\ T C 1-o i 1 ~ 
DESIG~ EFFIC?!~CY ••• !S,O PE?CE~T ECC ?ECLCTlC~ 
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B,,,?U~PlNG ~TATIC~ 
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IhVESTWE"T CC5T5r 
1, l"OST?l.C:T!C'-
~. LA II.I'> 
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TABLE 362 

JTEMlZED COST SUM~ARY FOR ALTERNATIVE C9-1II 
(COFFEE DEChFFEINhTION) 

. iF~:z~o C~ST SL"'"'ARV FCP ~t~Tf~tl~~ T~E6TWE~T C~AIN 
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Reduction B~n~fits: COD: 91 p~rccnt 
SS: 95 pi:irc:cnt 

A cost cfficie.vcy curve is presented in Figure 335. 

Cost and R?du:tinn u~nefits of Alternative Treatment Technologies 
fClrSubcutcg'Jr.z C 10 - Soluble Coffee 

A model plant representative of Subcategory C 10 was deue'loped in 
Section V for the purpose of apnlying control .rid treatment alter
nativcs. Jn Section VII. four dlternatives were selected as being 
applicable engineering alternatives. These alternatives provide for 
various levels of waste reductions for the model plant which processes 
78 ~kg/day (87 ton/day) of coffee bean~. 

Altern2tive C 10-l - This alternative assumes no treat~ent and no 
reducti0n in the waste load. It is estimated that the effluent from 
a 78 l'.kg (87 tor./olly) plant is G80 cu rn (0.18 MG) per da_v. The . 
BOD w~ste load is 18.8 kg/kkg (37.6 lb/ton) and the suspended solids load 
is 12.3 l:g/kl:g (2~.6 lb/ton). 

Co~ts: O 
Reduction Benefits: None 

Altern!:ive C 1r-:1 - This alterna:ive consists of a pumping station, 
ITow-equai~za-t-;or.:-;i:-imary clarifi:ation, mu1ti-stage evaporation. 
~austic neutra1ization. and sludge storage. 

The resul:i1~ BOD waste load is 1.9 kg/kkg (3.B lb/ton). and the 
suspendec solins load is 0.25 kg/kkg (0.50 lb/ton). 

Costs: Total investmer.t cost: 
Total yearly cost: 

$5,803,430 
$1,291 ,010 

An itemiz~d breakdown of costs is presented 1n Ta~l~ 363. It is 
assur.ied that iand costs S41 ,OIJO per hectare ($16,600 per acre). It 
i~ f~rther assumed that five operators are required. 

Reduction eenefits: BOD: 90 percent 
SS: 99 perc~nt 

AlternAtiv_~O-IlI - This a'lternative consists of a pu,,,p'fng station. 
flm1 equalization, primary clarification, caustic neutralization, 
nutrirnt addition, a complete mix activated sludge syst~~1. sludge 
thicl;ening, vacu:.i;n filtration of sludge, sludge storage and hauling, 
and dual media filtration. 

The rcsultino BOD waste load is 0.75 kg/t~9 (1.5 lb/ton), and th~ 
~uspendcd sol1as lo~d i~ 0.74 kg/kkg (i.48 lb/ton). 

Cos ts: Total investment cost: 
Total yearly cost: 

1200 

S625,620 
sz20.010 
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TA!3lf 363 

ITEMIZED COST SUMMARY FOR ALTERNATIVE ClO-II 
(SOLU3LE COFFEE) 

?TF~:z~~ c:sT !Lw~4,v ~~~ ~~~,~.,T~' T~Earw~"T c~AI" 
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l " v £ ~ 'T '· E ~. T C C 5 1 !- : 

P 1 , • ~ t· ~ ~ :: r. ' ... - t- C L ~ C" 

~1 •• ~LLT!PLE ~F~ECT 

l. cc:1,s1::: ... r:TIC" 
c. LA\:; 
:3 • E '- G i ~. ~ F : l "G 
41 • cc f. i ! '· i:; ~ .. c y 
1C i :.1. 

C'~EP&TI~:. CC:STSr 
I. L.l!:L~ 
Z, PC1o.E~ 
3, C:~E)o'UALS 

~. ~•l~iE"~hf.t&S~~P~IES 
TCHL 

C.CSHI 

~!!OfjJ'.30.CO 

.33J21j.00 
11ar·~1.1r..oo 
upc,~1.10.00 

seoHJo.oo 

5e31c.oo 
10ff'170.00 

o.o 
te-zseo.oo 
77Cl3oo.oo 

[, YEA~LY C~~;&T!~( CCS1 7703~0,00 
2, YFA~LY I~~~ST~~"T 

C:C:51 ;;fCC.VF.'iV 
3, NFl\~UA'!'lr." 
1ClAL 

2l21UO,O" 
U.~510.00 

12Q1010.00 

_ .. ~---- _,~------



lJi{, .Fi 

An itemized brc<i~:do:·m of co~t'.: is pre~ented iri '!°c.'lble 364. It is 
assuil~~d th:)t l.'lrid cost:; $41,0'.lO pc.'r hcctc.'lrC! ($1£ ,GOO pc:r acre). It 
is further assur:.~c.J that t·.10 op~rc:itors a re rcqui red. 

Reduction Benefits: OOD: 96 percont 
SS: 94 pr.rcc>nt 

Alternative C 10-lV - This alternative provides the addition to Alter
native C 10-IJ COl'1iilete mix activated sludoc with nu~rient uddition. 
and sludge thic~ening. vacuum filtering, siorage, ana hau1ing. 

The resultirs noD waste load is 0.2 kg/kkg (0.4 lb/ton), and the 
suspend~d solids load is neg1i91ble. 

Costs: Total i nvest~ent cost: 
TotJl yearly cc~t: 

$5,956,320 
$1,32~ ,270 

An ite~ized breakdo~n o~ costs is presented in Table 3€S. It is 
assu~:.:cc '!:~a: lc1:1c. :osts ~~:.00::; r-•er h(:c;~ar£ Ul6.60C ::-e~ ~:re:). I": 
is fur:~~r assu~ed that five O?erators ~re required. 

Reductior Benefits: c0): 99 percent 
SS: 99+ percer.t 

A cos: efficiency curve is presented ir Fisur~ 336. 

BAKERY AND co~;F£C7: ::J'lERY PRODU'.:75 

Cost and Pe~uct'on Renefits of ~1te~na~ive Treatment Te~h~olooies 
for Su::>ce:~·c:,rv Cl - Cakes, Pies. E::: .• 1·1ith Pan Wash 

A m~del p1ant representative of Subcategory C 1 was developed 1n 
Section V for the purpose of applyin9 control and treatment alter
natives. In Section VII, four alternatives were se1ecterj as b~ing 
applicable engineering alternatives. These a1ter~atives provide 
for various ~evels of waste reductions. for the model plant which 
produces 13~1 kkg ( 150 ton) of proouc": per day. 

Alternative C 1··1 ·This alternative assumes no treatment and no 
reduction 1n th~ waste load. 1t is estim3ted that the effluent 
from a 135 id<g per day plant is 454 ru m/day (0.12 ~~~D). The 
BOO waste load is 91.2 kg/kkq (182 lG'~on), and the suspended 
solids lcJd is 16.S kg/kkg (33.6 1~'t8~). ~nd the oil dnd grease 
load is 1.7 k~/kY.g ~~.4 lb/ton). 

Costs: O 
Reduction Benefit~: r:one 

Alternative C 1-II - This alternati\e consists of a pumping s1atiQn, 
screening, floh' e(]ua1ization, cheinic,:1 trcJtment (coagulation oy 
ferric ch1oride, lime slu1·ry, a1uminu1n sulfate, .::ind anionic poly
electrolyte). Solids and sludgo arr. ,1ssu1::cd to be trucked to landftll. 

1203 
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TABLE 354 

JTrnlZED COST su:1M,;r.y FOR ALTERf;ATJVE ClO-III 
(SOLUCLE CC~FE:) 

p ;:- .. l z : ;: C'.~ s "r s L 11 n "' v ~ t.: ~ " A£ ! e •. t H ,,. i " !:: • T ~· E ~ -r c "' ' I "' 
fE!l~~ E~;:-!C!F~lv ••• ;~.G ~~~ce~, Pl~ ~ElLCiJC~ 

ei ,.ccqi:c:.. .. c~.sE 
~ ••• ~~~F!~~ !TtT!~~ 
c I ... E' ~ '.... ~'· ·_ : ,7 ! ,. I ~ ~. F- t. ~ : f\ 

F ••• c1 t;:,.::•:.t; 
~ ••• ~:T~t~~~ t:~~TJ~\ 

! ••• c~cs~~-~~! A~~~~=~~ 

G.,.c,~~-:~ \~~~~4~::ir:c~ 

~ ••• 1C~]vl·~~ ~LL:~~ 
E.,.c:..ir.HiE;; 
C,,.SLLC~~ T~!~~E~~~ 
5 0 , 1 \'lCLL' ~!:..1~AT%C~ 

Y • • • "' ['. '- c· l "- r. 'T A ' w 

I~VEST~E~i CCSTSr 
l. cc~~HLCT;c~ 

2. L!"O 
3, f"(: ! ',jff c P:~ 
JI , C C t.: T p. c; H r Y 
TCUL. 

VEA~LY C~E~All"'G CC~T~I 
1, LA~C~ 

'· ~(.~f.loi 
3, C.,.E,..lCLLS 
~ • ~ 6 1 t.i if.'· A~ Cf H LI= p LIE s 
lCUL 

TCTAL VfARLY CCS'Tfi 
1, Y~A~LY C~f~lTl~r. CCST 
C. 'n.A~LY }'.\"~~!"r:'t-T 

cr~r ;;r:~~\'t'"' 

l. tEP~rr:.11.Ttr:~ 
lCTAL 

120·1 

"c;Js110.no 
3332C'.CO 
41caJ60,0C 
a9360,00 

b,25ti2G,CO 

2"c;c;o.oo 
"1P1C,OO 
"""iCi,O~ 
5£1170,00 

H-SH0.00 

Zl50C'0.0(" 
20fdO.OO 

220010.00 



TABLE 365 

ITEM!ZED COS-:" sur~~·:/\~Y FOl'l AL TEP.NATIVE ClO-IV 
(SOLUBLE COF'FH) 

!TE't'!2'~: C'."ST S~!''''~"I' i='(:Q i't.q~·HT;'.I; T~!:JT"c":T ::""Al~ 
"~5!Gh. i:.H!.:IE,..,~v ... qq,o FEFICE1'T e~c REC:i,,cncr-. 

TRf~T~E~T ~r:~LE~: 

e1 •• ~~~TPCL ~CLSf 
~1,,MLLT:~LC E~Frc~ E~A~C~ATC~ 
~ ••• ~~-P[G~~ AC::T!CN 
J I •• t: ... C' s I ... : ;: L ; A ~ c. ! i ! t ,, 
K, ,,AC':!VI.TEC !=LL:llGE 
~ ••• ~LLt~E T~I:K~~E~ 
~ •• ,v~:~L~ F!LT~£T!C~ 

H. v ES i '';. !; T CC ST~ : 
J, CC\~T~ .. C!;~i-
2 • L H.D 
3 • E " G l ~; r f :; r l. G 
~ , C C" T ; " j E 1, C: V 
ic j.t I. 

YEA~~y :PE~AT%~: =~~TS• 
1, 1.1.e.:.~ 
Z, PC~~R 
3, CloP'HIL.S 
~. ~Al'TFNANCE&SLPPl.IES 
TC TAI. 

TCllL V~ARLY ~CSTsr 

U<iJSeiic.oo 
3l32t,CO 

"~3seo.co 
'1~3Sl'O,CO 

59S632C,oo 

5!310,00 
l loC?O, CO 

iqqo,oo 
609100,00 
7eeie10,oo 

I, ~EA~LY C?~~ATI~G CC!T 7~6!7~.oo 
2, YE•~~v I~~EST~E~T 

CC~t ~EcrvF~v ~38250,00 
3, ~fPR~c:-T;~" 296150,0r 
TC'iL JlZl?.70,00 
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The resultin'l 1300 11ilste load is t..7 kri/U:rJ (9.4 lb/ton), the 
5u:;µend?d soiio::. 1oiJd i~ CJ.~O ~.q/U·.q {1.CJ.lt.1/t.cn), and the oil anLI 
grca!.c:> loud i~0.02 l;g/!.kg (0.0~ lliito1). 

Costs: ictJl inve~.t:.~?r.t c'.'lst: SC. 33. O~O 
$316,170 Total yearly cost: 

An itc~izcd br~~kd~wn of co~ts is presented in Table 366. It is 
ai:sumed thu~ land cos~s $41,000 per hectare {$16,600 per acre). It 
is fur~~1er ~:::.t;;,.:·d thc:t seven op~rator~ are required. 

Peduction B~nefi ~s: BOD: 95 percent 
SS: 97 pC'rcent 

O&G: 99 percent 

A1tcrr.:!:i""" C 1-!!'! - This altern2~ive consi::;•~s of Alternative C 1-II 
WTtritt·.r~-d·th_~:~-z;-.c1 C\n c1~~iva~(:c: ~.1~Jd~:0 ~ystcri.. sludge tiilC"-en~ng, 
vacuu~ filt1ati0r cf slu~ge, and add1t~o~al truck hauling. 

ln•.: rc~~:i~~'.'~ !r': 1 .. a:·:c 1:'..J~ ·i<.: C. ';.: l<~.·~:~:9 (l .CS 1b/tor1;, the 
suspc:;d~~ s1_,l .:':; l~ad is C . ..:S;.; k<1/;,t::; (fl.GS lb/ton), and the oil und 
gr c il ~ e 1 oa c is u. 00 5 I. g/ r: l: ~ ( 0. 61 1b1 to:i) . 

Costs: Total invest;"'.::-~t cost: ~ l t 001 I 190 
~ 389.64CJ To~al yearly cJst; 

fm itei.1~ZC~ treal'.d'Jv:n o~ ccsts is ;-ire~e.,tE"d in Table 367. It i~ 
assu~?d tra'. land cost:. ~.;i,oo: 1;::-r hec:are (!16,600 per acre). It 
i!. further as:.urr.ec thi!t se·•en oµe1·ators are r~quired. 

Reduction Benefits: BOD: 99 percent 
SS: n percent 

O~G: 99 percent 

Altern~tiv~ C 1-IV - This alternative consists of A1ternative C 1-III 
with th~ dc~ii ti on of dual rred; a filtration. 

Tile resui!1r; BOD 1·1aste load is 0.94 ~.g/kkg (1.BB lb/tor.). the suspended 
solids load i~ 0.17 kg/kkg (0.34 lb/ton), and the ofl and grease load 
is 0.005 kg/kkg (0.01 lb/ton). 

Costs: Total invest1-:i~nt cost: $1,036, 100 
s 399,420 Total yedrly cost: 

An itc~i:cd br~aLdown of cost!. is rr~scnted in Table 368. It is 
ass l.ll1C'd tll'-lt land co5ts $41,000 per h~c~.1r<: (~.1(,,600 p~~r acre). It 
is further ,1•.~u:::ed that seven opcratr>r'.. <1re required. 

Reduction Benefits: BOD: 
SS: 

Ot.G: 

99 perc!nt 
99 percent 
99 percent 

A cost efficiency curve is prese~ted in ri~urc 337. 
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TABLE 365 

ITEM J ZED COST SUMMARY FOR AL TE Rr~ATJVE' C1- I I 
(CAKES. PIES. ETC. WITH P~N WASH) 

ITE~!ZED CGST S~~~ARy FCM ~ASTE~ATE~ TREAT~:~T C~Al~ 
C:ESlGf., EF'Ficr::r.cv ••• qs.o PERChT 6CO REDl.CTICf.. 

TREAT~E~T ~CDULES1 

e1 •• cc1-,T?CL ~CLSE 
C1,,E~~E!',H:I\ F1-yS:CA~ C~E~ICAL. 

INVE~T~E~T CCST51 
1. CC:NSiRu:nc~ 
c, LA"iO 
3, E~GINEE'l!NG 
"· CCll.TH:GE~cv 
TOTAL 

5SU330,00 
U&t:io.oo 
511.130.00 
51'130,00 

633850,00 
YEARLY CPERATI~G CCST~1 

1, LABOR 
2, P01otER 8bt:i30,00 

so20.oo 
12cic:;so, oo 

1.133b0, 00 
25l;Qf:10. 00 

:S. C~E"'lCt.LS 
11 1 MA?NTF"'ANCE&SLPPLIES 
TCTAL 

TCiAL YEARLY CCST~t 

m ... F ...... 

1, YEARLY CP~RATI~G e~ST 25~r;bo.oo 
i, YEARLY I~VEST~E~T 

CCST RECCvERY 25350.00 
3, CEPRECIATIO~ 308t:i0.00 
TCTAL 316170,00 
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TABLE 367 

ITHIIZED COST SU?·::'J\RY FOR Al TEfHlkTIVE Cl-I II 
(CAl:ES, PIES, ETC. t·JITH PAii WASH) 

ITE~!ZED cnST SL~~£Ry PO~ ~~STEkATER TREAT~EhT C~AtN 
CES!G~ EFF!:IEl\CY,,,QQ,O PERCEl\T BCD REO~CTIC~ 

TREAT~f~i ~CCULES1 

s1 •• cO~T~CL ~CLSE 
C1,,ENTE~'~I\ F~YS!CA~ C~E~ICA~ 
~ ••• NlT~C~Eh ADCITIC~ 
l,,.PHCS?~C?LS ADDITIC~ 
~,,,ACTIVATEC SLWOGE 
C,,,SLL~GE T~!CKENER 
! 111 VACL~~ F!~T~£TICN 
~ ••• PlPHl"-E 
'r.,.l-IOLDil\G TAl\ic: 

I~VEST~E~~ CCSTS1 
11 CCNSTRL:CTICr-. 
21 LAt.O 
3, El\Gir-.EERING 
II, CCNTll\Clf">:Y 
TCT AL. 

ezo~so,oo 
1bb&0,00 
ezo1.10,oo 
820tiC,OO 

1001190,00 
YEARLY CµERAT%NG CCSTS1 

l, LABOR 
2, PC:loi£~ 
J, t~EMICl>l.S 
~. ~AlNTEN~~CE&SLPPLIES 
TCUL 

lt.b3o.oo 
2361(1,00 

1317bO,OO 
58300,00 

300360,00 
TCTAL YEAPLY CCSTS1 

- ti-· -·-s · -

1. ~EA~LY CPEQATI~G CCST 300360,00 
i, YEARLY INVEST~E~T 

ccsT REccv:~v ~ooso,oo 
.J, CEPRECIATIC"° 41Q230,00 
TCTAL ]eqet.10.00 
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TABLC 368 

ITEMIZED COST SUMMARY FOR f\l TERt~ATI VC Cl- IV 
(CAKES, PIES, ETC. WITH PAN WASH) 

tTE~!ZEC cr~T SL~~ARY FOA ~ASTEh~TER TREAT~E~T c~'rN 
OESIGN EFFICifNCY.,.~q.s PERCE~, eoo R~OLCTICN 

TRE~TrE~T ~CDULES1 
e1 •• co~T~OL ~CLSE 
cs,.ENTE~AN~ F~~SIC'L C~EMICAL 
~. 1 ,NITfiCGEN AtCITIC~ 
I,,,P~CSP~OnLS ACOITIC~ 
~.,.~CTIV,TEO SLUDGE 
Q,,,Sl..~C~E T~ICKENER 
8,,,V•CLLM FlLTR•TIC~ 
~.,,PIPELINE 
Y., 1 HOL CI t-. G TH I< 
8,,,PU~PING STATICN 
N,,,OUAL ~EVIA PRESS~RE FILTRA 1 N 

%NVESTME~T CCSTEI 
l, CCNSTQl..CTIC"-
2, L.A~C 
le E~GINEERING 
41. CCNTI"-GENCY 
TOTAL. 

euqs"o.oo 
lbbU,00 
81.1QS0,00 
uqso,oo 

1036100,00 

Ol'ERATJl\G eens1 
l I L UOR 
2, PCHR 
J, Ct'EMICAl..S 
~. M•INTE~•NCE&SL.PP~IES 
'TCUL. 

8~b30,00 
2q760,00 

1111eic,oo 
seeu ,oo 

101010.00 

TClAl.. YEARLY CC51SI 
1 1 YEARLY C~ERATI~G CCST 307010,00 

' 2, YEARLY It.wESTf"i::t-T 
CCST RECCVERY UJUU0,00 

3, OEPRECIATIO~ 5oq10.oo 
TCTAL J~9u2c.oo 

1210 

, - · - mRF · rt!7Ti -~.---: -~ - . - ·-· -; -- F - - .. -- =t 



VI 

~ 
J 
J 
0 a 

~ 
Vl 

~ 
c( 
V') 

::> 

~ 
z 

,.... 
Cl) 

0 
u 

..... >-
~ .... 

I 
....J >-

J 

~ w 
>-! 
2 
< 

u 

J 
< ,.... .... 
ll. 

~ 

I 
~ :: 
I 

1111.t I 
I 
I 
I 
I 

•tt.t I 
I 
I 
I 
I ..... 

.... , 

..... 
., ... 
..... ' 

I 
I 

' ' IJlol I 
I 
I 
I 
I ..... ' 
I 
I 

' • ,.,,, ' 
I 
I 
I 
I 

c 

lltet I , ' 
..................................................................................................... 

tl,11 ti.ti - tl,tl •>•••' •1,11 •t.oo '••II tfeCI t1,11 t•ell aoc,ot 

".:FFICJENCY 

FlljURE 337 

IM'ESJJ.IENT Ari> YEARL y cn~c; Fort SUBCA-rEGORY ( 1 ~l T. Iv 

0 
X' -



Lll</\fT 

Cost and Reduction Ccncfits of Alt~rn3tivc Tr~n~r~nt Technologies 
for SuhcH'"JOry C 2 - Ci!r.~s. P1es, Etc., H1tl1out P;?n lfosh 

A modE:l plant rep:"'escntativc of Sul•c.:ite9ory C 2 ~1as developed in 
Section V for the purpose of ilpplying control ilnd treutmcnt alternatives. 
In Section Vll. eight alternatives were selected as .being applicable 
enginC:"ering 2~tern.;tivc~. These alternatives rr::ivide for various 
levels of waste reductions for the model plant which produces 207 kkg 
(228 ton) of product per day. 

Al tcrnr1t~\'e C 2-I - Thi!i alternative assumes no treatment and no 
reduction in tne waste load. It is estimated that the effluent from 
a 207 kkg per day plant is 189 cum/day (0.05 MGD). The BOD waste 
load is 2.0 kg/kkg (4.0 lb/ton). the suspended solids load is 0.94 kg/kkg 
(1 .88 lb/ton), and the oil and grease load is 0.63 kg/kkg (l.26 lb/ton). 

Costs: 0 
Reduction Benefits: None 

Alternative C 2-!I - This alternative consists of a pumping station, 
a flow equa~iza:ion basin, a dissolved air flotation unit, a vacuum 
filter for siudge, and truck hauling of sludge. 

The resultins SOD waste load is 1.0 kg/kkg (2.0 lb/ton), the suspended 
solids load is 0.28 kg/kkg (0.56 lb/ton). and the oil and grease load 
is 0.19 kg/k~g (0.38 lb/ton). 

Costs: Total i~vestment cost: 
lvtal yearly cost: 

$138,8~0 
$ 37,390 

An itemized breakdown of costs is presented in iab1e 369. It is assumed 
that costs $41,000 per hectar:e ($16,600 per acre). It is further 
assumed that one half-time operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

50 percent 
70 percent 
70 percent 

Alternative C 2-III - This alternative consists of Alternative C 2·11 
with the addition of a plastic media roughing filter with nutrient 
edditfon. 

The resulting BOD waste load is 0.50 kg/kkg (1.0 lb/ton), the suspended 
solids load is 0.14 kg/kkg (0.28 lb/ton), and the 011 and grease load 
is O.CBS kg/kkg (0. 17 lb/ton). 

Cost!:: Total investm~n~ cost: 
Total yearly cost: 

1212 

$165,420 
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TABLE 369 

ITEi~IZED COST St.::·l:~ARY FOR P..LTERl1AT!VE C2-II 
(CAKES, PI ES, ETC. WITHOUT PAU ~IASH) 

!TF,..YZEO crsT s~~,..6RV FCR ~ASTF~AT~R T~(LT~E~T c~~r~ 
DrSIG~ EFFIC!E~cv ••• ~o.o ~E~CE,1 eco kEO~CTlC~ 

TREAT~E~T ~CP~LESr 
A.._,Pu,..PIP r. ~Hr!O"' 

c ••• r~L'L!Z~TJr~ e'S!1' 
J,,,tI~ FL~T61!C~ 

S,,,VAC~l~ FILT~&TlC~ 

I~VEST~E~T CCSTS: 
1, CC1'STC:LCT!C~ 

2, LHO 
3, El\GI'-iEHI~:r, 
41, cc:-.r11.~Et-..t'.'V 

TCTAL 

VEARLV OP~QATI~G rcsTSr 
11 L4~CP 
2. PCl"rR 

--------···-- ·-·--------

J, t~E~IC.ALS 
~. ~•INTE~A~CE&!LPPL?ES 
TCUL 

e:sHr 
1, YEA~LY C?EP,TI~G CCST 
2. YEARLY l~VEST,..E1'T 

CC~T RfCCVE"V 
!, CEPREC!ATIC~ 
TCTAL 
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qJ~70.C:O 
?,be,':0,00 

ra3so.oo 
~3SO,CO 

13ee30,oo 

6250.00 
]Qt;0,00 
ieoo,oo 

S41faO,OO 
2•230,00 

26230,00 

5550.00 
5610,CiO 

J7JllO,OO 



An ;temized breil~dmm of cosB is presented in T.Jbl~ 370. It h 
assum~d thilt lilnd co~ts $41,000 f)er hei:tare ($16,600 per acre). rt 
is further assumed that one half-time operator is required. 

~eduction Benefit~: BOD: 
SS: 

O&G: 

75 percent 
es percent 
CS percent 

11.lternotive C 2-IV - This alternative consists of Alternative C 2~III 
w1th the ~dditi0n of iln ilct;vilted sludge system, sludge thickening, 
and additional capacity for vacuum filtration of sludge. 

The resulting BOD wa~te load is 0.050 kg/kkg (0.10 lb/ton), the 
suspended solids load i~ 0.042 kg/kkg (O.OBC lb/ton), and the oil and 
grease lo~d is 0.026 kg/kkg (0.052 lb/ton). 

Costs: Total investment cost: $262,420 
$ 69,30(1 Total yeilrly cost: 

An ite~~~Qd brea~down of cos:s is presented in Table 371. It is 
assumec tr1at lar.c cosg $41 ,000 per hectare ($16,600 per acre). It 
is furthQr assumed that one operator is required full time and one 
is requ~ re~ half-time 

Reduction Benefits: BOD: 
SS: 

O&G: 

97 percent 
95 percent 
95 percent 

Altern~':~ve C 2-V - This alternative consists of A1ternat1ve C 2-IV 
with tn(; acd.idoii of dual media fi1tration. 

The resulting 600 wa!te lnad is o.o:s kg/~kg {0.05 lb/ton), the suspended 
solids io~d is 0.011 kg/kkg (0.022 lb/ton), and the oil and grease load 
is 0.013 lg/kkg (0.026 lh/ton). 

Costs: :otal investment cost: $291,510 
$ 76,970 Total yearly cost: 

An itemized breakdo1~n of costs is presentP.d in Table 372. It fs 
assumed that larid costs $41,000 per hectare ($16,600 per acre). It 
is further assumed th~t one operator is required full time and one 
half-ti me. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99 percent 
99 percent 
98 percent 

A cost efficiency curve is presented in Figure 338. 
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TABLE 370 

ITEi·'.! ZED COST sc;·~"1,i~Y FOR f\L TE!'!r:ATIVE C2-II ! 
(Cfd:c:s. PIES, ~1C. \./ITlivJi pf,!i HASH) 

fTEµ!ZEO C~~T SL~~ARv FC~ ~~ST~~tTf~ TREAT~E~T C~A!N 
OESIG~ EFF~C:E'CY,.,75.0 FERC~~T eco ~EDLCTICN 

TRE&T~E~T ~c:uLESI 
e. 1 ,Pu~cy~~ ETLTIC~ 
C.,,ECLAL~ZATICf\ ~ASI~ 
J, 11 AlP FL.~1t~IC~ 
s. I I V,t.CLL''~ F' Il. ~ r:; AT!C:N 
~ ••• ~:T~CGE~ ~L.t1TIC~ 
X 11 ,RCLC~l~G FI~TER 

!'-VEST~E."1 CC5TSt 
lo CC:"'-STRL.CTICll. 
i, L.'-~C 
3. E ~. C P• ~: r= p· G 
'4. C:C"'Tl"'GENCV 
TCTlL 

YEARLV CPERATI~G CCSTSt 
1, L.~~o~ 
i. PC'-ER 
'J, c.-E..-lCALS 
~. ~Al~TE~A~~E&~L~~LIE! 
TCTAL 

TCTAL VEARL.V CCST!I 
S, ~E6~LY CPE~~TI~G CC!T 
!, YEtRLY 1\VFSl~E~T 

CCST REccvny 
], t'El=REr.IATIOf\ 
TCT AL 

1215 

tlSeiJO,OO 
2&bon.oo 
Sl~b0,00 
llSH.00 

usu20.oo 

62SO,OO 
aooo.oo 
21eo.oo 

15'70C',OG 
28130.00 

28130,00 

6620.00 
tle'il.10 1 00 

~u~c;o.oo 
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TABLE 371 

li£Ml ZED COST su:~~'.A.RY FOR AL TER/;,·,r I VE C2- IV 
(CAl~ES, PICS, ETC. WITHOUT PA:\ ~·i'-Sll) 

%TE~IZEO C~ST s~~r•PY ~c~ ~AST!~LTER TREAT~E~T C~AIN 
OESIG~ EFFICIE~cv,.,q1.o PERCE~T eco ~ECLCTlCN 

T~EATWE~T ~COLLES1 

!~VEST~E~T Ct~'S1 

e,.,PUl-lllp;lj SH'T!CN 
e, 11 ECl,lil.IZH!:t. StS:~ 
J,,,Al~ ~~rTATl~~ 
S, 11 VACWL~ ~!L,i:;&T!C~ 

~ •• ,NITRC~:~ A~Cl7IC~ 
X 111 ROl,G~l~G F!~T:~ 
K, 11 ACT!V4TEC ~LLO~~ 

c ••• SLL~~f T~rr~ENER 
ei •. cr~TRC~ ~CL~E 

1, CC~STRLCTI:I\ 
2, LAN~ 
3 , E ~ G p; EE' i::t ,; 
41, CCNTPGEt-.CY 
TCTAL 

YEAR~Y CPERATINr, CCS'St 
11 LAeC~ 
!, PCHA 
3, C..,E"'!CH! 
41, ~•INT~~·~ce&SLPPLIES 
TC,. AL 

TCTAL YEARLY CCST!r 
11 YEA~LY C?~RATl~G CCST 
2 1 VEA~LY J~~E~T~E~T 

Ct!T qECcv~i:;y 

'.), Ct:PREClATlOI\ 
TCTAI. 

1216 

n&u~o.oo 
2f:b~o.co 
1qtso.oo 
1qe,so.oo 

h2u20.oo 

l87UO,OO 
'1030,00 
21eo.oo 

17060,00 
111010.~o 

417010.00 

10~00,0CI 
117H,Ol'l 
t>~:soo,oo 
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TABLE 372 

ITEl':lZED COST su:·'.'':ARY FOR ALTERNATIVE C2-V 
(CAl~ES, PIES, ETC. ~llTHO\Ji PArl K~S!-l) 

!TE~!ZEC CCST SL~WA~~ FC~ ~ASTE~ATER TREAT~!'T C~AI~ 
OES:G~ EFF!C!E~CY,,,cq,o Pf~CE~T eco ~ECLCTICN 
TRE~T~F~T ~ccuLES1 

~ ••• P~~PI~~ STATtCN 
C,,,EO~AL!7ATlCtl. ~ASI~ 
J,.,t:~ F!..~T:T!C~ 
S,,,V,CL~~ F!L,~A~IC~ 

~ ••• ~!T~r~~~ A~C!TICN 
X , • , RC t. G ~ ! 1-. :; F ! !.. T E 1:1 

K,,,ACT:vi~E~ S!..LD~E 

c, •• SLLr~E T~IC~~~E~ 
e1 •• co~TPCL ~cL~E 
e11 ,Pl1,.,ci:r-..r. S'!l.T!C>..: 
~ •• ,OwAL ~E:l' PRESSLRE FlLT?A'N 

ltl.VEST~E~T CCSTS1 
1. CC"1STRL1CTIC:t-: 
2~ l.Af'.10 
3, Etl.Glr-;EE~P:Ci 
" , CC t-. T l ~ ~ E :. e Y 
TCTAL 

VEA~LY CPER~TING CCSTSt 
1, LABC"R 
2 1 FC:P.ER 
3, t"'E"'IeHS 
a, ~AINTE~~~CEISLPPLIES 
TCTAL 

TCTAL YEARLY CCST~I 
l, YEA?LY CPf~AT:'G CCST 
2 1 YEARLY I~V~5T~E~T 

CCST REC.C'\E;;v 
3, ~EP~ECIATIC~, 

TCTAL 

1217 

2ao110.oo 
26b60.CO 
22010.00 
22070,00 

291510,00 

1e11.10,oc 
l26SO,OO 

2180,CO 
US!'IO,OO 
s207o.oo 

5207C.OO 

11btiO,OO 
1324'!'1,00 
'T•cno.oo 
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lJi<Mi 

Alternativry C 2-VI - Thi~ ~ltcrnative con~1sts of Alternat~ve C 2-V 
11ith-thc~tio:1tif t1·10 aerobic :;tabiHziltion ponds ilnd the dc~ct\on 
CJf tr.c du.:.:~ lll~i.:.: fi 1 ~r.:.:tion. 

The rc:.u:'..>ns r::·:: 1·;<i~tr: 10:-id i:; 0.02S 1·0/l:Y.g (O.OS lb/ton). the sus.p~ndr:l1 
:.olil.!s 1oild 1'.i 0.02?. kg/l:::q (o.r.44 lb/ton), and the oi1 and grease load 
is 0.013 ~g/kkg (0.02G lb/ton). · · 

Co~t~: Total investment cost: $297,900 
$ 73,650 Total ye~rly ccst: 

An itc::~ize?d bre11kd0~:n of costs i: presented in Table 373. It is 
a~su~~d th~: len~ cc~~s ~20,510 rer he:tbre (SB30Q per acre). It 
i:; further assv~~d th!t one operator is required full tirae and one 
lia l f- tir.:=. 

Reduction Ben~f1ts: BOD: 
SS: 

O&G: 

99 percent 
98 percent 
98 percent 

A cost eff'.ciency curve is pres~nted in Figure 339. 

Alterr~tive C 2-V!! - rhis alternative consists of caustic neutralization. 
nitro:;-::-~·-c~:;-c;1~~c;;;:-i::11c! a~ aeratr:c lagcior. system. 

The rcsu1:in? EJ~ ~aste lead is C.2Q ~;!kkg (0.40 lb/ton), th~ suspended 
solids load is 0.28 kg/k~g :o.55 lb/to~;. and the oil and grease load 
is G.19 v~/K1:g (0.38 lb/t-Jn). 

Costs: Total ir.vestmer.~ :ost: $174,000 
$ 50,350 Total yearly cost: 

An itemized breakdown of costs is presented in Table 374. It 1s 
assum!d that land costs $4100 per hectare ($1660 per acre). It 1s 
further assumed that one operator is required one-half time. 

Reduction Benefits: BO~: 
SS: 

O&G: 

90 percent 
70 percent 
70 percent 

Alter~~tive C 2-vrrr - This alternative is the same as Alternative C 2-VIJ 
Wlth-t"i1c-ii'1d1tion2 spray i:-riga~ior C'f the final effluent. It is 
dSSU~'!.'rl ~hclt an additional pumrinq stc:~ion is required and that the 
sp1-.1y field is 300 m (1000 fti from U1e treatment plan". 

Costs: Totul investm~nt cost: 
Totol yearly cost: 

$256, no 
$ 12 ~ao 

An itel'li.i;ed breakdo1'1'1"1 of costs is presented in Table 375. It 1s 
ass1Jrr.ed that land costs S4100 per hectare (~1660 per acre). It h 
further assun~d that on~ operator is required full t;me and one-half 
time. 
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TABLE 373 

ITEMIZED COST su:~MARY ro~ f,LT£RN/1~i';'[ C2-VI 
(Cf1l~ES. i'l ES, ETC. \·:!Ti;'.:!U'7 PA!. \-lf\:.H) 

JTE~I?ED crST SL~~A~V FCR ~'~TE~ATf R TRE!T~E~T C~AJ~ 
CESJG~ EFF~CIE\CY •• ,qQ,r PE~CE~1 ECD REOLCTIC~ 

T~EATrE'' ~~DULESr 

It; VE' ST'' [ 1-. T CC ST SI 

~ ••• PU~P!~G ~TAT!C~ 
C, •• ~~LAllZATlC~ ~A5ll\ 
J • • • A l ~ ~ L. !.' • t i ! ~· ~· 
S,.,VACl.l: ... 1-"ILi~tTlC\ 

H 1 1 • I~ i '! ;; C :; ~ : . t C : I T I C II. 
lt 111 RtLC,1W!!-G FILTE'I 
~ •• ,ACTI~~·Er 5L~~~E 
c; • • • s L. L r1 G ~ T ... I c I( r:. r. E .-
e 1 •• c c~T~(L ~cL~E 
"'·, •• SE.nL:~'r: ~:"o 

1, CCt..9TRl.CT::~ 
21 l.At-C 
3 • F.: ~ GI" Ef I:' P~ r, 
f.I , CC~: T ! ,, C: E "-:: v 
S, PVC LIHP 
TCTAL. 

YEARLY crEqATlNG cesTSI 
1. LA~CA 
2 • PC11itEP 
3, ClolfMICt.LS 
~. r•I~TE~•~CERSLFPL.IES 
S, PVC LHEF< 
TCTAL 

TCTAL YC•RLY CCST!s 
1, Y~A~LY crE~•Tl~G CCST 
2, H•Pl '!' p.\·f~H-HT 

ccn R~r.r.,~:n 

J, CE.P~ECIATlC" 
TCTAL . 
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Z323ti0.00 
lbb60.C'O 
23Z3o.oo 
.23230.eo 

2'f'IO,OO 
21117'100.00 

ia1uo, oo 
•c:so.oe; 
21eo.oo 

1'230.CiO 
uqo,oo 

Uh70,00 

uh7o.oo 

sic~~o.oo 
111uo,oo 
7h50. eo 
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TABLE 374 

ITP1I ZED COST su:,.:~ARY FOR f\L TERNATIVE C2-VI I 
(CAK~S. PIES, ETC. WITHOUT PAN WASH) 

JTEu:zE~ cr5T S~~w1;y F(~ ~&STE~bT~Q T;EAT~E"T C~AI~ 
OES!G~ EFFICI~~CY ••• 90.0 PfQCf"T ~co REDUCTIC~ 

TH A T ... E,.,. ';' Ii c I') L' L E s : 
et •• rr~TCG~. I.CL~: 
r. • • • C /. L ~ ,. 1 L: f, c L 'T :; A L ~ Z l. 'T I 0: t.' 
~ ••• ~!'T~~G~\ t~~11:~~ 
L, •• A~~6l~~ ~l.~C:~ 

:~v[ST~E~1 . ~~TE1 
1, CC"-S)i:<:.CT!i:._ 
c. U~D 
3. t:: ,._.Gp·~ E ~I"' G 
"• Ct:.;TI~GHC~ 
5, Fl,iC LI:-..EPI 
TC"HL 

YElALY CPE~AT:~G CC~TSr 
1. L HO~ 
2, PC:1<.EQ 
3, Cl-'E"'ICALS 
U, ~AlNTE~A~CE&SLPPLIES 
5, PVC LI~E~ 
TCT AL 

TCTAL YEA~LY CCSTS: 
1, YEARLY CPECATI~G CCS'T 
2. VEAFLY I~V~ST~Et-T 

crsr RECc:v~~Y 

3, OEP~ECIAT!Ot
TCTAL 

1222 

lJCjrtio.,r, 
lnc.co 

nc11c.co 
13q10.oo 
3770,00 

17"0CIO,CO 

6ZliO.~O 
q()60,00 

1S7QO,OO 
30?C,C·CI 

1110.00 
3£1&60,00 

~q6o,oo 

BSJ0,(10 
50350,00 

.. --Saa 
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TADLE 375 

nn:rzrn COST SU!:''.-irv FOR 11.LTtR;/f\TTVE C2-VIII 
(Cl\l:Es. PIES, ETC. llJTHC:.;I PAii WASH) 

I T ~ •' ! Z ~ ~: C !"' E 'T E L •· P t. ri \' ~ C· ;.. :.. J. ~ T ~ 1< t 'T F ;; T ~ E t. T. P" E t.. T C io I. T t.. 
CE~:G' EFF:c:~~~v •.• 1r:,r ~tP~~h1 SC~ ~EC~C7IC~ 

Th~Al~F~T ~cc~LE~: 

e1 •• cr~T~ll "rL~E 
r. ••• r.:.· ~·ii "~L Fi,L:rznr:~ 
.., ••• t .. : : : ..... ~·. ~ : lo t ~ r ! ,. ! c r... 
L • • • t. f C" ! ~ ~ ' ~. :. :': c I . ~ 
L ••• SP,LV l""=~~T!C~ 

1. err s:r::\.c··:r' 

3 • c. t.. F : ~.: E ;, 1 1• (. 

" • C' r ~ r : ' l; : • c Y 
s. Pvc LT,F' .. 
'TC i.61. 

VE6~LY CF_~ATI~G CCST~~ 
1 o L.Aflr:"'l 
2. PC'.,.rQ 
3 • c I" E I) l ~ • L s 
u. ~t.I~T"'"'CE~SLP~LlES 
5. PvC LHE; 
TC,. AL 

TCTAL YEARLY CC!TSf 
1. YEt.~~y CP~r::~Tit..G COST 
? • Y E t. '- I. Y : ~ 11 F ~ 'T "' E ~- i 

CC'~T ·f'Cr-v!="•v 
3. CEC>PEC1tilr'
TCTAL 

1223 

------ - --'-~.=..:-- ... .;.._. • .=,~~=-=--=-,_.,_,,,,_ - -

JQtquo.oCI 
1qqqo.cn 
JrfUS0.00 
Jrfuso.oo 

3770.CO 
25~720.00 

1e1uo.oo 
101110.00 
tS7~o.oo 
u100.oo 

1110.00 
so110.oo 

so110.oo 

sn270.t'O 
1181JO.OO 
12e:20.oo 



Reduction ncncfit~: BOO: 
SS: 

O&G: 

100 percent 
100 percent 
100 pcr:ent 

/\ co::.t c-ffici~cy curve is presented in Figure 340. 

Cc:;t i)d P.eductio.., C':'nefits of ~.~terncJ!ive Treatm~nt. Techr:ologies for 
'51i5rriJ~~-c 3 - Ereaci and tluns 

A ~odcl plan~ reprcs~ntative of SubcategOD' C 3 was developed in Section 
V for t~e purpose of applying control and treatment alternatives. In 
s~ctiorl \'!I, four Lilternatives 1-1ere sel'?cted as being applicable engi
neeri~; alternati\es. These nlternative~ provide for various levels 
of waste reductions for the model plant which produces 41 kkg (45 ton) 
of prcr.uct per day. 

Altern~~ive C 3-T - This alternative a~sunes no tre~tment and no 
reaL:::-·ior 1n tne 1·:aste load. lt is estir.iated that the effluent from 
a 41 ki:~ rier day plant is lOCl cu re (0.02f. MG) per day. The COD 1:~ste 
lo<:d ~:; C.SS f.g/,:;.g (1.76 lb/ten), the suspended so1ids load is C.46 kg/kkg 
(0.92 ib/ton). 

Cost~.: 0 
Reducticn Benefits: None 

A1terr3:ive C 3-!I - This al•ernative provides a pumoing station, 
flow c:·~u"1izat~cn, prir.iary cl<:rificatior., :omplete mix activated 
sludg~ with n~trient addition, sludge thickenins. vacuum filtration 
of slud~e, and sludge storage and hauling. 

The resulting BOD waste load is 0.07 kg/kkg (0.14 lb/ten), and the 
suspenc~~ so~ids load is 0.12 kg/kkg (0.24 lb/ton). 

Costs: Total investment cost: $195.350 
$ 52,510 Total yearly cost: 

An itcnized breakdown of costs is presente~ in Tdble 376. It is 
assumed that l~~d costs 541,000 per hectare ($16,600 per acre). It 
1~ furth~r assumed that one operator is required full time and one
ha1f time. 

Reduction Benefits: BOD: 
S5: 

92 percent 
75 percent 

A1trrn1tive C 3-1!! - This alternative provides the addition to Alter
native C 3-Jl of a dual media fi1tration unit. 

The re5u1ting BOD waste load is 0.035 l~!kkg (0.070 lb/ton), and the 
suspended solids load ts 0.03 .kg/kkg (0.05 lb/ton). 
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TABL [ 375 

ITEl-i!ZED COST sur1.:~r,Ry FOR ALT[R:·1F;iIV~ C3-JI 
( BRC.C.O A::o ;JREAD RELATED PRODUCT~) 

J'T~--;7~ ... cr-~r S_'".f;;\' r•;-; •·!.STf:'<.:.r::-n i"'::n"'~'·T C~1.p. 
OE~rG~ EFF7CJE~rl',., q2.~ PErrE~T RCC ~ECuClIC~ 

TRF J. T"p. T ~·lt::t.l t S: 
~1 •• cr~T~~l ~CLSF 
~ ••• ~L~~!~G S1lTJC' 
r,,,:~~t~!7lTJC~ ~LSI!\ 
E ••• r.:...t·'"'j;!;=c 
..... ~ ; ~ .. r c. r ' /. :- r ~ , : c r. 
J,. 0 e>·-:~;: .. r.:;1_~ ;.;')r.~TIC"
K,,,~t'Iv''C~ ~L~~~~ 
c; • , • s L 1 :; r : r .. r r " E " r ~ 
S, 11 \!~~t~ FIL~~~T!C~ 
v , • , "'[) l. :. ; ~' G i .t. • K 

Il\VfSTl'~'.T ccn~1 

1 , c r 1' s ·, " i... c , ~ i.:. r, 
2, Lt~:'.'I 

l. c"-G:";:~1.1p~:; 
U • C C I\ T 1 ~' G i:: ~ r Y 
H:TAL 

VE6QLY CPE~ATl~r. CC~TSt 
1. Lt.[!t.R 
2. i:c,..u• 
3, C1-4P11rtLS 
U, "'"ll;Tt~t"C:HSLFPLIF! 
TCT AL 

TC~~L YE•~LV rc~TSt 
1, ~f,~Lr r~~~.t.Tl"'G CC~T 
~. 'EL~LY !\YFST~f"'T 

rcsT h'fl rvn1y 
3 , rE ~ 1,· ~ C 1 1. i Hit, 
1( TliL 

122G 

... 

l1.1CS70,00 
2H~o.oo 
su~~r.oo 
1UOf:O,CO 

l'iS3so.oo 

1eHo,oo 
6HO,OO 
1Qq(J,OO 
e1~0.c.o 

lbZ70,00 

3t:270,00 

7610.00 
8Li3CJ,OO 

S,e5lo.oo 



Cost:..: Totul in"o::~t!"l':!nt co!:t: 
Tot~l y0~rly co~t: 

$211.550 
$ 57.310 

An ite;:-.~7.':d brc.:;t-rl·:· .. :n of i;\\:t~. i:; prcscnt~:i in Tllble 377. It is 
assu1.:::~ "11.:it lanrJ i:c-·st:; S41.•n: 11!?r hel.· ... <:r~ ($1C,<i00 p.:r acre). It 
is furtiH:r" as::.u:~o::d t!"l.:i: one cpcr.:it.or is rcqu1red full time and 
one-htilf time. 

Reduction ~en~fits: BOD: 96 percent 
SS: 93 percent 

A cost €fficiency curve is presented in Figure 341. 

Alternative C 3-IV - This alternative replaces the activated slud9e 
system ot-f·ilternz.t1ve C 3-III 1·1ith an a~ratcd lagoon. 

The re~J~ti~g BG~ waste load ;s 0.44 kg/~kg (0.88 lb/ton). and the 
suspend::d so"iid:; 10c.o is 0.054 l:g/kkg (O. li lb/ton) .. 

Cost:;: Total invcstm~nt. cost.: 
Tot1" yearly cost: 

$205,550 
$ 43.070 

An i terr.i z"!-j brec: 1·c·:.i1·i:·; of r ts i ~ pres~n·~ed in Table 378. It is assumed 
that lt:nL :.;o:;':s St:1:·~1 per hec:ai·e ($1E60 per acre). It is further 
assum~d tha~ one o~~r~~or is reGuired. 

Reduction Bc~efits: BOD: ~5 percent 
SS: 8C percel"lt 

Cost an~ ~educti~n B~nefits of ~lternative Treatment Tec~~ol~oies 
for Suo;:o.:eciorv C 7 - Coo~: ie .:nd Cracker ;-:anufacturing 

A node1 plant representative of Subcategory C 7 was developed in 
Section V for the p~rpose of aprlying control and treatment alter
nat1ves. In Section VII. six alternatives were selected as being 
applicable engineering alternatives. These alternatives provide 
for various 1eveis of waste reductions for the model plant which 
produces 234 kkg (224 ton) of product per day. 

Al tcrnative C 7-1 - This alternative assunes no treatment and no 
reduction in the waste load. It is esti~3ted that the effluent 
from a 204 kkg (:24 ton) per day plant is 341 cum/day {0.09 MGD). 
The BOD h'i!Ste load is 2.0 l:g/l:l:g (4.0 lL·/ton), th~ suspended solids 
load is 1.5 kg/l:k~ (3.0 lb/ton), and the 011 and grease load is 
0.85 ~g/kkg (1.7 lb/ton). 

Costs: 0. 
Reduction Dcnef~~~: None 

1 :!27 
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T f1CLE 377 

ITEMIZED COST SU''.:~f.RY FOP. ALT~~.~lA;"!V~ C-IH 
(CREAD AND CRE!1D F:ELATED PHODUCI:..) 

ITf~:z~c cr~T SL~~A~Y ~~~ ~AST~~LTFR TR~!T~E~T C~i!~ 

c E s r r, '· E F' F r c I E r, c .,. • • • Q ti • o PE Pc E "" T e o o r.. ~ c ~ c T I c,.. 

TR~&TMF~T kCC~L(~: 
e1 •• CC~.TF'CL i-cu=~ 
R,,,P~~~!~G ~T,TIC"' 

C ••• E~LAL!7t~!C~ 8ASI~ 
E, 00 CL.H•HEc:-
r11, ·:n;;rc.H. '-CCITIC"-
I ••• ~~r~g~~~L~ AD~!T!:h 

~ •• ,A:!IV&Tf: ~L~DGE 
G, 11 Sl l :"':E 1 ... ::i::E't..E:: 
b,,,Vt.~~Lµ FILT~ATIC~ 

't( ••• "',~ L c· : '· r: r t. "' 1e 
6,,,µuµ~=~~ STATION 
~ ••• ~UiL ~EC!' P~ESS~RE FILT~•·~ 

I~VEST~E,..T CCSTSI 
1. C(r.~TF<L;C'T!C:"-
2, LHD 
J. u.c:Tf.H"!~::; 

"• CC:fl.'Tl"'GF~CY 
TCTH 

CPE~ATI~G CC~iSt 
I I LAe.C'~ 
2, Fr 1·.t: ~ 
3, C~·~t'ICHS 
'I, "''l~:TE,..HCEKSl..PPLIES 
TCUL 

TCTAL vEA~LY CCST~a 
1, YC~RLY CPERtll~C CCST 
~. YUl='LY IHE;l•EllT 

ccn 1<-EctvE.:;v 
!, CEF-'l\t.n~~::.., 

TCHL 

1228 

154.1010,00 
2bbb0,00 
1sw10.co 
1su10.oo 

211550.00 

187£10,00 
es10.oo 
sqqo,oo 

10370,00 
3qe,10.oo 

3q610.oo 

fHj60,00 
~2£10,0l'l 

573SO,OO 

. -··· . ------- -........ ~---------------------------
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TA!lL[ 378 

ITE~IZED COST su~~ARY FOR A~TER~~TIVE CJ-IV 
(llREAD AUD B~EM Ri:L1'TED r~ODlJCTS) 

ITE~!2~0 cr5T SL~~AUY Fr~ ~tSTE~ATE~ TREAT~F"T CHA!h 
OESIG~ r~FJC!E~cv •• , QS.O P£~:Eh1 BCD REO~CTIC~ 

e 000 Puu~TNG STOT!C~ 
~ ••• ~l1~r~r~ •::!TIS~ 
1 ••• P~r!~~~~~s 1:::r;:~ 
L •• ,1.~.,::.":':_,.. ~'G::~·-
e •.• p L' ,. ;... ! '·:; ~Tl. T rr ~ 
~ ••• ~L'l ~E~!A P~ESS~~E FJ~T~AI~ 

CC~Ts: 

1 • 
2. 
3. 

cr~~rci1.:r:c~ 
LHO 
:"c. ~.rr "r ·.r. 

4. CC"-1:1\ii~·.cy 

5 • P Ii C L. ! '· : R 
TCHL 

YEA~~y C~~CIAT!~~ CCST51 
1, USG~ 
i, FCl.,[R 
3, Ct-!E..,lCLL.S 
~. ~'I~TE'~~CE&SLPPLIE9 
5, PvC Lit•F.F' 
TC.:TAL. 

TCTAL Y[A~LY CCSTS1 

==-=--·---- ---:-----~--· ...,, ....... 

1. YEARLY crE~'Tl"C CC9T 
2. Y~ARLY I~vrsT~E~T 

CCST F'~Cr\-fCl'f 
l, CEPFiEL:PllCP.. 
TCTAL 

1230 

1~3q7c.oo 
2F.32C'.OO 
11.11.oc.oo 
1/J'-ll0,00 

UuE:0,00 
2ossso.oo 

l2uc:JO,OO 
no~.oo 
i?0,00 

&ObO,o" 
2'70,00 

2sqqc.oo 

e220,oo 
!!flbG,00 

~30'70,00 



DkhFT 

A1ternat~ve C 7-TI - This altcr~ativc con~ists of flow equalization, 
air f'foto~ic.in, .:ind :aorr1gt- ilr.d truck h<iu1ing of so1dis and sludge. 
It is ~ssum<:?d th::t th~ :;12pt1rilt~d solid~ . .:ire: hauled to u rendering COJ'll?:lny 
at no c:ist to U1c b::i!:c:ry. 

H.e resulting C'JJ 1-:aste lc~d is 0.8 kg/Hg (1.6 lb/ton), the suspended 
soli<.J:; loali is o.a:i l:g/U:g (0.9 lb/ton), ~nd the oil and grease lot1d 
t s O. 3 I: g If.I: g ( o. 6 1 b I ton) . 

Costs: Tot~l invest~ent cost: $110,030 
$ 40.490 Total yet1rly cost: 

An iti::-:~zed brea!:do·.m of ccs':.:; i:s ;::ires~nted in Tahk 379. rt i;; 
assu~.jJ that lund co3t:; 541,000 per hec:~re (516,600 per acre). Jt 
is f· .. rt:1i::~ css1,;::.ed tnat o:1e open1tor is required. 

Re~uctio~ Ben~fits: 800: 
SS: 

O&G: 

60 percent 
70 perce:it 
65 percent 

Alt?r~ 0 ~i~e ~ 7-Il! - This alternative is the same as Alterna':ive C 7-Il 
wTH1-t~ie a::::i:~0f ar. aerated 1ugoon system. 

The rc;·~ 1 ':.~nq f~:' .. .-c:s':'? load i:. C.: ks.'IJ-.g (O.~ lb/tor.), U1e sus~e11ded 
soli~s 1c!d \s 0.15 kg/kKS (C.3 1b/ton), and the oil and gr~ase load 
is 0. C:· ~ ;. ;:1:g (J. l 3 1 b/:.u11). 

Co~t~: Total inves~::er·-t ccst: $230,060 
~ 59.260 Total yearly ccst: 

An itc~ized treadkown of co::.ts is presented in Table 380. !t is 
assu~·:?c t:iat land c.:osts ~.20,sio pe:- hectare ($S300 per acre). rt 
is further assumed that one operatc-r is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

95 percent 
90 percent 
90 percent 

Altr-n;·1tive C 7-!V - This alternative adds cfoal media filtration to 
AT'tf;rnative c 7-ttc. 
lhc resulting COD 1·1aste load ;s 0.04 kg,'U.CJ (0.08 lb/ton). the suspended 
soli~s load is 0.0~ kg/kkg (0.12 lb/t0~J. and the oil and greilse load 
i: O.C5 kg/kkg (0.10 lb/ton). 

Costs: 1'ota1 investrrent cost: 
Total year~y co~t: 

$262,7'30 
$ 68.340 

An it~m1zed breakdown of costs is pr~sented 1n Table 381. It 1s 
assureed that land costs $4100 per hectJre ($1660 per acre). It 1s 
further assumed that one operator is required. 
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TA!3LF. 379 

ITEM I :rn cos T SW1~~Ar:'( FOP. A:. n:w;r,rr VE C7- I I 
(COOKIE A!W Cr\ACl:EF. Mf11lUFACTliRir,G) 

%TE~!ZED cc~T s~~~'flV ~CR ~~ST[~ATER TREAT~E~T C~Al~ 
OESIG~ EFFICIE,C¥,,,bo.o PEPCE"l ecc ~EO~CTir~ 

TREAT1'E~;T MCt'JL:LES I 
C, •• E~L~L!ZATlr"' ~A~I~ 
J,,,,1~ ·~C~AT~:"' 
B. I • p ~ ~· ~ : ~' G s,. ! ~ ~ c ~ 
Y 11 ,~CL[;P·C '!HK 

fNV~ST~E~T crs~!: 
1, CC!1-.STP~::T::1<. 

Z, L.A~O 
3 , E t- G I "- E E ;: : .'. G 
44, CCNTI"-~U.n 
TCTAL. 

YEARLY CPEQ&TI~G CC!TSt 
11 LABO~ 
2. PCti.EJC 
3. CMEMlCALS 
41, ~AINTE~A"'CE~SLPPLIES 
TCTAL 

TCTAL VEARLV CCST!t 
t, YEARLY ~PE?.A~I"C CCST 
2. YEARLV !~VEST~E~T 

CC!T RECCvtRY 
J, OfPflECILilC"N 
TCTAL 

1., .. ., 
L .:>~ 

sr.2~~.00 
" 1 (. _ .• 0 0 
ee2CJ,oo 
eB20.oo 

11\l03e,OO 

i2~i;o,oo 
2210.00 

o.o 
u100.oo 
Joeoo.oo 

3oeco.co 
G4100,00 
szqo,oo 

uouc;o,oo 



TMLE 330 

lHMJZ.':!) COST S!J:"'U~Y FOR AL rrr~:ATH't C7-1 rr 
(C0Gi:iE /.ill) Cf\/,~:l:E~ MAllUrr~CTURl!lG) 

:Tr1·:z~: c~sT ~~~~a~y ~c~ ~£S1E·AT~Q ,~EAT~f~T C~tI~ 

DE~ : :, : . U F : : : i:": " , • , Ci 5 • '\ ~ t ; C F.1· 1 !:! CD P. EC l. C 1 l CI\ 

!,..VES .. "£',j c:s~SI 

c •• ,f~LA~:7:1:r~ SAS!~ 
J,,,L~:; ~-~-i.~:r.' 
~ • t, P,,_,:~·~:' .:, !: i Ii°" :Ct-. 
,.,.,1-'i-LC!\:i •loll.I( 

L,.,LE~LT~: L4GCC~ 

1. CChST~~:T:C~ 
i. L/11.".) 

3 • E ~ [, : ~. t ~ ; ~ I·,. ~ 

"· ~c11.ry•.·;:.,~v 
S, PVC dl\E;i 
TC1A1. 

YEL~L~ c~E~AT!~G c:srs1 
11 L"~Cli: 
21 PC•EQ 
3 • t ,., E. ~· lC Al. ! 
~. ~Al,7f~''CflSLPPL1ES 
S, FvC I. i ~El" 
TCTAL. 

TCTAL, ~E•RLY CC~T:1 
1, YEA~l. rPE~A·:~G CC5T 
~. VEAPLY !'1r~r~:~T 

r r. n ~-r. c : v l :. ¥ 
3, C(r:FEC!~TJP. 

TCUL 

l~1"1'1C,CO 
SCIOC.(10 

1ei.:oc.n 
JeLi1.1(1.CC' 
3770,CO 

23C.Cb0,\'C 

124qo,oo 
B'14'0,00 

o,o 
J'111~0. DO 

1~0.co 
J8810,00 

qzoo.oo 
stzcso.oo 
5'9260.00 



TAl3LE 3Bl 

nmrzrn CO)'!' su:.'.:·1MY FOR fl.L T[RrJAT!VE C7- IV 
(COQl'.I:. f\rlD C1~ACl:ER Mf,:JUF'ACTU;<i1/G) 

!T>:•·:u::- c"'sr f1 "'"'f.I:\' F'QI- ;.,Ac;T:HiEi:' Ti;UP.1 EP\i C•l.It, 
r. E f ; I". , E ;; ~ : c ; ~ ~ ~ 'y • • • c; e • (' F E r. c I'. " 'T ~ r D I( E:. [• L c "r T c .... 
T ;; E I. ,. .... f I· 'T ~: c :: ·~ :. E !: I 

C ••• ~~~1.L:?,T!C• 9~S!~ 
J.,.Ajr FLi'TAi![' 
~ ••• ~~1/1-l~~ ~TAT!:~ 

.,.. ...... ~ I_ : ! I. c. ~ ~ ~ ~ 

L,.,t~;;LT~~ Lt~CC' 
F ••• t..~.:"'r:!1~~ ~~t.::: ... 
" ••• f'\ :..· 6 L ~- ~ c : t. I=~~ s s ~ '1 E F l L. T Fi;. I " 

l\V~~T~~'T ::STS: 
1. cr~QTc~~T'r' 
,. 1.1~,c· 

~ .• u,q·~:i::~c; 

"· cr,.,,n• r.i::·.:v 
~. ~\·C L.P~i' 
TC':' A:.. 

VEA~~' CPE~ATI~~ CCSTSr 
1. LA!?rR 
;. • #'( r-E'~ 
3, 1:1--E'"'ICHS 
~. rAJ~TF~f.P\rEi~LF~LIES 
~. PvC Llt-.E~ 
lCTAL. 

TCTt.L YEA~LY CCST~I 
\, VE6FLY C~~~t~!~G CCST 
c • 'r t t "- L V J ~ '• F E ~ • : 1, T 

CC:ST i.r~C\F;;., 

3. UPHCfbTJr~ 
TCUL 

1234 

Z11tPC.C-C 
sci::c.oc 

21170,0CI 
2117CJ,C10 

3770,t'.': 11 

21:127'10. 00 

icuc;o.oo 
1"150.00 

o.o 
1!1bC,C>O 

1£10,(10 
4''19'40.CO 

1CS1C'.OC 
12@q(l.C0 
~£13~0.0tl 



DP.!.:; 

Reduction Cencfits: BOD: 9 .0 percent 
SS: 9 percent 

Ot.G: !J percent 

A co~t efficien:y curv~ is presented in Fi9ure 2~2. 

Alter~~~iv~ C 7-V - This ultern~tive rcplJces th~ ~crated lagoon 
or-,~;--~·(.·,·native C 7"-I\' 1·1~th nctiva<;.~d slu~ge arid a:ir~s sludge vacuum 
filtration <Jnd s1:Jd~}e thicLcnir.g. Th!? :~:Jill media filter is delc:ted. 

The rE::;;ulting 81) 1·;a!;te load is O. l f:g/H:g (0.2 lb/ton),· the suspended 
solids load i) 0.15 Lg/kl·:; (Q.3') ;b/ton), and the oil ilnd grease load 
is r..~:: kg/;;is (::..-:7 lt.i/ton;. 

Cos~.s: Totcl investr:ient cost: $231,170 
$101,490 Total yearly cost: 

An itt~.ii20d bre<::;dc. :;i of costs is presentfd in Ttib.1e 382. It is 
as;;1:::·~: ch::!· :?-r·: cc::;:s $1.l,'.:,~:c ocr he:r.ure (~.E.6'JO per acre). It 
is f~~:~2r cs~~~~~ th~: one opera:or ~: re~ui~ed. 

Reduction Benef~ts: 9');): 95 percent 
~S: 90 percent 

O&~: 90 percen~ 

P.1:,~r·.:·:~ve C 7-\'L - n,i.:; al:erna:ive .::des dual media filtr-ation to 
Al : ~ :· '1 :: "T,::-ev.--

The resulting BO waste ioac i~ 0.0~ k9/kkg (O.C8 ~u/ton), the suspendeo 
solids load is 0.06 kg/kkg (C.12 1b/:on), and the oil and grease load 
is a.cs kg/kkg (0.10 lb/ton). 

Costs: Total investment cost: $313. 890 
$110.570 Total yearly cost: 

An iteffiized breakdown of costs is presented in Table 383. It is 
assu~c that land costs $41,0)0 per hectare ($16,600 per acre). It 
is fur-·~:.cr assu;:·.ed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98.0 pi?rcent 
96 percent 
94 percent 

A cost efficirncy curve is pr·esented in Figure 343. 

Cost and Reduction Benefits of Alterr.ahve Treatment Technol~ 
fOr·s~i-~Ci!tc:nc·r:.-[i-1-- ·riina'v and Conf0c·'.. i oncrv 

A model plant representative of Subcat~gory D 1 was developed 1n 
Section V for the purpose of ~pplyin~ control and tr~atment alter-
natives. In Section VII, six altern~tives were ~elected as being 

123~ 



1: . .,,, 
~~ ,,, 
I c 

.... , 
(() 

~ 
d 

'"·' 0 

I 
c 

& 
\1) 

~ ••••• 
«( 
I/I 
:::> 

i l!1·• 
z ... 
I-
I/) " ... 0 
u 
.... 
)-,, ..... \I ).. 

J ;\ N 
~ 

l1, 
w 
°' w c . >-

••••• I I ~ t 
< t 

I 
I u 

''·' I 
I 

./ I 
f- I - I 
Cl •••• I 
~ I 

I 
t 
I 

•••• " ........................................ , .•••.•....•..••••.....••.. ~ ................................ . 
U,U 11,H Holl H.H ft,tt U.U . U,U U,U "•'° ''•°' •HoU 

EfflCIENCY 

FIGURE 3~2 

INVESTMENT IW.) YEARLY COSTS FOR SUBCATEGORY C7, Al T. IV 



ORI.Fi 

TAB!..E 382 

ITEMIL.ED COST st.:::i·~ARY FOR r\LTER1lATIVE C7-V 
(COO~:IE ,t,l!D Ci'.ACKEP. l·~r~::i.JFACTURil~G) 

!TEl/?ZE~ CtST SL~~ftPY FCQ ~~STE~ATfQ T~E~T~E~T C~AI~ 
CES!G~ ~FF:CIE~:v ••• ~~.o PERCE~T ecD RED~CTIC~ 

T~EAT~E~T ~cc~LES: 

l~vEST~E~T CC5TS1 

C,,,ECCALIZ~T!C~ BASIN 
J,,,L:~ ~lCiLT!C~ 

o.,,Pu~FI\~ SiATICN 
V,,,MOL:!~~ TA~K 

K, 11 ACTIVLTE~ SL~CGE 
c,.,S~LCGE T~rc~~~Ek 
S, 1 ,VACL~~ F:LT~ATlC~ 

11 CC~STl<LCTICt-. 
2, L.HO 
J, HGINEE~!~G 
I.I, CCt-.Tif\GEll.CY 
TCTAI.. 

YEARLY CPEQATI~G CCSTS1 
11 LASOR 
2 1 PC:lilER 
J, Cl"E~HH.S 
A1 ~Al~TE~A~CE&~L?PLlES 
TCTAl. 

TOTAL YEA~LY CCST51 
11 YEARLY CPEQAT!~G CC~T 
2, YFARLY J~VEST~E~T 

CC'ST QECC11Eg'f' 
3. OEPREClAT!C~ 
TCTAL 

1237 

c30SSO,OO 
"1b0,00 

230@0,00 
23080,CO 

281170,00 

U41QO.OO 
13!70.00 
2"~0.00 

"e2110.oo 
1•1qo,oo 

11250,00 
13850,00 
101"~0.oo 



TABLE 303 

ITEMiZE:::i COST SUMM/\RY FOR P.LTERr~J;TIVf C7·VI 
(COO!~!E AtlD CP.ACl:ER MMIUFACTURil~G) 

ITFM!ZfO C~ST s~~r.A~Y FD~ ~ASTEkATE~ TREAT~E~T CM.AI~ 
CESI~~ EFFICI~~cv,.,98,0 FEPCE~T eco ~EO~CTICN 

TRELTµE#\T MCC~LE!1 

C.,,ECL.ALIZATIC~ BASIN 
J,.,tI~ FLCTA~l~N 
e.,.cuµPI~G STtTI~~ 
'r,, ,,..OLD!NG Tt"-K 
K,,,ACT!VATEC SLW~GE 
t,,.SLLDGE T~ICK~~E~ 
S. 0 ,VACLU~ FILT~ATIC~ 
B, •• PU~PINr. STATIC~ 
~ ••• DLIH .. "'ECI.t. Fl<ESSL.RE FILT~.A'N 

!NVE~T~E~T CC!TSr 
l, CC~ST~~CTIC#\ 
2. LHiC 
3 • H Ci I N E E P I ~ 1 G 
41 • C C ~i i H l: E " C'f 
TC:TAL 

YEARLY CPERATI~G CCSTSr 
·s, LABO~ 
2., PC\\ER 
J, Cl-IE~~IC.ALS 
~. ~AI~TE~.A~CE&SLFPLIES 
TCTAL 

lCTAL VEAR~V CCSlS1 
1 1 YEA~LY C?ERATI#\G CCST 
2, YEHL Y lt..;VESH'Et-.T 

CCST RECCVE~v 
3, CEPRfC I H ICf\ 
TCTAL 

1238 

.. __ . "°ti?d>if""- _ .. _, as- -- u 

258110,00 
4i16C.OO 

25810,00 
zss;o.oo 

3&38Qo.oo 

S2414'0.00 
usr;o.oo 
2uo,oo 

41CJOOO.OO 
82520.00 

8.2520,00 

tZSbo.oo 
150ICJO,OO 

110570. 00 

;.- . ----Siii 
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OflMi 

applilu.;:e:: c:n·,in 1_·1_.·i·ing .:i'.tc.:l'l.i.tivcs. Th'2:.c illtcrnil'..ivcs provitlc 
for v~rious level~ of waste reduction~ fer the mod~l plant which 
produce::. 97 l:kg (1J7 ton) of finished pn:iduct p~r dJy. 

/lltr:rr,;:~ive Di-J - This .::il:rrnctivc J:;:;u;,.~s no trcotr.i~nt and no 
rc(iuc-'...,0:, in rnL" .:,,'.>~'2 loi1d. lt is est·,;::.::it~d th<it t;·1e effluent from 
a 97 1:::9 (107 ton) per d;iy pl<l:it is 375 cum (0.099 MG) per day. lhe 
COD 1:~::i; 10od i:.. l:.94 l.:;f!.,:·~ (i3.9 lb/~un), und the ""'spendcd solids 
load i: 0.65 ~9/~kg (1.31 1~/ton). 

Co:. ts: 0 
Re~~ction 8enefi ts: None 

Altern2~ive D 1-!I - This alternative provides a pumping station, 
flo· .. 1 ;;:;~::!lizat1<.r., nitro'.)en addition, and an aerated lagoon. 

The rcs:;l ting £C" 1!~S te 1 oaJ is O. 35 kg/krg (0. 70 lb/ton), and 
the s~s~ended s0l1~s load is 0.12 kg/kkg (0.24 lb/ton). 

Cost::.: Tota~ i nve:s tr.;er.t c:cs:: 
Total yearly cost: 

$2~2.4$0 
$ 70,230 

An ite:-'.zed breaf:c:-".::1 of cos~s is presented in Table 384. It is 
as~~~~~ that land costs $41~~ oer hectare (51560 per acre). It is 
further a~su~e~ t~at one operator is required one-half time. 

Reduction Benefits: BOD: 9S percent 
SS: 82 percent 

Alt~rn2~jve D 1-II! - This alternative reolaces the aerobic lagoon 
of Alternative D 1-II with activated sludge and provides ~ludge 
thickening, aerobic digestion, and truck hauling of sludge. 

The resulting BOD waste load 1s 0.21 kg/kkg (0.~2 lb/ton). and the 
suspended solids load i~ 0.078 tg/kkg (0.15 lb/ton). 

Co~ts: Total investment cost: 
Tot31 yearly cost: 

$299,400 
$105,840 

An itemized breaY..do1't'n of costs is presented in Table 385. It is 
assumed that land costs $41 ,OQO per hectare {$15.600 per acre~. It 
is further assur.~d that three operators are required. 

Reduction Benefits: BOD: 97 percent 
SS: 88 percent 

Alternntive D 1-IV - This alternative adds sand drying beds to Alter
nati\-;-~· [' 1-l!l. 

The res~lting SO' waste lo~d is 0.21 kg/kkg (0.42 lb/ton), and the 
suspended solids load is 0.078 kg/kkg (0.15 lb/ton). 

1 z.; (i 
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TABLE 384 

ITEMIZED COST SUM~·iARY FOR ALTEP.MATIVE 01-II 
{CAi!DY A~m COlirCCTiONERY) 

ITE~!2~~ C~ST ~~~vA~y FOR ~ASTE~ATE~ T~EAT~E~~ C~AII\ 
CES!G~ EFF!ClE~cv ••• qs,o PE~CEl\.T ec: HEDUCTIC~ 

s ••• Pu~PING STATION 
C,,,EQLtL!:~i1~~ ~&~l~ 

~. 1 ,NIT~CGEll. ACCiilCN 
L,,,AE~ATED LAGCC~ 

:"VESTl/E~i ~CST~r 
1. cc~~r~:.~7:~" 
21 LANI) 
l1 E"-Cifi..E::1:11"G 
ti, CC,..TP.::;E•;cy 
!=, PVC: L]11.E1< 
TCTAL 

YE•~LY CPF.~~Till.G ccsrs1 
1. 1.iecR 
21 PCl'E" 
3 1 CloE"'ICALS 
~. MAJNTEll.All.CE&SLPPLIES 
5, PVC l.?11.!::FI 
'TCT AL. 

TCTAL YEARLY CCST5t 
1. YF.AR~Y CPER•TI~G CCST 
2 1 Y~ARLV !11.V~ST~E~T 

ccsr ~rcrv:~v 
3, [)Ef:IRECIATIC'I\ 
TCTAL 

1241 

1C~Ll38Cl,CO 

41000,CCI 
19'1-.o.oo 
pl.lUlO,OC 
5200,C:O 

2412tlbC I c 0 

6250,00 
3060,00 
'qzo.oo 
3111~.oo 

z10.oo 
ueei10.oo 

q100.oo 
11q20,(I(') 
70230,(10 



llRl;rT 

TABLE 385 

ITEl-iIZEO COST su:'.'·il\RY FOR ALTERNATIVE Dl·III 
(CA~DY A/;D CONFECTIONERY) 

!TF~lZED c~ST SL~~,RY ~OR ~ASTEkATER TREAT~E~T c~•I~ 
CESIG~ EFFICIE~tY ••• 95.0 FERCEl\T SCD REC~CTICN 

T~~,T~E~T YCCWLES1 

!"''VE ST"'E~:T CC: Si' S: 

ei •• cc~T~Cl ~CL~E 
e ••• Pu~P!~~ STbTIC~ 
C ••• EGLALIZ6TIC~ BtSlN 
~ ••• ~~T~CGf~ 4CC!TlC~ 
K, •• ACTIV4TEO ~L~OGE 
C,,,S~L~~~ T~lL~E~E~ 
R,,.,E~C8IC c:~ESTC~ 

11 CC~STRuCTICI\ 
2. LJ,I\(') 

3 , E ~ G I r; EE R ! "JG 
41 • CC r.; T I I\ GC: t-. C Y 
TCTAL 

VEA~LT O~EPATil\G CCST~s 
le LAiSOR 
2, Ptll.ER 
3, C'l-IE~ICALS 
U, ~AINTEl\Al\CE&SL~PLIE9 
TCT AL 

TC~AL YEARLY CCST~I 
J, YEARLY CPEQATI~G CCST 
i, YEA~L.Y I~VE~T~E~T 

CC:ST RECCV~Ry 
3, OEFRECPTIOt-. 
TCTAL 

1242 

22us10.oo 
zqqqo,oo 
22uso.oo 
z::uso.oo 

2c:;•uoo. oo 

J7Uo,oo 
&UH0,00 
1q20.r·~ 

20cSO,OO 
eoHo.oo 

MH0,00 

sueo.oo 
S3U7C,Ot' 

10581.10,tlO 
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C:.ists: Total inves~m'.!nt co!.t: 
Total yearly cost: 

$f,25 ,670 
SllG, 120 

P.n iternizc:d ~re,::l:do1·111 of cost5 is prc5cntcd in iL:.!:ilc: 3CG. It is 
assu1nec that land co:;ts :~0,510 per hectare (:2DO ~er acre). ·It "i's 
further as:;u~~d that three operators are required. 

Reduction Oenefits: COD: 97 percent 
SS: SS per:ent 

Alternative D i_v - This alternative adds dual media filtratiJn to 
~lternativ~ j 1-lV. 

The resulting S~D waste 10ad is O.ln kg/kkg (0.20 lb/ton), and the 
suspended ~o1ids load is 0.039 kg/kkg (0.078 lb/ton). 

Costs: Total inves~::-:ent cost: S~59,300 
$125,SAO Total yearly ccst: 

An iter.:iz~d b"'0al-.do:·:n of costs is presented in Table 387. It is 
assur.:ed t~at land costs S20,510 per hec~are (SE30J oer acre). lt 
is further assu~~d th~: three operators are required. 

Reduc~ion Benefits: BOD: 
SS: 

98.5 percent 
94 percent 

A cost effici8ncy curve is presented in Figure 344. 

Alternati\'e D 1-VI- This a1ter:1ative adds dua1 media filtration to 
Alt.ernati\'e u 1-Il. 

The resulting BOO waste load is O.lC kg/kkg (C.28 lb/ton). and the 
suspended solids 1oad 1s 0.039 kg/kkg (0.078 lb/ton). 

Costs: Total 1nvest~ent cost: 
Total yearly cost: 

$276.080 
$ 79.650 

An itemized br~Gkdown of costs is presented in Table 388. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It 
is further assumed ~hat one operator is required one-half time. 

Reduction Benefits: BOD: 98 percent 
SS: 94 percent 

A cost efficiency curve is presented in Figure 345. 

Cost and P..d.,:tlon Benefits of A1tern3':iv~ T,·r:atment Technolo 1es 
fOrSUbcatcnory .. - Ch'.'"l'li ng Gum 

A model plant •epresentativ~ of Subcategory D 2 was developed in 
Section V for the pu1pose of ap~lyin9 control and treatment alternatives. 
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TADLE 385 

ITEI·l:Zrn COST SUi·~::ARY FOR AL :[Rli/..iTVE Dl ~IV 
(CAllD~' A:;:.; co:;FECTW:~:;Y) 

ITEv:zE' ccsT SL~~ARY F~~ ~ASTEhAlrR TPEAT~E~T C~&tr-. 
CEf!G~ EFF;C!E~cv, •• qs.o PEP:fhT ~CD PECuCT!C~ 

T~EiTv~~T MCCLLESz 

I~v£STwEr-.T c:srs1 

81 •• CC'TQCL ~CL~~ 
8,,,P~w~;~G ~it~~c~ 

c, •• ECLtL]Z&Tir~ BASlh 
~ ••• ~J:c;cGE~ ~CC:IT!C~ 
~ •• ,AC1I~ATEC SLLDGE 
C,,,!LLCGE T~IrKE~EW 
~ •• ,AEl;CBIC ~;Gt~T~~ 
T ••• s~~c D~Y!~G eEDS 

1 • C C ~ S T R L.> C: T! C r. 
2. ur.o 
3. E:~.G!.,EEi;I'JC: 

"· ccr-.1 Tiqa:~CY 
TCHL 

YEARLY CP£RAT!~G CCSTSr 
S, LAeCR 
z. PC111ER 
J. Ct<E~IC:HS 
Q1 ~Al~TE~~NCE~SLPPLIES 
TCUI.. 

TC~AL YE4qly CCSTSa 
l. H,UlLY CP£Lu.ip.c CCST 
2. YfA~LY l~YfS,uF~T 

ec~i OECCvr:Slv 
3. CEP~:cIATICt-. 
TCTAL 

1244 

JJSc?qo.oo 
23320,C'CI 
33530,00 
33530,00 

'125o7c,oo 

31ueo,oo 
1u1uo.oo 
Hlo.oo 

18830,00 
78cno,oo 

1s<:110.oo 

17030,flO 
20120.00 

116120.QD 
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TABLE 3e7 

nrnrzrn CG'.)T su;::·'.ARY C:(j;J Jl.L rtr.t:t,7iVE 01 -V 
(CAU::>Y /1t:u CC::FECiIC~:Er;Y) 

tT~~:!r~ Cr!T ~L~~~~v r~c ~&ST~~AT~c T~EAT~E~T C~'!s 

CE~lG~ ~rFrc:E~CY,,, q1,c ~f~C~~T ~0C ~E[LCTIC~ 

~1 •• ~r~!~~~ ~c~~~ 

~ •• ,PL~~1·~ E7!:::~ 
C,,,fCLtL:ZrT!~~ Q!S:~ 

~ ••• ~lT;(~~~ A~:!Tl:~ 

Ir. , , , AC T ; ~ t T f :; S l '.. ·; :_: E 
c ••• s LI. ,... r:: , ... : r II ~ '. :=: • 

~ ••• A:i:r~rc ~:r-r~rc~ 
T,,,St'~ ~~\:'~ ~E~S 
~ •• ,Pu~F!~G ~TATl"~ 
~ ••• C~6L ~E~!A C~EESL~E F!LTRA'~ 

%11.V~ST~E~T CCS1S1 
1 , C C ~~ S Ti: L C T : C ~ 
c I L H.~ 
~. E~Gl~:E;:~G 

"· cr11.TJO..GE~C't' 
TC HL. 

Y~£RLY CFE~ATI~G CCS'!' 
1. L~f'ICR 

2. Fr"t:R 
3, Cl"E"'JC~LS 
u, "'£l,ll~~~~Ei!LFPLI[5 

TCiA~ 

TCTA~ VtA~LY CCST~1 
l. •EA~LY c~E~aTill.G CCST 
2, •f A~L~ I~~f~T~Fll.T 

CC~T "'IECCv~"'I' 
l I ~ E. ~ j.,j E c I .. ';' I l': ~. 
1 CTAL 

1245 

3b3320.00 
ill2o.oo 
lb330,00 
3b330.00 

usq300.oo 

:n"eo.oo 
i?ObOO.CIO 

1q20.t1C1 
1q37{1,00 
~s:no.oc 

es370.oo 

l8l1o.oo 
21t!00,(l0 

l2';5U0,(10 
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T/i.CLE 3SC 

ITEMIZED '.':'::S".' ~:~ .. :·,·,p,y F('? /~~ rrr:::;.;:rv~ D1 -VI 
(CA:;u·,· /1;.r:, cc~~FEC";"I o;;c::n) 

PE•·1u~ cr-n ~1..' ""•"' r:c;; i.1.s~:--AH'< r~EAT 11 :'."-'T ci.•Ir-. 
cn:jl, EFF~:::'-CY,., q~.~ IJC:O:C[l\T ec!:: "'EC1..C1IC"-

F. , •• o ... · ... ~ r .. ~ ~ ~ .·. - : ~ ,, 
t ••• £~·1.li.L..~Zt.i::·r. ~t.S!L. 
1- •• ,~I~~=~~~ 1.~~!T!C~ 
L ••• l;=,~E~ Ltr.cc~ 
~ ••• Pu•··:.:t.:. ~i~ ~1c· .. 
11.,,,Dl:t'- "~•::t ci;~55:.,~~ FILTPA 1 "-

I~V~ST 11 E~T CCSTS~ 
1 , CC ~. !: T 0 L C • ! :' Pl 

2, U"C 
3 • EI, c. ! .. : : p l •;:; 
"· ::r:r.n~-G~~.:.,. 
s. FltC Lit..E.:O 
TCTAL. 

YEARLV C~E~AT!~G CC!T~t 
1. L.HO~ 
2. PC,..El:I 
3. c1-E11lC6LS 
~. "'AlNTE~A":E&S~FPLlES 
5, FvC 1.I"-E.R 
TOAL 

TCTAL. Vf6PLV CC~T~1 
11 YE•kLV r.o:~6T:~G CCST 
2, Yt.1.:;Ly ! 1.\F':T"E"-T 

cni 1:1i::::c\i:n 
J, r.:1-i.~CPT~:•. 

Tc, t L 

12~7 

222/JCO,OO 
'ICOC.00 

2221.10.0~ 
222uo.oo 
suo,oo 

2H08C,OO 

6250,00 
ecnc.oo 
H20,00 

lUS0,00 
270,C'O 

sso10.oc 

SSOlv.00 

S10"0.r" 
sJ~oo.oo 
'7qbSO.OO 



If) 

C" 
<( 
• I 

8 
1.1. 
0 

(/) 

c 
~ 
ti! 
:> 

~ 
1--

z 
1--
~'t 
0 
v 

I\) 
~ ~ 
CXI 

.,_ 

rl 
'\ 

~ 
0 z 
<{ 

v 

J 
<: 
I--~ v 

'''·' 

l,t.I 

us .• I 

1se.• I 

.... l 

lfJ., 

1H.1 

1Jl.1 

JI I.• 

JC.I I 

c. 

c 

-------' ,_ 
..................................................................................................... 

•c.o' •1.00 •1.tt •1.ee ••,co •l,oo ••.o~ 11,co ••.~o •t.oo 1eo.co 

EFFICIENCY 

lNVE5nENT ANU YE/\~'!'. ,COSTS FOR ~;UBCATH-Oi1Y DI, /IL T. VI 

---, ...., _.. 



Ir, Se:c~i::·1 ·:rr, ~even altern&tive$ were selected nS hcinfJ applicable 
engin~erin~ alternatives. These altcrnativ~s provide fo~ vilrious 
level~ of w~~te r~ducticns for the model pl~nt which produces 70.9 kkg 
(78.2 ton) of ~J-.c~win9 Q~n; per dily. 

f\lter~.1::ive D 2-1 - This altern:itive assur::c::; no treatment and no 
reduc.ic:i rn {.-;ewa:.te load. It is estirr,atec that tile l ~fluent from 
c1 70.9 !:: ;: (72.2 ton) p~r day plnr.t is 322 cu :ti {Cl.O::.~ nG) per day. 
The BOD ~~s:e load is 3.17 kg/kkq (6.34 lb/ton). and the suspended 
solids 1D2d is 0.43 kg/~kg (D.86 lb/ton). 

Costs: O 
Reduct. i or. Bene fas: None 

Alte~ne~jve D 2-I! - This alternative proivdes a pumping station, flow 
eq~alizat1cn, nitrogen ad~itio~. and an aerated lagoon. 

The res~~t'.r~ :~: 1·~stc load is 0.'C kg,'U:g (G.32 1b/t:·r.), and the 
suspenj?d solid~ loat is 0.14 kg/kKS (~.22 lb/ton). 

Cos ts: Total investnent cost: $345,2(;0 
$ 99,860 Total yeariy cost: 

An ite~i:e~ bre5~~o~n 0f costs is ~resented in ~able 3B9. It is 
essu~e~ t~a: lane :nsts 5;1~J p~r hectare (Sl660 ~er acre). It 
is furth~r assumed that cne operator is required one-half time. 

Reduction Benefits: BOD: 
SS: 

95 percent 
68 percer.t 

Alterr1?.ti\·e D 2-I!! - This alternative replaces the aerated lagoon of 
Alternat1ve D 2-11 1·:ith activatec sludge and provides sludge thicker.~ng 
and aerobic digestion. 

The rcsultir.g BOD waste load is 0.095 kg/kkg (0.19 lb/ton), and the 
suspended solids load is 0.09 kg/kkg (O. 18 lb/ton). 

Costs: Total investment cost: $246,210 
$ 8&,780 Total yearly co~t: 

An itemized breakdo1·m of costs is presPnted in Table 390. It 1s 
assumed that land co~ts $~100 per hectare (S1660 per acre). It is 
further assumed that three operators are required. 

Reduction Benefits: BOD: 
SS: 

97 percent 
79 percent 

Altern~~~~" Q 2-lV - This ~lternative adds sJnd drying beds to Alter
na t ive""rf i--r n-. -

1249 



TABLE 389 

ITEMIZ:~ COST su~~;RY FOR ALTER~AT!VE 02-JI 
(CHHJING GUtl) 

rrr~:z~o crsT SL~~A~Y ro? h•STF~ATER TRELT~E~T C~AI~ 
CESIG~ EFF!CJE~:v ••• qs.e P~RCE~T eco RECLCi!C~ 

?~V[ST~E~T CCSTS1 

E 100 Puu~r11.G ~TA~!C\ 
C ••• FCLt.l.IZAT!CI\. :aAS?~ 
~ ••• ~IT~CGF~ A~C!TIC~ 
L ••• ~E~~TEC ~AGCrN 

1. CCNSTRL.r.T!Ct-. 
2. LAtO 

2712'10.00 
6330.0C 

27130,00 
27130.00 
s:neo.oc 

3, E' ~ GP~ fE I< I~ r-
1.1. CCt.Til'GEr-.:cv 
S. PVC I.It.ER 
TC:TAL li.15260.CC 

YEL~LY C~~RATI~~ CCSTS: 
1. u eaR 
2. Pr.lo.ER 
J. C~E.MICALS 
~. ~Al~~E~L~CE!S~P~L!E~ 
5, PVC L.H'EA 
TCTjL 

TCTkL YEARLY CCST!r 
t, YEARLY CPERAT:~G CCST 
2. YEt~LY !~iEST~E~T 

CCST RECC'VE'iy 
3, OEPREC!ATlO"-
TCT AL. 

1250 

37 

~250.00 
Uti830,00 

06QO.OO 
~270.0C 
20110,oc 

6q100.oo 

13810.00 
SbQ~0.00 
Qq860,00 
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TAB!..E 39CJ 

lTEMIZ:O COST sw~~!·~Y Ff)~ AL7£P.r;ATIVE 02-IIJ 
(C1-;El.'I1;G GUI-:) 

JTE~IZ~o C057 !L~V~~y ~r~ •!~--
0 f: ~ l C ,\ E FF ! C ! f. ,,. C '1 , , , q 5 • r r. [ :: :.. : 7 r = : 1. r "" : '· T c "' -' I ,.. 

t~~~T~~~, ~C~ULES: 
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~ 1 Lt•."' 
l, E'-G: ::. · -
~. CC'~T:J\r.:,.:~ 
TCHL 

YEA~LY CPE~ATI~G CCST~t 
1, Lt.eC.:\ 
Z, P(,.Ei'I 
3, Cl-tl-'lCLl.S 
~. ~Al"TE~6~CEiS1FPLIES 
TCT,\L 

TCTAL VfA~LY CCSTS1 
1, YEAPLY C?ERtT:~G CCST 
2. YEA~LY r~v~5T~EJ\T 

~en 1.':cn: i;" 
3, CE'PRECIATICI\ 
TCTAL 

1251 
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The resulting ROD waste load is 0.093 kg/k~y (0.19 'lb/ton). and the 
suspended solids loed.is 0.09 kg/kkg (0.10 lb/ton). 

Costs: Totz1 inve:t~cnt cost: 
Total yearly cost: 

$319,?:io 
$10l,G7:> 

An itemized bret1l:dm·m of costs is presented -:n Tabl~ 391. It is 
a:.sume:d that land cost!; $41,0IJO per hectare ($16,6'.10 per acre). It 
is for' .. hc::r ass:.;mc.:d that three Oj"lerators .ir; requ~ rc:d. 

Reduction Ben0fits: BOD: 97 percent 
SS: 79 percent 

Alternative D 2-V - This alternative adds dual media filtration to 
A ltt rn c :. h·e [J 2- IV. 

The resulting SOD waste load is 0.063 kg/kkg (0.12 lb/ton), and the 
susptnded solids load is O.OSE kg/kkg (0.11 lb/ton). 

Cos~s: Total investrcnt cost: 
Total yearly cost: 

$35~.020 
$102,23CI 

An ite~izea breakdown cf costs is presented in Table 392. It is 
assu~~c that land ccs~s $ll ,000 per hecta~e {$16,680 per acre). It 
i:; further assunec that three operators are required. 

Reduction Bene~its: BOD: 98 perce~t 
SS: 89 percent 

A c0st e~fic~ency iurve is presented in Figure 346. 

A1tern::~ive 0 2-VI - This alternative adds a pumping station, a pipeline, 
and~ spray irrigation field to Alternative D 2-III. This alternative 
provides for no discharg~ of polluted wastewate~. 

Ccsts: Total investment cost: 
Total yearly cost: 

$465,530 
$113,250 

An itemized breakdown of costs is presented in Table 393. It is 
assumed that land costs $4100 per h?ctare {$1660 per acre). It is 
fl.lrther assumed that one operator is req1Jired one-half time. 

Reduction Benefits: BOD: lOC pe~cent 
SS: 100 percent 

A cost efficiency curve is present~d in Figure 347. 

Altern~tive D ?-VII - This alternative ad~s a pu~ping station, a pipe
line. i3nd a spray irdgation field to Alternative D 2-III. This alter
native provides for no discharge of polluted wastewater. 

'"if __ ,,,_ 



TABLE 391 

ITEMIZED COST su~~ARY FOR ALTERNATIVE 02-IV 
(CHEh'ING GUM) 

ITE~!ZrC c~:T s~~~A~V FC~ ~4STF~~TER T~E•T~E~T CjJAJ~ 
DESIG~ EFFJC!E~CY ••• QS.O PERCfhl ~CD ~ECUC7IC~ 

TRE&T~~~T rc=~~ESs 

I~VE5'~E~1 CCSTS1 

e1 •• CNn:cL H~lSE 
B ••• PU~~l~G ST,TIC~ 
C.,,~gLALlZATlC~ ?AS!~ 
~ ••• ~lTPC~F~ ACD!TlCh 
~ ••• ~CTTVlTEC ~LLCGE 
c ••• s~LcG: T~IC~E~ER 
~ ••• ~E~C~!C r.!GESTC" 
T.,,SA~D C~YI~G 8ECS 

1. CClll.5Tl<LCTIC1<.: 
2. LA~O 
3. Et-G!~~ERI'<G 
~. CC'NTHCEt-·CY 
TCT .Al. 

YEARLY CPER~TI~G CCSTS1 
l, LAt\CH~ 
2. J.'Clo.E~ 
l. C:"'fMICALS 
U, ~AINTENA~CE&SLFPLIES 
TC:TAL 

TCT~L VEARLY :CSTS1 
1, VEA~LY CPE~~TI~f CCST 
2, VFAPLY l~VE~T~~\T 

CCST RE:Cvf.~'f 
3, C:CPRECJHIC',._ 
TCTAL 

J2!i3 

250850,00 
187UO,OO 
2soeo.oo 
Z5080,00 

319750,00 

31,eo.oo 
1o"eo,oo 
""~o.oo 

211eo.oo 
73830,00 

7l~Jo.oo 

127QO,OO 
1soso.oo 

tc11010,co 

_ _______,__ ... 
- -·: - - -~y-' i-mu· r· ~,... -,,,snurcwew--:,- ¥& ···rmr · · s···-· ·· • 
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TABLE 392 

ITEMIZED COST SUl1~·lf.P.Y F0R ALTERNf1TIVE 02-V 
(CHH!ItiG GUI-I) 

!iE'·rzi:0 C~ST h"'PJA~V ~cs: lo.t.5,.E ... l.TER l;:;EAT,..~~T Cl-IAIN 
DESJr.\ EFF?CIE~c~ ••• qe,o FlPCEhT P.CD ~ECUCTIC\ 

T~E'T"'E~T ~CDLLESi 
~l.,C~,T~Cl ~CLSE 
E,.,P~w~I\~ S~~TlC\ 
r ... ECUl I7tT!r:~. et.Siii. 
._ • , , 111 I ":' c; LG ~ '· I. ~ C t 'T ! C II. 
•,,,ACTIVbTEC ~lLDGE 

C,,,SLLt~~ T~lC~F"E~ 
~.,,Af~CE!C CJr.ESTC" 
T,,,~Al\C ~~YThr, ~-r:s 
P , • , P l 1 ~· c I t. G : T ~ T 1 t: ~: 
~ •• ,DUAL ~fCIA P~FSSLRE FILT~AI~ 

l~VEST"'F.~~ CCSTS1 

YE.'- RLV 

1 I c c: ~- s j R I., c T I c .. 
2. L.61\D 
31 f"r,p,;Ef~lNG 
4J • CC l'I: T I 1. G E " C Y 
TCTAL. 

CPfFUTI~G eC'HS: 
1. LABCF. 
2 1 FC,.ER 
3, Cl-'~·"IICHS 
G, ~~I~TE\4"CE~SL~FLIES 
TCTAL 

TCTAL ¥EAR~Y CCSTSr 
1, YfARLY CFf.FATl\G CC~T 
2. YtARLY I~V~5T"'€hT 

CLSl F<~CCVF"Y 
3, C£i:1<E::I6";"J:'> 
TCHL 

12!i4 

2777lJO,O~ 
1er"o.~n 
27770.00 
27770,00 

352020.on 

3Heo.co 
15670,00 
ucqo.oo 

l3eSO,CO 
ruqo •. oo 

1'1080,00 
lboeo.ce 

l02C!O.OO 



J5J.C t 

He.J 

IQ 
:5 z••·• ..I 

8 
11. 
0 
Ill zn.• 
~ 
'( 

~ 

~ 
Z•t,l 

z .... 
I- z :•., 
8 ..... ...., 

..... >- 1•1.t 
\11 

>-
ri 
~ I ·lt, 1 

0 

~ 
IJ•.• 

u 

' .... JU. 7 I -Q. 
c( ' v 

h,O 
·············································-~·-·········-·········································· •1.:0 •1.co •z.cc •s.ac o,co o.c: ••·~' •1.u '•·n ... ~o 100.ce 

EFFICIENO' 

FIGURE 3% 

INVESTMENT NIO YEARLY COSTS FOfl SUBCl\1£GORY 02, ALT. V 



a 

TABLE 393 

!TEl'iIZED COST SL"·'.":t-RY FOP. /-.LTE?.NATIVE 02-vr 
( rn a: ING Gu:.:) 

rrr.nz::-: ccsT H"'~'/.i:'¥ F·~p .. ,.~1El.o.A'7Ec:I Tl-IEAT,,.~l.T CMA!I'. 
CES!G~ E•FICIEhCY ••• 10~.~ PERCE~T 8CD ~ECUCTIC"' 

,. H E ' T ~ i:: '• ~ " c r i L E e I 

I~YEST~E"T CCSTSt 

~ ••• ~vwP!~~ STATIC~ 

c ••• r::~.6:..::1.".'j~~ i:i~.~1" 
~ ••• ~rr;r~f~ AOC!TIC~ 

L, 0 ,AF~A~:~ LAG(C~ 

l.,,,s~~AY I~~IGAT!C~ 

1. tP-ST;:LC':'!C~ 
?, l,.AI>() 
.3, Ei.GI~E•~Jl~ 

" • (.. C ~· T l I\ [. t ~. C '!' 

"· PvC LIHR 
TCTAL 

CPUiAi!~G C:CSTS: 
1. LHCQ 
l. Pci.n· 
3 , C .,_ F. ~· : C "L ~ 
~. ~i!l\~~,A~C•&~l~PL!~! 

5. PVC: Ll"E" 
TCTAL 

TCTAL YEA~LV CC!!Sf 
1, YF.A~lY CP~~tT?~G COST 
Z, Y~A~LY l~~~fT~E~T 

CCSl HECC'V~~'I' 
3, CE.Pr.FCPi;C'\ 
TCTAL 

.. -·--. ·- ~·-·--- - -··--· 

3sol,;2c.ce 
3UcSO,OO 
350'10.0D 
350'10,0C 
133!('1,C•O 

t.16es:so.oo 

6250.t'IO 
s12:;0,oo 

4lf\QLoo 
es10.oo 
20b0,00 

na20,oo 

72820.0f) 

lBH0,00 
z1tiqo,oo 

1132c;o,oo 

. ···-· . - .. -. :-=--~--
.. -: :.· _;;:-· ---- -.- -- Gr ·-4.:< m ,- nm' - ...:;-=:-~- -
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cn.o 

•ll.O 

!/) 
Q'. 

j 
'''·' .J 

8 
I.I. 
0 

<11 
lH.O 

a 
:z 
"( 

"' ::> 
Jll ,O 

~ ..... 
:z .... 
..... ll•.0 

13 __. u 

"' U1 >-....... fCJ,O 

>-
I 

i1 
~ 

llO.\I tu 
>-

~ 
"~ .o 

v 

_J 

~ JJ•.• ... 
11.. 
d, 
IJ 

••.o ,~-------------------------' 
••••••••••·•••••••••e•••••••••e•••••••••••••••••••.••••~••••••••••••••.•r•••-•••e•••••••••,•••••••••e 

•o.oo •1.00 ·~.n •J,l'C ••.c~ ''·'~ ••.oo •1,ce u.co o.oo uo.oo 
EFFif.lENCY 

FIGURE 347 

iNVESlloENT ~O YEARLY COSTS FOR SllBCAT£GORY 02. ALT. V l 



DRMT 

Costs: Total investment cost: 
Total yearly cost: 

$34G,GSO 
~ 89,970 

An itemized bt,r·Ji:d:)'.:n of rn~ts i~ pr~scntt?d in Tilblc 394. It is 
assu:i~-::d that lune costs $41,U'J0 per hcctar.: (Sl!:,GCJ rer acre). It 
is further assumed that three op~rators ~re required. 

Reduction n~nefits: BOD: 
SS: 

100 percent 
iOO percent 

~ cost efficiency curve is presented in Figure 348. 

Cost an~ ~ed~ct~on B~"efits of Alternativ~ Treatment lec~nolonies 
for Sub:at~Qorv D 3 - Gum Base 

A model plant repre::entative of Subcateg:ir.v D 3 1vas developed in 
Section V for the purpose of Acp1ying control and treatment alternatives. 
In Section v:r, six altern~t1ves were selected as being 6pplicable 
engi~eering alte~n!~ives. These altern~~ives provide for various 
leVC~S Of viaS~e rec:;:tions for tne lilOdei plant lvhich ~reduces 10"5 r.kg 
(116 ton) of gJm base per day. 

Alternative S 3-! - This alternative assu~es no trcat~e~t and no 
reduct~on i~ tne ~a~te 1oarl. It is estimated that the eff"Jc~t 
fro:l' a 105 kkg per day ola1~: is 356 cum (0.094 11S) per day. The 
BOD 1<.·aste load is 1.45 kg/kkg (2.91 lb/ton), and the suspended solids 
load is 0.39 kg/kkg (0.72 lb/ton). 

Costs: O 
Reduction Benefits: None 

Alternative D 3-II - This alternative provides a pumping station, 
flow equalization, nitrogen addition, and an aerated lagoon. 

The resulting 900 waste load is 0.10 kg/kkg (0.20 lb/ton), and the 
susp~nded solids load is 0.03 kg/kkg (0.06 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$242,420 
$ 74,610 

An itemized breakdown of costs is presenteG in Table 395. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
fuuther assumed that one operator is required one-half time. 

Reduction Benefits: BOD: 93 percent 
SS: 92 percent 

Alternative D 3-JII - This alternative replaces the aerobic lagoon of 
~ative D 3-11 with activated sludge and provides sludge thickening 
and Jerobic digestion. 

1~5f. 
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TABLE 394 

lTCMIZD cc:7 SU~'.:'.:;f\'( rJ~ /,:.. 7C:J\fif;TIVE. 02-VI! 
(CH£i.:1i:G GUMj 

tTE~rzE: CCST ~l.~µL~T F~~ ~~s1E~~TE~ TR!tl~F~T C~Al~ 

t: E S Vi h f F F ! C ! :: ' C Y • • , l C C , ~ P E i;i C E t\ T ~ : 0 Fr E C L,: C T I C >, 

lhVEST~E'T CCSTSr 

~ 1 , • :: C ~. ": ~: ~ 1- = t ~ E 
8,,,P~~;:~G S1ATTC~ 

C: •., , EC L LL I Z A T : C ~- 6 t. S I 11, 

~ ••• ~rr~:G~~ 'rcrrrc~ 
~ •• ,LCT:vaT~C S~L~~E 

c,.,Sl~':':;::: 1..ic..:Ei-E• 
~ •• ,kE~C~:~ ~:~E~i:~ 
L,,,SP~6Y !~~!~AT!:N 

1. ccrvsr::L.cnc~ 

2, L.At.O 
l • E N :I I ~-FE :; ! >.. G 
" • CC~ TI t-. GE ~· C Y 
TCUI.. 

VEAPLY C 0 EQ6TI~G CCSTS1 
11 L68C,g 
2, POEQ 
3, C~,"'1Ctl.S 
~. ~4l~Tf~A~CE&!LFPL?E! 
TCUL 

TCTAL YE4~LY CCSTSr 
11 Y~4gLY CFERA~I'G CCST 
2, YEt~LV !~VE!TvEhT 

CCST i<fCC'vE"i<V 
J, CE?F<EC!•TIC·' 
TC'T•L 

125~ 

260000,00 
3"b::o.co 
l6000,00 
2tiono.oo 

3 "tie s·o • o o 

J7ueo,oo 
·11cH10,oO 
"ei~o.oo 
63qo.oo 

60500,CIO 

60500,00 

13670,00 
SSbOC,00 
5qQ'70.00 
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TABLE 395 

!TE~IZED COST SU~M~RY FOR ALTERN~TIVE 03-II 
(GLIM BASE) 

I T f ~· : Z :: '.) C C: T S ~ r· ~· ti. I: Y C' (' i:; I< I. ~ T C' ., .!. TE r; T Fl F: A i "'E " T r: "" 6 I t.. 

OESIGh EFFIC!E~CY. 11 q3 1 D PEPCEt\T e~: ~E~UCT!Ct.. 

TRE6T~E~T ~;.ruLtSr 
E • • • j.i L: ~ " : '. r. ~ -r t. ,. 1 C ~. 
c ••• ~~LiL:Zti!rt.. ~ASI~ 
..... n • c;: G :: •, A : er ';' I c " 
L •• I A E i:; L T E :. L ~ G cc~. 

f~VE~TWEt..T C:STS1 
J • C C ~· S T I= ~ r TT C " 
2, Ullif' 
J. HG!~fE'=IH; 
to • CC I\ TI t\ GE' r.: y 
5 I PVC L p.EP< 
TCT.AL 

VEARLY C~ERLT:~G CCST~I 
11 LABr:lfl 
2. FC\'.E~ 
3, ci..tM?C:~LS 
U, ~A!~T~~L~CE~SL~PL!ES 
5, PVC 1..It-ER 
TCHL 

TCTAL VEAr-1.Y CCST:r 
1. YEL~LV C:PC'RATJI\(, cr.sT 
2. YE•~LY l~~~!iWC't..T 

C:CST RF.:CC'•(l;'t' 
3. CEPHC!AT]QI\ 
TCHL 

, 261 

P:~5u~c.to 
3500.00 

J95UC,OO 
!95610,00 
Cl390.0~ 

242'-i?O,OO 

6250.00 
39300,00 

2U30,00 
u730.oo 

250.00 
52qflQ,OO 

S29H,00 

OCll'l,00 
11'15Cl,CO 
7Ub1ti,OO 
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The resultin~ BOD waste load is O.ODl ~g/kkg (0.17 lb/ton), and the 
suspended solid~ load is 0.027 kg/hky (0.05~ lb/ton). 

Costs: Total invcst~~nt cost: 
Totol yearly cost: 

$2113.870 
s 75,770 

An itemi~ed br~a~down of costs is presented in Table 3g5, It is 
assum~d that land costs ~~l .OOJ p?.r hectare ($16,oOO per acre). It 
is further assum-2d that tnr~e operators are required. 

Red~ction Benefits: BOD: 94 percent 
SS: 93 percent 

Alternative D 3-!V - This alternative adds sand drying beds to Alter
native :::i 3-!ii. 

The resulting BOD waste load is 0.087 kg/kkg (0.17 lb/ton), and the 
suspended solids lo~d is 0.027 kg/kkg (C.054 lb/ten). 

Costs: Total invest~~n: cost: 
Total yearly cost: 

$248,350 
s 82,920 

/.n ite:::izec breakdown of costs is presented in Table 397. !t is 
~ssu~ed tha: land c:sts ~4100 per hectare ($1550 per acre). It 
·;s further assumed that three operato:-s are required. 

Reduction Benefits: BOD: 94 percent 
SS: 93 percent 

Alterna~ivP D 3-V - This alternative adds dual media filtration to 
Alternative D 3-IV. 

The resulting BOD waste load is 0.029 kg/kkg (0.058 lb/ton), and the 
suspend~d solids load is 0.012 k9/kk9 (0.024 lb/ton}. 

Costs: Total investment cost: 
Total yearly cost: 

$281 .420 
$ 92.150 

An ite~ized breakdown of costs is presented in Table 398. It is 
assumed that land costs $41 ,000 per hectare ($16,600 per acre). It 
is further ass~med that three operatoYS are required. 

Reduction Bene~its: BOD: 98 percent 
SS: 97 percent 

A cost efficiency curve is presented in Figure ~-9, 

l\1ternative C' 3-VI - ·, 1is alternative <idJs soray irrigation ontn 
Alternative D 3-II and results in no discharge of polluted wastewaters. 

1262 
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TABLE 396 

ITEMIZED COST Sl.it':MA~Y FO~ ALTERtlATlVE 03-IIJ 
(GUM BASE) 

:TE~rz~o c~sr s~~~,~v F~~ ~AS1E~!1E~ T~EAT~E"T cw•r~ 
OESl~" EFFJC:E~cv ••• q3,r ?EQCE"T PC: ~EC~CTIC" 

e l • • UH, H::; '. I- C !.. S: 
e.,.~w~FI~G STAl!C~ 
e ••• ECL,LlZ,,!r~ Q~sl~ 

~ ••• ~!T~rGE~ A~cr11r~ 

K,,,ACTI~b1~: SL~UG~ 
c ••• SL~C~~ i~1c~EhE~ 
R,,,A~~l~:~ rI~f~TC~ 

l~VES1~E"T c:~TS1 
1, CC~ST?LC:PC:' 
c. LAI\~ 
3 • F. "- G I r, ~ E ~ I'· G 
~. CCr>.Tlfl.GE:\CY 
TC1' Ai. 

YEARLY OPE?ATI~G CCS1St 
1, L~BtiR 
Z;, PCillEl1 
3, CP-E""!CALS 
"· r•l~TE"~~r~&SL~PLif! 
TCUL 

TCTAL YEARLY CC~TS1 
l. Yt~QLY c~~~aTI~G CCST 
c , Y E: A ~ L Y I ~ \' ~- S T ,. E " T 

ccn ~ECC•E"Y 
3, ~EP"'fr!ATlC" 
TCH L 

1263 

l57tJOC,00 
cqqGO,Cll 
1s11.1e,oo 
157tJO.CO 

21ee10,oo 

]7c.A('l,00 
eino.co 
2"~0.00 
8~50,00 

s1seo,oo 

s7s~o.oo 

fl7SC.OC' 
~uuo.oo 

75770,0tl 
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TAGLE 397 

ITEMIZ::D COST sw::.c..~Y FOR ALTEl'mf,'jJVE C3-IV 
(GUt1 BASE) 

!TF~~z~c C~5T s:..~~A~Y Fr' . A~Te~arc~ T~EAT~E~T C~AI~ 
r.~si~~ E~F!C!~\~Y •• , q;,~ PE~CE~T eco REC~CTIC"' 

I~V~~7~E~T c:s1s1 

EL.c:· T~:-:.. ... r:..H 
e,,,Plu~J~~ !~~T!D~ 

C. 0 • ,Er.·1 A!.!7.:~:t:'- Ft.Sii\ 
~ ..• ~rr~r~~\ '~cri::~ 
K, 0 ,tcr:vtT(~ SLL~G~ 
~ ••• S:..Lr~f T~:~r~h~R 
?,.,t:.~cF!~ r:c~src~ 

T ••• ~t~~ ~--VJ~e 6Er.s 

1. CC~ST~L~TI~~ 
2, LA~r') 

3, F::"'G!~E:.RP.G 

"• CC:l'.Tl,.,GE"-C'f 
tCTAL 

Yf A~LY OPE~ATI~G CC5TS: 
1. Ltd?C·ti 
2. ?C"'E" 
3. C~E"Iit.LS 
~. ~AI~TE~A~CE!!L~PLIES 
TCTAL 

TCTAL Y[A~LY CCSTS1 
1 1 YEA~LY CPc~tT!~G CCST 
2. VtA~LY l~~E~'~E~T 

ccn "r:r.i:vE.;/.,. 
3. CE~F-'Er!ATZ~·'
lCUL 

12G4 

1Q?Jeo.eo 
17llCfO.OO 
1q21io.oo 
1q2"0.oo 

21.18:350,00 

371iSO.OO 
8720,CiO 
21.130,0(l 

12@2(1.00 
61'150,00 

qq30,oo 
ll~U0,00 

82Q?O,CO 
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TADLE 398 

Iirt··~~-~ COS7 su:'.··:P~Y FOR ALTER.~iATIVE 03-V 
(GUM BASE) 

ITf~!ZEc c~s1 SLW~ARY FCR ~ASiE~ATE~ TREA'~E~T cw•r~ 
OESIG~ EFFJCIE~CY ••• qa,c ~EPCE~T ~co RECl,;CTI:~ 

TR~~T~E~T ~CCLLES: 

B1 •• cc~i~Ol ~~LSE 
B,,,PU~FI~G ST~TIC~ 
C,,,ECL£LIZATIC~ ~ASI~ 
M ••• NlTRCG~k >CCITI~' 
~ •• ,ACTIV,TEC ~LLCGE 
Q.,.SLL~GE T~IC~E~E~ 
R •• ,AERCRIC c:r.ESTCF 
T.,.SA~C ORYI~:. gECS 
8 11 ,puvPING STAl!C\ 
h.,,CUAL ~ECIA P~ESS~RE FILTRA 1 N 

I~VES~~E~T CCST!r 
J, CC~STRL:CTin. 
2, LA"'O 
:S, E~GINH~ING 
" • C C ~ T I ~ G El'-· C:V 
TOTAL. 

YEARLY OPE~ATI~G CCST!t 
11 LA60"1 
2. PChER 
l, C~E~ICALS 
~. ~AJ~TENi~CE&SLPPLIES 
TCUL. 

TCTLL YEARLY CCST!1 
11 YEARLY (QE~A~IkG CCST 
2, YEARLY l~~EST~E~T 

COST RECOvERV 
3, CEPRECIATIOT\ 
TCTAL . 

1265 

ziqqso.oo 
p"'qv.oo 
21qqo,oo 
211~qo,oo 

281'120,00 

J7ueo,oo 
11.1310,00 
2"']0,00 

13ll70,00 
676qo.oo 

ts2co.oo 
13200,00 
92150,(10 
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· Cos.ts: Total investment cost: 
Total yearly cost: 

$377 .?60 
$ M, 140 

An it€'::-:ized br~i:down of costs is rre~::-rted in Table 399. It is 
as~u~~1 that l~nd costs ~410Q per hec:are (Sl66~ per acre). It 
is further a~surned that one operator is required one-half time. 

Reduction Ben~fits: BOD: 
SS: 

100 percent 
100 percent 

A cost efficiercy curve is pres~nted in Figure 350. 

Alternative D 3-Vll - This ~lternative adds spray irrigation onto Alter
native D 3-Il! ana provides no discharge of polluted wastewater. 

C~sts: Total investr.e:.t cost: 
Total yearly cost: 

!~~6.720 
$ 89,230 

An i:!~ized brea~d~w~ of costs is Presented in Table 400. r~ is assu~ed 
t"!11: :anc ::c::;:s S~i::: f:ier ne::tare (~~S50 per acre). It is f1irther 
a~suc.ed that three op~rdtors are required. 

Reductior Benefits: BOD: 100 percent 
SS: 1Qj percent 

A cost efficiency curve is presented ir Figure 351. 

Cost a~d R~d~c~~on Senefits o~ ~1ternat~ve Treatment TechnoloQies 
for SJ:.;ca!:ec~"v D 5 - Cnoc:olate witr Condensory Prc..cessing _.._ 

A mode~ plant representative of Subcategory D 5 was developed in 
Sect~on v for the purpose of app)yir.g contrC'>l and treatment alterl"latives. 
In Section VII, eight alternatives were selected as being applicable 
engineering alte"'natives. These alternatives provide for various 
levels of \'l'aste reductions for the model plant which produces 330 i<.kg 
(350 ton)· of chocolate per day. 

Alternitive D 5-I - This alternative assumes no treatment and no 
reduction in the waste load. It is estimated that the eff1uent from 
a 330 kkg per day plant is 751 cum (0.201 MG) per day. The BOD 
waste load is 7.48 kg/kk~ (14.9 lb/ton), the suspend~d solids load 
is 1 .. 58 kg/kkg (3.35 lb, ton), and the oil and grease load is 0.69 l~g/Hg 
(l.38 lb/ton). 

r.ost~: O 
Reduction Benefits: None 

Alternative 0 5-TJ - This alternative provides a pumpil"lg station, flow 
equalization, and air flotation. 
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TAGLE 399 

ITEMIZED COST sur1:·1ARY FOP. ALTERNAT!V~ 03-VI 
(GUM BASE} 

JTfuyz~r cr!T !L~UtFY FCR ~·~TF~ATF~ T~!AT~~'T (~Al~ 
~ESIG~ E~FICJt~rv,,,1co.o FE~c~~T Pt~ ~ECUC1I " 

TRFAT~E"T ~cc~L~!: 

r , , , P Li" 1-- l r, r. ~ T !. i ! C' I\ 
r ••• ~~L'LIZ~1i:~ ~ASi~ 
.._ ••• ~.ri~r:::~r. "~r:1~c..,. 
l,,,t.E"t.r:::r: L:.r:cc\ 
L,,,SP~&Y !~~=~Ai!C~ 

I~v~~i~E~T CCST!: 
1. C'C~SH.LT1!0 
.; • I. A~.[' 
) • F ~ r. I ... r: : c I ~Ir, 
I.I • C: C '· i I >-. r. i:: '1 r: y 
S, PVC LI~:::; 
TClH 

YEA~~y CPER~TI~G CCST5t 
1. Lltlr';:; 
2. PC1o.E~ 
3. l".1-'E,..:CALS 
~. "'blNTF~&~rE~SLF~LIES 
~. Fvc ui..Eri 
TCl AL 

TCTAL VEA"LY CCSTSr 
1. vc:1:; 1.Y Ur'ltiTPG Cl:ST 
~. Y~&PLY I~VF~Tufr-..i 

CCST i\ECC'"::~Y 
3, C'El--"ECtTJ'..:'r-.. 
TCHt. 
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351~0.co 
?bJ.:ll), 00 
2el'JO,C~ 

413 1ot1,on 
3772co.oc 

6i:!5o.co 
(10860,CO 

24130,00 
71so.on 
250,00 

S6quo.oo 

1soc;o,cC1 
1'1110~00 
SQ1uo,oo 
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TABLE 400 

ITEt-:IED CCST SUl-'.~'.MY FC~ AL TE2r;r,T!VE 03-VII 
(GU:~ BASE) 

IT£~1ZfD crsT SL~~L?Y FCR l>ASTE~~Tf~ TRELT~!hT CloAJ~ 
CES?G~ EFF!~!f~Cv,.,t~n.~ FE~CE~T 9CC RECUCTlC~ 

I~~~ST~E~T CCSTSI 

Pt,,c=~T~CL ~CL5E 
6,,,PU"'loll'.\. Ei.:.TIC"' 
C, , , f C:! !. :. L I Z i. T : :: llo ~AS I~ 
~ ••• ~lT~C~f' j~C!T!C~ 
K,,,ACTYV41fC SLL~CE 

C,.,SLL~G~ ~~IC~E~ER 

R.,.~tl<~'!I C!GESTCR 
L,,,SF~A"r l~~IGlT:C~ 

1. cc~HQLCT!C" 
e. u11.o 
3, E~GI~Ecwlll.G 
I.I, CCl-.TH.GUCY 
TCT 'L 

YE•RLY CPE~ATI~G CCSTS: 
1. LHGi:I 
2, PCl>f.li 
:S, r.1of":ICLLS 
" I ~A l NT E ""4 ~· c E & s L p p L I E s 
TCTAL 

TCTAL YE~P.LY CCST5r 
1, v~.ARl.Y Cl=E~AT]ll.G CCST 
2 , "r E A R L Y I " \ ~ S 'T ~· E 11. i 

CCST Rflr'v'.:":Oy 
3, CEF~F.C!LTE.1~ 

TCHL 
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2"3H~.co 
:Si.lbS0,00 
2ll3'JC,OO 
2ll3Q0,(10 

326720.00 

37411!0,'00 
102ec.oo 
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113'0,00 
61560.00 

t>1560,00 

13070,00 
!l.lb00,00 
ec;230,oo 
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The resulting ROD waste i0~d is 5.24 kg/kkg (10.5 lb/ton). the suspended 
solids loild is 1. rn kg/ld:g (2.36 lb/ton). and the oil &nd grec1se load 
is O.?C kg/kkg_{0.56 lb/ton). 

Costs: Total investnent cost: $170,350 
s 37,860 Total y~arly cost: 

An ite~ized brc~kdown of costs is presented in Tatle 401. ft fs 
assu~ed that land costs ~~i.000 per hectare ($16,600 per acre), It 
is further assumed that one operator is reQuired. 

Reductior. Benefits: BO~: 
SS: 

O&G: 

30 percent 
30 percent 
60 percent 

Alterna:ive C 5-TTI - T~is alternative provides a pumping station, flow 
eq~~:iza~ion, anc an aerated lagoon. 

The resu~~in~ SC~ ~as~e 1cDd is 0.37 kqlk~~ (2.7~ lb/to~). the suspende~ 
solids loac is 0.2S ~g/Ug (C.5'.) lb/<.c~). and the oil and grease load 
is 0.07 kg/kr.g (0.1~ lb/ton). 

Costs: Total investr:.ent cos~: $4B~. 700 
S199,33Q Total yearly cost: 

An ite~;;~~ breakdown of costs is presented in Table 4Q2. It is 
assu~ed t~at lenc costs $~100 per hectare {$1660 per acre). It is 
further assur.:ec that one operator is required one-half time. 

Reduction Benefits: BOD: 
SS: 

O&G: 

95 percent 
85 percent 
90 percent 

Alternative D 5-IY - This alternative replaces the aerated lagoon of 
Alternative D 5-III with activated sludge and pro~ides sludge thickening 
and aerobic di~estion. 

The resulting BOD waste load i~ 0.22 kg/kkg (0.44 lb/ton), the suspended 
solids load is 0. 17 kg/kkg (0.34 lb/ton), ~nd the oil and grease load 
is 0.069 kg/kkg (0. 14 lb/ton). 

Costs: Total investment cost: $565,180 
$196,740 Total yearly cost: 

An iterr.ized breakdown of costs is presented in Table 403. 1t is 
assumed that lane costs $41 .ODO per hectare ($16,600 per acre). It 
is further assuned that three operators are required. 

Reduction Benefits: GOO: 
SS: 

O&G: 

1272 

97 percent 
90 perce11t 
90 percent 
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TASLE 4m 

ITEl~InD COST SU'~'·~ARY FOR ALTrnr:H.TIVE DS-II 
(CHOCOLATE WITH CON~E~SORY PnOCESSJNG) 

r1:µ!7fC =~~T SL~~A~Y F~~ ~As·F.~tT~~ TRE£T~E"T C~•r" 
DES:~~ ~~FJC:~'CY ••• 3:,: P~R:~~! ecc ~EC~:r1:" 

I"vEST~E~i C~S1S1 

C- • • • " L:"" f;: 1 •. r, S ":' t - ! C '-
r ••• Er. l, LIZ 6 TIC" s•sr' 
J ••• •I" e•rTi~:c~ 

1. CCl·SH!.rT!C~. 
2. LH-~ 
3 , E " C: ! ,. c:' E '° l ~· G 
~. CC"-T:.\GEP\CY 
TCTJ.;. 

YEA~LY CFE~tTI~~ CCSTS1 
1, LAbCR 
2, PC11E~ 
3. C._'El'l!CALS 
a, ~AINTr~A~CE&~LPPLIES 
lCUL 

TCTA~ YEAPLY CCSTSr 
S, YEAFLY (~EQ£TI~G CC&T 
2, YEARLY I'V~ST~E"T 

CCST FO£cc,1 :~y 
3, CE.F~ECIATIC'~ 
TC l A.L 
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1~uic;o.oo 
33320.CC 
!!~co.cc 
11.::2:.n 

1H3So."o 

ic1.1qe.oc 
"720.00 

o.c 
69C,0,1)0 

2u2~0.co 

20200.00 

6810,eo 
6850.00 

37e.6o,oo 
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TABL: 402 

ITP·ilED COST sur~?"iRY FOR ALTErW.~TIVE DS-111 
(CHOCOLATE Hiiti CO!lOENSORY PROCESSltlG) 

I1E~!ZED C~ST !L~~A~Y ~C~ ~'SlE~'lF~ T~EAT~E~T C~AI~ 
OE!!~~ EFF!CZc~rv ••• <;5,c PtP~E~T RCD ~EClCTIC~ 

I~vi::!T~E~~ CCS7Sr 

e ••• Pu~;r\~ s1t1:r~ 
c ••• f~LlL!Zti!C~ ~tSI~ 
~ ••• ~Il~LG~\ 'CC!T!C~ 
L,,,tEPAT~r. L'GlC~ 

1. CC"SHLCT!(t\ 
C:. Lt.r--C 
3. e~Cj..,f~;;:•-G 

4i • C C r, T 1 " G E '.. t". v 
5. P \IC L H.£,;; 
'fCHL 

YEAPLV CP~~ATI~G CC~TSr 
1, LAPCq 
Z. PC ... ER 
3, C~E"lH'ALS 
l.I , ,.. Al,._. 'r Er.. H: I:'.'-; LI= Fl LIE! 
S, P\IC !..I~Ew 
TCTAL 

TCTAL VE'RLY CCSTE: 

JeC:,50,CO 
5r.eC',flO 

3Ei;7C,OO 
3P<r7C,OO 
tD~o.oo 

"8'1700,0C 

e,2i;o,oo 
iss1so.oo 

22730,CiO 
10750,00 

510,00 
1ssq~o.oo 

1. YFA"LY tP€~ATI"G CC5T 1SSQqe,oo 
2. VEA~LY l"VFST~E~T 

CC!7 ~Errv~;v lQ3~~.oo 
~. rEPFFCJ .1JC~ 23q~o.~o 
TCTAL !qQ330.oo 
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TABLE 403 

lTE;·:Izrn COST ~~:·.:·: . .'.:.RY FCP. l.LTrnr:ATiiJE l:5-iV 
(CH""'O' 'T- , .. - .. CC""'~··c:""'" P"'O"-"S'!'G) 1-..J1t,,, _n t ~' 1 Ir. ,1.Jt.1,..,....,·-, 1 i\ wt..: .. , 

ITE~'!ZFt' CC:!'T Sl. .. l'Lj;y re;; ldS'!'FloATER T~C:AT""El\T C•J.!'-; 
CE!IGI\ EFF!:ZE~:v ••• 95,C ~EFCE~T eco ~Etw:TIC~ 

II v::.s~"E~.'T c:C~'~· 

P1,,r.C'i"C~ ~CLSf 
B,,,PuwPp.c: !=Tt.'l'!:';I\ 
C, •• E~Lt~!Z!TIC~ ~~!II\ 
~ ••• ~IT~CGE~ A~CITIC~ 
~ •• ,ACTIVLTEC SLLDGE 
C,, ,SLL:r.:: T,.IC!<E,..·Ef' 
~ •• ,AE~Csl: c:~ESTC~ 

s, CC~ST~1.i:TJCf.. 
2, Ut-.C 
l. E~GP·EEn~c 
41, CCr.T!t-.CiEt1.C:Y 
TCUI. 

YEA~LY CPE~ATI~C CCSTS1 
lo lAE<(lR 
2, PCH~ 
!, C,..F~JC•LS 
~. ~AI~TE\A~CE&SLPPLIE~ 
TCTAI. 

TCTAL YEARLY CCSTS: 

"q3zze.co 
J33co.eio 
""lZO,CO 
Uli320,00 

S~SleO,OO 

311i1eo.oo 
3•H1~0,0C 
2Z730,00 
szeec,oo 

l£i75UD,OO 

•1 , YE ti ~ l Y C PC ~ t T I t1. G CC ST 1 lJ 7 5 u C , 0 O 
2 1 VELRLY ]\V~STwFt1.T 

CCST ~E~C~t~Y c2&1C,OO 
3. CE~RF.C::ATir~ 2b5qo,u~ 
TCTAL lqb7~o.o~ 
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Alt0rnative V 5-V - This alternative adds ~and drying beds to Alter
niltive D '-IY. 

The resultin9 B8D ~1~ste load is 0.22 ~9/kl:g (0.44 lb/ton). the suspended 
solids loi!d is 0.17 ~g/kkg (~.34 lb/ton), Jnd the oil and grease load 
is 0.069 kg/kkg (0.14 lb/ton). 

Costs: Total investment cost: $954,170 
$227,630 Total y~arly cost: 

An itemizec! bre:il:dm·:n of costs is presented in Table 404. It is assurned 
thllt lttr.c cos~'· sa1 ,C'.lO p~r h~ctare ($16,600 per acre). It is further 
assumed that tnree operators are required. 

Reduction Benefits: BOD: 97 percent 
SS: 9~ percent 

O&G: 90 percent 

~1tern~·~~f ~ S-~: - This alternative adcis a~r flotation to Alternative 
D 5-lV. 

The resu1tin; 9'.lD waste load is 0.15 kg/k~g (0.30 lb/ton), the suspended 
solids load is C.12 kg/kkg (0.24 lb/ton), and the oil and grease load 
is 0.028 kg/kkg (0.056 lb/ton). 

Costs: Total ir vestment cost: $623,250 
$208,200 Total y~arly cost: 

An iterr.~ze~ breakdown of costs is presented in Tab1e 405. It is assur:ied 
that land co~ts 541,000 per hertare ($16,600 per acre). !tis further 
assu~ed that three operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98 percent 
91 percent 
96 percent 

A1te1·n?.tive D 5-V!I This alternative adds dual media filtration to 
Ji1T.ernat1ve D s-vI. 

The resu1ting BOD waste load is 0.025 kg/kkg (0.15 lb/ton), the su~p~nded 
solid~ load is D.034 kg/kkg (0.068 lb/ton), and the oil and grease load 
is O.V059 kg/kkg (0.014 lb/tan). 

Costs: Total investment cost: 
Total yearly cost: 

$65'1 ,200 
$215,360 

An itemized breakdo1·;~ of costs i5 ore c-r::ed in Table 406. It is a~sumed 
that land costs $41 ,000 per hectare ( 16,€00 per acre). It is further 
assumed that three ore~ators ~re requ red. 

l27r 
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TABLE 404 

1TEl'.IZrD CCSI :iL':·'.'·lf-.P.Y FOP. /:L iERNAil\'E D:-V 
(CHOCO!..ATE Wli'H co;io:t:~Ol<Y PROCESSH:G) 

ITf~IZEC c~=T SL~wA"Y FC~ ~ASiE~iTE~ T~EAT~E~T C~Al~ 
OESIG~ EFF!CIE\CY, •• ~s.~ PE~CEhT ~c~ REClCTIC~ 

I~VEST~E~T CC5~51 

e1 •• ~~ ... •i;cL 1-cL~t: 

e ••• ~u ... ~l~~ ST•iIC~ 
c ••• EOLALI2~TIC~ e•S!~ 
~ ••• ~lT~~G~' £CC:T!C~ 
~ ••• ACTlVtTEt ~LLCGE 
,;, •• SLLCGE H-!CKEi...ER 
R, 11 AE":~:C CIGES1:R 
T,,.SA~C c~v:~G ~~cs 

1 • C C >-.: S Hd; C TI :: ~ 
i, LAll.0 
J, Ef\G:NEE"l~G 
u. CC,.,TI>-GEl\CY 
TCHL 

YEARLY CPERAiill.G CCSTS1 
S, L~eOR 
2 1 PC!'(f::R 
3, C"'E"'ICALe 
Q. ~AI~TE~A~CElSLFPLIES 
lCT Al. 

TCTAL YEARLY CCST~r 

7o3'i1o.oo 
:s7ueo.co 
H3CfO.CO 
u:ic;o,co 

~5'1170.00 

J7U60,00 
3Ull~O.Oti 
Z273o.co 
£1Bq10.oo 

UUJO.co 

1. YEA~LV CCf~AT:~G CCST 1U3e3o.oo 
2 , Y f A I; L Y T ~ \' F ~ i "' E" ~ .. T 

CCST RfCCVF~Y 3e110.~o 
3. ~EPRECIATZC~ U~~J0,00 
TCTAL 2Z7b3~.oo 
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TABLE 405 

ITEMIZED COST SUMMARY FOR AL TERNATJVE 05-VI 
(CHOCOLATE WITH CONOENSORY PROCESSING) 

!TE~!ZFr CtST ~L~~A~Y FCR ~ASTE~•TE~ TREAT~E"T CHAI~ 
CES!G~ EFF?r1E~cv ••• ~e.e ~E~=~~T Qcc REO~CTIC~ 

T~fAT~E~T ~G~~LE~1 

IhVE~T~E~T CCSTSr 

~i •• co~T~~l ~CL!E 
s ••• ~u~~I~r. ~lATIC~ 
C,.,EOL~L!ZATJC~ 9ASlh 
~ •• ,NllkC~E~ 6CCITIC~ 
~ •• ,ACTlVAl~C SLLCGE 
Q, ,.SLL~(:i Tf J:r:::.F" 
R,.,AERC~Ir CJr.FSTC~ 
J,,,Al~ FLrTATlC' 

1, cc~sri.uc:Tict-. 
c, LHO 

llQl~S0,00 
J33zo.oo 
Ul11c0,(IC 
uquo.oo 

3 • E q; H· EE RI ~· G 
II, CCPl.TIPl.CE"CY 
TCUL 623~~0. 00 

YEARLY OPE~ATI~G CC!TS1 
11 L.ASOF: 
2, FC'"Ei; 
3, C~E"'ICALS 
u, ~6I~TE~•~r.E&~LFPL1ES 
TCtAL. 

TCTAL YF.&RLY CCST!1 

37'180, 00 
:susoo.oo 
2Z7lo.oc 
sqo~o.oo 

l5l7'0,00 

1. YE6~LY CPE~tT1~~ CCST 153770.on 
c. YEARLY l'~~~r~E"T 

crsr ~Ecc~r~v 2uq30,oo 
~. C~D~(C1~T:r~ zq5~0.~o 
TCTA~ 208200,00 
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TAeLE 406 

lTEMlZ!:~ i:-nsT SUt·%\r.v FO:-t AL Trnt:l\TIVt 05-VII 
(CHOCOLf1TE 1irTH co;;;:;~:iSGRY PRDCE.5Sll1G) 

I T E !·' ; 4 • - c ,. ~ T ~ ... i .. • L : • 'r r r t. ~ : ~ 'i ~ r t T " ~ , ;; ~ 6 ~ • :: ~. "!" ::. ~ i T .. 

0 E : i :.: " : ' ;. r : .: ~ ' ... " • • • . c :. • ( ~ r " r ~ I T ~ r. r:: "' t r. ! .. c i : ::: " 

~ i • , r :. : " • i... 1 ~ ;. c L ~ "-: 
r , •• •, L • · ;:. , ' ·, ~ ~ , T ! r: " 
C ••• f. ;; ~ t. ~ ! 7 ..:. T ! r " ;;i t. ~ I "' 
~ • ' ' • ·' T L. • :: ; . f' ,.. : I ~ ! ~. \ 
r. • • • ~ C ~ ~ \.· ;. 'T f ,... : \.. L '°' [; f 
:: ••• : • l. :- i. •. , ,... 1 r " :: " E ... 
"' • • • ' f 1. c · ~ L r ' r: ~ s 1 C .. 
,i.,.L:t; r. .. 7t.i~:". 

" ••• 0 ~.,,I : · ... •• ~ , A ,. I c ,, 
'···•"'.:'·L •i'C''b J;'°'(!'.Sl.~E r~L1~,1 1 11. 

I~~E~T~E~T :~51~: 

I • •: C '· ~ T;.;: C: ~ ! U. 
2. 1.t.1111) 

:;. f'~l~F7r.<l 1·11 

'·• CC::>Tjq:~.•·C'-
TC i l.L 

'• r:li.ci. 
J. c1-::.nc.,Lr. 
"· .. ,I,.,~·'.'~~: C:.PPLl"'S 
TC TA L 

TCT&1. ~t~"~Y ~CETS: 

s1"crno.eio 
lll~o.eo 
s1"i;o.oo 
lil"~o.oo 

~':ilcOCl.CO 

Jheo.t10 
J1!7t;l),00 
22nc.oo 
i;ci1.::?o.oo 

1s1io2c.cn 

1. v~'"Lv c~[Ut,;h[ c(~T 1s~"?o.o~ 
'• ~IA~L\ ~ .. _,._, .. .,.t.T 

l''~T ..,~r.:,; .. v 
!. rr.'""ELP····'· 
Ttit.L. 
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Reduction Benefits: 000: 
SS: 

Ot.G: 

99 p::!rcent 
93 percent 
99 percent 

A cost efficien~y ~~rve is presented in Figure 352. 

Alternative D 5-VIJr - This alternative adds ,1ir flotation to Alter,)ative 
D 5-ll l. 

The res11lting BOD waste load is 0.22 kg/kkg (0.44 lb/ton). the suspended 
solids load is o. 17 kg/k~g (0.34 lb/ton), and the oil and grease load 
is O.C28 kg/k~g (O.OSS lb/ton). 

Costs: Total investment cost: $542,770 
Total yearly cost: $217,040 

An iter:i~ zed brea .. do·,m of costs is presented in Tab1 e 407. It is assumed 
that land costs 54108 per hectare (Sl660 per acre). It is further 
assumed that one o~era:or is required. 

Red:.iction Benefit~: BOD: 
SS: 

O&G: 

97 percent 
90 percent 
96 percent 

Cost and o.i:du:':.ion Benefits of Altern.:i_~_;~~ Trel!_~ment Technologies for 
Subcateaon---~-6 - Choco 12 te ~:;th out Condensor·: Proce~ s i nq 

A model plant representative of Subcategory n E was developed in 
Section V for thEi purpose of applying control and treatment alternatives. 
In Section VII, Pight alternatives were selected dS being applicable 
engi~eering ~ltcrnatives. These alternatives provide for various 
levels of waste reductions for the modei plant wn1ch produces 220 kk3 
(240 ten) of chocolate per day. . 

Alternative 0 6·J • This alternative assumes no treatment and no 
reduction r;,·~waste load. It is estir.iated that the effluent 
from a 220 k~g per day plant is 920 cu m (0.243 MG) per day. The 
BOD waste load 1s 4.63 kg/kkg (9.2n lb/ton), the suspended solids 
load is 1.50 kg/Hg (3.0i lb/ton), arid the oil and grease load 1s 1.05 
kg/kkg (~.12 lb/ton). 

Costs: 0 
Reduction Benefits: None 

Alternative D 6-11 - This alternative provides a pumping ~tation, flow 
equalization, and air flotation. 
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TABLE 407 

ITEMIZED COST SUt'.MARY FOR AL TERf.IAT!VE DS·VI I I 
(CHOCOLATE h'ITH COUDENSORY PROCESSING) 

ITF.~IZF.C rrsT SL~~·~~ •c~ ~LST~•AT!P TREAT~E~T CkAIN 
)ESIG~ E•FitIE~cv ••• ~7.n p~~CE~t ~cc REC~CTICI\ 

TREAT~E~T ~cc~LES1 

E! " , P 1J •• c T '. c; S 'T l. T ! C \ 
C,.,E~LAL!l4TlC~ ~A5lh 
~ ••• ~IT~r~~" •~C!TICk 
L,,,A(~•T~~ L'~CC~ 
J,.,LIC •LOTAT!CI\ 

I~VEST~El\T CCSTS1 
1. cr~sT~lCTJC" 
2, L.A~.['I 

3 • f" G J ~: E f '°' p. C 
I.I, COTp..c;:~cv 
S. ~\/~ LI~f~ 
TCUL 

YEARLY CF~PATl~G CCSTS: 
1, LH·O~ 
2, PCi.ER 
J. Clol£MICAL·S 
II • ~ I. I flt Te ~ A 1, C E f. S L. I= P L. I ~ S 
s, Pvc Ll'-E" 
TCTAL 

TCTAL VEARLY CCSTSI 

11381110.C·O 
SH 0, Cl C 

~3810.o::i 
1.13e10,oo 
ll3~Cl.O('I 

hZ77o.eo 

12'1.cao,oo 
lt58t0,00 
U730.,Clll 
U~3o.eo 

sso.oo 
ue.no."o 

1. YfA~LY CPEOATI~G CCST lbeu1~.~n z. YfA~LY l~v~ST~El\T 
CC~T ~F.CCv•:y 21710,00 

3, rEPHECl•T:G~ 2b8bO,vn 
TCTAL P.17('1ao.~o 

l2C2 
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The rc~ulting COD w~stc loJd is 3.2~ kg/kkg (6,40 lb/ton), the suspended 
solids loud is 1.U5 kv/k~g (2. 1 lb/tun). ~nd the oil and gr~asc loud is 
0.42 kg/U:.9 (Oor84 lb/ton}. 

Costs: Totul investment cost: $185.710 
$ 40.170 Total yearly cost: 

Im ite~izcd breeikdc·.;n of costs is presented in Table 408. It is 
assumed that lund costs S4l,OOO per hectare ($16,600 per acre}. It 
is further assumed that one operator is required. 

Redu:tion EenefiB: BOD: 
SS: 

O&G: 

3~ percent 
30 percent 
60 percent 

Alterra:ive D 6-TIJ - This alternative provides a pumping station, flow 
equa1iz~t~c~. a~d an aerated lago1n. 

The rc:sultiri:: BO:'! 1·:aste load is U.:?3 kg/kkg (0.4t. lb/ton), the su5pended 
solids load is IJ.32 kg/l.:kg (0.44 lb/ton), and the oil and grea~e load 
is 1.06 kg/kkg (2.1 lb/ton). 

Costs: Tota1 investmen: cost: 
Total yearly cos~: 

$545,650 
$219,260 

An itenized breakdown o~ costs is oreserted in Table 409. It is assumed 
ent land costs s~·10G oer h:-:!c: .. e (S166C per acre). It is further 
assumed that one operator is req~ired o~~-half time. 

Reduction Benefits: BOS: 95 percent 
SS: 85 percent 

O&G: 90 percent 

Alternative 0 6-!V - This alternative replaces the aerated lagoon 
of A1ternative O 6·III with activated sludge and provides s1udge thickening 
and aerobic digestion. 

The r~~ulting BOD waste load is 0.18 kg/kkg (0.36 lb/ten), the suspended 
solid$ load is 0.20 kg/kky \0.~0 lb/ton~. and the 011 and grease load is 
o. 106 kg/kkg (0.21 lb/ton). 

Co!;tS: Tota1 investment cost: 
Total yearly cost: 

$406,730 
$129,920 

An itemi:ed brea~riown of costs is pres~nted in Table 410. It is 
assumed that lan~ co~ts $41 ,000 per hecture ($16,600 per acre). It 
is ful'ther assumed that three: operator~ are required. 

Reduction Benefi~~: BOD: 96 p@rcent 
SS: 87 percent 

'06C: 90 percent 

1263 
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TABLE 408 

ITEM I ZED COST SUMl'.ARY FOR AL TEP.NATIVE 06- II 
(CHOCOLATE WITHOUT CONDENSORY PROCESSING) 

JTE~IZE~ rcsT SL~~A"V 'OR ~•STE~AiEF '"EAT~E~T C~Al~ 
CESIC.~ EFF?CIE~CY, •• 3C,O FERc:~T eoo ~ECUCTI~~ 

TREAT~E~T MGOULESt 
a,,,P~~~J~~ ~1~T!~~ 

C.,.EQL-L!ZtTIC~ BA&IN 
J,,,AIR FL(ltlIC~ 

I~VEST~E~T CCSiS1 
11 COSTFiL.:T!Ci-
2, LO.D 
3, E\GP~EP~:!:( 

4', C(.;t.TI~GEt.Cy 

TC:iAL 

YEARLY CPERATING CC!TSt 
l 1 Li&Ok 
Z, PC"'E~ 
J, tt-E~IC•LS 
"• ~AI~TE~A~C:&~LPPLYES 
TCTAL 

TCTAL YEARLY CCST!t 
1, YEARLY CPERATl~G CCST 
2, VEAALY I~VE!T~F.~T 

CCST REC.CVE'IV 
:s. OEPRECHno~· 
TCTAL 

1204 

1269CIO,OO 
33320.00 
12700,00 
12700,00 

l857l0,00 

t2'1~o.oe 
5'120,00 

o,o 
7210,00 

25120,00 

25120.00 

'h:S0,00 
7620,(10 

U170,00 

..... -·-.. -- - - . . ... . - - . . - ·-._, .. , . .,. ........ ~ .,~.~, 
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TABLE 409 

ITEM!Z~9 COST SLl~~ARY FOR ALTERNATI~E 06-III 
(CHOCOL~TE WITHO!.JT COl;DtNSORY PfWCESS!NC:) 

ITfw!zFr. CGST SL~~AHY FO~ ~~STF.~tT(~ TREAT~(~T C~AIN 
DESI~~ EFF!ClE~CY,., qs,n FEPCE~T P~D nECUCTIC~ 

TR~&TrE~T ~co~LE~I 

JhVE~T~E~T CCSTS1 

e,.,Pu~w1~c ST,TJC\ 
C,,,E~L'Li7,TiC~ b'S%~ 
~ ••• ~IT~C~F~ teC!TIC~ 
L, 11 AfR,iF.~ ~~GCC~ 

11 C.C~STkLiCT!C"-
2. L.U.0 
3, l:P..Ci:l'.IF.t~!'·G 
"• CC:t..Tlhr,~1>.CY 
S, PVC 1.1~1:~ 
TCTAL. 

YEAR~~ CPERATIP..G CCSTSr 
l. L'80R 
2. PCioiER 
J, C1o1£fo'IC•L.S 
a, ~A?NTE~~~CE&SL.PD1.%ES 
S, PVC LlhEF< 
TCT&I. 

~CTAL. YEAR~Y CCST!I 

143qe20.oo 
6H~.oo 

1.1Hoo.cc 
413900,Cil 
13c7o.oo 

5416tiSO,OO 

•2so.oo 
UCHCl,DO 
SOSJO,O' 
uzoo,oo 

~l0,00 
170370,~0 

S, YEARLY CPfCATI~t. CCST 170370,00 
z. YEA'LV r~vfeT~£~T 

CC!T ~Ecr,r~v 2se10.~o 
3. CEP~fCJATI~~ 27CZO.eo 
TCT•L. z1qi~o.oo 
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TABLE 410 

ITEMIZED COST SU!·~!1,ARY FOR Al TEP.NATIVE D6-IV 
(CHGCOLA7~ HITHOliT co~:ornsORY PROCESSitlG) 

I1E~IZEC c:ST SL~~~~y FC~ ~•STE~•TE~ 1REAT~E ... , c~•l~ 
CESIC~ EFF!C?~~~···· qs,n PE~CE~T ~co REC~CTIC~ 

TR~AT~E~T YCCLLt~I 

I~VEST~E~T cc~~~& 

1:!1 •,Ci;~ HCL ~CL!E 
f ••• ~~~~l"Ci S1~'IC~ 
c •• ,E~LILlZATIC~ ~·~I" 
~ ••• ~IT~~G?" A~C!TIC~ 
K,,,•CTIVbTf~ ~LLCGE 
C,,.SLLCGE T~IC~E~E~ 
R 111 LE~CPlC CIG~STC~ 

l 1 CC'· ST Ft l. C T TC"
c 1 LAt-.t" 
l, Et-.G7"-EE~P:G 
&I, CCt,TI1>.CiE"''CY 
TC'UI. 

YEARLY OPE~ATl~C C~STSt 
11 L..:.eOD 
2. PC\t.F.R 
J- C~flo4JCAL.S 
Q, ~~I~TE~A,.,CE~SL~PL!E! 
TC T ~L 

TCTAL YEARLY CCST~r 
11 YfA~L.Y CPE=,,l~G CCST 
2, Y~A~LY l"'\~~,~~~T 

r.C~T DECl.\iF'~Y 

3. C'EPHCI11TI:'
TCTAL 

128G 

3111'0,00 
33320,00 
31'2C,O"I 
J1UO,OO 

"0U30,CO 

3Heo.oo 
2129'(1,(10 
10530,00 
?~fll'IJ. 00 
q1.1q~o.co 

16270,00 
S8b?O,OO 

ll'tCll0,00 
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Alternative D 6-V - This alternative adds sand drying b~ds to Alternative n-:rv. 
The resulting DOD wa~t~ load is 0.18 ~~/~~9 (0.36 lb/ton), the suspen~cd 
solids lo~d is 0.20 ~g/~kg (0.40 1~/ton), and the oil and grease 1oad is 
0. 106 kg/~kg (O.,l lb/ton). 

Costs: Total investment cost: SSOl,990 
$144,720 Total yearly cost: 

An it!?rnizec! bre;ikdo1·m of costs ts presented fn Table 411. It is 
~ssu~~~ :nat lan~ cos~~ sc:,oJO per hcctar~ (516,tiCO per acre). It 
is further assu~ed that three O?erators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

96 percent 
87 percent 
90 percent 

The resulting BO~ waste load is C.lB kg/kkq (0.36 lb/ton), the suspended 
solids lc~d is O.ii: ~:i;/rkg (0.28 lti/t0n), and the oi1 and grease load 
is 0.03: kg/kkg (0.064 l~/ton). · 

Costs: Total invest~ent cost: $643,830 
.$156,710 Total year1y cost: 

Ar. ite~~zed breakdown o~ costs is pre~ented in Table 412. It 1s 
assu~~d that land costs $41,000 per he~~are ($16,600 per acre). It 
1 s further assumed that thrr.e operators are required. 

Rtduction Benefits: BOO: 
SS: 

Ot.G: 

96 percent 
91 p~r~ent 
97 iiercent 

Altcr~Jtiv~ O 6-Vtr - This altc~natfve adds dual meoia filtration to 
"Ane·;:·1;at. i ve 0. 6:-vr. 

The resulting 000 waste load fs n.o4~ ~g/~~9 (0.092 1b/ton), the ~uspended 
so1dis load is O.Ob kg/kkg (0.12 lb/ton), and the oil and grease load 
1~ O.OlC~ J/kkg (0.02 lbiton). 

Costs: Total 1nvr.str.e~.t co.:.t: 
Total yenrly ~on: 

$5BC;,5BO 
S1GS,7ZO 

An itcm!:e~ breakdown ~f c~sts ts pr~~"~trd in T~ble 41J. lt is 
a~sumrd that land cr~t~ $41,000 µer hectare ($16,fOO per acre). Jt 
1• further assumed that three operators are required. 

12Bi 
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TABLE 4i1 

ITEMIZ£0 COST SUWl.MlV FOR Al.TERtMT!VE 06-V 
(CHOCC~ATE WITHOUT tO~DENSORY PROCESSING) 

tTEMTZ~r ~:ST !L~~A~V ~co ~!~T~~ATF~ T~~·T~t"T c~AI~ 
PES!G~ E~~IC?E~~···· q~.o ~~~cf~, ~c~ "EC~CTJ(~ 

J"VE~TUE~T CC~T~I 

~, .,c,""• ~=::.. ~r:~~~ 
(, • • • p "- '' P : . • r. ~ j t, -f ! ~ a 

( • • 1 f -~ '~ ~ '. i 7 ~ ~ l (". I · ~ ~ ~ ; t-. 
~ ••• ~!'~C~~~ ~~C!TTC~ 
" ... •c1:\t.T£:: .~u:GE 
C,,,S~lrr' T~lc~t~~Q 

~ ••• ~~~l~lr ~10E~TCW 
'TI •• St.~!.. r.1Hl"-r:. ~E(.;S 

1. rc·.~Tl.!,.C:T!CI\ 

2, LA"!"' 
::s. E""GP·~ P 1 l'•G 
61, CC•·Tl"Gf..~;c:y 
TCTAl 

V£A~L~ CPrAATJ"G r.CeTei 
1. LAA~k 
l, PC!oEO\ 
3, c.-.E~Ir:•LS 
~. ~•l~T~"'~~!l!lPPLIE~ 
TCT•L. 

TCTAL YtA~l~ CCfi~r 
I, YE•l-l·. 'r l..ito16TI' ~. Ct:S'T 
2. Yf.61iLY 1-.v~n.,.~·T 

ccn r.fcr~rr.v 

~ . n. n· u 1 " , 1 n 
TC UL. 

1208 

Clt-Z770,00 
2e.uo,oo 
"'2!C>.CIO 
,.b2EIC',OO 

58SQ~o.oo 

n"Po,oe 
zizc;o,oo 
10530,00 
211370,0C'I 
•U7o,oo 

Q]f-70,00 

23280,CIO 
27770,0(1 

U4'72o.oo 
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TABLE 412 

ITFMJZEr) COST SUMMARY FO!? AL TEiHIATJVE 06-VJ 
( t.:HOCOLA TE ~.'I TH OUT CO!,:Jl::tiSO~Y PROCESS !liG) 

rTr.~!z:~ cc~~ ~LWW,~¥ ~c~ ~•S'E~ATE' TPEAT~E"~ c~·t~ 
CESIG• Erf:c:E~cv, •• q~.o F~rcE"1 ~(0 ~~C~CTJC" 

TR~l.~"'f•.": 1 ·L::LL:~1 

If\VES7~E\T CCST!t 

ei •• cc"iqc~ ~CL~t 
~ ••• DU~~l~G ~it'l~" 
C,,,ECL•Ll7•1JC~ B~S!~ 
~ ••• ~IT~:G~~ •CCtTIC' 
~ ••• •crivtTE~ ~LL~GE 
C,,,SLLCG~ T~ICKE~~Q 
N ••• •E~C~IC ~IGE~T:R 
T, •• s~'r ~~v1~~ AE~~ 
J, •• At' FLCT4TI~~ 

1. C:"STfO\.C"'.":Ct.. 
l. Ljt..C'.' 
le E"GJ~EfAl~.-:; 

"• CC..,Tl"-GEf\CY 
TCT•L. 

YfAPLY CPE~ATJ~G CCST!t 
11 L.UCP 
2, FC"E .. 
:S, C~El"ICALS 
~. ~A%f\Tf~A~C:t!LPPLIES 
TCUL. 

TCTAL VEARLY CCST~I 

5lU31Cl,(10 
i6b60,0CI 
SUH. 00 
SHll0,00 

U3!30,00 

'J'hPO. 00 
ZSH0,00 
101>;0,oo 
l07H,OO 
1001~0.co 

1. YriMLV CPfOi~!'C CCST 1001~0.c~ 
;, VEARLY I"~[!T~E"T 

CCBT Pf.CC\~~y 25750,00 
s. OEF~ECliT:c~ 30P~o.oo 
TCTAL 1~6710.on 
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TABLE 413 

ITEMIZED COST SUl·'.M:"ffi FO~ ALTERNATIVE 06-VII 
( CHo;ou; 7£ ~ij THOLJT C.ONDt.NSORY PROCESS rnG) 

?TF.~rz~o CCST SL~~~RY FCIC ~·~TE~tTE~ lijE~T~f'T CHAIN 
DEsrr.1-; E~r?ClE"-C"··· qci,o Ff'~CEt.T l:lCD REC".LiCTIC"' 

TREAT~E~T MCDLLE!r 
e 1 •• r ~ r. 'T r: C' 1. H' L s ~ 
e ••• P~r;rNG ST~TIC~ 
c ••• FCLAL]ZtTir~ ~•SI~ 
~~ •• ~r~~CGE" •rc!TIC" 
~ •• ,A~TIVtTEC SLLDGE 
C, 0 ,SLLCGt T~!CKE~E~ 
R,,,AEICCe!C C!GESTC~ 
T,,,SAhO CPY!~~ eE~S 
J 1 ,,A!P FLCTAl!C~ 
e,,,PU~FI~u STATIO~ 

N,,,DUAL ~ECIA PRES9L~E F!LT~A'N 

I~VEST~ENT c:sTS1 
1. ccr-:S'TICuCTIC" 
2. ~·~l'l 
3 • E H r " E E ~ ltJ G 
41. CCfl.TI"Gfi..o 
TCTAL. 

S41111100.oo 
26bb0.00 
5uqqo I 00 
5U~CJO,OO 

656580,00 

\E'6~L\' OPEPATI~G CCSTSt 
1 • L6PGR 
Z • PC.,.ER 
l • Cr E t~ I C 6L S 
u. ~AI~Tf"''"'r.E&SLFPL.IES 
TCTAL. 

1111ee.oo 
lBeso,oo 
10530.00 
31"00,CC 
1CB~b0,0~ 

TCTAL VEARL\' CCST~1 
1. VEAR~~ CPFPAT:"'G CCST 1oe260.oo 
z. VEA~LV l'VESTrf,._T 

CCST R~rc~~~y 27~b0.00 

J. CEP~ECJ•TIC~ JJooo.oo 
TCTAL · S687ZO.OO 
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Red~ction Benefits: BO~: 
SS: 

O&G: 

99 percent 
95 percent 
99 percent 

A cost efficiency curve i~ presented in F~s~re 353. 

Alternative D 5-V!II ·This alternative adds air flotation to Alternative 
D E.-11 l. 

The r~su1ting BOO waste load is 0.18 kg/kkg (0.36 lb/ton), the suspended 
so1i~s load is 0.15 ~g/kkg (0.30 lb/ton), and the oil and grease lo~d 
is G.032 ~g/U:g (O.OSC. lb/ton). 

Co5ts: lotal investment cost: 
Total yearly cost: 

$608.510 
$231 ,260 

An iter:iized t>reakdo'.·m of costs is presented in Table 414. It is 
assur·~c thet lane co~t~ $4102- per hectare ($1660 per acre). It is 
further a~su~ed thJt one operaior is reqwirec. 

Reducti:.:- Benefits: BC~: 
SS: 

O&G: 

96 percent 
90 percent 
97 ~ercent 

A cost efficiency curve is presented in Figure 354. 
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T,\BLE 414 

liE~H zrn CC'ST SUMMAR'< FOl', AL T(PJIAT!\' E 05-V n I 
(CHOCOLATE ~iIIHOUT COtl~EllSORY PRO:ESSWG) 

?TE~!ZEC C~ST !L~wt~V FOP ~ASTf~ATER T~EAT~E~T CW4I~ 

OES:Gt-.. U'FI:H'·CY, .. IH>.O ?ERC.HT e~o c:IECL.'CTlC~ 

TRE'T~~~T ~=o~LE~r 

I~VESTME~T CCSTSI 

e 1 ,,PL~FI~G !~LT!~N 
C •• ,EGLALIZiil:~ BAS!~ 
~ ••• ~IT~CGE~ AC~ITICN 
L,,,AEM~TE~ LAr,CC~ 
J 1 , 1 AJQ FL~TATIC~ 

\, CC't.;STRl..CTIC~ 

Z • L rn!:> 
J, HGil'<Efl'I~G 
41, CC1"Tit..GEl\ICY 
S, Pvt LT~E~ 
TCUL 

~EARLY CPERATI~C CCSTS1 
1, L.•BOR 
2, PCWF.R 
3, C:..,E'-'IC•L.S 
4, ~•JNTE~A~LE&!L~PLif' 
S, P\IC L.l~Ei. 
TCUL 

TCTAL VE•RLY CCST~1 

41~0Sb0,00 
euo,oo 

41qoeo,oo 
41~0f)O.Oi:l 
1h70,0C 

608510,00 

62SO,OO 
1'10!410,00 

lOSl0,00 
18570,00 

610,00 
l'76SOO,OO 

1. Y~tRL~ CPE~~Tl~G CCST 17eeoo.oo 
2. Y~APLY I~Vf~T~E~T 

CCST "ECC~E~V 2U3~o.oo 
3, C£PREClATJO~ 30120,00 
TClAL 2ll2b0,00 
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PET FOODS 

~o•;t u"1 !')r.~ion_fl.£D.!~_fits of /\lt'..'rnutive Treatnient 
cct.nolo9ies for )ube<i'-'-'''Cil:>.:'. U 5 - I ow 1iPat Pet f-ood ·- ............ --- -- ... ___ _.... 

A mo~el plant represcntutive of subcategory C 5 was developed in 
Section V for the purpose of applying control and treatment alter
natives. Jn Section Vil. four alterna~ives·were selected as being 
applicable engineering alternatives. ,.hese alternatives provide 
for various levels of waste reductions for the model plant which pro
duces 159 kkg (175 ton) of product per day. 

Alt~rnative S 5-J - This alternative assumes no treatment and no re
duction 1n tne waste load. It is estimated that the effluent from a 
159 kkg per day pla~t is 556 cum (0.1~7 MG) per day. The BOD waste 
load is 3.55 ~g/kkg (7.11 lb/ton), the suspended solids 1oad i~ 
2.66 k~/Hq (5.33 lb/ton), and the oil and grease l".>ad is 1.40 kg/kkg 
(2.8C lb/ton). 

Costs: O 
Reduction Benefits: None 

Alternative B 5-11 - This alternative provides a pumping station, flow 
equalizat1~r, cissolved air flotatio~. and vacuum filtration of sludge. 

The resultino BOD waste load is 1.1 kg/k~g (2.2 lb/ton), the suspended 
solids load is 0.53 kg/kkg (l.O lb/ton), and the oil and grease load is 
0.70 ~~/kkg (1 .4 lb/ton). 

Costs: Total in ... estm2nt cost: 
Total yearly cost: 

$229,630 
$ 59,780 

An itemized breakdown of costs 1s p~esented in Table 416. It is 
assumed that land costs S41,000 per hectare ($16,600 per acre). It 
is further assumed that one operator is required. 

Reduction Benefits: BOO: 
SS: 

O&G: 

70.0 percent 
80.0 percent 
50. 0 percent 

Alternat1ve B 5-Itl - This alternative provides 1n addf tfon to Alter
native B 5-Il a complete-mix activated sludge system, a sludge th1ckener 
for the waste activated sluoge, and increased capacity for the vacuum 
filter. 

The resu1ting BOD waste load is 0.11 i.~/kkg (0.22 lb/ton), the 
suspended solids load is 0.11 kg/kkg (0.22 lb/ton), and the oil and 
grease load is 0.14 kg/kkg (0.28 lb/ton). 

Costs: Tota 1 investment cost: 
Tota 1 yearly cost: 

129$ 

$511 • 100 
SlZS,490 

---:·--·----.-;:" ··-~ 
. ·-: ·.-:·.· ·_·:----,;e 



TABLE 4l.S 

lTEIU ZED COST SUMMARY FOP. AL TEP.NAT IVE' 85-11 
(LOW MEAT PET FOOD) 

?TEMIZEO CC-ST ~L~~ARY FOR ~ASTE~ATER TREAT~E~T C"AI"' 
~ESIG"' EFFICIE~CY,,,70,Q PERCt.~T RCO RfO~CTIC~ 

TREAT~E~T ~CCULE~r 

C,,,E~LALIZAT1C"' B~S!~ 
P.,,,Pu~Fr"'r. ST~TIC~ 
J,,,AI~ ~LCTAT!C"' 
8 11 ,PU~F!~G ~TAT%CN 
8 1 ,,VACLL~ FILTRATlCN 

!~VEST~E~T CC9TS1 
1, ~C"-STRLCTlCI\ 
2, LM.,D 
3, E~GI~EE?I~G 
U, CCt..lll\.GENCY 
TCTAL 

YEARLY CPERATl~G CCSTSt 
i, l.ABOR 
ie PC,.£R 
J, Ct-ifMICAl.S 
G, ~AINT£NANCE&!L~PL?ES 
TCTAL 

TC~AL YEARLY CCST!r 
1, YfA~LY CPEPATI~G CCST 
l, YEARLY lNV(ST~f~T 

ecsT RECCVERY 
3, Dt.Pf"EC!ATIO"-
TC TAL. 

129(. 

·5t=e· 

J 8 7·8Q 0. 0 0 
4'leo,oo 

Ul790,00 
U79o,oo 

2lqb30,00 

12u,o,oo 
10860,00 
"2•o.oo 

11110,00 
,,320,00 

39320,00 

'11'10,00 
11270, 00 
sqao,oo 

. : -.;., ·,,.;.;..~: ~.-_-.;-:-____ ,. 

-:- .. ; .. -eii ____ .. __ _ 
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An itemized breakdown of costs is presented in TRble 41G. Jt is 
assu~ed that land costs i41,00D per hectare (~16,600 per acre). It 
is further assumed that two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

91.0 percent 
91i. O percent 
9U.O percent 

Altcrnativ~ B ~-TV - This a1ternative provides dual media filtration 
1n addition to Alternative B 5-111. 

The resultin9 ~oo waste load is 0.071 kg/kkg (0.14 lb/ton), the 
suspended SQlids load is C.053 kg/kk; (0.10 lb/ton), and the oil and 
grease load is 0.07 kg/kkg (0.14 lb/ton). 

Cos ts: Tota 1 investment cost: 
Total yearly cost: 

$557,310 
$138,950 

An itemizec breakdowr. of costs is presented in Tab1e 41;. It is a~sumed 
that lane c~st: S4l,O~C per hectJre ($1€,600 ~er acre). It is furth~r 
assumed tha: two operators are required. 

Reduction Benefits: BOD: 98.0 percent 
SS: 98.0 percent 

O&G: 95.0 percent 

A cost efficiency curve is preser.ted in Figure 355. 

Cost 1!1'1d R'?ducti rin Be~efits of A Herr.a ti ye Trear ·;enL 
Technoio_sies for Subcatec:orv B 6 • liion '1eat Pet Food 

A model plant representative of subcategory B 6 w~s developed in Section 
V for the ~urpose of applying control and treatment alternatives. In 
Section VII, five alternatives were selected a~ being app1itao1e 
engineering alternatives. These alternatives provide for·var1ous 
lev~ls of waste reductions for the model plant which produces 270 kkg 
(300 ton) per day. 

Alternative B 6-t - This alternative assumes no treatment and no re
duction in tht waste load. It 1s est1rr.ated that the effluent from a 
270 kkg per day plant is 1100 cum (0.3 MG) per day. The BOD wa~te 
load is 54 kg/kkg (103 lb/ton), the suspended solids load is 21 kg/kkg 
(42 lb/ton), and the oil and grease lead is 31 kg/kkg (63 lb/ton). 

Costs: 0 
Reduction Benefits: None 

Alt~rn.:i~he S 6-Ir - This alterna~ive proviC:~s a pumping stat;on, flow 
equalizat1on and centrifugation. 

1297 
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TABLE 416 

ITEMIZED CO'.;T sw:~MY FOR ALTER:;,;nvE 85-III 
(LOW MEAT PET FOOD) 

ITE~!ZEO COST su~~A~Y FOR ~ASTE~tTER TREAT~E"T CM'I~ 
DESIG~ EFFJCIE~cv ••• q7,o PERCE"T eco REO~CTIC~ 

TAEAT~E~T MCD~LES1 
e1 •• co~T?CL ~CLSE 
C11 ,E(')\..Al..IZA1!r1. BAS!t-
8, ,1PU~P!NG STAT!CN 
J, 11 AI~ ~~CTATIC~ 
s ••• Pu~gl~G STATICN 
s.,.VACuu~ FI~T~LTIC~ 
K111 ACTIVATEC SLL,GE 
~ ••• SLLDGE T~IC~E~ER 

I~VEST~E~T CCSTSt 
1, 0:0.'SHl.:CTICll. 
c, 1,.ANO 
31 HGINEERING 
~. CC'NTI/\'~ENC\' 
TCUI. 

YEARl..Y CPERATI~G CCSTSt 
S, LABOR 
2. PC.,.ER 
3, CME~IC&LS 
~. ~•XNTE~ANCE&!~PP~IES 
TCTAL. 

TOTAL YEARLY CCSTS1 

- -- . -- -· -· ------

1, YEA"LY CPER6T!~G CCST 
2, YEA~LY I~VF~T~E~T 

CC:ST RECCvHV 
:S, OEPREC!ATIC~ 
TCTAL 

1298 

"120QO,DO 
uuo.co 
411200,00 
uuoo.oo 

su100.oo 

2~~qo.oo 
JUJO.OO 

'72UO,OO 
ieie~o.oo 
eo:no.oo 

eo330.on 

20£.IUO.OO 
2&1'720. 00 

12s"qo.oo 

y;ft~· 
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TAl:'Lf 417 

IT£MIZEO COST sw1~~ARY FOR AL TERflATIVE BS-JV 
(LON MEAT Pr; FOOD) 

lTE~YZED CCST s~~~ARY FO~ wASTf~ATER T~EAT~E~T C~AI~ 
0£SIG~ EFF!CIE~cr ••• ~e.o PEPCEhT eco AEDLCTICh 

TREAT~E~T ~CC~LE!1 

e1 •• eo~TRCL ~C~SE 
C,,.EOL£LIZATICh BASIN 
e,.,?~~gl~G ~TATJON 
J,.,AI~ ~LCTAT!C~ 
e ••• ~u~cr~G !T,T?ON 
8 1 ,,VACL~~ FZLT~ATICN 
K,,,4C~!VATfO SL~OG~ 
~ •• ,SLLCGE T~!C~E~EA 
e, •• Pu~Fr~G STAT!O~ 
~ •• ,OUAL ~:CIA P~£SS~R£ FlLT~A'~ 

?NVESTME~T CCSTS1 
J, CCNST'RLCTrC'-
2, LANO 
J, ElliGtr·•:E"lNG 
14, CCNTI~GENCY 
TCUL 

YEARLY CPE~AT?NG COSTSt 
1, LABOR 
2, PCHR 
J, C~EM!CAL! 
~. ~A%NTEhAhCf&SLPPL%ES 
fCTAL 

TCTA~ VEAR~y CCST!r 
lt YEA~LY C~fR~TI~G CCST 
2 1 YEAHLY Jh~ESTrE,.,T 

CCST ~ECC 11£Ry 
l, DEPRECIATION 
TCTAI. 

1299 
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The resultiny BOD 1·1clste lc;.Jd is 27 kg/I:~~ (~4 lb/ton), the suspended 
~olids load is 6.3 ~g/~k9 (12.6 lb/ion), and the oil and grease load is 
12.4 kg/kkg (24.8 lb/ton). 

Costs: Total investment cost: 
Total ye~rly cost: 

$243,880 
$101,560 

-n itemized breakdown of costs is presented in Tclble 41e. It is 
assumed that lend costs $41,000 per hectare ($16,600 per acre). It is 
further assumed that two op~rators are required. 

Reduction Benefits: BOD: 50.0 percent 
SS: 70.0 percent 

O&G: 60.0 percent 

Alter~dtive B 6-Irl - This alternative adds air flotdtinn and vacuum 
fiftration to tne treatment modules of Alternative 8 6-II. 

The 1esultin5 BO~ waste lead is 8.1 kg/lkg (16.2 lb/ton), the s~spended 
solids lc2~ is 1.3 Kg/kkg (2.6 lb/ton) and the oil and grea~e load is 
4.3 l;g/kks; (&.6 lb/ton). ' . _ 

Cost~-: Total investment cost: !:10,850 
$132,390 Total yearly cost: 

An ite~ized breakcowr. of costs is presented in Table 419. It is a~surn~d 
that land ccs~s S~l,000 per hectJre ($16,600 per acre). It is further 
assu~ed that two operatcrs are required. 

Reduction Benefits: BO~: 85.0 percent 
SS: 94.0 percent 

O&G: 96.0 percent 

Alternative B 6-IV • This altP.rnative provides in addition to Alter
netive B 6-11-r:-a-complete-mix activated ~ludge treatment system sludge 
thickening for tne waste activated sludge, and additional vacuum 
f1lter capacity. 

The resulting 900 waste load is 0.54 kg/kk9 (l.08 lb/ton), the suspend~d 
sol1ds load is 0.63 kg/kkg (1.26 1b/ton).~nd the oil and greose load 
1s 1.24 kg/kkg (~.48 lb/ton). 

Costs: Total investment cost: $908,830 
$397,000 Total yearly cost: 

< 

An itemized breakdown of costs f s presented in Table 420. lt 1s 
assumed that land costs $41,000 per hectare ($16,600 per acre). Jt 
is further assumed tnat two operators are r~quired. 

Reduction Benefits: BOO: 
SS: 

Ot.G: 

1301 

99.0 percent 
97.0 percent 
96.0 percent 
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TAOLE 418 

lTCMIZEO COSi SUf'ir'ii'\n.Y FOR AL TfRUA~·rvE BG-J J 
(HIGH f'.CAT PET FOOD) 

IT~~J2f~ crST ~l~~!~Y Fr; ·~~,F~AJ~~ T~E6T~f'' ,~.,~ 
D E S ! c; ~. I'. " F I L j E ~. C .,. • • • ~ fl • II F E 1.1 C E " 'T E' C.: ~ ~ E C I • C 1 l C "-
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1 • C C ,, ~ ' c ~ ~ ':' I C ~ 
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l. fl\(;11 r.r:.;;;1~c: 
q, Ct.1.T;•.C,F.MY 
TCHL. 

Yt\R~Y CPER4Tll\G CG$Te1 
i. &.11•cq 
z. pr:_.f..~ 

3, ti.f:"'ICAL:; 
q, ~AlNTr~·~rE&~L~PLlES 
TC' AL 

TCT4L YE•~LV CCST~r 
l, vr,~LY ~~(Q4'T!~G CCSl 
Z. Y(A~LY ~r.•;;:ST"'f."1 

ccn ~~r,.1rl"f'l'Y 

J, NPH~CH.T'"' 
TCHL 

no~ 
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3C'iC'iSC.(')0 
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TABLE 419 

ITEM I ZED CO<;T SW·~r,.ARY FOR AL TERNA TI VE 66-I 1! 
(HJGH MEAT PET FOOD) 

IT I: •. : F ,; ~I'" s T ~ \ .... ':; y j:' 11:; I<"~.,. F" t H ~ ~ :.i EAT,. i::" 'T c,.. A I ... 
OE~lG\ ~~FICJE\Cv.,, es.~ ~~~CE~T ~G~ REC~ClICf\ 

I t, v !:: $ T ~· E '· T C C S T S I 

'=' 1 •• cc~ ':i~·- ~:t... ~~ 
c ••• E :: 1. " 1• 1 z L 'T ! r ~ ... ~ c: ! /\ 
~.,,P\i"~'I~:; £'Tt.T!"."t-.. 
c ••• cE~T~YFLG~TJ~~ 
\l,,,1o1J;'~:'\::; T.:.~I( 

J,,.,T~ F~CTA:rc~ 

~ 11 ,Vll~L~~ FJL~~ITIC~ 

1. CO.S'il;LCTJO 
'• LA~O 
3, El-.GP£~CI'\G 
ll, ccnP.GEr.:v 
H'f AL 

YfAPLY CPEWATJ~G C~STS1 
1, Li!o!CQ 
2, Fo'('l•~p 

J. Cl't"':~n.:: 
~. ~AlNrE~A~CE&~LPPLIE~ 
TCTAL 

TCHL VEAPI v CC!!Ht 

22~"13~.co 
l9qsc.o,, 
2l~70,('0 
22570,(10 

:SiObSO,OO 

zuqQo,cn 
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0. "· e»t.3eo.oo 
1ou.-o.oo 

l. \l~AhLY ~PEOJT:~r, C~ST tOb•~o.oo 

··T·· rrr 

Z, Yfi,;..Lv ;,._._r:~'T 1 f11.T 

CC~T 1-i::r.·~~Qv 

3, C'EF"EC:J.'Tlr'-
TC UL 

130:,. 

a r··-ttr -y 

121.130,00 
1'351.10.C'l 
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TAnLE 420 

JT£MI ZED COST su::MARY FOR J\L T[RNATIVE' B6-!V 
(HIGH MEAT PET FOOD) 

ITE~rz~c C"~, s~~W!~v c-~c ~i~,~~•rF~ T'~,,~t"T c~Alt\ 
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Alternative A 6-V - This a1ternativP adds dua1 media filtration to Alter-
na t 1 vc ~ 6-Iv~ · 

The resulting ~OD waste load is 0.54 l:g/kkg (1.0B lb/ton), the suspended 
solids loJd i~ 0.21 kg/l'.l:g (0.42 lb/ton) and the oil and grease load 
is 0.62 kg/kkg (1.24 lb/ton). 

Costs: Total investment cost: $956,910 
$410,SSC Tota1 yearly cost: 

An itemized breakdown of costs is presented in Table 421. It is assumed 
that 1and co.>~s $41,000 per hectare ($16,600 per acre). It is further 
a~sumed tha: two operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

99.0 percent 
99. 0 percent 
98.0 percent 

A cost efficiency curve is presented in Figure 356. 

Cos: a~d Reduction Benefits of Alternative Treatment 
Technolocies fJ~ Su,~a:ea-;:;ry-B 7- Dry Pet Food 

A model olant representative of subca:egory B 7 was develored in Section 
V for the purpcse of applying control anc treatment alter~atives. In 
Section VII, four alternatives were selected as being applicable 
engineering ~lternatives. These alternativ~s provide for various leve1s 
of \<.'aste reductions for the mode1 plant which produces 270 kkg (300 ton) 
per day. 

Alternat~ve B 7-r - This alternative assumes no treatment and no re
duction in tne waste load. It is estimated that the effluent from a 
270 kkg per day plant is 114 cu rn (0.03 MG) per day. The BOD ~aste 
load is 0.085 kg/kkg (0. 17 lb/ton), the suspended solids load is 
0.042 kg/kkg (0.08 lb/ton), and the oil and grease load is 0. 11 kg/kkg 
(0.21 lb/ton). 

Costs: o 
Heduction Benefits: None 

Alternative B 7-11 - This alternative provides a pumping station, flow 
equalization, and dissolved air flotation. 

The resulting BOD waste load is o.ca2 kg/kkg (0.085 lh/ton), the 
suspended solids load is 0.008 kq/kkq (0.016 lb/ton), Jnd the oil and 
grease load is 0.055 kg/kkg (O. li lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

1305 

$74,120 
$20,940 
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TAOLE 421 

ITEMIZED COST SUl'if·'.ARV FOR ALTERNATIVE B6-V 
(HlGll MEAT PET FOOD) 

tTE~!z~~ COST !LY~A~r F~~ ~·A~T~~,r~~ T~~AT~~fl.T C~II~ 
OEEJG~ EFF!C!E~cv ••• ~q.~ PEhCE~T ~~c ~FCuCTIC~ 

TkE.tT~f~T 1•Cr.L..~C.Sr 

!.l1 •• rn11.ii::cL ~CLSE 
r ••• E~L4LlZA1:C~ e;~l" 
~ ••• Puvcy~r STtT1~~ 
c ••• cf~Tµ!F~GATTCN 
V, •• ~(L~!~C Tt~w 
J,,,A!~ ~L(T6T!C~ 
~.,,v£CLL~ ~!LTFlTICfl. 
~ •• ,AtT!V~TEC ~LLC~~ 
C , • , 5 L L. r· :; E T ~ I r: I( E' i..: E ~ 
F,,,PV~Pl~G STATll~ 

~ ••• C~A~ "'ECIA P~ES~LRf FILTRA 1 ~ 
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An itemized breul:dcr .. :n of co~t::. is presented in Table· r.22. Jt is ilSSumcd 
that land costs $~1.000 per hecture (~16,600 per acre). It is further 
assumed that one-half time operator is rE:quired. 

Reduction Dcnefits: BOD: 
SS: 

Ot.G: 

50.0 percent 
eo.o percent 
50.0 percent 

Alternative B 7-rrr - This alternative provides co~plete mix activated 
sludge in acuit1011 to Alternative B 7-11. 

The resu~tino BOD ~:aste load is 0.0085 kg/kkg (0.017 lb/ton), the 
suspended solids load is 0.00~9 kg/k~g (0.012 lb/ton), and the oil and 
grease load is 0.01£ kg/kkg (0.032 lb/ton). 

Costs: Total investment co~t: $125,910 
s 34,380 Total yearly cost: 

An itemized breakdo"n of costs is presented in Table 423. It is 
assumed that land costs $41,008 per he::til?"e ($1€,6C:Jper acre). It is 
furtn~r a5Sumed that one opera~or is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

90.0 percent 
86.0 percent 
85.0 percent 

Alterna~ive B 7-TV - This alternative provides dual media filtration in 
addition to hl~ernative B 7-l!l. 

The resulting BOD 1·1aste load is C.004 kg/kkg (0.008 lb/ton), the 
suspended solids load is 0.0017 kg/kkg (0.0036 lb/ton), and the oil 
and grease load is 0.0088 kg/kkg (0.016 lb/ton). 

Costs: Total investment cost: $153,030 
$ 41,450 Total yearly cost: 

An itemized breal:down o'f costs is presented in Table 424. It 1s assumed 
that 1And costs S41 ,000 per hectare (!16,600 per acre). It is further 
assumed that one ·•perator is required. 

RedL_tion Benefits: BOO: 
SS: 

O&G: 

95.0 percent 
96.0 percent 
92.0 percent 

A cost efficiency curve is presented in Figure 357. 

Cost and Reduction aenefits of Alternative Treatment 
Te'Cii'nolooies for $~~category G 8- Soft-rTOist Pet Food 

A model plant representative of subcategory D 8 was developed in 
Section V for the purpose of apply1ng control and treatment alter
natives. In Section VII. four alternatives were selected as being 

1308 
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TABLE 422 

ITEMIZED COST SUMMAnY FOR AL TERll.O.TIVE 87-Il 
(DRY PET fCOD) 

l,E~~2E~ C~ST SL~~•RY FCR ~AS7E~ATER TREAT~E~T C~&l~ 
OES!G~ EFF?C!f~cv ••• sc.o FE~~!~T eco RECLCTIC~ 

T~EAT~EhT ~cou~E~1 

!,..VESiWE~T CCSTSt 

c ••• ~~LLLIZ:11r~ eASI~ 
e ••• 0 ~~F!~G ~T~T?C~ 
J ••• LI~ FLCTAilC~ 

s. cc,..s1wwcun 
2. L H,'O 
3 • E q; P: H i; ! 11i C 
"• CC1'T!t-.GENCY 
TC:TAL 

Y!AP~V CPEGAT!~G CCST51 
lo LABCR 
2. PC;.ER 
J, C!o!El-IICll.S 
~. ~AI~Ti~A~CE&SLPPLifS 
TCUL . . 

TCTAL VEARL~ ccs~s· 
l, VEA~LV CPf~AT?~G CCST 
2, YEAFLV l~VE~T~f~T 

CCST RECC:VERV 
J, DEPREC!AT%0N 
TCTAL 
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s & lo e ,·o c 
"1bC,OO 
5e3o.co 
seJo.oo 

1"120,00 

e,2so.oo 
zoso.eo 

o,o 
61!0,00 

a .... eo.oo 

l"lleo,oo 
2q60,00 
3500,00 

20CJ110,oo 
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TADLE 423 . 
IiEMIZEO COST SUM!'i.O.RY F'OR AL TERNATI\'E B7- Ir I 

{DRY PET FOOD) 

ITE~IZED crsT s~~~A~Y FOR ~ASTE~•TER TREA,~E~T C~AI~ 
DESIGN EFFICifNCT,,,qo,o ~ERCf~l ecc RED~CTlC~ 

TRE•T~ENT MCOULES1 

I~VEST~E"T C:CSTS1 

C,,.EQLALI2ATIC" BASI~ 
B,,,PU~PING STATIC~ 
J,,,AIR FLC~ATJCN 
K,,,ACTIVAT~C SL~DGE 

l. tCt-.STRt.;C:TlC~ 
2, LU·O 

•nCJeo.oo 
8330.oo 
qeoo,oo 
~eoo.oo 

3, E"-GlNEE!<l~G 
"• CCNTt~GENCY 
TCHL. 12sq10,cc 

YEA~LY OPE~ATI~G CCSTS1 
l1 LUH:~M 
l, PC1>oER 
3, Cl"El'IICALS 
~. ~AINTE~ANCE&SLPPLIES 
TCT.AL. 

TCTAL Y[AqLv CtST!a 

--.. ::· 

1, YEARLY CPERATI"G COST 
21 VEAR~Y l~vEST~E,..T 

COST AHCvER'f 
S, DfPRfCH'rlOI'> 
TCTAI. 
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uno.oo 
4i090,DO 

o.o 
6890,00 

2JijU, 00 

23'1&0,0C 

S~'IO,OO 
seao,oo 

:UJ80,00 
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TABLE 424 

ITEMIZED COST SU:),:·~ARY FOR ALTERNATIVE 87-IV 
(DRY PET FOOD) 

tTEMIZfD CCST SLw~A~Y FC~ ~AST[~ATER TREAT~E~T C~AIN 
OES:G~ EFFIClE~CY,.,qs,o PERCE~T eco R~O~t1IC~ 

T~EAT~E~T ~CDULES1 
C,,.ECLLL!ZATIC" 9ASI~ 
e,,,PuuF:~~ STtTICN 
J,,,A7R FLCTATIC~ 
K,,,ACT:V~TEC ~LLDGE 
e .. ,Pu"'q"'G SHTIC"-
~ ••• OUAL ~ECIA PRESS~RE FILTRA'N 

I~VEST~E~T CCSTS1 
1, CC~STF<!..:CT!~"-
2, LA~D 
3 I fp.. G p. E £' p I ~ G 
"· ccq:~~E":v 
TCTAL 

YEARLY OPE~ATI~G CCSTS1 
11 L.ABOR 
2. PCl'IER 
31 CM£MlCAL.9 
~. ~AINTE~•~CE&S~PPLIES 
TCTAL 

TCTAL VEARLY CCST!I 
11 YEARLY CPERATI~G CCST 
z. VE•~L.V r~v~ST~E~T 

CCS1 ~EtCVEA"I' 
], DEF'HEClAllCN 
TCTAL 

131 , 

12oseo.oo 
8330,CO 

12060,CO 
120&0,00 

153030.CO 

12uqo~oo 
6UO,OO 

o,o 
eno.oo 

28100,00 

2uoo,oo 
u!n,oo 
'7230,00 

U'l50,00 
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applicable engineering alternatives. These alternat;ves provide for 
various levels of waste r~ductions for the modQl plant which produces 
500 ~g cssa ton) per day. 

Alternativ~ B B-J - This alternativ~ assumes no treatment and no re
duction in the waste load. lt ;s estimated that the effluent from a 
500 kkg per day plant is 114 cu m (0.03 MG} ~er day. The BCD waste load 
is 0.89 kg/kkg (1.77 lb/ton), the suspended solids lo~d is 0.48 kg/kkg 
(0.96 lb/ton), ~~~ the oil and grease load is 0. 18 kg/kkg (0.36 lb/ton). 

Costs: 0 
Reduction Benefits: None 

Alternative B 8-II - This alternative provides a pumping station, flow 
equalization, dissolved air flotation, and vacuum filtration of sludge. 

The resulting BCD waste load is 0.36 kg/klg (0.72 lb/ton), the 
suspend!~ ~olids load is 0.096 kg/kkg (0.19 lb/ton), and the oil and 
grease load is 0.35 kg/l:l:g (0.72 lb/ton). 

Costs: Total investrr-ent cost: $247,670 
$ 89. 780 Total yearly cost: 

An itemized b~eakdown of cost~ is presented in Tabie 425. It is assumed 
that land costs $41,000 per hectare (516,600 per acre). It is furth~r 
assumec that one operator is required. 

Reduction Benefits: BOD: 60.0 percent 
SS: 80.0 percent 

O&G: 80.0 percent 

Alternative B 8-III - Th;s a1ternative provides in add1ti~n to A1ternative 
B s-11 a cornpleti=mix activated s1udge system and a sludge thickener 
for the waste activated sludge. Additional capacity for the vacuum filter 
'fs included. 

The resu1ting BOD waste load is 0.036 kg/kk9 (0.07Z lb/tori), the suspended 
solids load i~ 0.048 kg/kkg (0.096 lb/ton), and the 011 and grease load 
is 0.011 kg/kkg (0.022 lb/ton). 

Costs: Total investment cost: $717,010 
$194,050 Total yearly cost: 

< 

An itcmi2e~ breakdown ~f costs is pre$entcd in Tablr 426. Jt is assumed 
that land cost~ S41,000 µC'r hectare ($16,600 p~r acre). Tt is further 
assumed thC1t two operators are required. 

Reduction Benefits: BCD: 
SS: 

O~G: 

1313 

96.0 percent 
90.0 percent 
94. 0 !'ercent 
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TABLE 415'. 

ITEMIZED COST SUW1A~Y FOR ALTERN~TIVE 88-II 
(SOFT MOIST PET FOOD) 

I,EMIZEC cr~T SL~~A 0 V ~~~ ~LSTC~6TER TREAT~E~T C~A!" 
DESIG~ EFFICIE~CY,,,bO.O PE~CEhT eco REOLCTIC~ 

TRCLT~E~T MCO~LESt 

C, 1 .EQLALilATIC" BA~Ih 
B •• ,P~~PI~G !TAT!C~ 
J, 1 ,AI~ FLCTAT!C" 

I~VEST~E~T CCSTSt 

8, .. PL.;M!qq; Si.'.i!Ct>i 
S,,,VAC~u~ ~lLT~•TIC~ 

s. CC:t-.;STR\,::r1c" 
2, L.Ji"D 
J, E"GlNf'ERifl.G 
~- CC:t-.TH.GENO 
TCTAL 

YE~~~y CPERATihG CCSTS1 
1, LABCFI 
2, PC..,E'R 
3, C~£"'lCAi..S 
~. ~Al~TEhANCE&SLPP~IES 
TCTAL 

TCTAL VEARLY CCST!t 
11 YEAR~Y CPERA~l~G CCST 
l, VEAPLY I~VEST~E"T 

CC!T PE'CCVEl:iv 
3, OEP~ECI•TIO~ 
TC'!AL 
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202q3c.oo 
l.l!b0,00 

2c2qo.oo 
202qo,co 

2Ll767C,OO 

S2Ll~C".OO 
teeio,co 
17020.00 
1q370,00 
6'16'10, 00 

••10,00 
12110,00 
e~1eo.oo 



TABLE 1126 

ITEMIZED COST SUMMARY FO~ ALlERNAT!VE BB-III 
(SOFT MOIST PET FOOD) 

lTErIZEO CCST !L~~AR¥ FOR ~AST~k•T~R TREAT~E~T C~AIN 
CESt~~ EfFIClt~CY,,,Qb,O PE~CEl\T eco REDLCT?C~ 

TRE~T~E~T ~C~Ul.ES1 
91,,CO~T~CL ~CLSf 
C,,,EOLtLJZATlC~ BASIN 
B,,,P~~Pl'G STtTfCN 

lNVEST~EhT CCSTS1 

~ •• ,A!~ FLOTATICN 
8,,,PU~~I~G STtT!CN 
s,,,VACL~~ rI1.T~ATIC~ 
~.,,ACTIUA~E~ ~LWCGE 
~.,,SLlCGt T~I~KEl\ER 

l1 CCNSTRLCTlCN 
~. \.AfliO 
l, E~G!~EERING 
~. CC:~'i'll\GE'-CY 
lCTAI. 

YEARLY OPERATl~G CCSTS1 
s, LABOR 
z, PC"!R 
J, CtocE.,.101.S 
q, MA%NiE~~~CE&S1.PP~lES 
TCUL. 

TCTAI. YEARLY CC!T!I 

su2~0.oo 
uuo, 00 
ssoo.oo 
554130.00 

717Uo.oo 

u~qo. oo 
S?12e.co 
212eo.oo 
:•Ho,oo 

uozso.oo 

1 1 Y£ARLV CP£~ATil\G CCST llOZS0,00 
l, YEARl.Y l'-\'EST,..P .. T 

CC~T RECCVE~r 28?10,00 
J, D£PRfCJATlC" lSO~o.oo 
TCTAI. •~~oso,oo 
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Alternative 0 8-IV - This .:ilLcrnative provides du.:il media filtration in 
additTon to flltc:rni.ltive 0 0-IlI. 

The rcsultin~COD ~1aste lo.:id isO.OHl l:g/H:g (0.036 lb/ton), the suspended 
solids load is 0.014 ~9/kkg (0.028 lb/ton), ard the oil and grease load 
is 0.00~4 kg/kkg (0.011 lb/ton). 

Costs: Total investment cost: 
Totul yearly cost: 

$913.950 
$213,510 

An itemized breakdm·:n of co5.ts is presented in Table 427. It is assumed 
that lar·d co:;ts ~41,000 per hectare ($16,600 per acre). It is further 
assu:::ec that t~:o cpera tors ure req 11i red. 

Reduction Benefits : BOO: 
SS: 

O&G: 

98.0 percent 
97.0 percent 
9i.O percent 

A cost effici~~cy curve is presented in Figure 358. 

Ml SCEL. LAliEOUS NliJ SPEC l Al.. ITV PRODUCTS 

Cost~~~ 0~~~:~ion Benefits of Altfrra~ive Treat~en~ Technolooies 
for~ .... : : .. i;::;-;,:;v-·: :~ - Fldvorinc~, ar·o :::;.uc::ct:. 

A model plant representative of subcategory A 29 was developed in Section 
V for the purpos~ o• applying control anc treatrr.ent alternatives. In 
Sectio~ v::, ele~e~ alternatives were sele~ted as bei~g applicable 
E:ngineering alterna~ives. These alternatives provide for ·,.1arious levels 
of waste reductions for the model plant which produces 300 cu m (0.08 MG) 
of finished flavors per day. · 

Altern3tive A 29-! - This alternative assumes no treatment and no re
duction in the wa~te load. It is esti~ated that the effluent f~om a 
300 cum (0.08 MG) per day plant is 125 cum {0.033 MG) per day. The 
BOO wast~.~~~d is 0.56 kg/cum (4.6 lb/1000 gal), and the suspended 
solids lnad is 0.054 kg/cum (0.45 lb/1000 gal). 

Alternative A 29·1! - This alternet1ve ~onsists of a pumping station, 
a hold1-ng tank and-spray irrigation of the raw waste effluent. Truck 
haul1n~ of alcohol still bottoms and w~stewater generated from the 
vacuum still and organic synthesis ~reas is also provided. 

The resulting BOD waste load;~ 0.0 kg/cu~ {0.0 lL/1000 gal). 

Costs: Total investmPnt cost: 
Total yearly cost: 

$102,590 
$ 18,570 

An itemized breakdown of costs is presented :n lable 428. It is assumed 
that land costs ~4100 per hectare (Sl660 per acre). 1t i!O further 
assumed that one-half time operator is required. 

131 (, 
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TMl.F: ~2.7 

lTCMlZED COST SUMMARY FOR ~LTERNATJVE B8-IV 
{SOF'T MOIST PET FOOD) 

lTEM!Z~O CCST SL~~l~Y FC~ ~lSTE~ATER T~EAT~E"T CrAI~ 
CES!G~ EFFIC:E~CY,,,q6,0 FE~CEt..T eco REDLCTIC~ 

TREAT~E~T MC:LLES1 
81.,COllTRCL ~CLSE 
C.,,EGLt~:Zt1IC" SAS:t.. 
E,,,P~~~!~~ ST~TIC~ 
J,,,,J~ FLCTtT?C~ 
B,.,Pu~~r~G STATIC~ 
S,,,VACLL~ FILT~ATICt.. 
~ •• ,ACT!~A7EC 5LLCGE 
o ••• SLLCGE T•!c~E~E~ 
P,,,PL~Pl\G STA~I~~ 
~ •• ,DUA~ ~ECIA FAESSL~E FlLT~A'~ 

l~vEST~E~T CCST!r 
1, r.ct..STl'~CTIC,._ 
2, LA~O 
J, HCINEEl'Ir-.:G 
~. CC..,Tl~GENC'f 
TCUt. 

VEARLY OPe~ATI~G CCSTSt 
l, l.A80A 
l, PCllEA 
J, C~E"4ICALS 
II, ~•lNTf~ANCE&!LPPL?E! 
lCUL 

TCTAI. YEAqLY CCSTSt 

-.i22soo. CIO 
U65 1H.oo 
•2280,00 
~22ec,oo 

~'1l950,00 

illqqo,oo 
65!!0,0I'! 
c?lzeo,oo 
!'1500,00 

IHS!O,oo 

1. YE•~LY CPERAT!"C COST !lQSeo.oo 
l, tEARLY l~VfST~E .. T 

CCST RECC¥E~Y 36560,00 
J, CEPREClATIC" 37370.00 
TCT•~ itJ510.oo 
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TABLE 428 

ITEMIZED COST SUMMARY FOR J\LTEIH/f\TJV[ A29-Il 
( FLAVORWG AilD EY.TRhCTS) 

ITEVIZ~~ crST S~WWARY FO~ ~tST~~ATE~ ,~FtT~~~T c~•I~ 
CLSl(::. t:iq:::~~.cv,,,1~C'.C Pt.°CEf\T i;cr. l'lf.CL:l:T::11. . 

¥ • • • ... r:;1_ r, p,r; TA O..·i<' 

L.,,SP~tY !~~l~ATIC~ 

r~v:fT~~ll.j CCS~S: 
1. crr:q::.tc~:~11. 

2. L :..-.r 
3 • E II. i- !'· c E i: 1 · • c, 
"· cc~.TP.GF'-CY 
Tc:i AL 

y~,RLY c~EP!T!~~ ccs1~~ 

1. l~:,('.Oi 

2. PC1o.ft; 
l. C"'c"'lCt'...~ 
~. ~AI~TEll.ANCE~~LPPL!ES 
TClAL 

TCTAL YEA~LV CCST~: 
l, YE6RLY C~~~AT!ll.G CCST 
Z, YEA~LY l~~F.ST~F.11.T 

CCST llFCC vE?'r 
3, Ot::P~E'CPTIC11. 

1CT•L. 
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1e::Jr.,·cc 
~ J (1 0 t. 0 0 
7f\~c.on 
7030,00 

1Ccsoc.co 

6?So.cn 
lOl)C.Ot'l 

0 I 0 
2tilJ0,('I~ 
qec;o,on 

"100,00 
~5t'O,OO 

1f'570,00 



Reouction [Jenefits: [;OD: 100 percent 
SS: 100 pC!rcent 

Alternative A 29-T!l - Th·is alternative consists of a pumping stat.ion. 
a f10;·1 equalJ,Jotion t.:ink, a complete r~ix activDted sludge system. a 
sludg<? thicl:enc:r, vacuum filtra".:ion, cind a slud9e stor.:ig~ tank. Truck 
hauling of alcohol still bottoms and Wilstewater generat~d from vacuum 
still and organic synth~sis ar~as is ulso provided. 

The resulting 300 waste load is 0.041 kg/cum (0. 102 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly ccst: 

$143,380 
s 37,280 

An itemized breakdown of costs is presented in Table 429. Jt is assumed 
that land cost!: S~l .000 per hectare (~,16,600 per acre). It is further 
assumed th~t one operator is required. 

Reduction Benefits: 80D: 92.6 percent 
SS: 76.9 per~ent 

Alternative 29-TV - This alternative repla:es vacuu~ filtration of 
Alternative A 29-III with aerobic digestion followed by sand drying 
!;eds. 

The r~sulting BOD waste load is 0.041 kg/cum (0.34 1b/10DO gal), and th~ 
suspended solids load is O.OiZ3 kg/cum (0.102 lb/1000 gal). 

Costs: Tota 1 inves tmer.t cost: 
Total yearly cost: 

$196.570 
$ 44,310 

An ite~ized breakdown of costs is presented in Table 430. It is assumed 
that land costs $20.510 per hectare ($8300 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits: BOD: 92.6 percent 
SS: 76.9 percent 

Alternative A 29-V - This alternative con~ists of a pumping station. a 
flow equalization tank, and an aerated lagoon. Truck hauling of alc0hoi 
still bottoms, and wastewater generated from vacuum still and organic 
synthesis areas is also provided. 

The resultino BOD waste load is 0.041 kg/rum (0.34 lb/lOOG g~l), ~nct 
the suspendea solids load is 0.0123 ~g/cu m (0.102 lb/1000 gal). 

Costs: Total invest~cnt cost. 
Total yearly cost: 

$163,470 
$ 43,530 

An itemized breakdown of costs is pres~nted in Table 431. It is 
assumed that lend costs $4100 per hectare ($1660 per ecre). It fs 
fu~ther assun~d that one operator is required. 

""'-;,, ------:.: -- -- - _- __ . -·--a··· 

Reduction Ocnefits: COD: 92.6 p~rcent 
SS: 76.9 percent 
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TABLE <:ZIJ 

ITCM!ZEO COST SU!·:'-'.,",:->,y F'OR t:.L TERr:r,nvE A29-III 
(FLAVORil/G Ar:o EXTRACT~) 

r T ~ :-· ! 7 [" r· c ".: ~ ' ~ L "',, f ;:) y r c.. : .. t c; 'T ~ " I T ;; c; T p ~ .t. T ~· F " T c .. A 1 ... 
0 £' S ! ('; ~. U • ! .: : E_ ~ C 'I' , a o C, C , I< ~ ~ 1.,-: f I, T p (. r, C> [_ r. WC ~ r ( t-
Tl<fl.T"c-',. '-'C~Llf-.:: 

e ••• ~L~~I\G !1tTrc~ 
c •• ' F: ~~I. ! '- 1 7 f T I t t. ,.. t ! I ~ 
K••aAC1~~,'.'f~ .. ~l' ... ~·r-E 
t; •• I ~ i. L ~ .: '- , ,.. : c ~ ~ 1-. ~ ~ 
S , , • • L. i: '- 1

• •-. I=' 1 !.. T l.i t T ' ~ " 
'1',,,'-(·L"'.T"-'· T,~,.. 

If\Vf!TY~~T :CS'TS: 
1 , c. r r--. s 1 r L C ,. T r " 
i • !. b '· " 

J, E~c:'-~i:.--:; .. :; 
&.:, rr• ,.:,:-.~ ... :v 
HHL 

YEAF -~ C~f~ATl~G C~ET~c 
1. U6C;k 
;>, FC•~~ 
l. t.,_E"l!:tL;:> 
~. ~bl~T~~•~C~&!LPP~!ES 
TCUI.. 

TCTAL 'l'EbRLY CC~T~t 

1. YfAQLv CPf~6T!"G crsT 
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TABLE 430 

J"l!MlZEO COST SUM!W~Y F"Or. AL TCIWATIVE A29-JV 
(FLAVORllcG Ario EXTRACTS) 
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TABLE 431 

ITEMIZED COST SU!·~!W;Y FOR AL TEP.llf1TIVE A29-V 
(FLAVOF< J rm AllD EXTRACTS) 
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Altcrr1utivi::- f1 ?9-Vl - This ulterric:itive provide:. dual n:eclia filtration in 
addition to the tr~atment modules of Alternative A 29-lII. 

The resultin9,l!OD waste load is 0.020 kg/:u m (0.17 lb/1000 gal), and 
the suspended solids load is 0.0062 kg/cum (0.051 lb/1000 gal). 

Costs: Total investment cos1:: 
Total yearly cost: 

$160,180 
$ 42,240 

An itemized breakdown of costs is presented in Table 432. It is assumed 
that land costs S4l,OOO per hectare ($16,600 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits: BOD: 96.3 percent 
SS: 88.5 percent 

Alternative A 29-VIl - This alternative provides dual media f~ltration 
in addit~on to the treatment modules of Alternative A 29-IV. 

The resul:ing BOD waste load is 0.020 kq/cu m (0.17 lb/1000 aal), and 
tne su~pented solids load is O.OOCZ kg/~u ~ (0.051 lb/1000 g~l). 

Costs: Total investme~t cost: 
Tota1 yearly cost: 

$213,370 
$ 49,260 

An itemi:ed breakdown of costs is presented in Table 413. It is 
assu~ec :ha~ land costs $20,510 per hectare (S8300 per acre). It is 
further assu~ed that one operator is required. 

Reduction Benefits: BOD: 96.3 perc~nt 
SS: 88.5 percent 

Alternative A 29-VIII - This alternative provides dual media filtration 
in addition to the treatment modules of Alternative A 29-V. 

The resulting BOO waste load 1s 0.020 kg/cum (0.17 lb/1000 gal), and 
the suspended solids 1oad is 0.0062 kg/cum (0.051 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$180,280 
$ 48,490 

An itemized breakdown of costs 1s presented in Table ~34. It 1s assumed 
that land CO)tS $4100 per hectare ($1660 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits: BOD: 96.3 percent 
SS: 88.5 percent 

Altcrna:ive ~ 29-!X - This altern~:iv~ provides carbon adsorption in 
addition to tt1e treatment modules of Alternative VI. 
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Tl.BLE 432 

ITEMJZ:D COST ~L:''.'.'.f..::Y F'OR /,LTrn:;f,TJVE A29-VJ 
(FLA\'C>i-:Ji;s Al,D txrn:icTS) 
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TAClLE 433 

1TCMIZED COST su~~ARY FOR hLTERNATIVE A29-V!l 
(FLilVORWG Ar:o EXTR/l.CTS) 
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TABLE 434 

IT(MlZ[b COST su:~~~ry FOR ALT[R~ATIVE A29-VlII 
(FLAVORillG Arm EXTRACTS) 
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The re~ultinq BOD w~5te load is 0.0123 kg/cum (0.102 1~/1000 gal), and 
the susrcndcd solids loild is 0.004 k9/Cu 1:1 (0.033 lb/1000 gal). 

Costs: Total investm~nt cost: 
Total ycilrly cost: 

$207,270 
$ 61 ,610 

An it~riized bre.:ikdm·:n of costs is prl'.'sented in Table 435. Jt is assumed 
that land costs $41,000 per hectcre ($16,600 per.acre). It is further 
assuwcd that one operator is req·Jired. 

Reduction Benefits: BOD: 97.8 percent 
SS: 92.3 percent 

A cost efficiency curve is presented ;n Figure 359. 

Altern~tive A 29-X - This alternative provides carbon adsorption in 
addition t0tne treatment modules of Alternative VI!. 

The resu1t~ng BOD wast! load is 0.0123 kq/cu m (G.102 lb/lDOO cal), and 
the su:~enoe: solids load is 0.00' kg/c~·~ (0.033 lt/lC:~ gal): 

Costs: Total investmer.t cost: 
Total yearly cost: 

$2C0,(90 
s 68,640 

An iteriized breakdown of costs is presented in Table 436. It is as~u~~~ 
that land co~ts S2C,510 per hectare (516,600 par acre). It is further 
assu~~d that one operator is required. 

Reduction Benefits: BOD: 97.8 percent 
SS: 92.3 percent 

A cost efficien~y curve is presented in Figure 350. 

Alternative A 29-Xl • This elternative provides carbon adsorption in 
addition to tne treatm~nt module~ of Alternative A 29-V!II. 

The resulting BOD waste load is 0.0123 kg/cum (0.102 lb/1000 gal), ~nd 
the su~pended solids loaa is 0.00' kg/cum (0.033 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$227,390 
$ 67,880 

An itemized breakdown of co~ts is orer.cnted in Table 437. It is 
assun·ed that land costs $4100 per hectare (Sl6CIO per acre). It is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 97.8 percent 
SS: 92.3 percent 

A cost efficiency curve is presented in Figure 361. 
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TABLE 4 35 

ITC!-:! ZED co:T SUt·'.:lAP.Y FOP. /\L TERl~fi,7JVE Azg, IX 
(FLr.VORING Arm EXTRACTS) 
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TJ\CLE 436 

JTUHZED co:;T ~~~'.:':M~Y FOP. AL rtr.::r,";"JVE A29-X 
(FLK\'Or:~r:.:; A::o ~XTKACTS) 
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ITEMJZED COST su:~·'.:,oy FOR AL TEr::,'1TI\'E A29-X I 
(FLAVOP.l/:G MD EXTP.ACTS) 
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Cost ~nd l'~duction rC"ncfits of /\ltcrnvtive TrccJtment 
Technolo-;,-fr.:; f-er :uL>cu-tt:<JOry /1 3f,-c-oli1Tlon 

A model plcJnt representative of subcategory A 31 was developed ;n 
Section V for the purpose of applying control and treatment alternatives. 
In Section VII, seven alternatives were selected as being applicable 
engineering alternative$. These altern~tives provide for various levels 
of waste reductions for the model plant which produces 7.3 kk9 (8.0 ton) 
of bouillon products per day. 

It is estin:ated that the effluent from a 7.3 kkg (8.0 ton) per day plant 
is 114 cu rn (n.03 HG) per day. The BO~ waste load is 46.9 kg/~kg 
(93.B lb/ton). the suspende<" -;olids load is 3.13 kg/kkg (6.26 lb/ton), 
and the oil and grease lead ~~ 2.35 kg/kkg (4.69 lb/ton). 

~lternative A 31-1 - This alternative consists of pumping station, a 
holding tank, and spray irrigation of the raw waste effluent. 

The resulting BOD waste load is 0.0 kg/kkg (0.0 lb/ton), the suspended 
solids lead is 0.0 kg/kkg (O.O lb/ton) and the oil ard grease load is 
0.0 Kg/kkg (O.O lb/ton). 

Costs: Total investment cost: $92,030 
$10,840 Total yearly cost: 

An ite:nized breakdo1·m of cost~ is presen:ed ir Table 4~. It is 
assumed tha~ land costs $Cl00 ~er hectdre ($1660 per acre). It is 
further assurr.ed that nc- operators are required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Alternat;ve A 31-II - This alternative consists of a pumping station, a 
flow equalization tank, a complete-mix ac~ivated s~udge basin, a sludge 
thickening and vacuum filtration. 

The resuJting 800 waste ioad is 2.34 kg/kkg (4.68 lb/ton), the 
suspended solids load is 0.626 kg/kkg (1.25 lb/ton) and the oil and 
grease load is 0.626 kg/kkg (1.25 lb/ton). 

Costs: Total investment cost: $264,500 
$ 59,290 Total yearly cost: 

An itemized breakdo1m of costs is p1·esented in Table 439, It is 
assumed that l~nd costs S41,00D per hectare ($16,600 per acre). lt is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

, 335 

95.0 percent 
80. 0 percent 
73.3 percent 
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TABLE ·43s 

ITEM!ZED COST SUl·~!~/\RY FOR ALTERl:ATlVE A31-I 
{BOUILLON CUBES) 

rE~rzr~ ~~~' SLl'l'A~V ~n~ ~A5T~~~TER T~~aT~E~T '~'I" 
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L 1 • 1 SP~AY IR~IGATIC"' 
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TACLt ll39 

ITEMIZED COST Slli·~~·~i',RY FOR ALTERt:ATIVC: A31-11 
(OOUlLLOtl CUBES) 
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~lternnti~c A 31-IJJ - This alternative replaces the vacuum filtration 
of /~lternutive A 31-II ~iith sand drying !.>eds. 

The rcsu1ting_COO ~1aste: load is 2,3'1 kg/HCJ (4.68 lb/ton), the 
susrend~d sofids loud is O.£i26 l:~/kkq (l .25 lb/ton) and tile oil and 
grease load is 0.626 ~s/kl:g (1.25 lb/ton). 

Cos ts: Total inve::.tment cost: 
Total yearly cost: 

$342,090 
$ 72,940 

An itemized breakdown of costs 1s presented in Table 4~0. Jt is assumed 
that land costs $20,510 per hectare ($8300 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits: BOD: 95.0 percent 
SS: BO.O percent 

O&G: 73.3 percent 

Alterna~i~e ~ 31-JV - This alternative consists of a pumping station, a 
flow eqJa;1:at1on tan~. and an aer~:ed lagoon. 

The resulting BOD waste load is 2.34 kg/kkg (4.68 lb/ton), the suspended 
solids loac is C.C26 kg/kkg (1.25 lb/ton) and the oil and grease load 
js 0.£26 k~/O;::~ (l.25 lb/tO:i). 

Costs: Total investment cost: $157,920 
Total yearly c~st: $ 41,660 

An it~~ized breakdown of costs is ~resented in Tab1e 441. lt is 
assumed that land costs 54100 per hectare (51660 per acre). It is 
further assumed that one-half t i~11e operator is required. 

Reduction Ben~fits: BOD: 95.0 percent 
SS: 80.0 percent 

O&G: 73.3 percent 

Alternative A 31-V - This alternative provides dual media filtration in 
11ddition to thl'treatme:·1t modules of Alter:iative A 29-11. 

The resulting BOO ~!~te load is 1.09 kg/kkg (2.18 lb/ton), the suspended 
solids load is 0.313 kg/kkg (0.( · lb/ton) and the oil and grease load 
is 0.313 kg/kkg (0.626 1b/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$281 ,050 
s 64'180 

An itenized breakdown of costs 1s presented in Table 442. Jt is 
assumed t.hat land cost~ s.:;1,000 µer nectare (~16,600 per acre). It 
is further assumed that one operator is required. 
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TACLE 440 

ITU1IZED COST SW~MARY FOP. ALTERNATIVE A31- I II 
(BOU!LLOli CUBES) 
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TABLE 441 

ITEMIZE;,, COST SUMMARY FOR ALTERNATIVE A31-IV 
- (BOUILLON CUBES) 
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TABLE 442 

ITEMIZED COST SU~MARY FOR ALTERNATIVE A31-V 
(BOUILLON CUBES) 
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Reduction Benefits: 00::>: 97.6 percent 
SS: 90.0 rercent 

O&G:· 86.7 percent 

A cost effic~ncy curve i~ presented in Figure 361. 

Altcrn~tive A 31-VJ - This alternative provides dual media filtration 
in addi :ion to the treatment modules of Alternative· A 31-l II. 

The resulting COD waste load is 1.09 kg/kkg (2.18 lb/ton!, the suspended 
~olids load is 0.31~ ~g/kkg (0.626 lb/ton) and the oil and grease load 
is 0.313 kg/kkg (0.626 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$358,540 
$ 77,840 

An itemized brea~down cf costs is presented in Table 443. It is 
assu~ed that lane ccsts $20,510 ~er hectare (S2300 per acre). !tis 
furt~er assumed tha: one oper2t0r is req~ired. 

Reductic~ Benefits: BCD: 97.6 percent 
SS: 90.0 percent 

O&G: 86.7 percent 

A ccst efficiency curve is presente~ in Figure 3628~ 

Alte,..~.a~i~·e A 3~-\'I! - This ~lte?"native provides dual media filtratiori 
in ao:l1ficn to the treat.rr.e:n~ rnc,~~ies of ~lternative A 31-lV. 

Thi: resulting BOD waste load is 1.09 kg/l:kg (2.18 lb/ton). th~ susoendPd 
solids load is 0.313 kg/kkg (O.C26 lb/ton) and the oil and grease load 
is 0.313 kg/kkg (0.626 lb/ton). 

Costs: Total investment cost: $174,470 
$ 46,540 Total yearly cost: 

An ite~ized breakdown of costs is presented in Table 444. It is assumed 
that l~nd co~ts $4100 pe~ hectare ($1660 pe~ acre). tt is further 
i\Ssumed that c;..ie-half time operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

97. 6 percent 
90.0 percent 
86.7 percent 

A cost effici•·ncy curve is presented in Fi91Jre 363. 

A model plant rt>preser1tative of subcatPgory A 32 was developed in 
Section V for the purpose of appiying control and treatment alter
natives. Jn Sectio~ V!J, five alternatives were selected as being 

1343 



OR!.FT 

TABlE 443 

IltMlE.D COST SUM!W~Y FOR AL 1ERl\A"t 1VE A31 ·Vl 
(BOIJ!LLO:; CU81::S) 
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TABLE 444 

ITEMIZED COST sur.~:'i.A.RY FOR AL rtn:;AiJVE A31-Y I! 
(COU I LLDl'I CUB ES) 
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applic~Lle engineering altern~tives These alternatives provide for 
various levels of waste reductions for the modci plant which produces 
either 91 kkg (100 ton) of solid creamer per day. 

It is e~tin1a~d t~ilt the effluent from a 91 kkg (10~ ton) per day plilnt 
is 64.3 cum (0.017 MG) per day. The BOD waste load is 0.78 kg/kkg 
(1.56 lb/ton), the suspended sclids load is 0.312 kg/kkg (0.624 lti/ton), 
and the oil and grease load is 0.184 kg/kkg (0.369 lb/ton). 

Alt~r~ative t 3'-: - This alternative consists of a purnoing station. a 
holding tank and spray irrigation of the raw waste effluent. 

The resulting OCD waste load is 0.0 kg/kkg (0.0 lb/ton). the suspended 
solids load is 0.0 kg/kkg (O.O lb/ton) and the oil a~d grease load is 
0.0 kg/kkg (O.O lb/ton). 

Costs: Total investment cost: $58.360 
$13,830 Total yearly cost: 

An iter:ized ~ri:!a~.co1-m of cos:s is presented in Table 445. It is assumed 
that lane costs $~100 per hectare ($1660 per acre). It is fllrth~r 
assu~ed that one-half time ~rerator is required. 

Reduction Be11efits: 600: 
SS: 

O&G: 

100 percerit 
100 percent 
100 percent 

Alterr.ative A 32-II - Thi~ alt~rnative consists of a pumping station, 
flow ~qualiza:ion, dissolved air flotation, nutrient addition, a 
complete-mix activated sludge basin, a slJdge thickening, and a sludge 
holding tank. 

The resulting BOD waste load is 0.025 kg/kkg (0.050 lb/ton), the 
suspended solids load is 0.071 kg/kkg (0.142 lb/ton) and the oil and 
grease load is 0.0425 kg/kkg (0.085 lb/ton). 

Costs: Total investment cost: $157,360 
s 40,610 Tot~l yearly cost: 

An iterr.ized breakdown of costs is presented in Table 446. It is 
assumed that land costs $41 ,000 p~r hectare ($16,600 per acre). It is 
further assumed that one operator is required. 

Reductien Benefits: BOD: 
SS: 

O&G: 

96.8 percent 
77.2 percent 
77 .4 percent 

Alternative~ 32-I!I - This alt~rnative con~ists of a pumping station, 
a flow equalizatlon tank, nutrient addition and an aerated lagoon. 
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TACLE 445 

ITE'r:!ZEO COST ~:;1:~-W~Y FOR f,;_ TE~~!ATlVE A32-I 
(flOfl-DJ..IRY CREAMER) 
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":!Cl2C.CC 
Sbf-1',CO 
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TAeLr 446 

1TD11Z£D COSi S~.'-'.'·l,!l.f\Y FOR /1L TEIH~AT!VE A3Z-1 I 
(NON-DAIRY CREAMER) 
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The resulting BOD ~1aste load is 0.025 kg/Hg (0.050 lb/ton), the suspended 
solids load is 0,071 kg/k~g (0.142 lb/ton) and the oil and grease load 
fs 0.0~25 kg/~l:g (0.085 lb/ton). 

Costs: Total investnent cost: $148,790 
Total yearly cost: $ 42,380 

An itemized bredkdown of costs is oresented in Table G47. It is 
assumed that land costs $4100 per hectare ($1650 per ~ere). It is 
further assumed that one operator is required. 

Reduction Benefits: BOD: 96.B percent 
SS: 77.2 percent 

O&G: 77.4 percent 

Alternative A 32-IV - This alternative provides dual media filtration 
in addition to the treatment modules of Alternative A 32-II. 

The resu1tin~ BOC waste load is 0.0106 kg/kkg (0.0212 lb/ton), the 
suspended solids load is O.OlC2 k~/kkg (0.028~ lb/ton) and tho. ~i1 ar.d 
grease load is 0.0142 ~g/kkg (C.S28C lb/ton). 

Costs: ~otal investment cost: $183,100 
$ 47,270 TotJl yearly cost: 

An itemized breakdown of costs is preser.ted in Table 448. It is assumed 
that la~d costs $41,000 per hectare (Sl6,600 per acre). It is further 
assumed that one operator is required. 

Reduction Benefits: BOD: 98.6 percent 
SS: 95.5 percent 

O&G: 9Z.5 percent 

A cost efficiency curve is presented in Figure 354. 

Alternative A 32-V - This a~ternative provides dual media filtration 
;n addition to the treatment modules of .Alternative A 32-IIL 

The resulting BOD waste load is 0.0106 kg/kkg (0.0212 1b/ton), the 
suspended solids load is 0.0142 kg/kkg (0.0284 lb/ton) and the oil 
and grease load is 0.0142 kg/kkg (0.0284 lb/ton). 

Costs:< Total investment cost: $164.220 
$ 46,960 Total yearly cost: 

An itemized breakdown of costs is presented in Table 449. It is 
assumed that land costs S4100 per hectare ($1660 per acre). It is 
further assumed that one ~perator i~ required. 

Reduction Benefits: BOD: 
SS: 

O&G: 
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98.6 percent 
95.5 percent 
92.5 percent 
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TACLE 447 

IT!MIZED COST su;~Ml\RY FOR /\LTE~llf1TlVE A32-III 
(NON-D~IRY CREAMER) 
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TABLE 448 

ITEMIZED COST sur::.1ARY FOR f..LTCRllATIVE fl.32-IV 
. (NO"-DAlRY CREAMER) 
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TABLE 449 

ITEMlZED COST su:'i~·lARY FOR ALTEnNATIVE A32-V 
(NOl~-OAIRY CREAl·:ERJ 
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A cost efficiency curve is presented in Figure 36~. 

Cost and Redue-tio~ r.cn~fits of Alternative Treat~nt 
Technolooii::; f.:;r Subcatt~ory :, 33- Yeast 

A model plant representative er subcatego~y A 33 was developed in 
Section V for the purpose of apply control and treatment alternatives. 
In Section VII, twenty alternatives were selected as being applicable 
engineer•ng a1 t?rnatives. These alternatives provide for various levels 
of waste reaucticns for the model pl~nt which produces 62 kkg (90.4 ton~) 
of yeast Per day. 

Alternative ~ ~3~I - This alternative assume~ no treatment and no re
duction in tne 1,1as:e load. It is estim:ited that the effluent from a 
82 kkg (90.~ to~) per day pldnt is 265C cum (0.70 MG) per cay. The 
BOD waste load is 20~ kg/kkg (407 lb/ton). and the suspended solids 
load is 6C kg/kkg (120 lb/ten). 

The s~d~l cl~nt Dssu~es se~·eg~tion ~~ proce~s water from ~torm, coolinc. 
and o:ner nor-ccn:ac: water ci'schar9e~. Third se~aration s~ent beer -
is· assurr:ed to be reused as second sepa.·ation wash ~•ater. 

Costs: O 
Reduction Benefits: None 

Altern2tive A 33-ll - This alternative provides a con~rol house, flo~ 
equa1iza:;or., nutrient addition, ar.j an aercted lagoon syste~. 

The resulting B~D waste lead is 3.23 kg/kkg (6.46 lb/ton), and the 
suspended solids load is 1.62 kg/kkg (3.24 lb/ton). 

Costs: Total investment cost: $3,031,SlO 
Sl.802,880 Total yearly cost: 

An ite~ized breakdown of costs is presented In Table 450. It is 
ac;sur.:ed that land costs SGlOO per hectare ($1660 per acre). It is 
further assumed that two operatc:rs are required. 

Reduction Benefits; BOD: 
SS: 

98. 4 percent 
97 . 3 percent 

Alternative A 33-III - This alternative provides in addition to Alter
native A 33-11 duai medi:i filtration. 

The resulting SOD waste load is 1.62 kg/kkg (3.24 lb/~on), and the 
suspen~ed solids load is 0.81 kg/kkg (1.6 lb/ton}. 

Costs: Total investment cost: 
Total yearly cost: 
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$3,077 ,380 
$1,813.590 
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TABLE 450 

IT&. I ZED COST SUMMA!'.'( FOP. AL TEP.NATIVE A33· fl 
(YEAST) 
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An itemized brc~~jow~ of co:ts i~ µrc~cntcd in Table ~51. It is 
assumed that land custs S~lOC per hectare ($16GO per acre). It is 
further assumed that two O?erators are requ1red, 

..Reduction ~cncfits: COD: 
SS: 

99.2 percent 
98,7 percent 

Alterna~~ve A 33-lV - This altern~tive provides in addition to Alter
~ativ~ A 33-:Ii ~:tivated carbon adsorption. 

The resultir.5 ECO waste load is o.e~ kg/kkg (1.6 lb/ton), and the 
suspende~ solids load is O.~O ks/kkg (0.80 lb/ton). 

Costs: T:::ital investment ccst: $3,695,700 
$1,913,920 Total yearly cost: 

Ari item1zed breakdo1·m of ccsts is presented in Table 452. lt is 
assu!"",ed trit!!: i~~c c.osts :~100 per recta,..e ($1660 per acre). It is 
further assuned that two cperators ar~ required. 

Redultion Benefits: BOD: 
SS: 

99.6 perce'1t 
99.3 percent 

A cost ef&i:iency curve is nrestnted ~n Figure 356. 

Altern.:i:i'ie A 33-'J - This alternative provides a control house, flow 
equa:":a:1Qr, prn.ary clari'.'ica:io·1, r:utrient addi".:ion, a conpiete-mix 
activ~tsj sludge syste~, sluage thickening aerobic digestion, and 
vacuum filtration. 

The resultina SOD waste load is 3.23 kg/kkg (6.46 1b/ton), and the 
suspended solids load is 1.62 kg/kkg {3.24 1b/ton), 

Costs: Tota1 invest1~ent cost: $2 .263.380 
s 686,240 Total yearly cost: 

An itemized breakdown of costs is presented in Table 453. It is assumed 
that land costs 541,0DO per hectare ($16,600 per acre). It is further 
assumed that three operators are required. 

Reduction Benefits: BOD: 
SS: 

98.4 percent 
97.3 percent 

Alternative A 33-VI - This alternJtive provide~ in addition to Alter
native A 33-V dual media fi 1 tration. 

The resulting BOD wast~ load is 1.62 ~g/kkg (2.24 lb/ton), and the 
suspended solids load is 0.51 kg/Hg (l.6 l'J/ton). 

Costs: iotill in;·estment cost: 
Total yearly ccst: 

$2,308,260 
s 696,940 
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TABLE 451 

11'n:IZED COST SUi·~;~AP.Y FOP. J\L TERNATIVE A33-I I I 
(YEAST) 

IT~~!ZED crsT ~L~~ARY FrP ~6~,~~ATE~ T~E6~~E~T C~•!~ 
CE$IG~ ~;~!CIE~~Y.,, ~c;.2 PE~CE"T e:~ ~ECL:11c~ 

TrfLT~E~T ~c~~~::, 

e1 •• c~,T~Cl ~(LS~ 
~ ••• ~uv?I~l- ~TATIC~ 
c ••• ECLAL!Z!T:c~ &A5I~ 
I- , , , ~, 1 i P ~ G i:' ~ A i. t ! T ! C " 
!,,.P~l~~M~~~5 'OL:TIC~ 
l,,,4E~ATE~ L!~CC~ 

~ •• ,OLAL ~~:!& P~ESSL~E FIL1~,,~ 

I~V~S~vE~T ::5T~1 

1 o tr I.ST i; LC i ! ( ~ 
2 o L H.~ 
3. HGi"-[~:::11.r. 
£i. cr1.T~"rE,c• 
!:. ~·vc LI~E~ 
TCT AL 

YELRLY CPE~LTI~G CCST~r 

2'1!-c;Ho. CO 
2£i7ll0,CCI 

Zuelfec.o~ 
c~t~so.oo 

BSCf?r>,!\O 
30773eo.oo 

1. LAP~~ 2~qqo.oo 
2. Pr~ER 12B3170,00 
l. C~E~ICALS 1057~0.00 
~. ~-r~rE~A~CE8SLPPLIES 1230~0.0~ 
s. ~vc LI~ER ~oo.oo 
TCTAL 15378bO,OO 

?CTAL YEARLY CCSTSt 
11 Yf~RLY CPERATI~G CC~T1S37860,00 
2, YEA~LY l~V~fT~~~T 

CC~T RECC~E"Y 123100,00 
!, CE?~EC!tTIC" 152b30,00 
TCi~~ l8l3Sqc,o~ 



DRAFT 

TAClLE 452 
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TAELE 453 
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An jtemized breakdown of costs 1~ presented in Table 454. It is 
assu~~d that 1.:ind ccsts S~l,000 per hectare ($16,600 per acre). It is 
further Jssu~d that three ope1·.:itor·s are required, 

Reduction Benefits: BOO: 
SS: 

99.2 percent 
98.7 percent 

Alternativ~ A 33-'.'II - This alternative provides in addition to Alter
native A J3-Vl activatea carbon adsorption. 

The resulting BO~ waste load is 0.81 kg/Hg (1.62 lb/ton), and the 
suspended solids load is 0.40 kg/kkg (0.80 lb/ton). 

Costs: Tota1 investment cost: 
Total yearly cost: 

$2,926,58r'I 
$ 797 .2~ J 

An itemized breakdo~:n of costs is presented in Table 455. It is 
assumed that land costs $41,000 per hectare ($16,600 per ac-e). It 
is further ass~~ed u·,at three operators are required 

Reduction Benefits: BOD: 99.6 percent 
SS: 99.3 percent 

A cost eff~ciency curve is presented in 'igure 367. 

Alternative A 33-V.II - This alternative replaces vacuum filtration in 
Alternative h 33-V with spray irrigation of sludge. 

The result~ng 800 waste load is 3.23 kg/kkg (6.46 lb/ton), and the 
su~pended solids load is l.62 kg/kkg (3.24 lb/ton). 

Costs: Total investment cost: 
Total yearly_cost: 

$2.608,540 
s 771 ,590 

An itemized breakdown of costs is presented in Table 456. Jt fs 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that three operators are required. 

Reduction Benefits: BOD: 98.4 percent 
SS: 97.3 percent 

Alternative A ~3-tX - This ;11ternative provides in addition to Alter
native A 33-VIII dual r.iedid filtration. 

The re~u-,ting SOD waste load is 1.62 kg/kkg (3.24 lb/ton), and the 
suspended solids load is 0.31 kg/kkg (1 .60 lb/ton). 

Costs: Tota: investment cost: 
TotPl yearly cost: 

13G4 
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$2,654,390 
$ 782 ,300 
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An itc;nized brc.:il:dorm of costs is presented in Table 457. It is assu1ne:d 
that 1.:ind costs ~410~ per hect~re (SlGGu rer acre). It is further 
assu~~J th~t thre~ operators .:ire required. 

Reduction Benefits: 000: 
SS: 

99.2 percent 
98, 7 percent 

Alternative k 33-X - This alternotive prov~des in addition to Alter
n~tive ;; 3.;,-1x activatec ceirbo11 a.:!sorpt~on. 

The resliltin; BC~ .,.,aste load is ::.1'1 kg/kkg (1.6 lb/ton), and the 
susp~r.:;eo so1ics lt;,!ld is 0.40 1.:y::-.i<s (0.80 lb/ton). 

Costs: Total ir.vestment cost: $3,272,i"lO 
S 882 ,6W Total yearly cost: 

An ite~~ze~ L~ea~down of costs is presented in Table 458. It is 
assu~e~ :na: l~nc costs sc1c: per hectare (~1660 per acre). It is 
fur~r.e~ 2ssJ~ec ~hat three cpe~ators a~e required. 

Reduction Benefits: BDD: 
SS: 

99. 6 percent 
99. 3 percent 

A cost effi:ien:y curve is presented in Figure 36E. 

Alterr.a:ive ; 33-XI - This alternative provides a control house, m~lt4-
effe:: evapora:ion cf high s:~ength waste with all necessary feed and 
by-pro::i~;st storage a:ic pt;mpir.s, flow equalization, nutrient addi:ion, 
and ar aeratej lacoon c.stern to treat evaporator condensate and al1 
other low strength wastes. 

The resulting BOD waste load is 3.23 kg/kkg l6.46 lb/ton), and the 
suspended solids load is 1.62 kg/kkg (3.24 lb/ton). 

Costs: Total investment cost: $3.925,790 
$1,311. 960 Total yearly cost: 

An iter.iized breakdown of costs is presented in Table 459. It is 
assumed that land CO!ts $4100 oer hectare ($1660 per acre). It is 
further assumed that six operators are required. 

In addition to the segregation of process water and the reuse of third 
separaticn beer, it is assum~d that e\3~o~ation treats 50 percent of 
total plant flow (spent bee~) containin~ 75 percent of the BOD and 
susp~njed solid~. Evaporator removal effici~ncy is 90 percent of the 
BOD and ~9 percent of the suspended solicis in spent beer. Jt is recog
nized that evaporation may requir~ additional boiler and cooliny capacity 
~ot reflected in the costs presented. 

Reductio~ Benefits: BOD: 
SS: 

13()9 
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98. 4 percent 
97. 3 percent 
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TABLE 45g 

ITEMIZED COST SUl'.'·iARY FOR ALTEl1NllTIVE A33-XI 
(Y£1\ST) 
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Altern~tive A 33-XlI - This alternative prcvides in addition to Alter
native""lf3"j:'X1 du~l ~cd;a filtration. 

The resulting COD waste load is 1.62 kg/kkg (3.24 lb/ton). and the 
suspended solids 1oad is 0.81 kg/kkg (1.G? lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$3.971 ,660 
$1,322.680 

An itemized breakdown of costs is presented i~ Table 460. It is 
assumed that land costs $4100 per hectare ($1650 per acre). It is 
further assumed that six operators are required. 

Reduction Benefits: BOO: 99.2 percent 
SS: 98.7 percent 

Alternative A 33-XIII - This alternative provides in adaition to Alter
native k 3~-Xil activated carbon adsorption. 

The resulting BOD waste ioad is 0.81 kg/kkg (l.62 lb/ton), and the 
suspencec so1ids load is 0.40 kg/kkg (0.80 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$4,589,990 
$1,423,0flC 

An itemized breakcown of co~ts is ;>resented ·;,, 7dbi~ 461. It is assumed 
that land costs S4100 per hectare ($1660 per acre). !! is further 
assumed tnat six op~rators are required. 

Reduction Renefits: BOO: 99.6 percent 
SS: 99.3 percent 

A cost efficiency curve is presented in Figure 369. 

Alternative A 33-X!V • Th1s alternative replaces the aerated lagoon 
system in Alternative A 33-XI with primary clarification, a complete
mix activated sludg~ s~stem, sludge thickening, aerobic digestion. and 
vacuum filtration. 

The resulting BOD waste load is 3.23 kg/kkg (6.46 lb/ton), and the 
suspended solids load is 1.62 ks/kkg (3.24 lb/ton). 

Costs: Total 1nvestment cost: 
Total yearly cost: 

S4. 173,520 
Sl,162.480 

An itemized breakdwon of costs is presented in Table 462. It 1s 
assumed thtlt land costs $41,000 per tlL·ctare (Sl6,GOO per acre). It 
is further assur,ied that six operator~ are required. 

Reduction Benefit5: BOD: 
SS: 

1J74 
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98.4 percent 
97.3 percent 
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TABLE 460 

ITEJ.iIZE:J COST SUl·i·:Ar.Y FGR /;LTLnflATlVE f..33-Xll 
{YEAST) 

I'~µy7~~ crsT SL~~L~V r~: ~t57Fot1E~ lREAT~fft.T C~AJ"' 
0 ES I.'.:'· r ;: F : : l t "I.' 't , , • c; q, 2 ,. r= ~CE r. T E' CI) i; t. r; LC T IC" 

T PE AT' p. T 1•. CCU I € ~ : 
e1 •• ~~,T~rL i-CLSf 
"·· ,;..~-L~.j"~(, ~f.1'-i< 
!!,.,"·;">!'..'; ~T!'T!Cf\ 
V • , • ~ r ·. L ~ T r, [. i .: ' .kl'. 

e,.,Pl'"""!'·C: :TLiT[\ 
F1,,''l;~~;,;:,.: t••ECT EvA~CiiAT(I< 
r,.,E~LALr2t7J~\ ~A5l\ 
~ ••• ~JT·;~GF~ t~~:T!C' 
l • • , ~ .... r ~ : • ,. ; ·~ ~ A ·~ ~ ; T : : '\ 
L ••• ~~:::,1f• LlC~~' 

" , •• r~ LJ A L " ~ ~ l A ;:: ;.; c s ::; 1. ;. E • I L T g • • " 

J"Vf5•u[1.,~ ;=s~~I 

1. rc"ST~LCT!C~ 
2, !,. A Pl. t' 
.l, F'-Gl',Er:::p .. c. 
"• CC"l:1t.GEl\CY 
S, PVC L.Jft.Eg 
TC.:l AL. 

VE~~LY ~PE~~TJ\G c:~TSt 
I I U!=C"f 
2 1 PC':11E~ 
3, Ci-UJC:6LS 
U1 ~AI~T~f\L~rER~L~PLJE~ 
S, PVC U\E• 
1CT•L 

'C,AL VEA~LY CCST5: 

3?bfl"C:0,CO 
1.?q10.co 

3cbf\SO,~O 
32tieso.oo 
lbse-o.oo 

3'1716b0.00 

7U'70,00 
'7771,0.00 

1"810,0{1 
7'~~0.0~ 

lbflC,00 
'H15870 1 00 

t. Y~6PLY [:I~~~·=·~ C:C~l lll•':P.10,00 
Co \! ;,~'l.V :• \fC••·.:f\T 

rC~T L..'~~r•,r,., 

l , r f F' "- f C I ' ~ l :: ' 
TCT&L 
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1q?ir,uo.oo 
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TAl3LE 461 

ITEMIZED COS"l" SUl·::·iMY FOR f1LTrnr:ATIVE A33-XIJI 
{YEAST} 

JTr~!z~~ re ST SL~~t~v ~c~ k£~Tf•tTf~ i~EtT~f,T Ct-AI"' 
r. f s l c '· ~ F' f" !C ll: '· c. y • • • "0 • e Ft - r. fr T ~ c. c i..: t C' Lff i I c' 
r:;: l 'l'"!'"' T 1·r~·L·L.F s I 

0 1 , , r r . ., i ~ ~· L .. !: L sf 
v , •• ~ r 1. L 1 ~. •• T ~ 1. ,, 
P,,,PL~~J~G ~TtT!(~ 
Y., • ,.L L~:}".f-. lt.'\" 
~ ••• '-'l.""T'G <:16;1r1, 
Fl,.~llli,..lf Uqti h.tir(;;AiCe> 
C • , • r 1; l Ii l J Z A ~ ~ C r, E L. S l "-
,. , , , ~ ! T H l ;. f '· : C i'. ! T i L ~ 
I , • , i: ~ C ~;. ~ r· ~ L ~ :. :JC. I i I C" 
i • , • ;. ! i. .;, ~ i: t' L ' :: Cr ~. 
r, ••. r : , L ,. ~ r r :. ~ = ~ ~ ~ 1 • ..: E i:: ~ L. Tr; A ' ,., 
2' ••• 'c TI II AT~... r"' :· l' :~ • .. : • '.' r. ·, : { . 

Ir. ... u~· r"'1 r.~~H: 

1 • C C 1' S T r: 1. r T ! C: i• 
i • 1. "'· r 
3, t:"'l.J•,i::1:.i.J~G 
" • c r r, T p. G r r, c " 
~. FVi 1.l"Fk 
TCTAL 

CP~P•Tl'G CC~T~: 
1, i.H-r.i; 
l, ~CiofD 

3 • c 1- r ,. H "L. s 

37t'3Ho,oo 
lcQ10,CJO 

370eo,oo 
3783@0,00 
3&Se:o.no 

&l~l'ta!l~C • 00 

u , ~· t I ._ T ~ 1 i ' r ~ P S ;~ ; PL ! E S 
~. f'\.C. Ll'-c" 

7"'170,00 
7Q11s30,oo 
l"PSo.oo 

11\"5~0.0tl 
Sef!O,On 

SCH':~O,l'IC 
TC Ti\ I, 

TC T " 1 " r- A ;; l '< r c ~: H ~· 

1 • " F ~ :. L v 1 ~ l -· " " i ' r. c '-·· s r 1 ci 1 o s i: o • o " 
'l • '( I.' ' c L " ; • I I !-- 't •· ~ ' , 

r:t ... , .. ~c·.~~, 1~.!~00.00 
~. l'"rLift.:I~T]1', i'Ze"'~0.00 
T~1 'L iunocC1.oo 

1 Ji'i' 

775W 75= 'fifty~-
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TABLE 462 

ITEMIZED COST SU!'iMARV FOR AL nrrnr\TIVE A33-XIV 
(YEAST) 

fTE~!ZE~ crST SL~~~~y FC~ W6STf~bT~R T~E•T~E~T C~A?~ 
DESlG~ E~FICIE~C'••• q,,u ~E~CE~T DCD ~EC~C1IC" 

TR Fl. T "'F ~. T ""CC l LC S : 
P. 1 • , C l '- T Q t' L -1- C L SE 
e,,,P~~~t~~ STA1!C~ 
v ••• ~rLCI~G TA"K 
6,,,PCYPJ~G STtT~C~ 
,. • , , HULL! 1,r; T J.hK 

F1,,t'Ul Hr:L~ EFFECT E\'APCl<ATCR 
C,,,F~L•LlZ'TlCh SASI~ 
E •• ,Cl.A~11='!EJ; 
~.,,,lT~CGE~ ~CCIT!C" 
J,,,P~c5~~rRLS ~~CITIC" 
~,,,4CTI~ATE~ !L~~G~ 
C,,,SLLCf.E T~IC~E~~R 
"•••AECLPJC ClGE~TCD 
!,,,VLCL~M FILT~6iIC~ 
Y,,,~~LCl~G TA~K 

J~VESTuE"T CCST!1 
l. CC:._STQL.CT:C:~ 
2, LAl'-CI 
J, E~G,i..·Hl:'IH.'G 
"• CC:l'-Tl~CE"C"' 
TCH~ 

Yf APLY r.PERATI~G crSTSI 
~. LAP.C'R 
2. s:c; .. c:~ 
l, Clolf'."4(C6LS 
U, ~Al~TE"•~r.E~~LPDL?ES 
TCTAL 

TC~LL vEARLY CC~TSt 

ll.ll73SO,OO 
1JU10.oo 

l4137JO,OO 
34''3730,CO 

"173eizo.co 

,.,.,0.01'1 
60!~QO,OO 

32730,00 
7cr-H.eie 

?!9300,00 

I, YfA~LY CPfQA'I•G CCST 7P~3C0,00 
2, YEA~LY J\~~E~•·r~T 

crFT ~Ec~~f~v 16~quo,oo 
J, err~FCJATZr~ 2co2~0.oo 
TCTAL l1c2~!0,00 
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Altcrnativ~ A 33-XV - This illt0rnJtiv~ nrovidcs in Jddition to 
i\ltF"rriJt(•,;i.7" A-3·3-~XfV duJ 1 mcdi a fi 1 tril ti on. 

Tha rl:!s;,ltin~OO ~liHte load is 1.62 l:g/ld:9 (3.24 1b/ton}, and the 
s~spendcd solids lo~d is O.Dl kg/~lg (l.62 lb/ton), 

Costs: Tctal investment cost: 
Total yaarly cost: 

$11,21_9,500 
$1,173,190 

An Her.:·;zed breal:down of costs ~s presented in Table 463. It 1s assurnt:d 
that lJnd costs S41,000 per 11ect.:m: ($1£,GOO per acre). It is further 
assu1i1ed that si.r. operators are required, 

Reduction Benefits: BOD: 99.2 p~rcent 
SS: 98.7 percent 

Alte~n~:ive A ~3-XVY - This alternative provides in addition to Alter
nativex·: activ<lct:C carLcn adsorption. 

The resultin~ rec wilste lo~d is 0.61 ~g/kkg (1.6 lb/ton), and the 
suspc~ae~ ~olias 1oad is 0.4G kg/Lkg (S.CC lt/ton). 

Costs: Total inveHmer.t cost: 
Total yearly cc:st: 

$4,837,810 
$1,273,5?.0 

An ite~~zed brea~down of costs is prese~ted in Table 464. It is 
assv~ed that land costs $41,000 per he~:are ($16,600 per acre). lt 
is further C?~sur:,eo tha~ six operators are required. 

Reduction Benefits: BOD: 99.6 percent 
SS: 99.3 percent 

A cost efficiency curve is presented in Fig~re 370. 

Alternative A 33-XVIl - This alternative rep1aces vacuum filtration 
Tn Alternative A 3~-XlV with spray irrigation of s1udge. 

The resulting DOD waste load is 3.Z3 kg/kkg (6.46 lb/ton), and the 
suspended solids load is 1.62 kg/kkg (~.24 lb/ton). 

Costs: Total investment cost: 
Total y~arly cost: 

$4, 199, 160 
s1.14i,o4o 

An itemized breakdown of costs is pre~ented in Table 465. Jt is 
~ssurned that land costs $4100 per hP::3·~ (S166D per ~ere). It is 
furthrr a!.~u~;cd that six operator?; ill"(· rr~uired. 

Reduction Benefits: f:~[): 98.4 percent 
SS: 97.3 percent 
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TABLE 463 

ITEMlZED COST $L'Mi·1M~Y FOP. J\L TERllt.TIVE A33-XV 
(YEAST) 

I,E~IZF~ cc~, SLM"'6~v Fe~ ~AST!~t1!q T~~AT~E~T c~Ar~ 
~E~I~~ ~~~:c:~~~'··· ~G.2 PE~c~~, ~cc ~Ec~r11c~ 

P1 •• cc~TRCL ~rL~~ 
r, .. P~~~r~~ STtTYC~ 
v ...... ru·1:-.:r. 'TA~"' 
e , •• c 1 •. "' F I r. r; ~ , t 'T ~ r ~ 
'r., ,MCLC!• ~ i: ... w 
~ 1 • , '°' l' L 'T ! cl ~ E ~ F E C 'T E \ AP~ ,;i Ai:: R 
r ••• E~L'~~ZL~:r~ FLSJ~ 
E,. .~L·P•!~!~r: 
~ ••• ~11~rG~~ ~:C!~!C"
I,,,g~C~P~~~~~ •~CITIC~ 

~.,,ACTivLT•C ~L' ~GE 
~ ••• ~LLCG~ ~~lC"'E'~~ 
~ ••• &E~~=l~ c:~:~1rq 
s ••• v~c~~~ F!.,~~11c11. 
Y,,.~LLtl~~ ,,,~ 

~ ••• ~UAL "E~IA ~QESS~RE ~ILTCA 1 ~ 

1~vrs1~E"'T crs1sr 
l • C C ~; S T I< li C T 1 C 11. 

2. L.Af\D 
1 • n· G 1 NEE ~ I l. G 
£1, CC~Till.GO.C'Y 
TCUL 

YE 4 RI. V C P t c AT l Pl. G C CST~ I 
1 1 LUH)ft 
2. !IC1'F.." 
l , C.., €. 14 ! r: AL S 
u. 1•ap:'T~".A"-rf.f..~LµC1LIU! 

HTAL. 

c:c:::i~, 
1. v~A~l'Y r:_.~·t~:~.r: c::sl 
'• 'YC:Al<t't' !'\r~,.E~~ 

tC!T ~Hr\c•v 
l • r, F. ~ 9 E' C I j : l r_ " 
TC HI. 
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3"75~70,t'C 
liHlO.OO 

l"7'560tCO 
3£i7'$6C. (';0 

11zs1;soc.cc 

7&1cncs.eo 
6luquo.t't~ 

327H,OO 
1121.10. ~r. 
7QS~eo.co 

tt.ri1eo.oo 
2oei;30,oo 
i11Jic~o.oo 
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TACL( 464 

ITEf.:IZED COSi SUi·::WlY FOP. ALTER:\ATIVE A33-XVI 
(YEASi) 

!TE'"'!ZU: cr:51' H"'t APY FLP. "t.STF'~H~~ Tl<EATl'E"t..1' C~•I11. 
CES:~~ fFrr:!~"C~ ••• oo,b F~~c~~,. ~en ~fr~CT!CI\ 

T ii~ A T ~· E'" T •·: r: l. L I: 5 : 
P.1 •• cc~ H·rL 1--cL~s:: 

e, •• ou~~l~~ ST6TIC~ 
Y, .. l-lt.Lr!l\f. THI< 
,: , • , ~ ;, •· ~ ! • r; S 'T 6 'T IC" 
Y,., .. CL:"::~:: ~A'.K 

F1,.''i..L~l"':.~ n·F~CT EYAP[;;Al:::" 
C.,,~~l.A~l~'T!CI\ ~ASI~ 
E 11 .CLA"'yc:-~:i; 

~ .•• ~r,~c~~t 6~r!TI:" 
I,,,P~~~~~r•L~ ·~rITlC~ 

~ ••• •C'Jv,~rr ~LLnGE 
r., 0 ,SL LLG" ~o-:("Ki:"l'..E;; 

F,.,£f!;:~rc c:~ESTC~ 
s •• ,vtCL~~ ~l~'T!;ATIC~ 

Y,.,wL:..Cl'-G 'THI'. 
~ ••• r L wEc!~ ~~E~s~~E FlLT~•·~ 
z t O O l C ,. j V ~ 'ft ~ ['. f\ i; ~ ( ~ II r: ;, c (.; ,,1 j , ~I. 

%NVEST~E~T CCSTS1 
l. rci.SUt.;CT!C" 
2. 1.AllD 
3, EllGJ~EE"l'"G 
4. CP·'I~Glt.~Y 
'CTAL. 

C~i;;ATlt\G CCS,.S1 
\, Lasrq 
2. ~r.1o.c-1.1 

3, C1oF .. 1i:AL~ 
~. ~•J~'TC:-"d"Cf~~LP"L!E~ 
TCPL 

T:~~L ~F~~LY CCSl~I 

HcaOt'llO.~O 
"'~10,0(1 

:n,.oeo.oo 
30Qoeo.o~ 

cieJ7eso.rio 

1uo1~.on 

~12320,Gtl 
H7H,OO 

i~csuCl,Cln 

Pu~St:0.00 

1, YfA~L' fP~;Aif~G CC~l ~uCSbO,C(I 
l, YtA~LY I~~~~~~F~T 

ccsT ~tcr~r~~ t~!sto.oo 
!, t~P~~r1.,1r~ ?~qu~~.oo 

T~T•L 1273~20.eo 
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TACLE 46~ 

ITEMIZED COST 5U:·%"'P.Y FOR ALTERlll·.TIVE A3'.l-XV lJ 
. (YEAST) 

1 T f ~ ! 7 ~ ~ C " ~ , 5 l . ., "' A "' V f: l.' C \• t. S 'T E' • t i t Ii T P E /. i " E " ,. C ._ t. J 1, 

CESlG' lFVIClt•c'··· ~~.~ FLDC~", 2 c: ~LC~rTIC" 

Pl •• ~C~t:..:L I-Cl~~ 
E! 1 , , P Li., I" J ' r, ~ i t T ! C I, 
v ...... C·Lrr1.r. "''·" 
~ ••• ~uvP!\~ S~Li!C~ 

Y.,.~OL~T~~ TA~~ 

F1, • .,LLTI~~£ ~~~c:' EvLPCQJ.T~~ 

C , • • E G L. A l l 7 .i. T ~ : '. F: t. S I ~. 
E, •• (LLl.!C~fC. 
1-.,.~lT~~~~~ t.~:IT!C' 

l,,,P•~~~M~~L~ t.C~:1J[' 

w,,.~rT:~,,~~ ~I.~~~~ 

I"\E~HE~T CCSHt 

r. ••• ~1.UP ~"'It"':'~~ 
R,,.•c~:~!c t!~ESi[R 

"•••1-'r'Lr:·.r, 'T1.•1e 

l ••• s~~·· r~•Tr.t,.IC" 

l. CC'"-~,Dl.CTtC~ 
l1 L.H•C' 
J, fll.t.?• 1FfPP1G 
" I cc~."!' I "'c F. II. c y 
lC TAI. 

CP£1H1l"-C er!"~~ 

. '· '"'"'"9 1. Pri.ri. 
l, Ct- 1 ... HALS 
&I 1 •• 4 i •; ,. ~ ' I •. C ~ ~ ~ l ~· D L ~ F S 
Tl UL 

,~,AL VEA~LV ccs~!I 

l"500i!C,00 
5Q1'1f.,C.(\ 

J,.!oao,co 
J~l!C00,(10 

uqc;uc.oo 

'"nn.oo 
b~l3t0.0CI 
?ll70,0C 
t-~112c.ro~ 

hHH.CCl 

1, "E"s;l v p>~D6l~' ~· Ul'T 7Hn7c-,o~ 
?, 'fAl.;L\ l'-\r~1wt• T 

rc~1 ~Frc~~~~ 1~?q1~.~n 

l. CtP~~tI•'lr' ?07COC,O~ 
TrTAL 11u1~u~.co 
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Alt~rn~tivc A 33-XVlll - ihis altcrnutive provides in eddition to 
Alternative: /1 :i::;-xvil dual mcdiil fil i:rntion. 

Th~ resultin~ GOD wa~t~ load is 1.62 ~g/~~g (3.24 lb/ton), and the 
susp~nded solids lo~d is 0.81 kg/~kg (l.62 lb/ton}. 

Costs: Total investment cost~ S4,245,020 
Total yearly cost: $1,151,740 

An itemizeci brP,al:do~·m of cost!: is prest>nted in Table 46E.. It is 
assumed that land costs S4100 per hectare ($1660 pe,. acre). It is 
further assumed that six operators are required. 

Reduction Benefits: BOO: 99.2 percent 
SS: 98.7 percent 

Alternativ~ A 33-1IX - ihis a1ternative provides in addition to Alter
native /.. 33~->.\'ilTact i va ted carbon aasorpt ion. 

Th!' rinultin~ P.~·'..' ~1cSt!: load is 0.81 r.c;/l:l:g (1.G lb/ton), and the 
suspendrd solias load is 0.40 kg/lkg (C.20 lb/ton). 

Cos ts: Tota 1 i nves ~'l'ent cost: 
Total yearl,)' cost: 

$4,836,350 
Sl,252,070 

An ite;i1::ec breakdo~;n Of costs is !"lresented in iable 467. It is 
assu~ed tha: la~~ costs S4lOC per hectare ($1660 per acre}. It is 
further as~u~ea that six operators ar~ required. 

Reduction Benefits: BOD: 99.6 percent 
SS: 99.3 percent 

A cost efficiency curve 1s presented in Figure 371. 

A1ternativ~ A 33·XX - Th1£ alternative provides 1 ho1d1n9 tank and spray 
irrigation of the effluent. 

The r~su1ting waste load 1s zero. 

Costs: - Totol investment cost: 
Total yearly cost: 

Sl,056,800 
s 108,630 

An item~z~d hrPakdown of costs is prr~(~~~d in Table 4GB. It fs 
assu1ned thal lc'nd coo;ts $4100 f)e: t1e:tcJrc (S1G60 per acre). lt is 
further ass1Jmed that six operators are required. 

Reduction Benefits: OOD: 100 percent 
s~. 100 percent 

Co; t ind Reduct i tin een~fi ts of _A,: ('rna ti V{' Tn ... 1 tmc>n t 
TC.-c-hnCl l M, -:-s-rol·-·~tCi10rVT.r.r-:-l'r.i-·1-t-il-f."litTrrl>T an ts 
WftiiJarW.>!.tnng. -· 

A moc!.'1 ph,,t rC'orr~ent.1the or s111 .. -.,~· ·1 1•·v f, 3·1 was d~vt'loped in 
Sc•·t.1011 v for tru; purpr~..- of 11ppiy11H1 ~r·.~rol i>llcl traat111<!nt alternative~. 
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iABLE 466 

JT[KlZED COST SUM~~rY FO~ ALTCR"ATlVE A33-XVIII 
(YEAST) 

IT E •· i? r: ~ C :' S,. H ~ f' H v Fro ~ "Si F." t. HR 'T ~EA I" F. t. l C .- A I" 
C~S!Gr. fC:-~I:IE'.cv ... c,c:i,2 .,.cr.Cff\1 FCi:> kl:.CuCTJi::~ 

H~L1"'P·' ~·CC.:Ld 1:1 
ei •• rC1!.";'~[L 1-CL~E 
p I I I µ L; ~· r. y ~ r. ~ i ,. , I c" 
Y, 11 •<L:!\I': 'LH~ 
...... ~ ... "' ;-. ! '· ~ ~ ~ '~ : c ,, 
Y,,,..,C'LCT~G 'TAf\I( 
Ft• , .. :·L iJi: 1~f EF"Ft-C'T E\lld•Cl<ATCi; 
c ••• ~~L~Ll7A'T!r~ ~ASI" 
f,,.l"lt'-F1"i; 
.. , , , ~- ~ ~ ~ r -: ~ " :. e r: T T 1 r .., 
I,.,P~~SP·~~~~ A~~:ilC" 
I( I • • ,. c T : " t ,. C: (' ~ L L' "' ~ c: 
C, 1 ,~LL~":E l1-IC·~~E~ 
i: ... 1.fcrrII" r:r.FsTC~ 
" •• I"" l ~ j; 1 "(; ,. At... K 
l,,.~~DAV TR~lCATIC~ 
t-. .. ,C'l.tL. "':f4 FRESSL~E FJLTRA'" 

t'VE!'T~E"T CCSTS1 
I , C C ~- ~ H: i. C l 1 C " 
Z. L"'r'i 
J 1 f t.. i, 1 q E'il ~. G 
&1, CCt-.T1•.r,f~CY 

TC. UL. 

VFARLV CPEDATJ~O CC!'!t 
l, LHC" 
?. f'trf~ 
l. Ct-l''I:-"'.~.S 
II, ~/.l ... iE\A'.~~;.~LIJPL](! 
1CUL 

1C""~ ~ft;;L..,. r~n~1 

J41U2"C,OO 
Sffl'IO,CO 

hHliO, 00 
1ueen.oo 

4'241SOiQ,00 

7ucno.o~ 

b082bC'.OO 
?337C.CO 
tt-r--~c.cr 

''~t'!o.oo 

lo ~ft.;.L."' rP;~1.Tl•~ tC:S'T 772•t;C,00 
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TACLE 467 

ITEMlZrn COST sw~:1.ARY f'OP. ALTERr:ATIVE A33-XIX 
(YEAST) 
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TACLE 460 

1Ht-~J:.~LL1 COST SU'.~'~flr'.Y FOR f1LTrn:;ATl\'E M3--XX 
(Y[A'.;T) 
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Jn Section VII, three alternatives were selected as being applicable 
engineering alternatives. These alternatives pr9vide for zero dischar~c 
for th~ mode~plant. 

Alternative A 34-J - This alternative as!' 1Jmes no treatment and no· 
reduction in tne waste load. It is estimated that the effluent from 
a pear.ut butter plant practicing jar washing is 2800 1 (740 gal) per day. 

It is assumed that wastes associated with jar washing and cleanup are 
segregated fro~ non-contect water discharges. 

Costs: 0 
Recu:tion Benefits: None 

A1tern2tive A 3~-I! - This alter·native provides a holding tank and 
spray irrigat~on. 

The resulting BO~ waste load is z2ro, th~ suspended solids lead is 
zer~. an~ tn~ oil enc grease load is zero. 

Costs: Total investment co:;t: 
iotal yearly cost: 

$37,920 
$ 5. l so 

An itec.izec brea~dcwn of costs is presented in Table 459. It is 
assumed t~at land costs $4100 per hectare ($1660 per dCre). It is further 
assumed that no operators are requireo. 

It is assu~ed that wastes associate~ with jar washing and clea~up are 
segregated from non-ccntact water discharges. 

Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

A1terna~ive A 34.JJJ • This alternative provides a holding tank and 
rruck hauling. 

The resulting BOD wa' te load is zero, the suspended solids load is 
zero, and the oil ar grease load fs zero. 

Costs: Total investment cost: 
Total yea~ly cost: 

$23.800 
$ 2,400 

An itemized breakdown of costs is presen~e1 in Table 4?0. lt is 
assumed that land costs 54100 per hectare ($1660 per acre). It 
is further assumed that no operators are required. 

It is assu~ed that wastes associated with jar washing and cleanup are 
segregated from non-contact. water discharges. 
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TABLE 469 

ITEMIZED COST SUMMARY F'OR ALTERflATIVE A34-Il 
(PEA~U? BUTTER WTTH JAR WASHING) 
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TABLE 470 

ITEMIZED COST SUMMARY FOR ALTERN~TJVE A34-JII 
(PEANUT BUTTER WITH JAR ~IASHING) 
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Reduction Benefits: BOD: 
SS: 

O&G: 

lOO'percent 
100 percent 
100 percent 

Cost and Reduction Benefits of Alternative Trcatnent 
Technologies for Subcntcoory A 35 - Peanut Outtler Plants 
Without Jar Wasnina. 

A model plant representative of subcategory ~ 35 was developed in 
Section V for the purpose of applying control and treatment alternatives. 
In Section VII. three alternatives were selected as being appl;cable 
engineering alternatives. 

Alternative A 35-I - This alternative assumes no treatment and no re
duction in the waste load. It is estimated that the effluent from a 
peanut butter plant not pract;cing jar washing is 757 1 (200 gal ) per 
day. 

!t is assu~e~ that clean~p wastewater is segregated fro~ all non-contact 
water discharges. 

Costs: O 
Reduction Benefits: None 

Alternative~ 35-TT - This alternative provides a holding tank and spray 
irrigation. 

The resulting BOD waste load is zero. the suspended solids load is 
zero, and the oii and ~rease load is zero. 

Costs: Total 1nvestment cost: $37,170 
s 5,120 Tota1 yearly cost: 

An 1tem1zed breakdown of costs is presented in Table 471. It is assumed 
that land costs S4l00 per hectare ($1660 per acre). Jt 1s further 
assumed that no operators are required. 

It is assumed that all cleanup wastewater is segregated from non-contact 
water discharged. 

Reduction Benefits: BOO: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Altern~tive A 35-IIJ - This alternative provides a holding tank and truck 
hau1ing. 

The resulting BOD waste load 1s zero. the suspended solids load is 
zero, and the oil and grease load is zero. 

Costs: Total investment cost: 
Total yearly cost: 

SlZ,710 
s 1,560 
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TABLE 471 

ITE~IZED COST SUMMARY ':OR ALTERNATIVE A35-I I 
(PE.~TWT BUTTER WIT~'OUT JAR WASHJHG) 
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An itemized brca~do1m of .:oHs is p1·esented in Table 472. It 1•, .:issu1.~::d 
that land co~s $4100 per hectare ($1660 per acre). Jt is further 
assumed that no operutors are required. 

Jt is assumC!d th.Jt cleanup wastewater is segregated frc:n all non-contact 
water discharged. 

Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
100 percent 
100 percent 

Cost and P.eduction Benefits of Alternative Treatment 
Technologies for Subcategory A 36 - Pectin 

A model plant representative of subcategory A 36 was developed in 
Section Y for the purpose of applying control and treatment alternatives. 
Jn Section VII, ten alternatives were selected as being applicable 
en5ineering alternatives. These alternatives provide for various levels 
of waste red~c:ions for the model plant which produces 1.8 kkg (2.0 ton) 
of unfinished pectin per day. · 

Alterna'::ive A 36-! - This alternative assU!iles no treatment and no re
duction 1n tne 1-1aste load. It is estii.lated that the effluent from a 
1.8 kkg (2.0 ton) per day plant i~ 1530 cum (0.404 MG) per day. The 
BOD waste load is 4128 kg/kkg (8<.Su lb/ton), and the suspc~ded solids 
load is 1751 kg/kkg (3502 lt'/ton). 

Costs: O 
Reduction Benefits: None 

Alternative A 36-ll - This alternative consists of a pumping station, a 
holding tanK, and spray irrigation of the raw waste effluent. Truck 
hauling of water softening regenerate, d1atomaceous filter cake and 
sluice wa~er. and alcohol still bottoms is also pl"Ovided. 

The resulting BOD waste load 1s zero, and the suspended solids load is 
zero. 

Costs: Total investment cost: 
Total yearly cost: 

$605,360 
$ 61.450 

An itemized breakdown of costs is presented ii Table 473. !t is 
assumed that 1and costs $4100 per hectare ($1660 pe~ acre). It is 
further assumed that no operators are required. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

Alternative A 36-IYI - This alternative consists of a pumping station, 
a flow equalization tank, caustic ne~tralization, complete-mix activated 
sludge basins. sludge thickeni~g. aerobic digestion. and vacuum filtration. 
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TABLE 472 

ITEMIZED COST SUt'.'-'ARY FOR AL"7UrnATlVE A35-I11 
(PEANUT BUTTER ~ITHOUT JAR WASHING} 
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Tf\BLE 473 

ITEMIZED COST SU:·i:·ii\nY FOR AL TERlikTIVE A35-lI 
(PECTIN) 
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True~ hauling of water ~oftening regenerJtc, diatomaceous filter cake and 
sluice water il'rld alr:ohol still IJottoms is also provided. 

The rc~ulting BOO waste load is 208.5 kg/kkg (417.0 lb/ton), and the 
susperided solids load is 175.1 kg/kkg (350.2 lb/ton). 

Costs: Total investment cost:· $2,315,170 
Total yearly cost: $1,032,870 

An itemized breakdown of costs is presented in Table 474. It is 
assumed that land costs $41,000 per hectare ($16,600 per acre). It is 
further a~sumed that four operators are required. 

Reduction Benefits: BOD: 94.9 percent 
SS: 90.0 percent 

Altern~tive A 36-JV - This alternative replaces the vacuum filtration 
muduie of a1tcrna:1ve A 36-III with sand drying beds. 

The resulting BOD waste load is ?08.5 kg/kkg (417.0 1b/ton), and the 
suspended s.o'lids load is 175. l kg/kkg (350.2 lb/ton). 

Costs: Total investment cos.t: 
Total yearly cost: 

$3,697,'130 
s~.282,a20 

An ite~ized breakdown of costs is presented in Table 475. It is 
assumed that lar.d costs $20,SlC per hectare ($9300 per acre). It is 
further assumed that four operators are required. 

Reduction Benefits: BOD: 94.9 percent 
SS: 90.0 percent 

A1ternative A 36-V - This alternetive replaces the vacuum f~1trat1on 
module cf alternative A 36-111 with spray 1rrfgat1on of d1gestor sludge. 

The resu1t1n~ BOD waste load 1~ 208.5 kg/kkg (417.0 lb/ton), and the 
suspended solids ioad 1s 175. 1 kg/kkg (350.2 lb/ton). 

Costs: Total investment cost: 
Total year1y cost: 

$2,322,lSO 
$1,007,310 

An itemized breakdown of costs is presented in Table 476. It is assumed 
that land costs 54100 per hectare (S1660 per acre). It is further 
assumed that four operators are required. 

Reduction Benefits: BOD: 94.9 per~ent 
SS: 90.0 percent 

Alterneti~e A 36-VI • This alternative consists of a pumping station, a 
11ow equalization tank, and an aerated lagoon. Truck hauling of alcohol 
still bottoms, diatolllllceous filter ca~.e and sluice water, end water 
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TABLE 474 

ITEM I ZED COST SUMMARY FOR AL TEl'WATIVE A36-J 1I 
. (~ECTJN) 
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TACLE 475 

lT~lZED COST SUMl·~ARY FOR ALTERNATIVE A36-IV 
(PECTIN) 
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TABLE 476 

ITEHIZED COST SUM,'·!ARY FOP. AL TrnNPTlVE A36-V 
(PECTIN) 
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softening regenerate is also provided. 

The resulting 000 waste load is 202.5 kq/Hg (417.0 lb/ton), and the 
suspended soljds lead is 175.1 kg/kkg (350.2 lb/t.on). 

Costs: Total investment cost: 
Total yearly cost: 

$737,920 
$658,860 

An itemized breakdown of costs is presented in Table 477. It is 
assumed thJt l~nd costs $4100 p2r hectare ($1660 per acre). It is 
further assumed that one full-time and one-half time operator is 
required. 

Reduction Benefits: BOD: 94.9 percent 
SS: 90.0 percent 

Alternative A 36-V!J - This alternative provides dual media filtration 
in add1ticn to the treatment modules of Alternative A 36-III. 

The res~ltins EOS waste load is 104.3 kg/kkg (208.5 lb/ton), an¢ the 
suspended solids load is 83.4 kg/kkg (167.0 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$2,352,740 
Sl,041,740 

An itemized breakdown of costs is presented in Table 478. It is 
assumed that land costs $41,000 per hectare ($16,600 per acre). It is 
further assumed that four operators are required. 

Reduction Benefits: BOD: 97.5 percent 
SS: 95.2 percent 

A cost efficiency curve is presented in Figure 372. 

Alternative A 36-VJlJ - This alternative provides dua1 media filtration 
in addition to the treatment modules of Alternative A 36-IV. 

The resulting aoo waste load is 104.3 kg/kl:g (208.6 lb/ton). and the 
suspended solijs load is 83.4 kg/kkg (167.0 lb/ton). 

Costs: Total investment cost: $3.734.990 
Total yearly cost: $1.291,530 

An ite~ized breakdown of costs is presented in Table 479. It is assu~~d 
that land costs $20,510 per hec.tare (58300 per acre). It is further 
assumed that four operators are required. 

Reduction Benefits: BOD: 97.5 percent 
SS: 95.2 percent 

A cost efficiency curve is presented in Figure 373. 
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TACLE 477 -
1T£MIZED COST SU!·:M.AP.Y FOR Al TER.NAT!VE A36-VI 

(PECTIN) 
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TABLE 478 

ITEMIZED COST SUMMA~Y FOR ALTERl~ATIVE fl36-VJI 
f,PECTIN) 
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TABLE 479 

ITET-:IZED COST su:'i:·:ARY FCR ALTrn:;f..TIVE A36-Vl II 
(PECTIN) 
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Alternative~ 35.:~ - This alternative provides dual madia filtration 
in additic~ to the treatment modules of Alternative A 36-V. 

The resu1tirig_!3CD waste load is 104.3 kg/kkg (200.6 1b/ton). and the 
su~pended solids load is 83.4 kg/kkg (1C7.0 lu/ton). 

Costs: Total invcstr.ient cost: 
Total yearly cost: 

$2,359,'llO 
$1 • 016. 190 

An iterr.izec breal:do~in of co~ts is presented in iable 480. It is as~umed 
that land cos:s $4100 per hec:are ($16€~ per acre). It is further 
assumed tha: four operDtor~ are required. 

Reduction Benefits: BOD: 97.5 percent 
SS: 95.2 percent 

A cost efficie~:y curve is presented in Figure 374. 

Al".err.a~.'·:~· ! ~r.y. This alte!'r.:!:ive provides dual ~dia fi~tration 
Vi~-c~1-:1c;r, i.C: tn~ trt:at.:i.er.t r::c:iuies of Alternative/.. 3(·-VL 

The resul:inc BCD waste load is loa.3 kg/kkg (20~.6 lb/:on), and the 
susprr.de~ sc.i1os load is c;3_.; kg/U:g (1G7.0.lb/ton}. 

Costs: Total investr.ient cos~: 
iotal yearly co!t: 

S775 ,11;rn 
S657,73C 

An ite:--.ize~ breakdown of ccsts is presented in Table 481. lt is 
assu~ed t~a~ 1ar.c cos~~ ~41DC ~er he:tare (~1660 per acre). It is 
furtr.er assu~ec that one full-time anc one half time operator is 
required. 

Reduction Benefi:s: BOO: 97.5 percent 
SS: 95.2 percent 

A cost efficiency curve 1s presented in Figure 375. 

Cost and R~duction Benefits of Alte,.native Tr~atJT1ent Tec 111Qlr.19ies 
10r'Su~~aorv 6 1 - Frozen Prerarea ~inners. 

A model plant repr~sentative of subcategory B l was developed 1n 
Section V for the purpo~e of ap~lyj~~ control and trea~ment alter
natives. Jn Section VII, four alternatives were selected as being 
appli::able engineering alternJ~iv!':. ihe:e alternatives provide for 
various levels of waste reductio~s for the mo~el plant which produces 
140 kkg (150 ton) per day. 

Alternativt> B J.J - This alterniltive a~sumes no treatment and llO re· 
ductton fn the wute load. It ;s estimated that tht effluent from 0.140 kkg 
per day plant is 1100 cum (0.3 MG) rrr day. The BOD waste load is 
16.7 kg/kk9 (33.4 lb/ton), the suspended solids load is 12.5 kg/kkg 
(25 lb/ton), and the soil and grease load is 16.7 kg/kkg (33.4 lb/ton). 
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TABLE 480 

IT1MIZED COST SW·1MARY FOR ALTEl1NATIVE A36-IX 
(PECTW} 
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TABLE 481 

JT01IZ£0 COST S:J:·:'·1ARY FOR ALTERNATIVE A36-X 
(PECTIN) 
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Costs: 0 
Reduction Benefits: None 

Alternative 0..1"17 - This alternative prov-id~s a pumping station, flow 
equalization, dissolved air flotation, and vacuum filtrJtion and s1~~9e. 

The resultir.9 eoo ~;aste load is 6.7 kg/H9 (13.4 lb/ton), the suspended 
solids loJd i~ 2.5 kg/kkg (5.0 lb/ton), and the oil and grease load is 
3.3 kg/~~g (6.7 lb/ton). 

Costs: Total investment cost: $244,020 
$ 85,680 Total yearly cost: 

An itemized breakdown of costs is presented in Table 482. It is assumed 
that land costs ~41,000 per hectare (Sl6,60D per acre). It is further 
as~umed that on~ op~rator is required. 

Reduction Benefits: BOD: €0.0 percent 
SS: 80.0 per:ent 

O&G: 80.0 percent 

Alterna~~v~ r 1-J!l - This alternativ~ p~o~ides in addition to Alter
natlveb-1"-:; a co~:-ilete-r:1i» 2:-:intc·-: ~lu:'~e s•:ste~ \o1~th sludqe thic~'.enin". 
for the v.aste ac:ivo'.:!::d :;ludge. /1dc;ticr. vacuum filter CilPcCit_1 is in.:lud:::. 

The resulting BO:i wa~te load i:, 0.€7 kg/1:1:; (1.3 lb/ton), the susp~ndec 
solids 1oad is 0.7S kg/,:l:g ('i.5 lt:-·/ton), and the (Jil .;)r.r; grea~;r: load i$ 
1.0 kg/kkg (Z.O lb/ton). 

Costs: Tota1 investrr.ent cost: $60l~ '680 
$16~', 940 Total yearly co5t: 

An iterr.·ized t>reakdcwn of costs is presented in Table ~83. It is assumec 
that land cost~ 541,000 per hectare (Sl6,60~ per acre). It is further 
11c;sumed th!! t t1o10 opera tors a re required. 

Reduction Benefits: BOD: 
SS: 

O&G; 

96.0 percent 
9~. 0 percent 
94. 0 percent 

Alterna!ive B 1-IV - This alt~rnative provides in addition to Alter
native H 1-JII a dual media filter. 

The re~.ulting BOO waste load is O.D ~<;i/Ur. (O.H· lb/ton), thP 
susriend1·d solic!~ ioad is O.Z5 ~ci/~n1 ((,.c,:1 ·ID/ton), and the oil and 
grease ·,oad is 0.50 l;g/kkg (l.O.lb/tor1). 

Costs: Tota1 inve~tmrn~ :C'l:;t: 
Total yearly co~t: 

$6$2,58~ 
S183 ,010 

An itemized breakdown of costs is presented in Table 464. It is assumed 
that land costs 541,000 per hectare (S16,600 per acre). It 1s further 
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TABLE 482 

ITEM! ZE ~ COST SU:·~ 1·',J-i:~y FOR AL TER~i:,; I VE B 1 ~II . 
(FROZEN PREPARED Dl:HlCRS) 

ITE~!z~= cc~T s~ ... ~·~y FGR -ASTE~ATE~ TREAT"'E~T C~AI~ 
CESIG~ EFFIC:E~cv ••• bC.o P£RCE~T eco REOLCTIC ... 

TRE Al fo'E'o."'r p.i( CL'L.F. SI 
C,,.EQLAL!ZAilC~ BA~I"' 
e ••• Pu~PI"'~ sit~~c~ 
J,,.AIF. fL~l6~lC~ 
8 1 ,,F~~P!~G SlATIC~ 
s, •• v~cuu~ FILiRAi!C"' 

l~~E5t~E~T CCSiS1 
1. cr~SiFiL;CiIC~ 
2, LP•O 
'.!, E~Gl\EER!~G 
&1. CC:t-.T:fdiE"'CY 
TCTAL 

YEAP~Y CPE~ATl~G CCSlS1 
1, LABCR 
2, Hl<iE'5: 
J, C~EnCAL..S 
~. MA1NTE~•~CE&SLPPL.IES 
TCTAI. 

TCTAI. YEARLY CCST!I 
1 1 YEAPLY C~ERaTI~G CCST 
2, YEARLY I~VEST~E~T 

CCST HCCVEQy 
J, OEPllEtUTlC"' 
TCTAI. 
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1QQ@eo.co 
'llbC,CC 

lQQc;o,e.o 
t'i'9110aCO 

2~~oco.oo 

lCilQ0,00 
1ei:1co.oo 
'""oo,oo 
uoeo.oo 
bl'130100 

ei:n30,oo 

CJHO,O~ 
11cno,oo 
B5b80,00 

·----·---------------------------
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TABLE 483 

nn:1zrn COST SUM'1ARY FOR ALTtrmATJVE B1-1II 
(FROZEN PREPARED DINNERS) 

lTE~IZ~C COST S~~~ARY FGR WASTE~ATER TRfAT~E~T C~A?~ 
OESIG~ fFrIClE~Cr,.,q6.0 PERCE"'~ eco REDLCT!C~ 
TREAT~E~T ~CC~LE31 

B1.,CC~TRCL ~CL!E 
c ••• E~WAL!ZATlC~ eAS!~ 
B,,,PU~PZ~G STAT!O\ 
J 11 ,AI~ FL~TAT!C~ 
e ••• Pu~Fl~G STATION 

?~VC~TWENT CCST~1 

s ••• ~ACLUW F!LT~'·!c,.. 
K, 1 ,ACi!V,TEC SL~UGf 
G,,,SLLCGf T~ICKEN!R 

1, CCt-.STRl.iCT!tl'> 
Z, LAfl.P 
l, HG!ll:EERlNG 
"• CChT!t-.CiENCY 
TCTAL 

YEARLY O?ERAT!"'G CCSTSt 
1, l.ABCR 
Ct PCwe:R 
l, C~El-'lCAL.S 
41, ~AZ"'TE~A~Cf&SLPP~?fS 
TCUL 

TCTAL YEARLY CCSTS1 

"9toeo.oo 
looco.oo 
41~170,00 
&;~110.00 

•o&os~.oo 

211•no.eo 
'IUlJ0,00 
21~80,00 
25770,00 

lUS70,00 

1, YEARLY CPER•T!~G CCST lltl7C,OO 
2, YfARLt !~VfST~E~T 

CCST RECOVERY ~U27o.oo 
3, OtF~ECIATIG~ ~Qsoo.oo 
TCTA~ 169QUO,oo 

l 4 l &j 
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TABLE 484 

ITEMIZED COST SUMMARY FOR ALTERNATIVE Bl-IV 
(FROZEN PR~PAREQ DI~~ERS} 

tTE~!ZED CCST SL~~ARY FO~ ~ASTE~ATER TREAT~E~T C~A!~ 
OES!G~ EFFIClE~CY,,.qE,O PER:E~T ~cc REDLCTIC~ 

TREAT~E~T MCOULESr 
B1 1 ,CC~TR~L ~:LSE 

C 11 ,ECL'LlZtilC~ bASI~ 
e ••• Pu~?I~G STtiIC~ 
J, 1 ,AIQ FLCTAT!C~ 
B •• ,PU~F!~G 5~ATlC~ 
s. 1 ,VACWL~ FlLi•ATIC~ 
K11 ,ACTl\&TEC SLLCGE 
Q,,,SLLOG~ T~ICKE\Eq 
8 1 ,,PU~PI~G STAT!O~ 

N. 1 ,0UAL ~ECI~ PRESSL~E FILTRA'~ 

INVEST~ENT CCSTSr 
1, tCt-;S,.~l:CTIC~ 
2 I LAt..I'> 
31 E~G!~EE'~ING 
II, CC~T I ~GEi-iCY 
TCTAL 

YEAPLY- OPERATING C~STS1 
S. LABOR 
ie PClliER 
3. CHEt'IICALS 
~. MAINTE~&~CE&SLPPL!ES 
TCTAi. 

Tr.TAL VEA~LY tCST~r 

S21J~1t0 1 00 
1060,00 
s2qqe;,oo 
52QQO,OO 

•s2seo.co 

z.1;no,oo 
52370,00 
212eo.oo 
2b'l70,00 

1as110.oo 

1. VEAPLY CPEgtil~G CCST 125110,CO 
i, YEA~LY I~VEST~E~Y 

CCST RECCvE~~ 26100,00 
J, OEPRECI~TlC~ 31800,00 
TCTAL 1e101c.co 
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assumed that two operators ~re required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

98. (J percent 
98.0 percent 
97 .0 percent 

A cost efficiency curve is presented in Figure 376. 

Cost and P~du~tion Benefits of Alternctive Treatment Technoloaies 
for Succateaor~ ~ 2 - Frozen Breadeo and Battered Specialities 

A model plant reoresentative of subcategory B 2 was developed in Section 
V for the purp:ise of applying control and treatment alternativP.s. In 
Section VII, fo~: alternatives were selected as being applicable engineer
ing alternatives. These alternatives provide for various levels of was~e 
reductions for the model plant which produces 27 kkg (30 tons) of product 
per day. 

Altern~t"vo e ?-! - This alternativ~ assumes no treatment and no re
duction in the waste load. It is estimated that the effluent from a 
27 k~g per day plant is 189 cum (0.05 MG) per day. The BOD waste load 
is 27.8 ~g/kkg (55.6 lb/ton), the suspended solids load is 27.8 kg/kkg 
(55.6 lb/ton), and the oil and grease load is 2.8 kg/kkg {S.6 lb/ton). 

Costs: 0 
Reduction 6en€fits: None 

Alternat~ve 8 2-!! - This alternative consists of flew equalization, 
dissoived air fiotation, and vacuum sludge filtration. 

The resulting BOD waste load is 11.l kg/kkg (22.2 lb/ton), the 
susrer.~ed solids load is 5.56 kg/kkg (11.1 1b/ton) and the oil and 
grease load is 0.56 kg/kkg (l. 1 lb/ton). 

Costs: Total investment cost: 
Total yearly ~ost: 

$129,770 
$ 38,670 

An itemized br~akdown of costs is presented in Table 485. It is assumed 
that land costs $41 ,000 per hectare (S16,600 per acre). It is further 
assumed that one-half time operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

60.0 percent 
80.0 percent 
80.0 percent 

Alternative B 2-!ll - This alternative provides in addition to Alternative 
B 2-il an activa:ed sludge system, addition31 vacuum filtration capacity, 
and sludge thickening. 

The resulting BOD waste load is 1.11 kg/kkg (2.22 lb/ton), the suspended 
solids load is 1.11 kg/kkg (2.22 lb/ton), and the oil and grease loac is 

1417 
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TABLE 465 

ITEMIZE::> COST SUf.tl!ARY FOR ALTERNATIVE 82-ll 
(FROZEN BREADED AIW GATTE.REO SPECIAL TIES) 

ITE~IZFO crsT SL~~A~V ~o~ ~-~T~~LTE~ T~ElT~Et.T C~AI~ 
D£S1G1. !FFIC!E~CY, •• cC'.O F~PCE·'-T EiC-0 ~ECUCT!Ct.' 

T"EATYE~T ~COuLcS: 
E ••• PU~F,~G SilT!O~ 
c ••• tr.u.i I7"TH'f.. Bl.SIN 
J. 1 ,IIR FLOTAi!C~ 
s ••• ~AC~~~ FILT~ATlC~ 

!~V::!T~E~T CCSTS1 
l, CC~STNuCTICt. 
c. l.Ht:I 
3, E'"Gt~::i:i<i1':G 
" • r: C r~ 1 I " G E t. C Y 
TCTAL.. 

YEARLY C~ERAT!~G CCSTS: 
1. L.ASDR 
2, PCli.fR 
3. C!-'H1 IC.!LS 
u, ~tIHTfNA~CESS~PPLIE! 
1CiAL 

· TCTAL YEARLY CCSTSt 
lu YEj~LY C~E~LTit.G CCST 
2. vt.Ah'LY INVF.SHE"°T 

CCST RECC'vF.;iy 
3. 0£Pi<ECIATICN 
TCTAL . 

1418 
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10tlb70.0C 
:IJb0,00 

t0~7C·,u0 

10~70,CIO 
Sc'i110.oo 

6250.00 
6~30,00 
UbFC,Ci·' 
102~0.CIO 
21200.00 

2721'\0,0~ 

51&;0,oo 
6ZBO,OO 

3ilb70,0:> 
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0.22 kg/~kg (0.44 lb/ton}. 

Cos ts: Total investment cost: SZ39,580 
$ 63.640 Total yearly cost: 

-An itemized brea~down cf costs is presented in Table 486. It is 
assumed that land costs $41,000 per hectare ($16,600 per acre). I,t 
is further assumed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

96.0 percent 
96. 0 percent 
92. 0 p£:rcent 

Alternative B 2-IV - This alternative provides dual media filtration 
in addition to tne treatment modules of B 2-III. 

The resulting BOD waste 1oad is 0.56 kg/kkg (1. 1 lb/ton), the suspended 
solids load is 0.55 k9/kkg (1.1 lb/ton), and the oil and grease load is 
0.11 kg/Hg (0.22 lb/ton). 

Costs: Total investmen: cost: $257,830 
$ 69,020 Tctal yearly cost: 

An itemized breakdown of costs is presented in Table 487. lt is 
assumed that land costs S41 ,000 per hectare ($16,600 per acre). It is 
further assumed that one operator is required. 

Reduction Senefits: BOD: 
SS: 

O&G: 

98.0 percent 
98.0 p2rcent 
96.0 percent 

A cost efficiency curve is presented in Figure 377. 

Cost and Reduction Benefits of Alternative Treatment Tec~nologies 
for Subcategorv G 3 - Frozen Bakery Products. 

A model plant representative of subcategory B 3 wBs developed in 
Section V 'for the purpose of appJy;ng control and treatment alternatives. 
In Section VII, four alternatives were selected as being appl;cable 
engineering alternatives. These alternatives provioe for various levels 
of waste reductions for the model plant which p~oduces 114 kkg (125 tons) 
of product per day. 

Alternative B 3-Y - This alternative assumes no treatment and no re-
duction 1n the \.;aste load. lt is estir.:at;,d that the effluent from a 1l4 kkg 
per day plant is 114 cum (O.J MG) per day. The BOO waste is 40 kg/kkg 
(BO lb/ton), the suspended solids load is 30 kg/kkg (60 lb/ton), and the 
oil and grease load is 10 kg/kkg (20 lb/ton). 

Costs: O 
Reduction Benefits: None 

1419 
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TABLl 486 

ITEMIZ£D COST SU!1MARY FOR ALTERNATIVE 82-1 II 
(FROZEH BnCADED AHO BATTERED SPECIALTIES) 

11Eu1zro crsT SL~~ARY Fe~ ~t5TE~,TE~ iPEAT~E~T c~~l~ 
C~SIG~ E~Fl:IE~C~ ••• ~b,O FEFCE~T ~CD RECUCTICN 

T~E~T~E~T ~CCuL~S1 

l~VES7Mfl\T CCSTSr 

P,,,ou~PT~G Sl&TtCN 
C,,,fC~ALIZtT!Cll. BASIN 
J,,,Lf~ ~~[1!1!f~ 

S,,,VACl~~ F:L1~LT!CN 
K,,,Ac~:v,T~r ~~l~GE 

~ •• ,SLLCr.~ T~IC~E~E~ 

i, cct->sr011..crrc11. 
2, L,t.t-D 
3. El\C:li\H~:!-.:G 
u, CC~'Tlll.C;t;:~.:Y 

lCHL 

Y£l~~y CFE~ATI~G CCST!: 
1. l..AeC~ 
c. PCH'g 
3, C""E"'ICHS 
"· MjJ~TENA~CE~SLPPLI~S 
TCTAL 

TCT~L VEARLV CCSTSt 
s. Y~APLY c~~RfT:'c CCST 
i. V£A"~y I~vE~l~E~T 

C'CST HCCvf.;;y 
3, OE:P~ECUT!r" 
TCTAL 

1~20 

sa2110.oo 
eJJO,oo 

1c;210.oo 
1~270,00 

23~seo.oo 

uuqo,oo 
12tH10,00 
aoeo,oo 

ue10.oo 
G!S00,00 

'12500,00 

qspo,eo 
11560,00 
b3UO,OO 
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TABLE 487 

ITEM I zrn COST SUl·:l·1ARY FOR AL TERrM"i'IVE £!2- IV 
(FROZEN BREADED AND BATTERED SPECIALTIES) 

~T:''lUO CCST SLV"1~;:;y FO~ ;..!ST~;..:,i'[Q Ti;tE:.r··~u Cl'iA!t-. 
CESIG~ EFFI:!E~cv ••• q~.o PfRCEt-.T ~co ~E~~CTIC~ 

T~E&T~~~T ~CCLLES1 
P,,,Pl;llFP.:~. STATINJ 
C, • .Er.t;/.I. !ZA'TIC1>. BASit-. 
J.,.~!~ ~L0TATl:N 
~ •• ,VACU~~ ~!L~PA'TIC~ 

~ ••• ACi!V!TE~ ~LLCGE 
C.,,SLL~~E T~!C(E~EM 
8,, ,PUi'?J!.(; ST I.TIC~ 
~ ••• CUAL ~ECIA P~ESS~~E FILT~A'N 

J ~ VE S T .., E ~. i C C S •. 5 I 
i. CC,5TF~C7!C~ 
2 • L l ~r'I 
3. ~NC: T t:e:E:;: ~J:i 
u , C !: t.. T I " G H. C Y 
1CHL. 

VEa~LY CPE~ATI"G CC!TS: 
1, L•eo~ 
z.- PC~·E;:l 
J. CWEl"IC!LS 
~. ~i%NTf~A~C£&!LPPLlES 
TCTAI.. 

TCT'L VEl~L.Y CCST!t 
1. Yf~RLY CFE?ATikG CCST 
Z. VUHY l"VEST1JF.i.T 

CCl:iT PECC\ltRY 
3. CEP"ECIATIOl-i 
TCT4L 

l4Z\ 

207'1;?C.OO 
eJ30,oo 

201c,o,oo 
207QO,OO 

C 5 7 ~I l 0 o (\ 0 

~2UCJ0 0 00 
ssooo.oo 

l.ltie0.0(1 
11.1010.00 
41621.10.00 

02"'0.oo 

S0310,00 
1zu10.c,1 
6~020.00 
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Alternotive e 3-JI - This alternative provides a pumping station, flow 
equilliziltion, dissolved air flotatiun ~nd vacuum filtration of sludge. 

The resulting BOD waste load is 16 kg/kkg (32 lb/ton), the suspended 
solids load i~ 6.0 kg/kkg (12 lb/ton) and the oil and grease load is 
2.0 kg/kkg (4.0 lo/ton). 

Costs: Total investment cost: $247,190 
s 89,500 Total yearly cost: 

An itemized breakdown of costs is presented in Table 488. It is 
assurm!d that land costs $41 ,000 per hectare ($16,600 per acre). It is 
furthtr assu~ed that one operator is required. 

Reduction Benefits: BOD: 
SS: 

O&G: 

60. 0 riercert 
80.0 l'ercent 
80.G percent 

Altern?tive B 3-JJ! - This alternative provides in addition to 
Alterni:'.v~ E ~-li ~ co~piett'-rnix activated sludae svste~ with sludce 
thickt-r.ir.g 7or waste activated sluoge. Since the waste1·:ater is nutrien~ 
deficit, additio~ of nitrogen and phosphorus is provided. 

The re~ultin~ BOD w~ste load ii 1.6 kg/kkg (3.2 lb/ten), the suspended 
solids lc;ac is l.E. l:g/Hg (3.2 lb/~on), and the oil and grease load is 
0.6 kg/kl:g (1.2 lb/ton). · 

Costs: Total invest~ent cost: $804,610 
S251,790 Total yearly cost: 

An iter;.ized breakdo1·m of costs is presented in Table 489. It 1s assumed 
that land co~ts S~l.000 per hectare ($16,600 per acre). It is further 
assu~ed tha: two operatc~s are required. 

Reduction BP.nefits: BOO: 
SS: 

O&G: 

96.0 percent 
94.0 percent 
94. O percent 

Alternfttive B 3-!V - This alternative provides in addition to Alter
native B 3-1!1 a dual media filter. 

The resulting BOD waste load is 0.8 ~g/kkg (1.6 lb/ton), the suspended 
solids load i:, 0.6 kg!kl:g (1.2 lb/ton), anc the oil and grease load is 
o.~ kg/kkg (0.6 lb/ton). 

Costs: Total invcstr.;rn~ cost: SBS0,820 
Total yearly cost: $265,250 

An itemized brPaLdown of costs is prrscnt~d in Table 490. lt is a~sumed 
that land costs $41 ,000 per h~ctar~ ($16,600 per acre). It 1s ~urther 
assum~d that two operators are required. 
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TABLE 488 

ITEMIZED COST SUMMARY FOR ALTERNATIVE BJ-II 
(FROZEN BAKERY PRODUCTS) 

ITE~IZED CCST SL~~A~Y FOP ~'STf~ATE~ TREAT~E1'T C~AI" 
DESIG~ fFFICIE1'CY,,,60,0 PE~CE"T eco RECLCTIC" 

TREJT~E~T ~CCGLES1 

?NVE~T~E~T CCSTSt 

c ••• ECLALlZATJC~ BASI" 
R,,,Pu~;!~G ETATICh 
J,,,AI" FlCTATICN 
B,,,P~~Pl~G STATJG~ 
S.,,VAC~L~ FILTRATICN 

11 CC"STi<L.;CT1C'
c. L,H.O 
3, E~Gl1'EEl'l~G 
14, CC1'TI1'GE"CY 
TCTAL 

YEARL.V c~EAATl~G CCSTSr 
11 L.liBCRI 
i, ftCHR 
J, t+-EMHALS 
~. ~AI~TENA1'CE&SLPPLIES 
TCUL 

TCTAL. YEtRL.Y CCSTSr 
1. YEARLY CPERATI~G eosT 
2, ~~ARLY I~vEST~E~T 

CCST RECC:VE.l<Y 
3. C ~PI' EC lA TIO~ 
'TCHL. 

H24 

202530,00 
'IU0,00 

2c2so,oo 
20250,00 

2n1qo,oo 

1211qo.oo 
U•Oo,oo 
11020.00 
iq3so.oo 
•h•0,00 

•hu.oo 
iaeqo,oo 

121so.oo 
nsoo,oo 
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TABLE 489 

rTEMI~ED COST sur~MARY F'OR AL TtFWATIVE 83-II r 
(FROZEN SAl~ERY PRODUCTS) 

ITE~lZEC COST !~~~ARV ~OR ~ASTE~•TfR TREiT~E~T C~AJtii 
DESIG~ ErFICif~CY.,,qb.O PERCE~i BCD RECLCTIC" 

T~EAT~ENT ~CDULES1 
e1 •• c~~TP.OL rCL~E 
c,,.EQLALlZATIC~ ~·s=~ 
e,.,Pu~PlhG ~TAT!O~ 
J, 1 ,AIR FLOTAi!C~ 
8 11 .PU~PI~G STATlC~ 
6 11 ,VAC~~~ FILT~ATIC~ 
~. 1 ,NITRCGt~ Ar,c?TIC~ 

J,.,P~CSP~CRLS AO~IT!C~ 
K11 ,ACTIVAT£C SLLD~E 
Q,,,SLWCGE T~ICKE~ER 

JNVEST~E~T CCSlSI 
11 CCll.STRLCTICl'I 
2, LA~O 
J 1 E 1' Ci I N E E R I ~. G 
ill, tCtoTitiiGElllCY 
TCTAI. 

tiSbb30,00 
Uflfl0,00 
t5b60,00 
tts~u.oo 

eooio.oo 
VEAALV OPfAATl"G CC!T!t 

l, LABOr:t 
2, PC\ilEA 

2uqqo,oo 
,.uo,oo 
szo20,oo 
3702C,OO 

J, C~EMJCALS 
Q, ~Al~TE~•~CE&SLPPLIES 
TCTAL. uo210.oo 

TCTAL VEARLV CCSTS1 

_. ___ - - -· ~ .. -----~ 

1. YEARLY CPE~•T!~r. CC5T 1eoz10.oo 
2, YEA~LY l~VEST~E"'T 

CCST RECCvE~v 32180,00 
3, DEP~ECIATlC~ 3~~00,00 

TCTA~ 2517~0.oo 

l42S 

--~----
----~-- ------
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TA~!.E 490 
ITEMIZED COST SUMMARY F'OR ALTERNATIVE 83- IV 

(FROZEN BAKERY PRODUCTS) 

ITE~IZEO CCST SlM~~AV FOR WASTE~ATER TREAT~EhT C~AtN 
OES!C~ EFFIClfNCY,,,Qe,o PfRCE~T BCO R~O~CTICN 

TREAT~E~T ~cc~L.ESt 
51,,C~hTRCL ~CLSE 
t,,,EOLALlZAi!C~ 6ASl~ 
B,,,Pu~~IhG STATIO~ 
J,,,Al~ FLCiAilCN 
B,,,PU~P!NG STATION 
611 ,VACLUM FIL1~ATIC~ 
~ •• ,NlT~CGE~ ACClYlC~ 
1,,,P~CSP~C~LS AOO!~lC~ 

K,,,ACT?VATEC !L~~GE 
Q,,,SL.LCGE T~!C~E~E~ 
8 11 .PU~PI~G ~TATION 
N,,,OUAL ~ECIA PRf5S~~f FILTRA 1 N 

INVESTMENT ecsT~t 
'• CCNSTRUCT?CP. 
!, LH•'O . 
J, Et..G?NEERING 
"• CCtwTI~GE~CY 
TCUL 

VEARLV OPERATING COSTSt 
la LUOR 
i, PClliE" 
J, C"4£1.llCALS 
~. ~AI~TE~ANCE&SLPPLIES 
TCUL. 

TCTAL YEARLY CCST!t 

6t51o.O,OO 
U&eo, oo 
••sso.oo 
69510,00 

esoe20.cc 

211qc,o,oo 
11110,00 
52020,00 
37730,00 

l8t;S10.oo 

t, YEARLV CPE~ITl~G CCST 189510.00 
2, YEARLY l~VtS,~f~T 

CCST "fCC~fRY l~OJo.oo 
J, D~PREtt•Tlt~ 817,0,CO 
TCTAL 265250,00 

'" _______ _ 
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Reduction Benefits: 

-

BOO: 
SS: 

O&G: 

98. 0 percent 
98.0 percent 
97.0 percent 

A cost efficiency curve is pres~nted in F19ure 378. 

Lost ~nd P.eduction Oenefits of Alternative Treatment iechnolcgies 
ror--s~b:at~~~ry E a - To~ato - Cheese - Starch 

A model plant rep~esentative of Subcategory B 4 was developed in 
Section V for the pt1rpose of applying -:ontrol and treatment alternatives. 
In Section VII, three alternatives were selected as being applicable 
engineering ~lternatives. These alternatives provide for various 
levels of waste reductions for the model plant which produces 36 kkg 
(40 tons) of finished product per day. 

Alternativ~ B 4-I - This alternative assumes no trea~ment and no ~eduction 
in the waste load. It is estimated tnat the effluen! from a 36 kkg 
r.er day plan: is 378 cum (C. l r·:G) oe1· d.:iy. The 50!.J w~ste bad is 7.3 
kg/kkg (14.G lb/ton), the suspen~ed solids load is 4.17 Kg/kkg (8.34 1b/tJn:, 
and the oil a~d grease load is 2.8 kg/kkg (4.2 lb/ton). 

Cc:s ts: 0 
Reauction Benefits: None 

Alternative B A-II - This altern2tive prcvides a pumping statiol'l, ·,low 
equaljzation, dissolved air flotatiJn, and vacuum filtration of sludge. 

The resulting BOD waste load is 4.4 kg/kkg (S.8 lb/ton), the suspended 
solids load is 1.2 kg/~kg (2.4 lb/ton), and the oil and grease load is 
0.84 kg/kkg (1.7 lb/ton). 

Costs: Total investment cost: 
Tota1 year1y cost: 

$149,340 
$ 43,060 

An itemized breakdown of costs is pres~nted in Table 491. It is 
assumed that land costs $41,000 pe~ hectare ($16,600 per acre). It 
1s further assumed that one operator is required •. 

Reduction Benefits: BOu: 40 
SS: 70 

O&G: i'O 

percent 
percent 
percent 

Alternative B ~-!II - Thh ilternative provides 'in 1:tddition to Alter
native 6 4-11 a""complete mix activated slwdge system with sludge 
thickening of the waste activated sludge. Additional vacuum filter 
capacity i~ included. 

Th~ resulting BOD waste load 1s 0.44 kg/kkg (0.88 lb/ton). the suspended 
solids load is 0.42 kg/kkg (0.84 lb/ton). and the oil and grease load 
is 0.28 kg/kkg (0.56 1b/ton). 

Costs: Total investment cost: 
Total yearly cc~t: 

1427 
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TABLE 491 

ITC:MIZED COSi SUMMARY FOR ALTERNATIVE 84-II 
(TOMATO-CHEESE-STARCH) 

ITE~IZED C~ST SL~~ARV F~R ~ASTE~ATER TRfAT~Ef\T C~AI~ 
OESIC~ EFFICIE~cv ••• ao.c ~f.RCE~T 5CD ~EOLCTIC~ 

TREATl'Et-.T ~C.DL•LESt 
C, 1 .EQL6LIZATIC~ BASI~ 
e ••• PU~FING S1ATl0~ 
J,,,AIR FLr.1Ai!C~ 
s ••• Pu~F!~G STA1IC~ 
S, •• VAC~LM FILTRATICf\ 

INV!STl'E~T CCSTSr 
J. CCNSThCT!C._ 
2, LHO 
3 • E ~ G Hi:: E R P: G 
611 CC'-il"-Gff\C'Y 
TCT AL. 

YEA~LY O~ERATI~G CCSTS1 
1. 1.ABCR 
2, PCl'IER 
3. C.-E,,.lCALS 
a, ~AINTENA~tE&S~PPLIES 
TCUI. 

TCTAL YE!RL~ CCSTS1 
11 YEARLY CPE~AT?f\G COST 
2. YEARLY ?~VEST~EhT 

CCST HECCVERY 
3, OEPRECIATICf\ 
TCTAL 

1429 

12oqeo,oc 
.Ul60,CO 

12100.00 
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An ·itemized breaY.do~m of costs is prt:sented in Table 492. It is 
assumed that land costs $41.000 per h~ctare ($16,600 per acre}. rt 
is further assumed that two operators are require~. 

Reduction Benefits: BOD: 
SS: 

O&G: 

94 percent 
90 percent 
90. percent 

A ccst efficiency curve is presented in Figure 379. 

Cost and Reduction Benefits of Alternative Treatment :echnologies 
for Subcattoory e 9 - Chili Pepper ano .-laprH.a 

A model plant representative of Subcategory B 9 was developed in 
Section V for the purpose of applying control and treatment alter
natives. In Section VII, three alternatives were selected as being 
applicable engineering alternatives. These alternatives provide 
for various levels of waste reductions for the model plant which 
processes 104 k~g (115 ton) of raw material per day. 

Alternative B 9-T - This alternative assu~es no treatment ano no· 
reduction in tne waste load. It is estinated that the effluent from 
a 104 k~g per day plant is 1900 cum (0.5 MG) per day. The BOD 
waste load is 14.5 kg/kkg (29.0 lb/ton), and the suspended solids 
load is 9. lkg/kkg (18. l lb/ton). 

Costs: O 
Reduction Benefits: None 

Alterna~ive l3 9-T! • This alternative consists of a control house, 
a pumping station, flow equalization, a complete mix activated sludge 
system, sludge thickening vacuum filtration and sludge storage. 

The resulting BOD waste load is 1.02 kg/kkg (2.04 lb/ton). and the 
suspended solids load is l.09 kg/kkg (2. 18 lb/ton}. 

Costs: Total investment cost: 
Total yearly cost: 

$481,600 
$130 '770 

An itemized breakdown of costs is presented in Table 493. It 1s 
assumed that land costs $41.000 per hectare ($16,600 per acre). It 
is further assumed that three operators are required. 

Reduction Benefits: BOD: 93.0 percent 
SS: 88.0 percent 

Alternative B 9-III .. This alternative provides d•ial media filtration 
1n addition to the treatment modules of Al te1-nat ive B 9-I I. 

The resulting BOO waste load i~ 0.58 kg/kkg (1.16 lb/ton), and the 
suspended solids load is 0.55 kg/kkg (1. 10 lb/ton). 

1430 
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TABLE 492 

rn:mzrn COST SUR'W?Y FOR 1~L rrn~JAilVE B4-II 1 
(TO~ATO-CHEESE-STARCH) 

1 H' t' ! 7r: L: C: ': '7 ~ L .. " L :0 "' f:' S ~ ~ t. ~ H'" A·,;:- w I i. ~ "f ":, "- T C: .._A I ti. 
~~~JG~ trF:c:E~cv ••• ~~.r F~~lf\T ~c~ ~tr~r11c~ 

T~FbT~~", ~c~~L~5: 

crsr.;, 
1 • 
?. • 
3. 

C ••• c:-;,L. ~L 17;,.i~r:' ~;.S~h 
~ ••• ~~w?!~~ ~Tt1Jt~ 
.J ••• tzo r:-1_r'T~~H:"-
f-, •• .;. L· ~· ~ i • ( ~ 'T .q TC t. 

s ••• v~r~~~ ~JLT~t7IC~ 
K ••• .:.CT''dT!:: :tr r'r:C: 
~ •• ,E~L~GE 11-lCKE~~R 

CL: ~- 5i C' !. C T l C I\. 
L I> '· _:-

I::~ G J:. ft i; l >- G 
J.i • i.: p; '!'I '" " ~ ,, r: \· 

c:;,12c."l.r<' 
12.:JCtO.(,,H'I 
2;nc.cr: 
2~7.!C.Ctl 

1rT4L cf;7C'(IG.OO 

VEA~LY CFcQ~Tl~G C(.;Ts: 
2 • LA~Ll~ 
2, rC .. f.Q 
3. Ci'-E"lCALS 
~. ~~:NTE'•~CE~~LP~Llf~ 
TfHL 

1CTAL YEA~LY CCSiS: 
1. YfJ'°'l.'Y (P~J..>A'TJI,(: C:CSl 
2, YEA~LY J~w~~luF~~ 

CC 5T i<:C.:\::'.'l<Y 
3. rf.Pwt;'Cl/T]n~ 
T~UL 
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TABLE 493 

ITEMIZED COST SUMMARY FOR ALTERNATIVE 89-11 
(CHILI PEPPER ANO PAPRIKA) 

ITE~lZED ccsT s~~~A~Y FCQ ~ASTE~ATER TPEAT~E~T C~AIN 
CE~IG~ EFFJClE~CY, •• q2,5 PERCE~T ecD RECl~TlO~ 

T~Eti~E~T MC~ULESr 

I~VEST~E~T CCST~J 

£=1 •• rm!TF<ClL ~c 1.·si: 
e ••• ~~wFI~G !l~iIC~ 
c ••• tr.ULIHiIC .. e~SI'll 
K,,,•CTlVl~~t !~LDGE 
C, 1 ,SL~DGE l~!CKE~ER 
S. 1 ,VAC~LM FJLTRATIC~ 
Y,,,~DL!i:~;~ H._K 

1. CCt.:ST~LCi!Ct\ 
2, LA:\D 
3 • E ~: G ! '': E ~ l NG 
" • CC~. i ! I.: GE r, C Y 
TCP.L 

YEARLY C~E?AT:~G CCST~: 
1. L~~C~ 
2. P'C'1;~~ 

l. Cl'-L:t-'ICA!..S 
~. ~AINTE~ANC~&SLFPLIES 
lClAL . 

TOTA~ YEARLY CC~TSt 
J. YEA~LY C?E~ATI~~ CCST 
2. YEAKLY J~Vf.ST~cNi 

cc:sT ~:crvc:01v 
J, DEPfiECIATlf;I'\ 
TCiAL 

1~33 

372lEO,OO 
J~'iBo.oo 
37220.00 
37220.00 

4'81boo.oo 

J7&1eo.c.o 
3331'1.0C 

37uo.oo 
1ll6So.ce 
e9uo.oe 

ac;iso.co 

1c;uo.oo 
223:30.00 

130770.00 
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Costs: Total investment ~est: 
Total yearly cost: 

$523,790 
$140,590 

An iter.iizc.d breakdo1·m of costs is presented in Table 494. It is 
assumed that l'llnd costs $41,000 per hectar" ($16,600 per acre). It 
is further assumed that three opt?rators are 1·equire~. 

Reduction Benefits: BOD: 
SS: 

96 percent· 
94 percent 

A cost efficiency curve is presented in Figure 380. 

Cost and P.eduction Benefits of Alternative Treatment Technologies 
for Sub~ategory C 4 - Ego Processing 

A model plant representative of Subcategory C 4 was developed in 
~ection V for the purpose of applying control and treatment alter
t1atives. In Section VII, three alternatives 1.,rere selected as bei:1g 
applicable engineering alternatives. These alternatives provide for 
various le~els of waste reductions for the model plant which proce~ses 
30 kkg (34 ton) of eggs per day. 

Alternatice C 4-J - This alternative assumes no treatment and no 
reductio~ in tne waste load. It i: estimated that the effluent from 
a 30 kkg per day plant is 200 cu m (0.05 MG) per day. The BOD waste 
load is 23 kg/kkg (46 lb/ton), and the suspenc~d solids load is 
5.4 kg/kkg (10.8 lb/ton). 

Costs: 0 
Reducticn Benefits: None 

Alternative C 4-II - This ~Hernative pi·ovides 4 two-cell aerated lagoon 
with a 45 day detention time. 

The re~ulting BOD waste load is 1. 15 kg/kkg (2.3 lb/ton), and the 
su~pended sol1ds load is 0.81 kg/kkg (1.6 lu/ton). 

Costs: Total investment cost: $246,090 
$ 48,270 Total yearly co3t: 

An itemized brea~down of to~·~ is p~esented in Table 495. It is 
assumed that land costs $41t ~er hectare ($1660 per acre). It is 
further dSSumed that one operator is required. 

Reduction Benefits: 
< 

300: 95 percent 
SS: 85 percent 

Alter!"lath~ C ~-TTY - This alternativ: adds a dual media filter to 
Alterna~ive C 4-Il. 

1434 
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TABLE 494 

ITEMIZED COST SUMMARY FOR ALTERtlATIVE 09-III 
(CHILI PEPPER Arm PAPRIY.A) 

r1~~!ZEn CC5T ~~~~'~¥ F(~ ~AST(kATE~ TRE~T~El\T C~AJN 
0 E s I :; I; EF n c I ~ ~. : y .. • c; e • ' F E. ~ c Et. T B 0 D " E D I.I c T 1 c ~ 

TRE6T~E~T ~~OULESr 
s1 •• cr~iHCL ~CL~r. 
a ••• Pv~~J~G STtiIG" 
c ••• ErLALlZAT!C~ E!SIN 
K,,,tC1?t,TEC ~LLCGE 
C ••• SLLDG: T~IC~ENER 
s, •• v,1.c1..1,,;t" FILHJ.TICN 

, '•••~~LCI~G Tt~K 
2 ••• P~~?I~G !!tTIC~ 
~ ••• ~LbL ~EClA FRESSLRE FILTRA'N 

I~VEST~~~T CCS7!1 
1 I c (. ~. s,. ;< I. c T JC: " 
2, LH~ 

3. HGl:-oE:.::r"~ 
' • C C '' T I " G E ~ C Y 
TCTAa. 

YEARLY G~ER~TI~G crsrs: 
1, LA::?r:~ 
z. 1-'Ci-E~ 
J. C._,E,.,rCAL.S 
u. ~~I~TE~•~CE&S~PPL:~s 
TCT•L 

TCT~t YEARLY CCST!r 

'-------:_~_:_-:._:_ ___ _ 

l, YE~~LY c~~~ATI~G COST 
2. YEA~LY I~vEST~~"T 

CCST P!~CCvE"Y 
l. CEl:lf'IECIJ.TlOI\ 
TCHL 

--... -- ,.,_,.-=·-·--=-=---------

" 0 73 s c I -0 0 
3"r;eo.co 
~0730,00 
600730,CO 

s237qo.oo 

J7ueo.oo 
Jc7so.oo 
31~o.oo 

15230.00 
~scco.oo 

i;s2eo,oo 

20~50.0C 
2lluo.co 

1'10590.00 

--------·----
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TABLE 495 

ITEMIZED COST SUtf1ARY FOR ALTERNATIVE C4- U 
(EGG PROCESSING) 

? TE~· 1 UC Cr.ST S l. ~~A Z< Y ~I: Q ;.. 6 ~TE'' U FI:/ Ts:;! '1" F ~ T C "'A ? ~ 
tFSlG~ EFF!CIE~cv ••• qs.~ PE~tE"'i eco RECuCTIC ... 

T~EAT~E~T ~cDwLE~J 
L.,,AE~AT~n LAGCC~ 
L,,,AE~tTfn LAGCC~ 

?~VFST.,E~T CCSTS1 
1, CC1'ST;<UC:i?C"' 
2, LA~!:' 

J. HGit\EEl<lt-.ii 
" • C n. T 1 "' H °' C'r 
S. F'vC Ll!'-.fi; 
'T'C 1 AL 

VEA~LV CPERATJ1'G cr~TS1 
l, L.•!<C;:: 
2. FC.,.,!:F: 
J, Cl-'E.,ICALS 
4, PAl~T~~ANCE&~LPPL!E~ 
5, PVC L.l"-EP 
TCTil. . 

lCTAL YEARLY CCSTSt 
11 YEAPLY 'PER,TI~G CCST 
i. YE•~LY J~vfSTrf~T 

CC~T RECC\'fl<V 
l. tEPRECIATlC:~ 
TCT•1. 
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The resulting BOD waste load is O.G9 kg/kkg (1.30 lb/ton), and the 
suspended solids load is 0.16 kg/kkg (0.32 lb/ton). - . 

Costs: Total investment cost: 
Total yearly cost: 

$275,i?OO 
s 55,940 

An itemized breakdown of costs is presented 1n Table 496. It is 
assumE'd that land c:>sts $4100 per hectare ($1660 per acre). It 
is further ass~med that one operator is required. 

Reduction Benefits: BOD: 97 percent 
SS: 97 percent 

A cost efficiency curve is presented in Figure 381. 

Alternativ~ C 4-IV - This alternative provides an anaerobic lagoon with 
10 days retention and an aerated la goon with € days retention. 

,~resulting BOD waste load is 0.46 kg/kkg (0.92 lb/ton), and the 
~~pended solids load is 0.54 kg/kkg (l.l lb/ton). 

Costs: Tctal investment cost: 
Total yearly cost: 

$176,810 
$ ;;2,no 

An itemized breakdown of costs is presented in Table 437. It is 
assumed that land costs $4100 per hectare ($1650 per icre). It is 
further assumed that one operator is required. 

Reduction Benefits: BOO: 98 percent 
SS: 90 percent 

Alternative C 4-V - This alternative adds dual media filtration to 
A1ternative C 1-IV. 
T~e resulting BOD waste load is 0.23 kg/kkg (0.46 lb/ton), and the 
suspended solids load is 0.11 kg/kkg (0.22 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$205 ,920 s 39,g6o 

An itemized breakdown of costs is presented in Table 498. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It 1s 
further assumed that one operator is required. 

Reduction Benefits: BOD: 99 percent 
SS: 96 percent 

A cost efficiency curve is presented in Figure 382. 
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TABLE 496 

ITEMIZED COST SU~MARV FOR ALTERNATIVE C4-III 
(EGG PROCESS ltlG) 

%'TEl'!ZF:".> C!'."ST -~l.fl'~HY ~c;io '-J.~iF .. l.'Ti:'w TREATt'r:"T Cl"l!ll: 
OF.StG~ EFF!C!c11.cv, •• q7,o PERC~"T P~O REC~CTIC~ 

Tr( f ! 'f '°' F" T 1• C ~Li Lf ~ : 
L,.,A~;~TE~ L~GCC~ 

L ••• 'E'L'E~ ~·~cc~ 
t",,,~L•.-'!•C: Si,'T!r" 
..... ,CLL~ ... f:H i:;;t ss ... i;E F!LTwa •11. 

!NVEST~L'T CCSTS: 
1. C(ll.ST'L.C:i re" 
~. L Hr 
3, E~~1'~~:-p~ 

"· tc•,r;"lie:'Cv 
';, F'vC L.!~t• 
iCHL 

YEA~LY CF:~ATill.G CCSTSt 
1. L.HC'! 
2, PCl<>H 
3. CfolEM!CAL! 
~. ~AJ~Tfll.A~CE,!L.DPLIES 
5, F'VC Lt~E~ 
TCTAL. 

TCTAL. YEARLY r.C!T~I 
1 1 YEA~LY :~EMATl"C CC!T 
l. YE•~~Y 111.vfST~E11.T 

CCST ~~C(vfi:v 
3. nP;.:J:"C71.Tii.t. 
TCUL 
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TABLE 497 

ITEMIZED COST SUMMARY F'O~ ALTERNATIVE C4-JV 
(EGG PROCESSING) 

11!~?ZFD cr~T SL~~'~' 'CQ k'ST~•6T~R T~E•T~i~T C~AI~ 
rES?rt.. EFFIClft..Cv, •• ~~.~ PE~Cf~T ~c~ REO~ClICt.. 

TR[ATrE"-T ~CCULES1 
~. 11 $ETlLlNG FChC 
L ••• •fOATt~ LAGCCN 

!~VEST~E~T CCST~t 
S, CC:l>SHt.CT!Ct.. 
2. LH.t' 
3, p,c;p;•:P:IJG 
ll. Cr"JT~"-GE'"-CT 
5. P\'C L?t..f'!; 
TCUi.. 

YEARLY CPE~•Tl~~ ~CSTS~ 
1, LABCFi 
21 PC"'E~ 
3, C"'E"'ICALS 
~. ~AlNTEt..A"-CE&SLPPLIES 
5. PVC Lit..ER 
lCUL. 

TCTAL VEA~LY CCSTSI 
la VE•RLY CPf~ATJ~G C~!T 
21 VEA~~y !~VESTPE~T 

CC:ST l=:Hr.VEl<V 
J, OE~RECIATlt~ 
TCHI. 
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TABLE 498 

ITEMIZED COST SUMMARY FOR AL TER~IATIVE C4-·V 
(EGG PROCESSING) 

ITF~JZED c~sT SL~"'ARY FCR ~ASTE~AlER iPEAT~E ... T c~•J~ 
Df!IG" EFFtCJE"cv ••• qq,o ~E~CE~T e~~ RECuCTir~ 

TREAT~E~T ~COLLE~I 
"' 1 1 0 SETT L P· G I= r '- r, 
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Cost and Reduction Benefits of Alternative Treatment Technologies 
for Subcategory C 5 - Shell Eggs 

A model plant representative of Subcategory C 5 was developed in 
Section V for the purpose of applying control and treatment alternatives. 
In Section VII, five alternatives were selected as being applicable 
engineering alternatives. These alternatives prqvide for various levels 
of waste reductions for the model plant which processes 12.5 kkg 
(14 ton) of eggs per day. 

Alternative C 5-J - This alternative ass~mes no treatment and no 
reduct1on in the waste load. It is estimated that the effluent from 
a 12.5 kkg per day plant is 13 cum (0.0035 MG) per day. The BOO 
waste load is 1.56 kg/kkg (3.1 lb/ton), and the suspendP.d solids 
load is 0.52 kg/kkg (1.0 lb/ton). 

Costs: O 
Reduction Benefits: None 

Alternative C 5-II - This alternative provides a two-cell aErated 
lagoon with a retention time of 45 days. 

The res~lting BOC waste load is 0.078 kg/kkg (0. 15 lb/ton), and the 
suspended solids load is 0.078 kg/kkg (0.15 lb/ton). 

Costs: Total investment cost: 
Total yearly cost: 

$233,760 
$ 32,620 

An itemized breakdown of costs is presented in Table 499. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that one operator is required one-half time. 

Reduction Benefits: BOD: 95 percent 
SS: 85 percent 

Alternative C 5-TII - Ir.is alternative adds dual media filtration to 
Altern~tive C 5-II. 

The resulting BOD waste load i~ 0.047 kg/kkg (0.094 lb/ton), and the 
suspe~ded solids load is 0.021 kg/kkg {0.042 lb/ton). 

Costs: Total investment cost: $248,010 
Total yearly cost: $ 36,880 

An itemized breakdown of costs is pre5ented in Table 500. It is 
assumed that land costs $4100 per hectare ($1660 per acre). It is 
further assumed that one operator is required one-half time. 

Reduction Benefits: BOO: 97 percent 
SS: 96 percent 

A cost efficiency curve is presented in Figure 333. 

1444 
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TABLE 4~::1 

IT£MIZ£D COST SU~MARY FOR ALTERNATIVE C~-TJ 
(SHELL EGGS) 

IT~~IZ~~ cr~T s~~~l~\I FG~ ~ASTF~eT~Q T~EATW~~l C~AI~ 

CES!G~ E~F1CIE"CY ••• Q~.o ~EwCE~T ~(~ ~E~vCTIC" 
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~ ••• Puw~J~~ ST6~!C\ 
L. 00 ,AEQAT~r LAl-CC~ 

L,.,,~CATf~ L•GCC~ 

:\VEST~E~l CC~TS: 

I • C C 1, : T 'i U"f! C "
z. L A~:'l 
3. p·c;rr.E.~;;pii; 

"· CC,,,Tl"H~O 
5. PvC L:i~~;;o 
TCTAL. 

YEA~LY CPf~AT!~G CCSlSr 
S • LA6C::~ 
i, PC'"E;:; 
3, C"'E~ICALS 
~. r&JNTE~A~Cf.&Sl~PLIE! 
~. J:vC l r~EFi 
TCTA L 

TCTAL VEARLY CCST!1 
J, YEA~lY CPtWATI'C CCST 
2, YEloALY p:vc~T,..~11.T 

('(~T i:<ecr.v~•v 

3, CE.Pl=l!'C. I tT tr," 
TC'TAL 
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TABLE 500 

ITEMIZED COST SUMMARY FOR ALTERNATIVE CS-III 
(SHELL EGGS) 

!TF~1z~~ crsT SL~r&~Y FG~ ~ASTE~,,~~ 1~E6T~f"T C~AJ~ 
CE!!G~ [S::rTcl!~CY, •• q1.~ FE~c~~T ~GD ~E~LCTICll. 

TR~iT~~~T ~cr~LtSr 

e,.,Pu~PJ~~ STAT!~~ 
L,,.JE~tltt LAGC~~ 
L,.,6~~,,Er ~!~C~' 
P,,,PW~P!'~ !TAT!~\ 
~ ••• C~tL ~~ClA P~ESSL~E FILTQAth 

I~VEST~~~T crsT~: 

1, cr~~i1:n .. n:c"' 
Z 1 I .. A~ C' 
3. E"·r.p .. ,:-~q"-G 
~. CC'-TI..,GE:-n 
!:, ~vc L!'-EP 
TCT AL. 

YEA~LY C?ER~TI~G CC~TSr 
1, L.H::'w 
2. &:I(~.~" 
3, C..,fMICt.LS 
Q• ~AINTF~A~CE~SLPDLIE~ 
S, Pvt Liii.ER 
TCT~L 

TCT~l YE.ACLY CCSTSr 

• - - -- p 

le Yt.A~LY CPc~ATl~G ~CST 
?, Y~A~LY l"-vf~T~~"T 

CCP J:'S::(r\.s::;:,. 
3,, !".'~S::i;ECTATir~ 

HTA!. 

tqRtbC,00 
2ti7C,CI" 

1Q8?0.C1 0 
Slf820,0G 
75ll0,00 

2uev10.oo 

6.?S0,00 
3qeo,oo 

o.o 
a10~.oo 

270,C,O 
1'1bC10.00 

c;c;zo.on 
12270,(10 
3Heo.oo 

,- .-.hr - •. ~:+:; ·== 



t 
'.· 

I••.: I 
: 

,, , . ' 
(/) 
<X 
<( 
..J g "'·· 
\l. 
0 
I/) 

1•1 •• a 
~ 
Vl 
:::> g \U.I 

z ..... 
I-

~ 
1•a,, 

\) 

>-
111.1 

>-

~ 
~ ''·• a 
~ 
I.) ''·' 
-J. 
t-.... tJ,J I 

~ 
\ 
' Jl,o 

______ , 
-~·······~.---···········································-··········································· 

•1.u •1.tt ''·" u,oe •1,co ''·°' .••.re .,,De ••·•• "·" tu.to 
tFFlCtEN<".Y 

FIGURE 383 

I 
lt-M'srnENT ~ YEARl 'f COSlS FOR SURCAllGOIW Cs, Al T. 11 t 



DRAFT 

Alternative C 5-JV - This alternativ~ consist~ of an unaerobic lagoon 
W\th 10 days retention and an aerobic lagoon with 6 days retention. 

The resulting-BOO waste lead is 0.031 kg/kkg (0.062 lb/ton). and the 
suspended solids load is 0.052 kg/kkg (0. 10 lb/ton). 

Costs: Totc:il i nvestm~nt cost·: 
Total yearly cost: 

$137,640 
$ 22,010 

An itemized breakdown of costs is presented in Table 501. It is 
assumed that land costs $4100 per hectare ($1650 per acre). It is 
further assumed that one operator is required one-half time. 

Reduction Benefits: BOD: 98 percent 
SS: 90 j:le rcen t 

Alternative C 5-V - This Rlternative adds dual media filtrat~on to 
AlternativE C 5-JY. 

The· resulting BO;) waste 1oad is 0.016 kg/kkg (IJ.032 lb/ton), and·· the 
suspended solids load is O.Cl kg/kk1 (0.02 lb/ton). 

~osts: Total investment cost: 
Total yearly cost: 

$151 ,890 
$ 26,250 

An itemized breakdown of costs is presented in Table 502. It is 
assumeJ that land costs 54100 per hectare ($1660 per acre). rt is 
further assumed that ore operator is required one-half ti~e. 

Reduction Benefits: BOD: 99 percent 
SS: 98 percent 

A cost efficiency curve is presented in Figure 384. 

Cost and Reduction Benefit~ of Alternative Treatment Technologies 
for Subcategory C 12 - Prepared Sand1vicnes 

A model plant re~resentative of Subcategory C 12 was deveioped in 
Section V for the purpose o~ applying control and treatment alternatives. 
In Section V!r, two alternatives were selected as being applicable. 

Alternative C 12-I - This alternative assur.iP.S no treatment and no 
reduct1on 1n the waste load. 

Costs: o 
Reduction Benefits: None 

Alternative C 12-!t - This alternative provides a holding tank and truck 
hauling of all wastewater. It is assumed that hauling cost is $100 
(1974) per haul and that there are five hauls per week. 

144l3 
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TABLE 5:!1 

ITFMJ ZED COST SUMMARY FO?. ALTERNATIVE CS-JV 
(SHELL Ei~GS) 

!T~u:zFe crsl 5L~w,~y ~r~ ..,AST~~tT~~ T~~•T~!"T C~.AJ~ e~L 
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TABLE 502 

ITEMIZED COST SUM'1ARY FOR ALTERNATIVE CS-V 
(SHELL EGGS} 
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Costs: Tot~l investment cost: 
Tota~ yearly cost: 

$1 l ,54C 
S22,9f0 

An itemized bf"eakdown of co~ts is presented in Table 503. 

· Reduction Benefits: BOD: 
SS: 

O&G: 

100 percent 
100 percerit 
100 percent 

Cost and Red•Jc~ion Benefits of A1ternative Tre<1tment Technolocies 
for Subcateoory D 4 - Vineoar ~ 

A model plant representative of Subcategory D 4 was developed in 
Section V for the purpose of applying control and treatment alter
natives. In Section VII, seven alternatives were selected as being 
appl~cable engineering alternatives. These alternatives provide 
for various levels of waste reductions for the mode1 plant which 
produces 78 cum (20,000 gal) of vinegar per day. 

Alterrative S 4-: - This alter~ative assumes no treatment and no 
reduction in the waste load. It is esti~ated that the effluent from 
a 78 cum per day plant is 90.8 cum (0.024 MG) per day. The BOD 
waste load is 1.92 kg/cum (16.0 lb/1000 gal), and the suspenc~d solids 
load is 5.38 kg/cum (10.8 lb/1000 ga1). 

Costs: 0 
Reduction Benefits: None 

Alternative D 4-!; - This alternative provides a p~mping station, 
flow equalization, caustic neutralization, nitrogen addition, and 
an aerated lagoon. 

The resulting BOD waste load is 0.096 kg/cum (0.8 lb/1000 gal), and 
the suspended solids load is 0.43 kg/cu rn {3.6 lb/1000 gal). 

Costs: Total investment cost: 
Total yearly cost: 

$172,400 
s 44,360 

An itemized breakdown of costs is presel'lted in Table 504. It is 
assur.ied that land costs 54100 per hectare ($1660 per acre). It 
is further assumed that one operator is required one-half time. 

Reduction Benefits: BOO: 95 percent 
SS: 92 percent 

Alternative D 4-JII - This alternative replaces the aerated lagoon 
of Alternative V 4-JI with a cornp1ete mix activated sludge system 
and provides sludge thickening, aerobil digestion, and truck nauiin~. 

The resultinQ SO~ waste load is 0.06 kn/cum (0.5 lb/lon0 oal), and the 
susoended solids load is 0.27 kQ/cu n [2.25 lb/1~00 qal). 
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TADLE 503 

ITEMIZED COST SUM"'1MY FOR ALTERNATIVE Cl 2- Ir 
(PREPARED SAllDHICHES) 

IT£~TZ~O CCST ~L~VA~Y FOR ~A~TE~6TEW TRfAT"'E~T C~AI~ 
OE~!G~ E~F!CIE~cv ••• •100 PE~CE~T ~(~ ~ECLCTlC" 

TREAT~E~T ~lC~LES: 
Y 11 ,PolCLCl~·r; TA'-1'< 

!"VEST~E"T CCSTS1 
1, CCf'!TRLCTlC' 
z. LU.Cl 
3, E"-G!o.JfERP·G 
"• CCll.TI~GE~CV 
TC1AL 

YEARLY CPERATI~G CCSTSr 
l, LAeCI< 
2, PC1o-~? 
3, Cl"t::"'IPLS 
Q, ~AINTE~A~CEgS~PPLIES 
TCTAL. 

TCTAL vtAR~Y CCST5t 
1. YEARLY CPE~ATI"G CCST 
I, YEARLY l"VE~T~E~T 

CC5T ~ECCve-i;y 
l, CEPRECIATIC"-
TCUL. 
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TABLE 504 

ITEMIZED COST SUMMARY FOR AL TEF:lif1T!VE 04-I ! 
(VINEGAR) 

ITE~TZrD cc~T SL~~A~V FCR ~.~,:~ATEQ T~£6T~E"'T c~AI"' 
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Costs: Total investment cost: 
Total yearly cost: 

S206.560 
s 77 ,530 

An ite~ized bre~kdown of costs is presented in Table 505. It is 
assumed that land cos ts j41 ,O'JO r.ier hectare (S 16 .600 per acre). It 
is further assumed that three operators are required. 

Red11ction Benefits: BOD: 
SS: 

97 percent 
95 percent 

Alternative D 4-JV - This alternative adds sand dry~ng beds to 
Alternative D 4-III. 

The res~lting BOD wa~te load is 0.058 kg/cum (0.48 lb/1000 gal), and 
the suspended solids load is 0.27 kg/cum (2.25 lb/1000 gal). 

Costs: Total investmen~ cost: 
Total yea ·ly cost: 

$245,210 
$ 86.050 

An itemized breakdown of costs is presented in Table 5~6. !t is 
assu~d that land costs $41,000 per her.~are ($16,€00 ~er acr~). It 
is further assumed that three operators are required. 

Reduction Benefits: SOD: 97 percent 
SS: 95 percent 

A1terr.ative D 4-\' - This alternative acds dual media filtration to 
Aftero~tive D 4-IV. 

The resulting BOD waste load is O.G38 kg/cum (0.32 1b/10~0 g~i). and 
the suspended solids load is 0.16 kg/cum (1.3 lb/1000 gal). 

Costs: Total investment cost: 
Total y~ar1y cost: 

$271,660 
s 92,93~ 

An itemized breakdown of costs is presented 1n Table 507. It is 
assumed that land costs $41,000 per hectare ($16.600 per acre}. It 
is further assumed th~t three operators are required. 

Reduction Benefits: BOD: 98 percent 
SS: 97 percent 

A cost efficiency c.urve is rresented fo Figure: 385. 

Alternative 0 4-VI - This alternative co;.sist of Alternative D 4-JI 
j1us a pumping station, pipeline, and spray irrigation field. This 
alternative results in no discharge of polluted wastewater. 

Costs: Total inve~tment cost: 
Total yearly cost: 

$225,870 
$ 50.950 
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TABLE 505 

ITEMIZED COST SUW1MY FO? ALTERNATIVE 04-III 
(VINEGAR) 

! 'T E " ~ Z F. r. C C ~ , : L "' ,. A P. 'f r :.' ;; •· t S T f ,. A T E ~ T Q E A 1 ,. E P. T C .- A I " 
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G,,.r.LLST:; 'ELT~tL:ZA1ICll. 

~ ••• '. ; ":" ;. r· r. • • t. ,.. c 1 "!' I r "' 
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TABLE 506 

IT0.11ZED COST SUMMARY FOR ALTERNATIVE 04-IV 
{VINEGAR) 
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R,,,tl~rE1r ~JGE!TC~ 
T 0 • 0 E&~~ ~RYI~G ?~CS 

!~Vc~l~E~T CCSTSt 
1. CO-ST~L.CT!C~ 
2. LO.C; 
3, H G 1 ~EE' ~ P G 
41, CC:"'-Tl'>GE~CY 
TCTAL 

YEARLY OPERATl~G CC!TSr 
1, LAPCR 
Z, PC1o1ER 
l, C.,f°"~lC~LS 
41, ~AI~TE~A~CE3~LPPLJc! 
-:"CUL 

TCTAL YEA~~y CC!T~: 

1, YfARLV (~~~~TJ~r. rC~T 
Z, YfARLY lh~~~1wc~r 

CC~f hfC'CVf'<'ll 
~. CFP'l~CI•TIC'i.. 
TCH~ 
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DRAFT 

TABLE 507 

ITEllIZED COST SUMMARY FOR P.L TERt:ATJVE 04-V 
(VIlffGAR) 

ITE~!ZFC rcsT !L~~A~Y ~c~ ~4STF~•T~P T~~,T~E~T c~~y~ 
OE~IG"' EFF!C!E~cv ••• Qe.c PEccr11oT PC~ ~ECUCllC"' 

T~E~T~F~T ~CC~LE!r 

P.l .. CL'o\';~·=L ~CL sr 
b.,.~~~~!~G !1t7lG' 
C, • ,E(.JLlll.lZLTIC11o l:IASI" 
G, •• t~l~Tit ~ELT=~LIZtTIC~ 
~ ••• ~I7~C~f\ ACCITIC~ 
~ •• ,ACTlvLTFC fL~~~L 
t; • • • ~ L L ! r.: F. 1 .. J l. " ~ ~ E -
~ •• ,A~Q[~lr ClG~~TC~ 
T,,.S6'C r,"v!~~ ~EDS 
2 • I I pi.·"~ ! ~. r. ~ , A T : r:"' 
~ ••• ~~LL ~fC!A ~~ESSL~E FILT~AI~ 

I~VESTME"'T CC~TS: 

1, CC~ST~LCT!C~ 
~. L'NO 
3, ft.GI~E'E~P..:r, 
"• CC~Tlf' .. GE'~C'Y 
1CT&i.. 

VE~RLY CP!~'TI~G CC!TSr 
le i..A&u;\ 
2. PC\.Ei< 
3, Cl"'E~UALS 
"• ~AINT~~•~CF&~l~PLJES 
TC:TAL 

TCTAL VfA"LY CCST!r 
1, Yi~~LY ~?EW~ll~G CCST 
2, YEA~LY !~~~~T~E,T 

C'C~i i-iECr• .. :::y 
3. 0£PHCJ•TIC~ 
TCTAL 
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212@0.0(.I 

271!>~0.CiO 

37"eo.oo 
lOt:?O. on 
50H.H 

11::130,CO 
tiq2qo.on 
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TABLE 508 

ITEJ~lZED COST su:-enARY FOR ALTERNATIVE 04-\" I 
{VINEGAR) 

IT(MlZED C~S1 !L~~A~y 'OR ~A~T~kAT~Q TCE~··~~T C~•I' 
OESlG~ ErF!Cit'CY,,.1oc.c PE~~E~· PCO ~~rvCTIC~ 
TREAT~ENT ~COULES1 

VEllRLV 

e, •• PU"':ljri~ !TAT!C'I. 
G,,,CALEi!t ~EL1~AllZ~1IC~ 
~•••"'IT~[Gf~ AtC!iIC~ 
L ••• AE"Aifc L•r.rc~ 
~ ••• s~~4Y l~~IGATIC~ 

1 • CC'-SH:...nrc~ 
l75S~o.oo 2, LAt.ic 
i~zso.oo 3, El-IC:! ~<EE~! l'\C 
17~~Cl.OC! ~. CCNT?~Ge'l:Cy 11560,00 s. ~vc UhEFI lql0.01) TCUL 2ise10.co 

OPERATl"G tCSTSt 
1. LA60R 

6250,00 i. PC\t. EA 
SS'i150,00 J, Cl-:fW!CHS 
5060.00 Cl • ~AI~TE~&~c:&S~PPLIES 3870,00 s. PVC L!,ER 

~o.co TCTAL. 
31140,00 

TCTAL YEARLY CCSTEI 
\, VEARLY CPE~Ail~r. tCSl 
2, YEA~LV l~~~!T·~~T 

CCST FIF:rvE:;.,. 
<3, 0fP1'!CtATif'" 
TCUI. 
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TABLE 509 

ITEMIZED CQ57 SUM~~ARY FOR AL TEP.NATIVE 04-VI I 
(VINEGAR) 

tTF~rzFo er.ST s~v~a:;v Fe~ ~•~T:~,i~Q i~f''~r~T c~,r~ 
OESlGI\ E~~lCI~~c~ ••• 1co.o ~l~CfhT Pr~ ~~C~CTIC~ 

TREAT~f~T MCC~LE~: 
~1 •• cc•r=rL ~".'t~~ 
~ •• ,Pu~PJ~~ STAT1C~ 

c ••• E~LALIZ~T!C~ ~~S!~ 
G. 1 .CALSTIC 'fLT•~Ll~ATIC' 
"' I I I i; I i i:; l G E " ' :': c. ! T J c .. 
K 1 , 0 ACTIV~TE~ ~LL~GE 
~.,,!LLC~E T~!CK~~e~ 
~ •• ,Afkr~:: ~!~E~Tr" 
~ •• ,SP~AY TQ~JGATIC~ 

i • 

i, LA~C 

3, E~GI,.~E'c:r-...G 

"· CCt.'TI~c;:-.:cv 
lC1AL. 

O~E~ATI~G CCSTSr 
J, L•fot"~ 
c. PC..,tR 
l. c1-1E',..rcns 
~. ~Al~TE~A~~E&!LPPLIES 
TCTH 

TCTAL YEA~Lv CCSTS1 
t, Vf~CLY (P!~1TI~G CCST 
2, Y:AQLY l~v~~T~E~T 

CCST ~c:-cr:\!=:;'° 

J. CfP~ECIATifJ•, 
Hi AL 

1462 

187530,CO 
11(')00.ClC 
1f!7~0.0I} 
1f!'7~0.CO 
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J?"eo,oo 
~q70.1)0 

50~~.CIO 
1oc;10.oo 
~cUSO, 00 

(ltl£1(1 0 00 
112~0.oo 
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An itemiied brea~down of costs is presented in Table 508. It is 
assumed th<it 1.:ind costs $4100 per hectare ($1660 per acre). It is 
further assumed that one operator is required one-half time. 

r.eduction Benefits: BOD: 
SS: 

100 percent 
l 00 percent 

A cost efficien~y curve is presented in Figure 386. 

AlternD!ive D 4-V!I - This alternative consists of Alternative O 4-III 
p1us a puc,~in~ station, pipeline, and spray irrigation fie1d. This 
alternative results in no discharge of pollut~d wa~~ewaters. 

Costs: Total investment cost: 
Total yearly cost: 

$235,030 
s 8j,170 

An ite~ized breakdown of costs is presented in Table 509. It is 
as:;u~:e: tt-,at lane costs S41QJ oer hectare ($16Fi0 per acre). It is 
further assu~e~ that three cperators.arE reGuired. 

Reduction Benefits: BOD: 100 percent 
SS: 100 percent 

A cost efficiency curve is presented in Figure 387. 

RELAT~J E~:ERGY REO~IRE~ENTS O~ A~TE~~~7!V~ TREA~~ENT TECH~CLOGIES 

The major energy requirement for the alternative treatment technologies 
is for aeration. Generally, aerated lagoons ree;uire greater levcis of 
electri:ity because of mixing than do equivalent activated sludge 
systems. 

Table 510 presents a sunrnary of the power use and associated cost 
for each of the treatment a1ternatives. 

NON-WATER.QUALfTY ASPECTS 

The generation cf sludge and the acco~panying necessity for hand1ing 
and disposa1 ;s an inherent part of wastewater treatment, arid is perhaps 
the most perp1exing problem associated with treatment. A corw.ion method 
of sludge disposal is app1ication to the land. This may be done in a 
variety of ways. When sludge volu~es are relatively small, discharge 
into sha11ow trenches may only be rea~irec. Larger flows of liquid 
sludge rr.ay be spread on land by gravity flow ·or by spraying, either 
fr.om tr;.icks or pipe networks. Dried sludge may be spread by dump trucks. 

It is fo rt~na te in the mi see 11 aneous foods and beverages industry that 
wastewater sludges usually are free of inorganic tons that could cause 
orounrlwater contamination under adversp disposal procedures or be 
hannful to agricultu:-al crops. With propi:?r application, such sludges 
can improve soil structure and benefit crops. 
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TABLE 510 

' YEARLY HECTRfCAL IJSE ANO COST ASSOCfATED c: 
;u 

WITH Al1£RNATIV[ IR(AfMENT OlS!f.NS ;;-. 
~. 

L -4 

Alternative Power Used Yearly Cost A lt1>rna t Ive Power Used Yearly Cost 
( kw-nr) {Thou~and~ cf Ool!ars) (kw-hr) (Thousands ur Dollars) 

----

(Vegetable Ot 1 Processing and Ref1nt~~) 

"1- r 0 0 A6- I 0 0 
A 1- l l 146,JM 4.83 1'6-11 64,841:1 2 .14 ,. Al-II I 211 ,818 6.99 Mi-111 787'1179 26.CO 1. 

A 1-IY 3.?1,?I2 10~6:J Afi .. Jv 979,697 
[ .. JZ. JJ 

A 1-V 3%.6£.7 12.76 A6-V 1 , 110, 909 36.66 
I A 1 -VI ~14.242 2. 12 A6-Vi 2,775,455 91. S9 
!- Al-VII 146,'11[1 4.85 A6-V 1 l Z.967,273 91. ~2 

A 1-V 111 205 ,455 6. 78 Af1-Vlll J,098,48'i 10?.i'5 

( AZ- I I) 0 A7- I 0 0 
:~ f. 7-11 0 0 A 7- i I 116, 364 3.8~ 

:! 
,-. 

;.. ]- I 25,758 o.ns A7-lll 1.415, 758 46. 72 
f. ~. ! I 0 0 A7- i V 1,666,667 55.C'J 

. ;~ f\J-111 3,030 o. 10 A7-V l.925,455 63. si 
' M-1 Z9,697 0.98 A 7-VI 4,977,273 16l. ~5 
I t 1 - 11 0 I) A7-VI I S.UH, 182 172.53 I 
ii A4- 111 2~.152 0.83 A7-VI II 5,tlll6,970 181 .07 

AS- l 0 0 Ml-I 0 0 

·i 
AS-I( 45, 152 1. 49 l\B-11 100,303 J.31 
AS-Ill 465' 152 15. 15 AR- II I 1.0~8.182 3~. 59 
A5-IV 619,697 20. 45 AR-JV 1,276,061 42 .11 
A5-V 712,727 23.52 AR-V l ,Ml9,091 49. 14 
~5-VI 1,420,91)9 46.89 AR-VI l.609,091 119. 1 () 
A'l-Vll 1,1575.~55 51 .99 Ml-VII 3,fi)6,970 12&.bl 
A5-Ylll 1,658.~85 55.06 AB-VIII 4,0S0,000 1)).65 



TARLE 510 (CONTINUED) 
0 

~ 
"Tl 
-4 

Altern~l t ve Power Used Yearly Cost Alternative POl>'P.r USP.d Yearly Cost 
\l(w-hr) \Thousands of Dollars) (kw-hr) (Thousands of Dollars) 

(VegeUb le 011 Processf"g end Reftntnq) 

A9- l 0 0 Al2- l 0 0 
A9-ll 128,7AB 4.25 Al2-ll 131,ZlZ 4.33 
A9- ll i l,SZS,455 50.34 r,12-11t 1,459,090 48. l 5 
A9- IY 1.:~·.048 59.2] Alz-:y •• 7 32 .121 57. 16 
A9-Y 2.0::10.uuo 68.97 A12-V 2,0)'l,742 67. ll 

i. A9-!/[ 5,1173,311 193.82 A\2-VI 6.205,758 204.79 
A9-Vll 6, 1113.01iJ 202.n All-VII 6 ,4 78. 788 213.80 
A9-Vlll 6,Q )7 ,!J79 21:'.45 AIZ-Vl!I 6. 780. 909 :!Zl. 77 

b AI0-1 0 0 fllJ-1 0 0 
("; j\\1).11 ll),U)() ]. 73 A lJ- If 47,576 l. 57 C."• 

f.i :). 111 l, 16),0]() 38.3fJ Al1-llT 29. '.'6~ 9.69 
.~ l IJ- Iv J ,qo'J.O'H 46.5'.) Al J -1 V 4'.i7 ,879 15. I l 

I /.10·'1 16S,758 54. 70 A 1 J-V 1,518,182 so. 10 
\t AlO-VI 4,QOfl, 182 161.97 A 13-V I l.EB2,424 55.52 

AlO-Vlf ) • l 5·1, 242 170.0? A I 4 - I 0 0 
AlO-VI ll S,itol,7Z7 178.29 llH-11 103,331 6.05 
i; 11- I 0 0 f'14-lll 23?,474 7.67 
11.1\-11 lQ6,667 4.84 A 14- !V JOJ,636 ·10.02 
All-Ill 1,816.364 59.94 A 14-V ~11.5~5 13 .rn 
All-IV 2, 113 ,030 69. 71 Al4-VI 463,))J 15.'9 
All -V 2,'160.606 Bi. 20 Al4-Vll 534 .aso 17 .65 

. All-VI 6,993,030 230.77 A 15 - I 0.8) 
All-VII ~.£o9,J94 4!40.55 A 15-11 0 0 
All-VI II 1,636,970 252.02 AIS-1 II 0 0 

'· I 

I 
::' 



.,. 

I 
I 
[ 
I 

A 
0\ ....., 

Alternative 

Al6-I 
A 16-11 
Al6-Ill 
Al6-IV 
Al6-V 
Al 5-V I 
"-16-V(( 
AH.-Vlll 
Al6-IX 
Al6-X 
A\6-Xl 
Al6-Xll 
A16-Xlll 
Al 7-1 
Al7-11 
A17-IJI 
Al7-IV 
At7-V 
AD-VI 

Power Used 
(:cw-hr} 

(Be•1era9es) 

0 
20,569,091 
21,117,576 
22,067,273 
13 ,ll?l .212 
JC,4]9,6'J7 
15 ,J.:1,wi 
13. 0<10. 90'.} 
I 3,S89,J94 
14,519,091 
ll,oo~.152 
lJ,553,636 
14,503,333 

0 
68,463,6)/j 
70,0~l.818 
71,091,818 
46,011 ,818 
47,6J0,303 

0 

~ ...., 
TABLE j10 (CONTINUF.O} 

-4 

Yearly Cost Alternat1ve Power Used Yearly Cost 
(Thousands of Dollars) (kw-hr} (Thousands of Dollars) 

0 Al7-Vll 50,640,000 1671.12 
678. 78 Al 7-\1111 43,JJB,778 1430.18 
696.88 1117-IX 44,927,Z7l 1492.60 
na.cz J\17-X 47,966,970 1582.91 
1158 .41 A17-XI 
476. 51 Al 7-0 I 
S07 .85 A17-Xlll 
430.35 AIB-1 0 0 
448.45 A 18- II 9,760,000 J?Z.08 
4 79. 79 Al8-I II 10,105,151 Jll.47 
429. 17 Al8-IV 10,&43,JJ) 357. 8) 
447. 27 AH!-V S,026,364 165.'37 
478.61 AIB-Vl 5,371 ,212 171. 25 

0 1118-Vll 6, I 09. 394 201. 61 
2259.30 Al8-Vlll 4. 719. 091 155.73 
231\: 1\ r-.1s-1 • 5,0fA ,2112 167.12 
2412.03 1116 ·X 5,802,424 l 91. ~8 
1Sl8.39 Al8-ll 11,£.90,)0) 154. 78 
1570.81 Al8-Xll 5,035.455 166.17 

AlB-XI II 5,773,636 190.5) 
A19-I 0 0 
AJ9-J I lZ,167,878 401. 54 
Al9-lll 12,3~6.%9 407.4S 
A19-(V 11,902,727 62.79 



A19--V 
Al9-YI 
Al9-Yll 
A20-I 
1.l'J-1 I 
t.20-111 
f.ZQ-IV 

b J {f) .v C'> 
en ;. :>O -\JI 

A20- VII 
l.?'.)-VllJ 

~ 1 
AZ'J-IX 
/.7')-~ 

n1-1 
1121 • 11 
;.rz-A-1 
All-A- I I 
i:.22-A- I JI 
1-22-A- 1'1 
1.n. r.. v 
A2i'-A.-Vl 
C.2?--~-Vl I 
All-A-Vlll 
.\Z2-A-U . 

lABLE 510 ((ONTINUEO) 

--------~--·-----------·-

Powel" Used 
\kw-hr) 

2.081,818 
',876 ,364 
2,055,455 

0 
7JJ,OJO 
873,63& 
%2,127 
lt.l,272 
8"17,!:179 
9)7 .273 

J, I l!l, HIZ 
J,Z'f:,768 
3,31)8, 182 

G 
150,303 

0 
13, I 30, 909 
lJ,301 ,n J 
2,377.~7] 
2.SS3,&J6 
2,516,970 
2.69),3)) 
2 ,403. 9 39 
2. 533,030 

Yearly Cost 
(Thousands of Dollars) 

68.70 
61.92 
67.63 

0 
25. 51 
ZB.81 
11. n 
211.66 
27.'lB 
30.93 

1{)2.90 
106.22 
I 09. 1 7 

0 
4. <15 

0 
43~.32 
439.14 

l8.4S 
84.~7 

-83.06 
88.88 
n.11 
8J.!i9 

Al ternattve 

A22·B- l 
All-8-11 
A22·8- III 
Ai'l-8- IV 
Al'?-!l-V 
A?2-B-VI 
f\7(-0-~ll 

11?2-B-Vl II 
f\?2- B- IX 
MJ-1 
11?3-11 
l\?J-111 
llZ3· IV 
r,:11-1 
.a .''1 -11 
";'1\-111 
/\;'~-IV 

A74 ·'I 
A?.·1-VI 
A24-Vll 
A24-VIII 
P24-11 

Power Used 
(kw-hr) 

0 
Z.506,061 
2,635, 152 

S'Jll,789 
1n ,a1a 
f,6f.i. 667 
7C:5,758 
624 ,2112 
6/4 ,?112 

0 
156,667 
20&,fi67 
le.5,7SB 

0 
10,27' ,879 
10.~07,575 
10,225. 758 
10.355,4)5 
10.200.000 
10,329,&97 
IJ,255,455 
13. 304 ,848 

Y~arly Cost 
(Thousands of D•ll!r') 

0 
82.70 
86.96 
19.76 
24.02 
22 .oo 
26.26 
20.60 
22.25 

0 
s .17 
6.BZ 
& . 13 

0 
J]Q. 1] 
343. 45 
337. ~5 
341. 7 J 
336.60 
3~0.BS 
437 ,() 
441. 70 



Alttrnattve 

A25A-1 
AZ'.iA-11 
A7.5A- I II 
t.7:3·1 
A2<(l.fl 
n~,3.111 

.c: '·. I 
:. :- ~ -11 

b 
f?',- I I I 

·-=-- il"r',-IV 
•0 {;.? r,. 'I 

ni:.-v1 
A21i-Vll 
A.'. 7- l 
All-([ 
1.21 -111 
1.27-IY 
A27-V 
A27-YI 
An-vu 
A28· I 
A28-ll 
A28-lll 
A28-IV 

Power used 
(kw-hr) 

0 
0 

25,455 
0 
0 

26,6fi7 
f) 

:;01 • 212 
3WJ. 394 
2/'j. 7~6 
30,939 

1,075, 152 
1,161.333 

0 
350,909 
479,697 
325,455 
45~ .L'42 

1,036,667 
1,165,455 
2,122,727 
BJE,3~4 
6~9.394 
836,364 

TABLE 51!> (COIHINUEO) 

Yearly Cost 
(Thousands of Dollars} 

0 
0 

0.84 
0 
0 

o.ee 
0 

9.94 
12.85 
. 9. 10 
12. 01 
35. 48 
38.39 

0 
11. 58 
15 83 
10. 74 
i4.99 
34. 21 
JB,.,6 
7lJ.05 
27.60 
ll.76 
27.60 

Alternative 

A28-V 
A28-VI 
A?.8-VI I 
"28-V 111 
1128-1~ 
A2R-X 
A?!l-XI 
A?A-Xll 
A?IJ-Xlll 
AJU-1 
AJ0-1 i 
AJ0-111 

•A30-IV 
A30-V 
AJO-VI 

*A)O-Vll 
A30-Yllt 

CB-I 
CS- II 
C0-111 
CiHV 
C8·'1 
(9-1 
C9- II 
f.9-111 
Cl0-1 
CIO- I I 
CI0-111 
C10-IY 

Power Used 
(kw-hr) 

2,300,606 
l,())11,242 

836.970 
1,014,242 
z ,399,394 
1,113,030 

9.":.6 ,061 
1,113,0JO 

49,091 
0 

575,455 
503,939 

2,640,606 
704,242 
632,727 

Z,769.394 
55, 758 

0 
157,576 
221j,182 

66,970 
137,576 

0 
197,576 
560,606 

0 
J, Jl 7. 27 J 
1,266,970 
3,523,333 

Yearly ~st 
(ThJusands of Dollars) 

7S.92 
33.47 
27 .62 
33. 41 
79. 18 
36. 7J 
J0.89 
36. 73 
1.62 

0 
18.99 
16.63 
87. 14 
23. 24 
Z\J.88 
91. 39 
1. 84 

D 
5.20 
7.53 
Z.21 
•.54 

0 
6. 52 

18.50 
0 

109.47 
4J.81 
11~.27 
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fABLE 510 (CONTINUED) 
..., 
4 

II .rnative Power Us~ Yearly Cost Alternattve Power Used Yearly Cost 
(l:w-hrl (Thc>usands of Dollars (kw-hrl (Thousands nf On~l~rs 

( Bakel")' and Con fectfonel")' Prod11ets ! 
02-1 0 0 

CJ-J 0 0 
02-ll t.s10.ooo 49.83 

Cl-11 152, 121 S.02 
02-111 317 ,576 10.46 

Cl-JI I 717,Zi'J 23.67 07.-IV 317,576 10.43 
Cl-IV 931 .e1a 29.76 OZ-V 474,848 15.67 
Cl-l 0 0 ll2-VI 1. 555 ,2'12 51 .29 
C2- II 120.909 3.99 

Oi.'-'11 I J(,l ,818 11.94 
~ CZ-111 12i ,7!Z 4.0C ()J-! 0 0 ...... 0-iV 2/J.636 9.03 
--~ OJ-I I 1,190,909 39.30 

C2-V f'i ,nfi l l. 18 03-111 264,242 8. 72 
1..2-V I £73 ,535 9.0J 03- IV 264,242 8. 72 
CZ-Vil 2':2,727 9.EC 03-V 433,636 14. 31 
C.2-W Ill 32S,455 l 0, 14 

03-'Jl 1,238,182 40.86 
()-1 () 0 OJ-VII 31 I ,515 10. 28 
Cl-II £05. 756 6. 79 05- [ !) 0 
Cl- I 11 251.879 8.51 05-1 l 143.030 4. 72 
C l-IY H8,485 4. 90 !JS- II I 3,507,5.'6 115.75 
C 1- I 0 0 05-IV l ,043,939 3~ . .:s 
C7-l I 66,970 2.21 !15-V 1,043,939 34 . .:s 
0-111 264,048 8. 74 D5-VI l,045,455 34.50 
(1-11 428.788 14. 15 oc,.v1 l l, \75,455 Ja. 79 
CJ-¥ 399.091 1 l.17 U'.i-VI 11 J,509,394 115.81 
C7-Yl S5J,JH 18.59 Ofi-1 0 0 
01-1 0 () Oli-1 I 164 ,242 5.42 
01-11 92, 121 3.06 O~i- 11 l 4 ,266 ,061 140. 78 
Dl-111 4~6.667 14. 74 06- l v 6~5.152 21 .29 
01-1'' ~~6 ,667 14. 74 [16-V 6~S.1SZ 21. 29 
CI -~ 6Zl.24Z zo. 61) ti'.· VI 6·17,27J 21. 35 
[11- .. ~~-J.07 8. 90 P':•-V 11 fL-,1, ;>.iz 2A .!\"> 

[C·-VI II 4 ,261 ,87'' 140.B~ 



b ...... 

TABLE 510 (CONTINUE~) 
c:: 
:io· 
l"> 

Al ttrna the 

85-1 
85-11 
es- III 
85-IV 
e~a( 

?. ~ - : I 
s~. ire 
ec;-r v 
E;i:- ., 

e :-: 
e ! - i I 
27-!1 I 
£ i - I y 
B3- I 
ea-! 1 
!8-111 
88-IV 

!lr:i~r U~e-! 
(,..,_h,.) 

0 
129.~I 
9.;~ ,758 

1.2:s.~~l 
'.l 

(5~.~~5 

: ::: ~ ':~' 
3.i: :' .7~~ 
3,91:,ses 

Q 

':~, l 21 
12J.S3E 
2::. ;r; j 

0 
57u,DOO 

1,73J.~j9 
l • ;;i~ ,242 

YH!°l: Cost 
{ThoY~lnds- ~f Dollar~} 

0 
10.86 
11-21 

. 39.80 
0 

14. 97 
15.CS 

120. 41 
129. 18 

a 
2.r.5 
4.08 
6.'.14 

0 
18.81 
S7. 22 ~ 
65.81 

("1ste11a~~us a~d Specialty Products) 

A21-I 0 0 
A29- ll J!). ,~, i.00 
A29-ll? Z26 ,JE4 7 .47 
A21-IV C:33.'J3'J 1.!i~ 

•B-11 4(.'! ,4'i5 ll.04 
•(l-111 2?S, ::.B ~-~) 

~nvr1 c·.7 •. ~?l 9.E 5 
n:-v111 ! :" '".. ~ ~~ 16.~.) 

~( i-1~ &''"' . ~ :~ 11. ~) 
!; ?- c . ~ . :; H. ~Z 
: : : . 'I :. ~. ~ 1: ie.c; 

-, 
~~~~~~~~~~~~~~~~~~~--4 

Al terr.at i 1e 

I!-~! - I 
r, 31 -11 
f.31-111 
A 11-1'1 
A 31-< 
1' 3 l - '1 l 
AJl-'JI I 
llJ2- l 
II:;; - i I 
A32-lll 
113?.- I Y 
llJ?-~ 
~ 3 } .. ! 
A}3-! I 
AJJ-J!I 
113 J-1 ~ 
AB-' 
A))-VI 
4B-'ill 
AJJ-'rlll 
r.~3- n 
AP-1. 
A3J-XI 
AJJ-XII 
A33-JllI 
A33-XIV 

Po111er Used 
(kw-hr) 

29,597 
506.%1 
444,SllS 
~s1.ii1e 
562 .121 
~C'C,%9 
f.17. 879 

?7,879 
12/,:.76 
32C,909 
E'8. 11!2 
.l63 ,E36 

0 
38,703.€36 
38,881,939 
39,410,606 
8,171,212 
B.~51,SIS 
6,878,182 

11,5153,939 
ll.74~.242 
12,270,9\:'1 
~l.)69.!i95 
::3.~50,000 
24,075,f:.66 
18,454.2~2 

Ye11rly Cast 
(Thousa"ds of Dollars) 

0.98 
16. 70 
14.67 
18.5-1 
18.~5 
16.53 
20.n 
o.n 
•.Zl 

10.59 
6.S4 

12.00 
0 

l'l17.?2 
1283.17 
1300.5~ 
269.65 
275.6\J 
292.98 
331.61 
367.56 
404. 94 
771. 20 
7i7.15 
794.53 
608.99 
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TABLE 510 (CONTl"UED) -" 
..,.1 
-1 

---· 
J. lter•!.:i t t ~ PiJver \k~ TParly Cost Al ternathe Power U5e Yearly C.:i:t · 

{ i w hr) llhO'JS&nds of !>ollats} fh1-h) (Thousln1s of O" l ~ars. ···--.,----

AJJ-Xi" -18,634 ,545 614.94 83- I c 0 
A])-l'll 19,101.212 &32.32 BJ- i l 5C3,63t> l8.60 ;. 
All-lYI I 18,251 ,818 6!J2.3! 83-tl I 2,005.~55 66.18 . 

. , 
AJ3-UllI 18,432,IZ! 608.26 83-IV 2,26S,7;j8 74.77 ~ 

.-1J-(JI 18.958,187 625.64 . \. 

M-1 0 0 
AH-U 231,Sl!i 7.64 84-ll \92,424 6.35 
AJ4-I 0 0 B·1-l II en.an 14. l?. 
l\"14- [ [ 24,45S 0.84 99-: 0 0 

l A34·111 0 (I Bq-J I LW1,l94 33.31 
I - AJS-1 0 i.I 89- I II l,174.242 38.75 
f 

b 
....... A 1':>-11 25.152 0.83 (•, - ! 0 0 f'oJ 

' II E-l ti (l 0 C·1- 11 31i.J,6U6 10. 91 
A !5 -l a 0 C'1-; I l 110,303 14.52 
~ J6- ! r •~o.ooo 4.ez 

(r1. '' ti5 ,667 2.20 
A 15- l 1 I II ,8"H ,212 392.41 ::4-• llC,303 3.64 
A i!'i -1 V ll .!Dll ,Z<iZ 381.'H CS-I 0 0 
AJ5-V 11.663.636 384. 9:) CS- II 97.,424 l.05 
"16-:tl 6.85J,9Jl1 226.1!\ CS-111 12~.605 3.98 
Aj5-Vlt l 2. (1.!?. 121 397. 3q (';-IV 59,)94 1.96 
A35-VIll ll,lP.r;,.~54 38S.92 (~-V !;7,r;,76 2.89 
A )5-1 l 11.BI:., .iB 389.89 ( 12. l 0 0 
A!5-X 7,0N,848 231.16 (I:'- II 0 0 
Bl-I 0 0 0~-1 0 0 
81- ii SSCJ, J94 lS.46 O·t-JJ . 454 ,242 14.99 
81-1 II I ,)Ji ,273 44. JJ \l4- l H 24),030 8.02 
B!-IY l.~86,970 52.37 04-IY l4J.G30 8.02 
82-1 0 0 04-V 321,818 10.62 
82-fl 1a2. n1 &.ol D~-Vl 48J,3ll lS.9S 
82-111 377,!:!6 12.46 04-VII Zil ,818 8.91 
82-IV 4S4.~4S 15.00 



DRAFT 

Sludge disposal on land fs regulated by health authorities because of 
possible nuisance conditions from odors and insects. The extent of 
such a nuisance. and even its exfstance. is dependent on the exact nature 
of the sludge ci'nd the treatment steps to "'hich it has been subjected. 
lt can be stated generally, although not categorically. that wastewater 
sludges from industries discussed in this document if applied at l°"' 
dosages into a thin layer not exceeding a few inches ·will not create ex· 
cessive nusiances even without prior treatment. However, each disposal 
case shouid be judged on the characteristics of the particular sludge 
;nvolved, the proximity of the disposal site to inhabited areas (both 
existing and potential), and the nature of the land to which the sludge 
is to be applied. 

The possibility of ground1oJate;· contamination must be considered when 
sludge is spread or sprayed onto the land and when it is deposited 
into lagoon$. Ground\'1ater pollution is most often associated with toxic 
materials and microorganisms. both of which are generally absent from 
the slud;;es under consideration, bi;t it may <i1so result from nitrates. 
Groundwater monitoring is a necessity whenever any sul.picion of possible 
contamination exists. 

Sludge lagooning should generally be considered as a sludge treatment 
process rdther than an ultimate disposal alternative. An exception 
is the tech•iiQuf' of "land filling" ir. which sluoge is treated as !>Olid 
waste and per~anently deposited ~nd covered. Land filling is relatively 
expensive, however, and can be considered as a viable alternative only 
for small sludge quantities. 

The alternative to final deposition of sludge into water or onto land 
is incineration, but even this is not a total alternative since an 
inert ash (amounting to as much as 30 percent by weight of the dry 
solids inciner~ted) still requires disposal. 

S)udga incineration has not been considered as either best practical 
or economically achievable technology in this docum@nt for any 'ndustry 
subcategory; hO\~ever, 1t may be feu1b1! in special cases. Int.1neration 
is basically expensive. In recent years 1t has ap~eared that it would 
become more attractive economic11·11y as the cnsts of other disposal 
m!thods becane more expensive. but the ra~;dly increaiing coits of energy 
are tending to offset that trend. 

Other than economics, sludge incineration offers the disadvantages of 
fuel ~onsumption and possible air pollution. The emissions generated 
by slud!?P co1:1tiustion include sulfur dioxide, carbofl dioxide, and inert 
particulates (fly ash). Fly ash can be effectively controlled Ly cen
tri f119~ l dust col lee tors or wet scru!lbers (which. of course. generate 
a wastewater stream). WPt scrubbers can also be used for control of 
gasecus emiss\Dns. 

The most ~~~1rable n1~thod of handling $1udge is one which would ach1eve 
by-product recovery, )IJCh as utiliz,1tion for products such as animai feed. 
On~ brt>1·1ery is investi~atin!J the u:>e l)f slud')<? as a fis:.1 food supplcr.1cnt 
( ~ 56 ).. 

1473 
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DRAFT 

The treatmen: alternutives developed in s~ction Vll are not expected 
to have signigicant effects on air quality if properly located and 
operated. Odors are always a potential problem in the treatment of 
organic waste!": however. the predor.iinately aerobic syst(!mS discussed 
herein should not create odor problems. Nevertheless, treatment systems 
and disposal sites should be located an a~propriate distance from {and, 
if possible, downwind from) habitations. · 

Spray irrig~tion of wastewaters or sludges can cause problem:, of 
windblown droplets. If it is assumed that sanitary wastes have been 
removed, no threats to health should exist. If spray systems are not 
in proximity to neighbors, significant problems should not exist. 

The sight of ~1astewater treatment facilities may be aesthetically 
unpleasant to some persons. However, a realization of this fact 
during plant design can often minimize such effects. 

Noi~f levels 5hould not ex~eed thos~ of well-designed municipal treat
ment syste~s which are currently being approved for construction in 
populated areas. 

147~ 
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SECTION IX 

EFFLUENT REDUCTION ATTAIHABLE THROUGH THE AP?LICATION OF 
THE BEST '1'RACT1CABLE corlTROL TECHNOLOGY CURRENTLY AVAILABLE 

EFFLUENT LIMITATIONS GUIDELINES 

The effluent limitations which must be achieved by July 1, 1977, are to 
specify the degree of effluent reduction attainable through the applica
tion of the Best Practicable Control Technology Currently Available. 
Best Practicable Control Technology Currer.tly Available is generally 
based upon the average of best existing performance by plants of var~ous 
sfzes. ages and unit processes within the industrial category and/or 
subcategory. ln the Niscellaneous Foods and Beverages point source cate
gory, this is based upon perfonnar1ce levels achieved by e11emp1ary plants. 

Consideration must also be 91\'en to: 

a. The total cost of application of techno1ogy in relation to 
the effluent reduction benefits to be achieved from such 
application; 

b. The size and age of equipment and facilities involved; 

c. The proce:s employed; 

d. The engineering aspects of the application of various types 
of con~rol techniques; 

e. Process changes; 

f. Non-water -1ua1 ity environmental ·Impact (including energy 
requirements); 

g. Ava11ab111ty of land for use In wastewater treatment-disposal. 

Best Practicable Control Technology Currently Available emphos1zes treat" 
ment facilities at the end of a manufacturing process but in,1udes the 
control technologies with;n the process 1t~elf when these are considered 
to be nonnal practice w1thtn the industry. 

A further eons1derlt1on ts the degree of economic and engineering 
reliability which must be established for the technology to b~ "curre~tly 
available." As a result of demonstration projects, pi1ot plants, and 
general use, there must exist a high degree of confidence in the engin?ering 
and econoniir. ~racticability of the tectinology at the tinie of construction 
or installatior. of the control facilities. 



URAFT 

EF'FLUEllT REOUCTIOtlS ATiAHIMLE THMUGH TllE APPLJ~f\TJOrl OF BEST 
VHACT l C/\l:LE C(J1lTl~OL TtCHflOLOGY CUl~TmnLY AV/\f LJ\~{JK THE Mfs~ 
CELLMIEOUSF"O'rfD_S_Affo•stv°E"R.AGtSPOTfi'i .. soDRfE C/\TEGOP.Y 

Ba~ed upon tne infonnation contained in Sections II tn1·ough VIII c1f 
this document it has been determined that the degre~ of effluent 
reduction attainable through the application of the Best Practicable 
Control Technology currently available is as list~d in Tables 511 
through 515. No limitation~ are presently recorw.:ended for Sub~ategory 
C 6, Ice Ma~iufacturing, bec.ause the quality of the effluent at the 
present time is quite good--reported at 1 mg/1 BOP and 5 mg/1 suspended 
solids. These values indicate that further po11~tant reduction would 
be impractical. 

It fs fvrther recorrrnended that for all cases in \~hich discha1-ge of waste
waters is ali~wed, the pH of the wastewaters be in the range of 6.0 to 
9.0; that no visible floating oil and grease be allowed; and, for 
Subcategor1e~ A 7-12, a concentration of nickel no greater tnan 0.02 
mg/1 be allowed. Technologies presently exist and have been reliably 
demonstrated to achieve this level. Techr.ologies presently exist and 
have been reliably demonstrated to achieve this level. 

lDEtlTIFJCATlON OF B~ST PRACTIC~.L COli7RCL TEC~;~mLo:;y CURRENTL y AVAILABLE 

The Best Practicable Control Te:-hnology Currently ~·1a)lable, as described 
1n Section V!I, is generally the equivalent of secondary biological trea'.· 
ment. The recolii'Tlended treatment alterr.atives for each subcattgory are 
indicated in iab1es 511 through Sl5. The ~1aste~1aters from the ~1isc~1-
1aneoJs Foods and Beverages Industry are for the most part highly b~o
degradable as documented by ex·isting treatment system5 1-1ithin the sub
categories, by extensbe municipal treatment case his:.,ries, and/or 
the nature of the wastes' cnaracterist~cs. 

A few £xceDtions hav been detennined to exist for individu~l waste comoonents 
or exceptional wa5te streams. In those few cases where biological treat
ment is not demonstrated and woula riot be expected to be reasonably or 
feasibly effective, considerable discussion has been presented in approp
r1ete sections of this document and alternative technology presented 
where app1ir~b1e. Noteworthly.examples include the unreasibil~ty of 
biologically treating wastewater from ice 1nanufi1cturin9 and high strength 
wastes such as stillagt. For small volume wastes, alternative disposal 
such 3S conveying the waste to a municipal treatment plant or approved 
land site have b~e~ presented. 

The Best Practicable Control Technology Currently Available for Sub
catecories A 2, A 3, A 4, A 25. A 3a, A 35 C 12, E 1-6, and F 1-4 is 
d1re~t land disposal or h~uling to a municipal sewage sy~tem or approved 
land disposal site. The Best Practicable Control Techno1ogy for ~ub
category A 1S f' land spreading, spray irrigation, or haulir.g to a 
municipal sewage system or approved lilnd disposal site. The Best Prac
ticable Control Techn~logy for Subcategory A 20 is land spreading. 
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TABLE sn 

RECOfltfNDED EFFLUENT LIMITATIONS GUIDELINES (BrCTCA) 
FOR VEGETABLE Oil PROCESSING AND REFINING 

RF. tOtftNDED BOO 
TREATMENT MAX. MAX. 

SS 

SUBCATEGORY UNITS Al TERNATIVE JO-DAY AVE. HAX. DAY JO-DAY AVE. MAX.DAY 

r. 1 kg/klg o11seed crushed A 1- II 0.0072 0.018 0.0090 0.023 
A 2 lcgikkg oilseed crushed · A 2- I I 0.00 0.00 0.00 0.00 
A 3 kg/kkg olives processed A l- I 0.00 0.00 0.00 0.00 
A 4 kg/t:kg olives processed A 4- JI 0.00 0.00 o.co 0.00 
A 5 kg/~KQ crude oil processl"d A S- IY 0.035 0.087 0.035 0.087 
II 6 t:gi~:Cg crvde oil processed A 6- IY 0.067 0.017 0.061 0.15 
A 7 ~·1/H:'} ::rude oil processed A 7- IV f). 13 0.32 0.13 0.32 
i1 P. ~~/~~q crude o1l processed A 8- IV o. iO 0.76 0.10 0.26 
A 9 t-r_1/H:q crurli:> oi 1 prucessed A 9- IV 0. 13 0.33 0. 1 J O.JJ 

'" 0 
> n,I; ~q crude o i l f)rocessea AlO- IV 0.097 0.24 0. 11 0.21 

r,i 1 ~g/kkg crude oil processed A11- IV 0. 16 0.39 0. 17 0.44 
fd ~ r.g/tkg crude oil processed 1.12- IV 0. 12 0. 30 0.14 0.36 
A'., kg/lkg finish~d product A13-JI I 0.060 0. 15 0.075 o. 19 I J 

AU kg!lkg finished product A?4-1 II 0.015 0.037 0.015 0.037 
A15 ----------- .. ---··---------- AlS-111 0.00 0.00 0.00 0.00 

OBG 
MAX. 

30-DAY AYE. MAX DAY 

0.0054 0. 0135 
0.00 0.00 
0.00 0.00 
0.00 0.00 
0.014 0.035 
0.023 0.057 
0.051 0.13 
0.041 0.10 
0.058 0. 14 
0.048 0.12 
0.069 0. 17 
0.060 0. 15 
0.075 0.19 
0.0080 0.02-1 
0.00 0.00 



SUBCATEGORT 

1.16 
A17 

_. A!8 
A A19 ....... 
Cl A2::J 

A(O 
A21 
A22 
A23 
A24 

A25 
A26 
A27 
1\28 
AJO 
C8 
C9 
ClO 
Fl 

TARLE 512 

.RECOtKMlED EFFLUENl LIMITATIONS G!JIDELINES (BPCTCA) 
FOR BEVERAGES 

RfCOHHtNDEO eao 
TREAT-.ENT kAx. 

UNITS Al TF.RNATI VE 30-DAY AVE.. MAX. OAY -------
kg/cu 11 ~,. pradlaced v 0.29 0.70 
k9/ cu m beer produced v 0.!:5 l. 4 
k9/cu 111 bee,. produced v 0.118 1.2 
~qfkkg barley processed JV 0.22 0.55 
~~/kkg grapes cna~~ed 11 0. 77 2.3 
kg/cu ~ w}ne produced JI 0.2A 0.83 
--------------------- II 0 0 
kg/kk1 grain 1111shed VI 0.2~ 0.65 
kg/kkg grain 111ashed II 0.054 0.14 
•:g/thousand proof 
ga 11 ons produced JI 1. 2 3.0 

------------------- II 0 0 
kg/c~ • fini~hed prod. IV 0.052 0.13 
kq/cu • finished prod. IV 0.24 0.60 
kg/cu • finished prod. A 28-VllJ 0.0050 0.013 
k9/kk9 finished prod. A 30·11 2.0 5.0 
kg/kkg coffee beans C 8-II I 0.070 0.21 
~g/kkg coffee beans c 9-l ll o. 19 0.48 
kq/kkg coffee beans c 10· I JI 0.95 2.4 
-------------------- 0 0 

SS 
MAI. 

JO·DAY AVE. HAX DAY 

0.39 0.97 
0.76 1. 9 
0.68 1. 7 
0.1 J 0.32 
0. 11 0.34 
0.41 1.2 
0 0 
0. 32 0.80 
0.0?2 0.18 

0.69 l.7 
0 0 
0.030 0.075 
0.14 0.35 
0.0010 0.0025 
5.5 13.0 
0.070 0.21 
0.19 0.48 
0.95 2.4 
0 ·o 



TABLE 513 
c 

REC~NIJ(D EFFLU£NT lJHITATIO.~S GUIDELINES (BPCTCA) s 
· fOR BAKERY ~D CONFECTIONERY PRODUCTS ..,, 

..... 

BOO SS O&G 
Rec~nded Hax Max Max 
Treatll!nt 30-Day 14.lx 30-0ay Hu 30-0ay Max 1 

Subca~ A1tematiwe Ave O;iy Av'! Day Ave Da>: 

Cl Cl-111 0.50 1.3 0.50 1.3 0.11 0.28 

C2 C2-IY 0.050 0.15 0.050 0.15 0.030 0.090 

CJ 0-11 0.060 0. 18 0.060 0.18 0. ().10 0. 12 

~ Cl Cl-V 0. 1 0.25 0.10 0.25 0.050 0.13 
z. ..... 
<D 01 Dl-JY 0. 15 0.45 0.075 0.22 

02 02-IV 0. 12 0.3~ 0.093 0.27 

03 Dl-IV 0.005 CJ.24 o. m;; 0.14 

OS DS-Y 0.037 1.1 0.25 0.7S 0.07 0.021 

06 06-V 0.23 0.69 0.23 0.69 0.11 0.33 

NOTE: All untts tn Rf'115 of kg/kkg of flnls.,.ed µrod11ct. 



TABLE 5!4 c 
~ 

RE:COPl£NDC:O EFFLUElll LIHJTATJONS GJIOELINES (BPCTCA) ..., 
-i 

FOR PET moos 

800 SS O&G 
Re-c<mw!nded Max M<lx Max 

Treatmient 30-Day '4~x JO-Day Max 3D-n~y M.lx 
S..bcat~ry Alternative Ave Day Ave Day Ave -- Day 

BS SS-IH 0. ~8 0.45 o. i8 0.45 0.065 0.17 

86 66-i• 0.51 1. ;:a a. s1 l.28 O.Sl l.28 

Bl 37-111 0.0046 0.01~ 0.0046 O.OIZ 0.0031 0.0080 .... 
.:.. 
(:) 

BP. RB· 111 0.18 0.45 0.18 0.45 0.028 0.075 0 

fl!OTE: All value in trl'llS or kg/kkg finished product. 



TABLE 515 

RECOflOllCO £fflU£NT LIMITATIONS GUID£LJN£S (BPC!CA) c 
$ FOR "1SCElLANEOUS ANO SPECIALTY PRODUCTS ..,, 
-4 

Reco~ded BOD SS O&G 
Treatne"t Max. Max. Max. 1 

Subcat~~r:J ~HS Alternative 30-dal Ave. Max. Oa.r JC-da,l Ave. ftax. Dal 30-da.l Ave. 1'4ax. Da.r: 

A 29 ~~cu • ftnfshed product A 29-111 0.041 0.10 0.012 0.030 
A Jl k9/kkg f1~ished product A 31-11 2.34 5.85 0.63 1.58 0.63 1.Z6 
A 32 ~g/kkg finished product A 32-11 0.025 0.063 0.071 0.18 0.043 0.086 
A 33 kg/kkg fini~hed product A 33- XIV 3.23 6.46 T.62 3.24 
f. 34 tg/kkg finished product A 34-i fl 0 0 0 0 0 0 
A 35 kg!kkg f1nishl?d product A 35-111 0 0 0 0 0 0 
A 36 lc9/kk9 f10irned product A 36-111 208.5 417 175.1 350 .. B 1 k9/lck9 finished product 8 1-111 0.78 1.95 0.78 1.95 0.29 0.73 m 
8 2 kg/kkg finished produ~t 8 2-11 I 0.81 7-.0l 0.81 2.03 0.23 0.57 
8 3 kq/Kk! finished product B 3-11 l 1.07 2.68 1.07 2.68 0.46 l.14 
R 4 k9/H9 f1n1she'1 product 8 4-1 II 2.38 5.94 2.38 5.94 1.59 · ].97 
a 9 k9/kk9 of raw f18terial B 9-11 0.65 1.63 0.65 1.63 0.43 1.08 
: 4 kg/Kk~ of raw f18terial c 4-11 1. 3 3.9 1. J 3.9 0.13 0.39 
( s kg/kk9 of raw .. terial c 5-1 ( 0.080 0.24 0.80 0.24 0.020 0.060 
I) .. kg/cu m of finished prod. D 4-IY 0.060 0. 18 0.030 0.29 
E 1-6 ---------------------- 0 0 0 0 0 0 
f l-4 ---------------------- 0 0 0 0 0 0 
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ENGJrlEERlllG ASPCCTS OF co:1TROL TECllNOLOGY 

Since the wastewa~ers generated by the misc:e11unt>ous foods and bever
~ges industry are for the most part highly biodegradable. biological 
treatment. is the most applicable technology. As de.veloped in Section 
VII. 3ctivated sludge and aerobic: lagvoning arE ~he·most applicable types 
of biolcgical tre~t~ent ~mployed. Corrmonly. high-strength i~dustrial 
waste require5 ~odificat~ons of the activated sludge design· a~ applied 
to treatme~t of municipal waste. These modific:atio"s include longer 
detention times, cc~pletely mixed basins, and larger secondary ci~r
ifi~rs. ThQ r0mplete-mix syst~m is preferred over other activated 
sludge syst~ for food and beverage wJste b~cau~e it is less suscep
tible to sho ...... loads (the compiete1y mixed basir1 partially smooths o::t 
organic load variations). oxygen utilizat•on rate is constant throu9h
out the basin, and lined earth:?n basins C.J!: be used for economy. 

The longer detention tirne is necessary because of the high BOD con
centrcti ons: it is not unco;.:mor. for c co.7.~lete-n-ix systerr. tc require 
several davs of aeration, but it nevertheless should ~ot be confused 
~ith an exiended aeration system: 

A prir.iary disadvantage of any activated sludge system is operatior1al 
difficulty. Operators lr.\.!St ue ~1ell trained specialists; the not uncommon 
industr;a1 practice of assigning personne1 from the mainter.ance depart
ment or the chemistry lab to "t?ke care" of the wastewater treatment 
piant has in ~any instances led to chronically poo~ treatment efficiencies. 

Even with the best op~ration, however, a biological system is susceptiblE 
to periodic upsets. Perhdps tne most corrrnon probl~m is "sludge bulking" 
in w~ir.h risi~g sludge in final c1arifiers cause~ flcating matter to 
be di~charge~ in the plant's effluent. The floating material can 
consider·ably increase BO::l and suspended solids coricentrations in thP. 
effluent. 

Sludge bulking can often result from poor operation allowing inadequate 
a~ratjgn or nutrient lrvels, improper food to microorganism ratio, or 
impro?.•t!r Sl!Jdge ege. It ~s essentia1 that operators mai11tain frequent 
(at 1east daily) testing of the dissolved oxygen levels, suspended 
solids concentrations, and nutrien~ concentraticns in the aeration 
b?sin, the nutrient concentrations in the effluent, and. of course, 
the sludge volume index. aut since upsets wi~1 inv~riably occur, 
even with the best operation and most const?nt monitor·i~g. it is to 
be expected that upon occasiJn ~iological systems will far exceed the 
milxiinu~ daily levels recol'l'inended in th1s document. 

A s~c,nd prcblem associ~ted with bic1ogical systems is sludge generation. 
The sludge from an activated sl~dge system can be expected to have a 
solids contrnt norrr.a·11y rang~ng from 0.5 to 1.5 perc~mt. In thts docu
ment it has been conservatively assumed that the sludge has a solids co~
tent of 0.5 percent; it should be reJlized that in many Cd~es the con-
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centrati on wi 11 be hi.gher and the s1 udge vo1 ume generated considerab 1y 
lower. · 

The disposa1 of s1udge, as discussed fn Section VIII, can be a serious 
problem. Land disposal (lagooning, land spreading, spray irrigation) is 
the most co11J11on disposill method and usually-the most cost effective. 
The feasibility of land disposal of sludge (or wastewater for that matter) 
is essentially one of economics--the availability of suitable land 
reasonab1y close to the treatment plant. Pumping of sludge to disposal 
areas up to ten miles from the treatment plant is usua11y just1ffable, 
and trucking of dewatered sludge even farther is conrnon. In some specific 
cases, however, sludge disposal may produce severe hardships on particular 
plants. 

As discussed in Section VII, a variety of treatment modules other than 
those discussed in t~i! document may be employed in the miscellaneous 
foods and beverage industry. F~r particular installations, other modules 
could be ~ore co~t effective. This can only bP. determined on o case by 
case basis. 

One of the most cost effective methods for wastewater treatment/disposa·1 
is crop irri9ation. The limitations on the use of such disposal mu~t 
be determined based on the nature of the wastewater as well as the 
nature of thP. crop to be irrigated. It should be noted that in some 
fostances nutrient addition might be necessary since many of the dischar·ges 
from miscellaneous foods and bevP~ages industr1es are nutrient deficient. 
If ~uch is the case, a significant cost could be incurred. 

Again, due to the fact that the treatment technolog~es developed in this 
document are required to be applicable to a11 areas of the country, all 
!arthen basins recommended in this rerort have been li~ed with PVC liner. 
It is to be expected that a number of the 1nstallat1ons affected by this 
study are located 1n areas where so11 and geologic conditions make sue~ 
lining unnecessary. For this reason, the cost of 11n1ng has been shown 
as a separate 1tem 1n the cost tables of Section VIII. · 

Land costs have been shown as a discrete co~t item for the same reason. 
Of all factors associated with the cost analysis, land cost 1s certainly 
the m~st variable. It has been generally assumed that. non-lan~ restric
tive treatment systems (e.g .• activated sludge, vacuum filtration) are 
required in highly industrialized areas of minimal land ava11a~ility 
and that land costs $41,000 per hectare (S16,600 per acre). Non-land 
restrictive treatment trains have been assumed to be located in semi-rJral 
area: with land costs of $4100 per hectare ($1660 per acre). In a few 
cas~s. where treatment trains are intermediate between land restrictive 
and non-land restrictive, a cost of $?0,500 per hectare ($8300 per acr~) 
has b~en assumed. 

In reality, land costs can var·y from a few hundred dolalrs per hectare 
to several million dPpe~ding on pla~t location. 

1483 
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Evaporat;on has been c~ as d vi~ble alternative for treating 
high strcngt~wastes in th~ rum and yeast industries. Evaporative 
concentration offers the advantage of reducing pcllutant and hydraulic 
l~ads to biological treiltment \·1hile i.1t the same time producing potentially 
saleable by-produ1..ts. In addition, recovery equipment requires less 
operating space than biological systems. 

Evaporators m~st be designed and sized to f~t the needs of individual 
users. Some majcr factors that detennine equipment selection, ~nd 
therefore capital and operating costs, include: (1) volume and initial 
conce~tration of feed solut;on, (2) final hy-product concentration. 
(3) physical properties. of the liquo:· to be treated, and (4) availability 
of required utilities. Currently avail~b!e facilities ranging in size 
from small pilot plants to installations µrovidir.g 204,000 kg/hr 
(450,000 lb/hr) evdporation must be sized both on the volume of water 
and the quant~ty of solids to be handled. The more concentrated the 
influent material. the less water removal a~d therefore less energy 
required to concentrate to a desired value. For a given influent 
volume, the final ccncentrate volume depends on the initial per~entage 
of solids in t~e influent. ~n evaporator that concentrates a 2 per-
cent so1ids material to 30 percent solution removes over 90 percent 
of the initial water while evaporating a 2 percent solution to only 
15 percent removes over 80 percen~ of the water. High concentration 
frequently requires specialized equipment deoending on the physical 
characteristics of the liquid. Physical characteristics ( 156) of 
evaporator liquor that infl~ence equiprne~t design. sizing, and operation 
include viscosity, undisso1ved solids, temperature sensitivity, and 
boiling point elev~tion. 

A11 plants within each subcategory studied utilize similar basic 
production processes. Although there are deviations in equipment and 
prcduction procedures, these deviations do not significantly alter the 
characteristics of the wastewater generated. Apclication of the best 
techno~o9y currently available does not require major changec; in e.<isting 
industriai processes for the s~bcategories studied. Water conservation 
practices, improved housek,~epi ng anrj product handl; ng practices. and 
1~proved maintenance p~ogram~ can be incorpJrated at virtu~lly all plant~ 
within a giver. subcategory. 

The technology to achirve th~se reconrnended effluent limitations 1s 
practiced within the sut~atego~iEs under study or can be 1~adily trans
ferred from technology in oth~r industries. The concepts ~re proven, 
available for implementation, and·applic~b~e to the wastes in que~tion. 
However, up to two years may tie requirr:d from design iniL.iat·ion to plant 
start-up. The waste treatme11t tectiniq:.ie5 are also b~·oadly applir>d within 
many other industries. The tectinol0ay required ~ay ~eccssitat~ improved 
monitoring cf ha~tc discharges an~ of w~ste treatment components on the 
part of some phnts, and may requ1re more extr:>:isive training of personnel 
1n the operation and maintenance of waste tre:3ti11ent f&Jr.ilities. However. 
these procedures are currently practiced in ~om~ plants and are i:o1m1on 
piactice in many otner 1nd~str1es. 
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COSTS OF APPLICATION 

The costs.of obtaining the effluent reductions se\ forth herein are 
itemized in S~tion VIII. The investment and yearly costs of the 
recomnended treatment alternatives are sunrnarized in Table 516. 

NON-1,'ATER QUALITY ENVIRONMENTAL IMPACT 

The primary non·water quality environmental impact of the a1ternative 
treatment technologies. as summarized in Section VIII. is the generation 
of sludg~s requiring ultimate land disposal. Available technology. 
however, if properly applied can assure that land disposal systems 
are maintained. corrmensurate with soil tolerances and in such a manner 
as to prevent ground water contamination. 

FACTORS TO BE CONSIDERED IN APPLYING EFFLUENT GUIDELHIES 

The above assessment of what constitutes the Best Practicable Control 
Technology Currently Available is predicted on the assumption of a 
degree of unifonnity among plants within each subcategory that does 
not necessarily exist in all cases. One of the more 5ignificant var
iations that must be taken into account in applying limitations is 
availability of land for retention and/or treatment of wa~tewater. 
While t.t.e control technologies described herein have been fonnulated 
in most cases for minimal land requirements, individual cases of extreme 
lack cf land may present difficulties in applying even these technologies. 
Jn other c~ses. the deg;ee of land availability may dictate one treatment 
alternative over another .. or allow treatment costs to be considerably 
less than those presented. 

In the case of multf-prod~ct plants. an important point to consider is 
th~t the surrmation of the parts may not necessarily make up the theore·
tical whole. A plant, for example, that processes products covered under 
several of the subcategories covered in this document could be theore
tically expected to meet a cumulative limit~tion: however. Quite often 
the c~1T1Ulative wastewater from such a plant wf11 exceed th~ ca1culated 
quantfty. 

There are several subcategories in which no c~rrela~f on mey exist 
betweel'I the final efflutnt and the unit of production on a :;hcrt term 
basis due to the betch natur of the process or to the cleanup periods. 
For example, distillers (Sub tegories A22, A23, and A24) may not mash 
grain for pe~iods of one to five days while fermentation, distillation, 
etc., are still contributin~ to the wa~te effluent. The s~me cas~ exists 
for malt beverage b~ew~ries (Subc~tegorie~ ~16. Al7. and Al8) and 
wineries (Subcategeifies A20 and AZ1 ). In s•Jch ca~es. it is reco!Tlllended 
t~at the plant capacity. mea~ured Qr a long tenn basi~. be utilized in 
applying the eff1uent limitati~n~. 
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TAGLE 515 

SUMMARY OF WVESTl1ENT AND YEARL y co~ TS 
FOR TREATMENT ALTERNATIVES (BPCTCA) 

Recorrrnended Total Total 
Treatment Investr.ient Yearly 

~ubcategorl'. Al terrioti ve Cecst Cost 

(Ve9etab1e oil 
processing and 
refi'lir.g) 

A 1 A 1-II $ 172 ,650 $ 32,580 
A 2 A 2-Ir 19 ,450 1,51.J 
A 3 A :>-I 40,850 5,46C 
A ~ A 4-II 254,970 49,530 
A 5 -~ 5-1 v 396,850 91,380 
A 6 A 6-IV 497 'l 90 116,050 
A 7 A 7-IV 718,630 164. 52CJ 
A 8 A B·IV 628,590 140. 210 
A 9 A 9-lV 743, 140 171,620 
A 10 A 10- JV 646,270 146,640 
A ll A 11-lV 813,980 191 • , 10 
A 12 A 1 ?- Y-J 722,000 166,910 
A 13 A 13-III 295,ZOO 70,200 
.ft. 14 A 14-IIJ 217,340 44,070 
A 15 A 15- l l I 0 1,200 

(Beverages) 

A 16 v 3,730,960 1,029,500 
A 17 v , l, 377, 110 3,107,230 
A 18 v 1,056,780 440,710 
"· 19 IV 709,240 l 76,410 
A 20 11 414,130 1 lL,400 
A 21 II 181,640 52,310 
A 22 VI 839,260 221,570 
A 23 II 133, 720 20,201) 
A 24 II 2,644,060 698,640 
A 25 I I 14,5;·0 153,470 
A 26 IV 210,270 47 ,070 
A 27 TV 264,550 61. 140 
A 23 A 28-VII 393,000 H19 I 130 
A 30 A 30- rI 358,430 97,010 
c 8 C 6-II 181,710 78,600 
c 9 C 9-II I 319,720 109,440 
c 10 C 10- Ii I 625,620 220,010 
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TABLE !>16 (CONT'D) 

Recommended Total Total 
Treatment Investment Yearly 

Subcateg~ Alternative Cost Co'it 

(Bakery and 
Confectionery 
Products} 

c 1 C 1-I JI $1,001,190 $389,640 
c 2 C 2-JV 262,420 69,300 
c 3 c J-IJ 195,350 52,510 
c 7 C 7-V 281,170 101,490 
D l D 1-1\' 425,670 116,120 
D 2 0 2-IV 319,750 101,670 
0 3 D 3-IV 248,350 82.920 
D 5 D 5-V 954,170 227,630 
D 6 D 6-V 581,990 144. 720 

(i';:t Foods) 

s 5 B S-111 511 • l 00 125,490 
B 6 B 6-JV 889,940 398,130 
B 7 B 7-IJJ 125,910 34,380 
6 8 B 8-lll 717,810 194 ,050 

(Mi see 11 aneous 
and Spec i a 1 
Products) 

A 29 A 29-IJJ 143,380 37,280 
A 31 A 31-II 264,500 59,290 
A 32 A 32-1 I 157,360 40,610 
A 33 A 33-V 2,262,380 686,240 

. A 34 A 34-III 12,800 Z,400 
A 35 A JS-III 12,710 1, S60 
A 36 A 36-I!l Z.JlS,170 1,032 ,870 
8 1 8 1-IIl 606,680 169,940 
B Z 8 2-11: 239,580 63,640 
8 3 8< 3-llI 804,610 251.790 
8 4 B 4- II I 297,240 54,3~0 
B 9 S 9-Il 4fl.1,600 130. 770 
c 4 C 4-Il 246 ,090 48,270 
c 5 C 5-lI 233,760 32,620 
c 12 C 12- I I 11'540 22,960 
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Another fact'1T' to be considered is that a biological treatment system 
requires a period of stubilization up to several weeks before optimum 
efficiency can be expacted. During this start-up period, 1 arge va0ri a
ti ons in both BOD and suspended solids conce~trations can be expected 
in the discharge. 

Variations in the effluent may also be expected due to upsets of a 
biological treatment systel'l. The maximum daily limitations recommended 
h~rein do not make allowance for such ups~ts. When upsets occur, these 
parties respo~sible for treatment plant operation should inrnediately 
report the occurcnce to the appropriate authorities, take the necessary 
steps to correct the situation, and report the probable cause of the 
1Jpset. 

:1i~ati: conditions may als~ affect biological systems. Although the 
~reatment systems developed herein were done so for relatively cold 
~iinters (the equivalen~ af upper ~ew Yor~ State), decreased biological 
activity can be l'\Orrr.o:l1y expected d.irins wir.ter nor,tr.s. In extremely 
cold c1i1.1;,tes (e.g., ~lorth Dakota, ~1aska), added cost may be necessary 
fer the heatin~ of treatment systems. 
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SECThlN X 

EFFLUENT REDUCTION ATTArnACLE THROUGH THE APPLICATION OF 
THE BEST AVAILABLE TECHllOLOGY EC:OilOMICALLY ACHIEVABLE 

- EFFLUENT LlMITATIOll~ GUIDELINES 

The efflu!nt 1 imitations which must be ae;hi~ved by July l, 1983, are 
to specify the degree of effluent reduction attainable through the 
application of the best available technology economically achievable. 
The best av~ilable technology economically achievable is not based 
upon an aver.:!ge cf the best performance within an industrial category, 
but is to be detennined by identifying the very best control and 
trea~ment technology employed by a specific point source within the 
industrial category or subcategory, or where it is readily transferable 
from one industrial process to another. A specific finding must be 
made as to the availability of control measures and practices to elim
inate the discharge of pollutants, taking intc account the cost of such 
eliminai:ion. 

Consideration must also be given to: 

1. The age of equipment and facilities involved• 

2. 1he process employed; 

3. The engineering aspe:ts of the application of various 
types of control techniques, 

4. Process change; 

5. Cost of achieving the effluent reduction resu1t in; from 
application of the best economica11y achievable technology, 

6. Non-water qua11ty environmenta1 impact (including energy 
requirements). . 

Jn contrast to the best pract1cabl! control techno1ogy currently available 
the best eco~omically achievable technology assesses the availability in 
all cases of 1n•process contro1s as well as control or additional treat
ment techniques employed at the ·~nd of a production process. 

Those plant processes a~d control technologi~s which at the pilot plant 
semi-works, or other level, have demonstr~tcd both technological perfor· 
mances aod !r.:onomic v1ab11 ity at a level sufficient to reasonably justify 
investing in such facilities may be considered in assessing the best 
availal>1e economically ach;evable tecnnology. The be~t availdblt eco
nomica11y achievable technology is the h1ghe5t degree of control technology 
that has been achieved or has been d!monstrated to be capable of being 
designed for plant scale operation up to and including "no discharge" of 

- -- -- -- - ---- ----- -·---· 
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pollutants. Although e~ono~ic ~actors are cons~dPred in this develoµ~~nt, 
the costs for-this 1evel of contr·ol are intended to be the top-of-the-line 
of curr~nt technology subjec~ tc limit~tions imposed .y economic and 
engineer-ing feasibility. However, the best available technvlogy econorr.i
cally achievalile may be chara:terized by some tech11ica 1 ri ~ k with respe:t 
to performance ~nd with respe:l to certainty of costs. Therefore, the 
best available technology econo~ically achievable may necessitate some 
industrially sponsored development work prior to its application. 

EFFLU~llT P.rDUCT!O~~$ ATTAl~lABLE i'HROUGH THE APPLICATIOtl or THE BEST 
AVAIL~.P.L::: 7(5'.:T:;~-c:::v cCO:;c::: :1 .. :..:. 'I /~CHI Ev,;sLE 

Based upon the information contained in Sections III through VI!! of this 
document, it has been determined that the degree of effluent reductiu~ 
attai~ab1e through the application of the best available techno~og) 
econcmica11y achievable is as listed in lables 517 through 521 . 

Rt>cor.-~·rica:io!"S cc·r.ccrnin-:; pt:, te:-~er?.t11re, floating oil and grea:::.e, 
and nici.el are the sa~e a~ presented in Section IX. 

rnn;~F:c:.7j~·; (IF TH~ BEST A\'A!LAB~E TECH!lOLOGY Ecmm~~ICAL:_ Y A:"'1JT =-''~"' :"' •• I I " • • 1-1 .. •• ------
The Best Available 7echnology E:ono~ically Achievable for the miscellan
eous fo0d~ anc tevera9e incl.'s:ry, as described in Section Vll, is gene.-
any the ec;u~vi!i~r.: of ter:~a-y ;-:hysical/che~ical treatment. Th:· rec::--
mended tr~a::1er.: al~erna:ives a:-e indicated in Tables '>17 thrciugh 521 . 

The engineering aspects of this level of technology are the same as 
discussed in Section IX. 

COSTS o~ APPLJCAT!ON 

The costs of obtaining the effluent reductions set forth herein are 
itemized in Sectior. VIII. The investment and yearly costs of the recorn
m~nded treatm?r.t alternatives are surrmarized in Table 522 • 

NON-l~A~.ER Qt.JAL ITY_ill'JRO:l~E~fr AL IMf'ACT 

The non-water quality en~ironmenta1 impact of this level of techno1cgy 
is the ~ame as that discussed in Section IX. 

As indicate~ abpvc. the techn0logy for this level is charecteriz~d by 
son~ technical risk with respect to performance and c~rtainty of cost; 
it is expected th~t development work will be necess~ry pr1or to 1ts 
applica~ion. Other factors to be tonsjdered include those discussed in 
Sc:ct ion IX. 
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TABLE 5i7 

R£COl9t£~ (FftUElf LIJIUTATIOlfs GllIDELIN£S (BATEAt roR VEGET~BLE <>IL PRIJCESSlltG & REFINING . 

BOO SS O&G 
Rec011111ended Hdl!. H111!. Rax. 
Treatlm!nt 30-dav Hall:. 30-day Max. 30-day Hax. 

Subcatfto!l Untts Alternative Ave~ Q.i!L Ave. ~ Ave. J.~ 

A 1 kg/kkg ot1se@d crushed JIJ 0.0036 0.09(} 0.0045 0.011 0.0027 . 0068 

A 2 • II 0 0 0 0 0 0 

.. ] k9/kk9 oltYes process~ I 0 D 0 c 0 0 

A ~ • • 11 0 0 0 0 0 0 .. 
U> 

A 5 k9/kk9 c,,,de 011 pruce$sed y 0.021 o.osz 0.017 0.043 0.0070 0.017 

A 6 • v 0.035 0.087 0.030 0.075 0.012 0.030 

A 7 • • y 0.076 0.19 0.063 0.16 0.025 C.062 

A8 • y 0.051 0.13 0.051 0.11 o.ozo D.050 

A 9 • y 0.073 0.18 0.073 0.18 0.029 0.073 

" 10 
• • y 0.048 0.12 0.056 0. 14 0.024 0.060 

A 11 • y 0.075 0.19 0.087 0.2Z 0.035 0.087 

A 12 • • ~ 0.060 0.15. o.on 0.18 0.030 0.075 

A 1!. qfilkg ftnhfled ~ lY 0.030 0.075 0.037 0.092 0.037 0.092 

A 14 • IV 0.0080 li.020 0.0080 0.020 o.ooc 0. 12 

A 15 0 0 0 0 0 0 

. .... . ...... - ... --- _.....,.-. -- -.--.-... .. ··- ··--··-·---w-........... -... -.- -, .. 7 ry· •. . ............ ~: . . ··- .... 
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REC~ Efll..U(J(T llMlTATtONS GUIOELINtS (BATEA) FOR BEVERAGES 

BOO SS O&G 
Recor.r.iended --irax:- --r.:---· 

1·!<1~. Max. 
Treatll'ent JO-day Ha11;. 30-doly Ma11:. JO-day Hl!x. 

Svbi::a t '?'JIJ!.l Units Alternative Ave. _D_a.t _l'we-=- ~- Ave. ~ 

A lfi t~/cu m ~~er prod~ced VI (I. 14 o.:is c. 19 0.48 

A 17 • Vt 0.27 0.67 0.38 0.95 

" 18 • YI 0.24 0.60 0.34 0.85 
_. ... A 19 tg/ttg barley pro-:essf!1:1 ' 0.11 0.77 0.065 0.16 ----
"° N 

A 2Q k9!Jrkg gr~~ crushed 111 0.38 1 . 1 0.054 0.16 

A i'O ~9/cu m wine p-Od;,;ced 111 0. 14 0. 14 0.19 0.56 

A 21 11 

A 22 tgfkkg grain mashed YII 0.13 0.32 0.16 0.40 

A 21 111 0.027 0.062 0.036 0.09 

A Z4 tg/1000 proof gal produced Ill 0.58 1. 55 0.35 0.86 

~ 25 n 0 0 0 0 

A l6 ~9/CV WI f1nl~hed prcdurt ' 0.026 0.065 (J. 015 C.037 

A 27 y 0.12 0.30 0.070 \.1.17 

I • 

_ __._ _ _... . 
··'·~·-----·---

--- ... _ ---- ----- -.. -.:.---~~ ·~~---.;;-_-______ ,..__.,_ __ ~ 
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TABLE SlR rr.ON'T\ 
1100 SS O&G 

R~nded Hill. Max. 11ax. I 
Treatment 30-day Mu. 30-ctay Max. 30-day Max 

Subutpgory ~ Alt~rnath~ Ave. ~ 2!.L _!IN_ -~ P.!L 

A 28 tg/a; • ff ~tshed pt'Odllct XI 0.0025 0.0063 o.oooso 0.0013 

A Jfl kg/tk9 ffnfs~ proctuct v T.O 2.5 1.0 2.5 

c 8 tg/kkg cofr~ buns rr r 0.030 0.009 O.OJO 0.09 0.020 0.06 

c 9 IU 0.10 0.2S 0. 10 0.25 0.050 0.13 

.0. c 10 • l'I 0.25 n.bO 0.25 0.60 0.16 0.4i) '° t...J 

r I {! 0 0 0 0 0 



TABLE 519 

RECOMMENr.ro (FfLUEHT Ll"ITATIONS GUJDELIN[S (BATEA) FOR BAKERY A~D CCNFECTIONERY PRODUCTS c s: -.., 
BOD SS O&G -f 

Reccnuended f1ax. ~- Max. 
T n~a t:ITP.n t 30-day Max. 30-cfay Max. 30-day MJx. 

S:.ibC'1 t~QO ri Altemattve ~~ p_ay_ Ave. 9'.1Y Ave. ~ ------- -- ·--·-

c 1 IV 0.25 0. f)I) !) . (''j 0.115 O.tJ4 0.10 

c l './ O.OJO 0.090 O.OJil 0.090 0.020 0.060 

c l I II (J.030 0.090 O.UJO o.aao 0.020 0.060 

c 1 YI 0.050 0. 13 0.050 0.13 0.030 O.OBO 

:. 0 1 VJ 0.015 0.72 0.040 0. 12 
·c 
~ 

0.000 0 2 v 0.24 0.045 0.13 

0 J v 0.030 G.090 0.035 o. 10 

D 5 VII 0.075 C.22 0.035 0. 10 

D E Yll 0.04S 0.13 0.060 0. lR 0.0~ 0.03 

NO"!t: Ali un;ts 1n teF'llS of •9/kkg finished product. 



TABLE 520 

RE~Oflt£NDED EFFLUENT LIMITATIONS GUIOELINES {BATEA) FOR PET FOOD 0 

~ .,., 
BOO SS O&G -c 

Rec amended Ma~. ~ax. ---- Ha.w:. 
Treatment 30-day Max 30-day H.Jx. JO-day Hax. 

Subc1tegor,i Al ternathe Ave. !!_d_L Ave. Dax Ave. Day 

8 s 11 0.09 u.23 0.09 O.Z3 0.033 0.085 

86 y 0.26 0.64 0.26 0.64 0.26 0.64 

8 7 JY 0.0023 O.OU6U 0.0023 0.0060 0.0016 0.0040 

ea JV 0.090 0.23 0.090 0.23 0.014 0.038 

-A 
\:1 

"' 

NOTE: All un1ts tn tenas of lg/tkg ftntshed product. 
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TABLE 521 -i 

~ECOK"1ENDEO EFn.UEHT LI PU TAT iOflS. GU I DEi.i NES (DAlEA) FOR MISCELLANEOUS AND SP£CIAL 1 TT PRODUCTS 

800 SS O&G 
I: Recormiended Max. Ma~. Rax. i-' 

Treatmt>nt 30-day Mal!. JO-day Hait. 30-day Max. 
,,. 
!'. 

Subcategorl Units_ , ~tlve -~:~ ~ _Av~.- p~ --~ Q!.L 
A 29 kg/cu m finished ~roduct vr O.Cl?O 0.050 0.0(162 0.016 

A 31 k;/kk~ finished prt>duct v l . I l.7 o. 31 0. 78 O.Jl 0.62 

~ A 32 • iV o. n IL?6 0.014 0.035 0.014 0.028 ,I .c. .. 1.6 0.81 ii "° A J3 VI 3.2 1.6 '· C• " r A 34 Bl () 0 0 0 0 0 

A 3~ .. lll 0 0 0 0 0 0 
~ 36 " " Vil 104 209 83.4 167 

8 1 .. • IV 0.39 0.96 0.39 0.98 O. lS 0.37 

B l .. IV 0.41 1.0 0.41 i .o O. lZ 0.29 

:1 B l • " IV 0.54 1. 3 0.54 1. J 0.23 C.S7 
ii 

B 4 " • II I 1.2 3.C 1. 2 3.0 0.80 3.0 l 

8 9 kgikkg rew materi1l Ill 0.33 0.82 O.JJ 0.82 0.22 0.54 

c 4 • " v 0.21 0.63 0.21 0.6J 0.07 0.21 
~ c 5 .. IV 0.030 0.090 O.OJO 0.090 0.010 0.(130 

.. 

-- ----------·--· - •... -·-------~----- -·--- --., ... 
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S•Jbcat~~r:r 

c 12 

D 4 

[ 1-6 

F 2-4 

kg/cu m rt,fshed product 

TABLE 521 ~COWT) 

Recomended 
lre<itment 
A1tcr.1Ji_i~ 

11 

v 

--......--80.Q __ 
H.u:. 

30-day 
Ave. ----

0 

0.0~0 

0 

0 

0 

o.n 

0 

0 

Rix. 
JO-d1y 

,,, ... ,._ .. 
0 

0.020 

0 

n 

i;:. 
::::::i 
);>-
"Tl 
-t 

SS O&C 
Mu. I Hax. JG-d.iy ~lal!. 

-~L 2v!:_ ~ 
(l 0 0 

0.050 

0 0 0 

0 0 0 
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TADLE S?.2 

SU"'1ARY or IHVESMNT AHO YEARL y COSTS FOR TREAlMENT AL TERHATIYES 
(a.ATEA) · 

Rec orrrnended Total Totll 
Treatment Investment Yearly 

Subcate~ori A~tel"native Cost Cost 

(Vegl!table 
011 Processing 
and _Ref1n1ng) 

A t Ill s 18!i,!'60 s 37,680 
A 2 II 19,450 l,SJO 
A 3 I 40,850 5,'60 
A 4 II 254,970 49,530 
A 5 v 459,900 117 .120 
A 6 v 6i?0,340 148,78G 
A 7 v 1,004,970 Z16,45C. 
A 8 v 856,SlO 183,240 
A 9 v 1 ,075 ,830 '.29,000 
A 10 v 919,530 199,530 
A p .. 1,Z14,140 256,440 
A 12 v 1,063,7~0 225,270 
A 13 IV 327 ,930 79,280 
A 14 IV 259,260 62,190 
A 15 III 0.0 1,200 

(Bevera~es) 

A 16 VI 3,e10,3ao 1,062 ,060 
A 17 VI 11,778,750 3,201,290 
A 18 VI l ,5S'4 ,850 461,230 
A 19 v 1-::!. 761,830 187,330 
A 20 II I 434,350 122,300 
I.. Zl Il 381,640 s2,:no 
"' 22 ~ll f,"'J 884,220 232,060 
A 23 II! 149,750 32.'40 
A 24 !II Z,671,130 705,710 
A 25 IL 14,670 153,470 
A 26 v 4 '\"ft 227,790 52,6'.::0 
A 27 y tp 288,560 67 ,840 
A 28 ~'t'"· 

.., __ .., 
-· _ 414 ,860 137,COO . i. 

A 30 362 ,030 103,6e.o 
c 8 III 207 ,430 85,260 
c 9 II l 319,720 109,440 
c 10 IV 5,956,3'.0 1.321.270 

1498 -···- _ ....... _________ ... ______________ ....... ._.... 

H tr t -........ -- .,._ -··"'XrMHO 

• - • • 3 
~··· --- - . - . 

DAA' 

~·t~ 

(Bakery • 
confectic 
Products] 

c l 
t 2 
~ 3 
c 7 
0 1 
D 2 
D 3 
D S 
0 6 

((et 
Foods) 

B S 
B 6 
B 7 
B S 

(M1sc. a 
Spec. P1 

A 29 
A 31 
A 32 
A 33 
A 34 
A 3S 
A 36 

' ' B Z 
B 3 
e ~ 
B ;J 
c 4 
c 5 
c 12 
0 4 
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TABLE 52? (CO~IT 'D) 

Rccor:imended Total Total 
Treatment Investment Yearly 

SubcateQO~" Alternative Cost Cost 

(Bakery an~ 
Confectionery 
Products) 

c 1 IV 1,C35.1CO 399,420 
c 2 v 291,510 76,970 
c 3 III 211 .sso 57,310 
c 7 VI 313,890 110,570 
D 1 V1 276,080 79,650 
D 2 v 352,020 102,2~0 
D 3 v 281 ,420 92. 150 
!') 5 \I !I €05. 25{i C'.07,990 
D 6 V" '. 6~6,580 168,72C 

(Pet 
Foods) 

B 5 IV 557 ,310 138 ,950 
s· 6 v 956,910 410,850 
B 7 I 'w' 153,030 41,450 
B 8 l IJ 913,950 213,510 

(Mis~. and 
Spec. Prod'1:ts) 

A 29 VI 160, 180 42,240 
A 31 '! Z81,0SO 64. lSO 
A 32 IV l 83. 1 co 47,270 
A 33 VI 2,308,260 696,940 
A 34 111 12,1300 2,400 
A 35 ?I I 12,710 1,560 
A 36 Vil 2,352.i'4Ci 1,041.740 
B 1 lV 65~.580 183,010 
B 2 IV 257,SJO 69,020 
B 3 IV 850.020 265,250 
B 4 I I I 297 ,2·10 sr..3so 
B 9 I !l 523. 7% 140.~90 
c 4 \' 205,920 39.950 
c 5 lV 137,640 22.010 
c 12 I 1 11 , 540 22,960 
0 4 ·.; 271 ,f.GO 92.931"1 
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SECTION XI 

NEW SOURCE PERFORMAllCE STANCARDS 

This le11e1 of techno1nyj' is t::i ::.-e aciiieved uy new sourres. ihe tenn 
"f'lelri scurce" is defined in the !:c~ ·- -~Jn "any source, the construc-
tion of which is commel'r:le:d afi:·· ·_ • ._.-: ication cf proposed reg:J1ations 
prescribi.19 a standard of oi:!•-7··:_ .. ;.i·scurce technc;iogy shi.11 be 
evah~3ted by adding to tr.~ ... ·: .· · ., ,noerlyir:g the identification 
of b~st available teci1:iolc- · .. , . achievabie a determination of 
what h·i91er levels cf i :1 i:: ::1 ~re avai !able through the use 
of· ililproved prod;;ct'~ .. _ ..... ..!'~!" treatrneni: techniques. Thus, in 
addition :.:J cor.!:.i:::r~r~ -;;; : ·.: : .-:-lar.t and end-of-process cQntrol 
technolc~y. ident1fieL : '. ·:ablt te~~~ology e~oncmicall; achievablE, 
new sourc0 tecnnology is t~ uoc:i ~n analysis of how the le~cl of 
effluent:-~_.,. be reduced by: :~.·- ~- ocuctic.,:-, process itself. Ahei·-
nativ.: r . .::sses, operJting ~~. :·· ~,-:'1er alternatives must be cor,-
siducd. ;;~~0ver, the cr.d re~ · 1-r .. analysis ·~i 11 be to identify 
effluent ~:andards which refle~. ~·~ 'control achiev6b1~ throu~h 
the use of irr.;Jroved prod1.ctiori ~, J.:.~sse'> (as wen as cor.~rol technology), 
rather than prescribir.g a particular type 01: procE:.ss or tech~ology wi·1icn 
must be err:plc_v~d. A further deterrr.ination wr.ich 1.iust re made for new 
source technology is ':hetner a standard permitting no discharge of po~
lutants is pr3cti~ab1e. 

At least ttlt fol~owin!: factors shi.luld be considered vlith respect to 
production process~s ~hich are to oe analyzed in assessing new rource 
technology: 

l. The type of p~ocess emp1oye~ dnd process changes; 

2. Operating m~thods; 

3. Batch as opposed to continuous op~raticn~; 

4. Use of al. ·rnative rdw materials a~d mixei of raw Mdterials: 

~. Use ~f dry rather than wet pro~esses ~incl~ding substitution 
of recov~rac1" s~lverts for water); a~d 

6. Recovery of pollutant~ as by-products. 

NEW SOURCE r.rn~mmANC( STMlDARD~ FUR THE M!SCCU.MJ[(lUS FOODS AND s;_~_;RAf>ES 
POINT sorr.c(T'"XEGORY ------·-------____ .. _. 

a~~ed upon the infonnation contained in Sect1on; 111 through VIII of ~his 
doc um~nt. it has been c1etemi ned th Gt. the degree of ef"l uent r~duct ion 
obtainable f0r new sources is as follo~s: 

1501 
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Subcategories A 1 - 15 

Subcate~ry A - 16 

the same as that developed in 
Sectfon IX. 

maximum 30-day average and maximum 
day.BOD and suspended ~olids. respectivel1 
0.070. 0.17. 0.097, 0.24 kg/cum be~r 
produced. 

Subcategories A 17 - 18 -- not applicable since, by definition. 
there can be no new sources w~thin 
these suocategories. 

Subcategory A 20 

Subcategory Ii. 21 

Subcategory A 29 

All other ~ubcategor1es 

PREH.U,i:·'.E r;r co;:s j D.f RAT I Ol~S 

maximum 30-day average and maximum 
day BOD and suspended solids. respec~ively: 
0.23. 0.69, 0.031, a~d 0.093 kg/kkg grapes 
crushed. 

,mazimum 30-~ay ~verage and maximum 
day BOD and suspended solids, respective 1 y: 
0.083. 0.025, O. 11, and 0.34 kg/cum wine 
produced. 

maximum ]0-day average and maximu~ day 
BOD and suspended solids, respectively: 
0.0~2. 0.03, 0.0040, 0.010 ~g/cu m 
finished f~avors oroduced. 

~he same as that deveioped in Section X. 

In general, wastewaters from the misce11aneo~~ foods and beverage 
industry contain no constituents that are considered to be incompatible 
with a well designed and oper3ted municipal wastewater treatment p~ant. 
nor ar.y constituents thot would pass through such 1 system. 

Potential proble~s which could occur inc~ude (1! slug lc!ds due to wide 
Vdriations of flow and/or waste strength with ti~e. (2) a~idic or 
caustic wci.5tes, (~)excessive oil and grease concentrations, and (4) in
ad.:!quate dnution rn tile municipal system for particular high strength 
wastes. Each of these problems rn~st be considered on ~ cas~ by case 
basis in te~ms of botn the nJture of the industrial wastewater and the 
c~pacity of the n~nicipal system. 

ThP problem of slug loads can usuaily be alleviated by the use of flow 
equalization prior to discharne. Adju~tnent ~f pH m~y be necessary if 
the pH of the rdw wastewater is below 6.0 or above 9.0, although a 
given r:rnni~ipality may have r~quirernent~, differing from this, In any 
1ndustr1a1 cper~tion oil ~nd grea~e contAmination is a possibility and, 
1f fn~plant m~asure~ are 1na~~quate to prevent its occurcnce in the plant's 
effluent., facilities for oil skirrming n:Jy helve to be provi::ied. 
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In the case of vegetable and animal fats and oils, virtually all plants 
having these con~titucnts in their wastewatcrs currently provide 
s~imming, gravity separation. &lnd, in some cases, dissolved air f1ot
atior. before tMsch~rge to municip~l sewers. 

Those inciustries ~1hich 9ene:"'ate wastewaters with significant conceAtrations 
of vegetable or animal fats and oil~ include vegetable oil processing ana 
refining; coffee productio~; ~ukery and confectionery production (specHic:al l.v 
Subcatepories C 1, C 2, C 3, C 7, 0 5, and D 6)~ P~t Food production; and 
Sub~ategories A 31, A 32, B 1, B 2, B 3, B 4, B 9, and C 5. 

In the case of extremely high strength industrial waste Deing discharged 
to a relatively small municipal system, consiaerable pretreatment (even 
to the extent of equivalent s?condary treatment) may be necessary. A 
careful accessmen!: m~1st be made of the dilution capacity of a municipal 
system before discharging such an industrial waste to it. 

Of a11 the industries considered herein, only ice manufactu:--ing and olive 
oil proc~ssin' yie1~1~ conc£ntration~ of di~5o1ved stlid~ and/or ch1ori~e£ 
appreciaLly ~bove tnns~ levels found in municipal sew2ge. Whether a 
municipality should acceot high disstlved solids or chlorides must be 
decided on a ca~e by case basis. 
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SECTION XI I 

ACl\NmlLEDGEMENTS 

This document wJs prepared by Environmental Science and Engineering, 
Jn:. {ESE), o'f Gainesville, Florida. The Project Director was 
Hr. John~. Crane. P.E. 

Th~ s~udy involved the services of four additional offices. SCS Engin~e~s 
of Long Beach, California (5CS~) was responsible for data co11ection, dfr
finition of the industry, ~-a$~e•1ater characterizi::tion, develoorne:r.t of 
contro1 and treatment tecnnology, and recommendations of gu;tJ~li:ies for 
pet food, frozen specialties, chili pepper and paprika, dehyorated soup, 
and mc.caroni products. s:s Engineers of Reston, Virginia, (SCSR) held 
si~!il'r responsibilities for coffee, bakery products, eggs, ~anufacture~ 
ice, prc-~'a'"ed sar.d1:iches, ad cnicory. Environmental Associate$, lnc. 
(EAi) of Corvallis, Oregon, was responsible for candy 3nd confecti~ner{ 
produ:ts, cho:o~~te croa~cts, cne~ing gu~, vinegar, p0~~orr, ~o~asses. 
honey, an.::! s~•eetering syrui;:;, and provided assistance rn tr.e study of t•·e 
Californi11 1·11ne industry. Keynoius, Smith & Hills (RSh) of Jacksonvi~il:, 
Flcr~da, prcvid~d much of tne preli~~~ary work for cost analjse~. Aisc, 
Dr. Pichard H. Jones, P.E., of Gainesville provided consultation ir the 
deveiopr:ient of basic trea:.:.~::nt ciesisn assu~:::itions. Ccst ar1alyses for 
all SJbcategorie~ wer~ performed ty ESE. Computerized data hand11~g 
services were p:ovided by Ehl. 

Th~ k~y personnel on the ES~ tea~ in:lud~d M~. David R. Swift who manage~ 
the vegetable oi1 prcv::essing anel refining segment of the study; t1r. Jar'.'!~s 
6. Cowart who ~anayed t~e ~alt beverage, malt. distilled spi~it~. wine, 
.-,nd soft drink indu:;tries; :-:r. Ed1~ard ~· .. Kellar wh:i managed much of the 
field 1-.·od: for ES:: in aadit1on to assu;T'.in;i responsibilitie~ for pear:1t 
butter an~ yeast; ~r. Wayne Pandcrf who wa~ ~esponsible fo~ pectin, 
olive oil, tea, and variou~ ot~er products; Mr. Uan1el P. Casali who managtd 
ESE's in-house data ha~dling and computerized cost analysis systems; and 
Mr. Jack B. Sose~ee who direc~ed the labor~:ory analyses of all ~as:e~ater 
s~mpl~s collected for the project. 

The Pt'oje::t llcn~ger for SCSL was Mr. J. Cur~·,s :;:hmidt, P.E., and his 
principal cisshtant was ~r. Kenn@th LaConde. The Project t1anager for 
SCSR ~1as l·ir. E.T. Conrad, f'.E., who wcJs a!;sisted by Messrs. Gary L. Mitch~~l. 
Llavic.J IL Bauer, q;cllard h. C.orvlin, anc Thor.as A. w:mmer. The Pro~ec:. 
M;.naaer for Eld 11~5 :'.r. Der.~,,~, •.·. T,H ior; f.lr. ~~ichael D. ~.wavn~ ano 
Mr. james 1~. R1:"111;.~11 devclort·:d anc operated CAi's ~orr:puterized data hano~1n; 
system. 

lnv'11uable t~cllnical direction ,ind gu1d::rice were provided ry the Efflur:•:: 
Guidelines Dh·i!;1on of HA. Appreciation is particularly oKprused to trie 
Project Off1cer, Mr. Richard V. Watkins, P.[., and to tli~ Assistant Projr::~ 
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Officers, Messrs. Uavid Alex.:inder and Ga~y Fischer, for their dedica
tion, encoJrage~ent, and technical and admini~trative a~sistance. 

4ckno\·1ledgem~t i$ aiso due t:o numerous plant managers, p1ant engineers, 
and otil~r indus:ry personnel without v1hose cooperation and assistance 
in site visits and i~forrnatio~ gathering, the proje~t could not haye 
been ce;::;p l ete:d. 

The li~t of indus:ry officials who spe~t con~~derabl~ :ime in traveling 
to ard atter:ding r.?eetings throughout the country, ;,, gatherirg and 
provid~~g inf~rmation, a~d in critiquing the work as it developed; and 
government c· ·1s, both federal arid lci:al, who provided assistance, 
1s far too 1. ;e includEd in this section. e~t special recognition 
and ap~recia:~. due to the following: 

Mr. Dwi;~.t •... ·gquist, Henningsen roods, Inc. 

Mr. F. M. Bloo~ber;, ~iceland Foods. who contributed considerable 
inp:.:t to tr.:• ;:>?"'O:::(!SS di::scriptior. for soybE:.::n O' l Jegur..rriing. 

~r. Salvatc?"'e Cannavc, L. A. Dreyf~s Corr.pany 

Mr. Marion Clower, Joseph E. Sea;rar and Son~. Inc. 

Mr. Hugh Cock and Mr. Ted Wel1er, Califorrii.; \..'ine Institute. 

Mr. ,Jc!" E:k, F1eii;chrr.ar.r. Distill ins Company. 

Mr. Giles S. Farmer, Andf son-Clayton Foods, who gave invaluable 
assistance in preparation of the process descri~tiuns for edible 
oils. 

Dr. Paul Hess, Hershey Foods. 

Mr. Bernard Hurst, Jarr.ei B. Beam Distilling Company 

.l:~r. Harry Kori.b anc.; th~ meMbei-s of the Effluent Control Corm1ittee, 
Naticnal Soft Orink /.is~o.:iiltio1i. 

Dr. rlans Lineweaver, USDA, Western Reyi.:in Research Laboratory, 
Berkely, Californ1a. 

l·\iss J;oc:queline l·:ccurcy, OiHilled S~·irit:. Coun:.:il of the United 

Mr. Paul Pc·ters, ITT Continental Eukeries. 

S ... , 4.,.,. ""'"' \.. .. - . 

Dr. A. C. Rici?, Taylor w:ne Cc:··;:J11y, 1·1ho nr;ani:..:?u a technical com
mittee to represent the New York w1ne Industry. 

Mr. Jim Rulln;an, Schenlty Disti11ers. 
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Dr. Ed1-1ard Sege 1 and the members of the H fluent Co;m;i t tee , Urii ted 
States erewers Association. 

The staffs of all office~ involved--se~retaries, tech~icians, and engineers-
deserv~ special recognition and appreciation for an effort requiring dedica
tion, hard work, and long ho~rs to produce a massiv~ amo~nt of work in an 
incredibly ~hort period of time. 
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SECTION XIV 

Gl.:JSSARY 

fl.bsorpt ion - The taking i..p of one substance into the body of another. 

Acid~lation - Ar edible oil refining method whereby w~ter solubl~ 
soaps oTV. ... vtock is trea~ed with sulfuric acid to yield free 1·atty 
acid derivatives. 

Activated Carbon - C~rbon ~articles usually obtained by carboni:a
tior of cellul~sic material in tr.e absence of air anc possessing 
a high adsorptive capacity. 

Activ~~e~ Ca~b~~ r~0c~ss - The re~cva1 of pollutants from a water 
er ••ast~ .. .-;~e~ cy ~"le use oft~~ acsorpt1ve capacity of active carb:i~. 

Activete~ Sludce - S1udoc &loc oroduced in raw or settled wastew~ter 
by tr1r· ~ro·.:th of zoo9!eal bacter~a and c.trier organ·isms in the presence 
of di ssoi ved oxyge!'l and acci.;::-.~1 ated in suffi dent. concentrati or. by 
returni"g floe previously for~ed. 

Activa:ec Slud:e Process - fl. biological wa'>tewater treatl'lent process 
ir. v.hic'l a r,i,x:Jrt: Of 1va~te1·1ater and activated ,,~ud?e is agitated 
a~d aerate~. The sludae is subse1uentlv separated fron the treated 
was te1·1a ~er ( r~i xed 1 i quor) by sed i men td t-i on and wasted c-r returned 
to the process as needed. 

Active Orv Yeast - A ledvening agent containing S p~rcent rn~isture 
i.:sed by sr.iai l bakeries. blenders of read~·-to-bake cake mixes. and 
repad:agers. 

AdsorPtion ·· The adherence of a gas, 1iqu~d. or dissolved material 
on the surface of a material. 

Aen~~ec Lat.oar. - ~. r.atura I or arti fidal ~1astewcter treatment pond 
·;n wilicn mecholnical or diffu!.P.d·air aeration is used to !i!.!po1£?ment 
the o~ygen supply. 

~er~t-i.: A con:lition in which frei:, elemc>r.ta1 o>:ygen·is pre;;ent. 

Albur:in - T'.e white of an eg0. 

Aldehde • (\..'e~·stcr) - fl.n_,. of variou5 l"·ishly reactive rnrroounds 
typef1ed by ac~:aldehyde and characterized by the group CHO . 

. l\l1;i1lin9 - Alkalinity is a measure of the cap11city of water to 
neutrali:e an acid. 
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Anrr.oniator- Apparatus for applying ammonia or arrrr.oniu~ compounds to 
watc.·r. 

Anaerr.bic A condition in which free, eremental oxygel'l is abser.l. 

Anti-micotic - An agent that inhibits ~old growth. 
Anti-r.vcotic;, 

Backwashino - The operation of cleaning a f~lter by reversins the 
flow of liquid through it and washing out ~etter previously c~ptured 
in H. 

Sac~set - Screened or ''thin" stil la2e that is returned from tht
base of the whiskey sei;:iaratil'lg column to the fermenter, as usea in 
the distilled spirits industry. 

Bakers Co~oresspd Yeast - A 1eavening agent containing approximately 
7C: percen~ rr.oisturf: and used by iar9e ba~;eries. 

Bar Rack - P screen composed of parallel bars, either vertical or 
1ncii'.CC, plac~d in a waterway to catch debris. 

~aro~~~ric Con~~~ser - See Condenser, aarometric. 

Baror:-etric Leg - A long vertical pipe through which spent condenser 
water· leaves tr:e cc-.1denser. Ser-ves cs a source of vacuum. 

Barome~ri c Leo :;3_:er - Condenser cooling water. 

Ba~rel - As use~ ~n the Malt Bevere~e Industry, a barrel co~tains 
31 gannns. 

Basin - A natural or artificia~1y ~re&ted space or structure which 
has a shape and character cf confini1ig r.iaterial that enables it 
to hold water. 

Bee's Wiros - Srnal1 particles removed form the corn kernel edges, 
after separation from the cob. 

Benthic Organisms - See benthos 

Benthos - Aquatic bottom - dwelling organisms. 

Biochemi:al - Pertaining to chemical change resulting from biological 
action. 

Pio-d~arade - T) biologically reduct the comple~ity of a chemical 
con:;_,oi.;11f-5i-: s1;:..itance by splitting oft one or more groups or large 
co~ponent parts• decompose. 

Biodenraduhil i~y - The destruction ur rninerali£ation of either natural 
or synthetic organic materials by microorganisms. 
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9io1o~ical Filter - A bed of stone or other medium through which 
wasfowater f10~1s or trickles that depend~ on biol.Jgic&l action for 
;ts effectiveness. 

Biolonical Waster1ater T:-eatment -· Forms of wastE:water treatment in 
which bacterial or biochemica1 action is intensified to stabilize, 
oxidize, and nitrify the unstable organic matter present. Intermit
tent sand filter, contact beds, trickling filters, and activated 
sludge processes are examples. 

BOD - Biochemical Oxygen Demand is ~ s:miQuantitative meas•Jre of 
biologica~ deco~positic~ of organi: matter in a wa~er sample. Jt 
i::: determined by r.;eeisuring the ox1gen required by microor'.ianisr-1s 
to oxidize the contaminants of a water s~mple under stand~rd labur
otory conditions. ·1ne standud conditions include incucation fo, 
fiv~ days Jt 2occ. 

BOD ~oad - The B~J content, us~~lly expressed in mass or w~ight 
per"ur,it time, of ~1a5tewatH. 

Bvi 1 er 81 o~·:d01in - See b 1 ow down. 

6io1ooi:e1 Oxi(~ticn - The process whe-ecy llving organisms conver~ 
organll. r.:a-;;:er into a more stable Cir rriineral fonn. 

Bleach'nc - An edib'.e oil retiiing prJcess in which adsnrbe~~ materials 
such a~ F~11er's or diatomaceous earth ~re us~d to trP~t e~ible 
oils for color remcva·1. 

Blowdiwn - 1he wa~er discharqed fro~ a ~c~ler or cooling tower 
to d·1s~:cse of accL1mu1ated salts. 

Boiler B1cwJow" - Discharoe from a boiler system designed to prevent 
a builduP-o'fC!Tssolvect solids. 

Boiler Feedw£ter - Water used to gene~ate steam in a boiler. This 
water i~ usu~llv condens~te, except during boiler startup, when 
treJted fres~ water is nonnally used. 

~ouillo~ - ~vapvrateL sea:oned meat extract. 

Bnll'l Cab~ - At€~ U$ed tu describe natural gum !.'lase material which 
tiasl!£:enren1eltcd and screener., prio,· to r:-.anufacturing of cheh'ing 
gum. 

Brandv -
-la) 

(hl 

A distil la~~ 0f wine produced d' 189° or less proof. 
~utr?.1 6~~ - ic; that produ;:ed at 171° to 1B9° pr:iof. 
Be~~e i3ranQ.t. - is that r·istiilP.d at 170(' or less proof, 
usua1ly 165~ to 169~. 
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Brine - Co~centrated salt solution remaining after removal of als~:~~~~ 
product. 

BTU - Quantity of heat required to raise one pound of water one 
degree FahrenhPit. Abbreviation for Britain _Thennal' Unit. 

Bulking Sludge - An activated sludge that settles poorly because 
of a floe of low de~sity. 

u~shel - The weight of grain contained ir. a bushel varies by industry 
a:> follo~:s: 

(a) Barley = 22 kg (48 lb) 
(b) Halt ~ 15 kg (~~ lb) 
(c) Distillers Gra1n = 25 kg (56 lb) 

Cannerv Olive Pits ?;ts removed from olives which have been prepared 
f" o r canr:i1 n g . 

Caustic Ref~~erv - A refinery methcj whereby edible fats or oi1s · 
are trea:ec oy caustir c;oda to purify and rc:mL.ve free fatty i?Cids, 
phosphatides anj prctcine~eo~s SLlbstances ~y converting them to 
water solu~ie ~oaps or ''fco~s" ~alled soa~stock. 

_fdpita1 ':~~:s - Costs l'<hich result in the acquisition of, or the 
addi:ion to, fixed assets. 

Checks - Shallow ponds utilized for the evJporatior. and percolation 
of wine stil lagr. by the method of intennittent irrigi.tion. 

Clarifitation - Remov~;1q undissolved materials from a liquid by 
settlir•g, tITtrat:on, or flotatio-i. 

Clarifier - .A. ur,it of which the: ririmary purpose is to red•JCC the 
a1n;;rur.t of si.;spended matter in -'l i iquid. 

Coagula~j·'~ - Jn watt?r and wastewater treatMe11t, the destab:lization 
and initia; ~ggresation of colloidel and finely divided S~$pended 
matter by the: 2d~1tio:i of a floi,;:-torming chemic"ll or by biclogical 
process~s. 

COO - Chemical Oxygen Demand. Its determiriation provides a rneasure 
of-the oxygen d!.'!mand equivalent to that por•:.ion o{" matter in a sample 
which is s~sceptib1e to ox~d~tior. by a strong chemical oxidar.t. 

Cormiirute - To redcce to minute partic'es o;· fine powdtr; to breakup, 
chip,-"O'r'grind; to pu1~erize. 

Conip~nsation Point - As co111nonly u;er,:;, the compensation point in 
wate;- refers to thrH intensity of ~ight which is such th11t pnotosyn· 
th~tic oxygen production during day1i9ht hours will be suffici~nt 
to balanc2 the oxygen consumption during the whole 24-~our period. 
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Composite S;imnle - A combination of samples taken ~t selected intervals 
to m1nimize t.ie-effect of the v~riability of individual samples. 
Individual sam£les are ~roportioral to the fluw at time of sampling. 

Concentration - The amount of a given substance in a unit volume. For 
waste1-1at.er, nonr.ally expressed as milligrams per liter (mg/1). 

Condensate - Water resulting from the condens3tion of vapor, as in 
an evaporator. 

Conden:er - A heat excharge device used for condensation. 

Barometric: Condenser in which the cooling water and the vapors 
are in physical con:act; th~ conden~~te i~ mixed 
in the cooiing water. 

Surface: Condenser in which heat is transferred through a 
barrier that serar~~~s the cooling water and the 
vapor. The condensa:e can be recovered scparatPly. 

Cor.der.se: :,'cte,.. - 14r1ter used for cooling iii _,, condenser. 

Cci!!.9_er;~ - The flavor constituents in beverage spirits . 

.:,.,ncitio"er - Oilseecs iH'e prepared for e::traction by treating the 
oilseeds in a vertical stack Hearn cooker , known as the bean or 
seed "conditioner". 

Coolino Tower Blo~:down - SE'e Blm't'dO'l.n. 

Oecan~ina - Sep~ration of liquid from solids by drawing off the upper 
layerafter the heavier material hds settled. 

DegL1r.ni ng - A process whereby phosphat; des are removed and rec..overed 
from soycean oil. 

Oelin~ino - In the preparation of cottonseed for oil extraction, 
cot tonTiber is removed from the seeds in two steps. f1 rst cut 'lno 
second cut. ;he fiber is then sold to cot~on felt er cellulose 
manufacturers. ihe motes, or remai~i~g fibers, are ~old for their 
cotton conten· .... 

D~odorization - The Treat~ent of fats and oils by steam d1stillation 
for the remov~1 of trace constit1icnt$ that prociuce :.mdesil"able flavors 
or odors. 

Diator.iaceous Earth - A viable earthv dcposi~ composed of nearly pun: 
sfiicaa;i(j°'consisting essential1y o.f tne shells of the microscopic 
plants cal1ed diatom~. Diatomc.ceous t?,,;·th is utilized as a filter 
media or f;lter aid in the canning of fvoc and beverage ~recessing 
fodustries. 

Dige~tio~ • See Sludge Digcst~or.. 
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Dissolved Solids ~ See Solids. 

Distillate· -Eondensed vapors frol!l the solution which form the: produ•;t 
of dis ti 11 in!J. 

Distil)ing ~ateria1 - Wine without sugar used in. th~ production of 
wine sp;ri-:.s :iy .:i·;+;i11ation. Pomace. le!:!S, filten-1ash. ar.d unmarket
able special natura~ wine are all sources of distilling ~aterial. 

Distillaticn - A process of evaporation and recondensation used for 
separating liouios into various fractions according to their boiling 
points or boiling ranges. 

D.O. - Dissolved Oxygen is a measure of the amount of free oxygen 
Ti1a water sa:-:;:>le. It i:; dependent on the physical, chenical, and 
biochemical activities of the water sa~~le. 

Drain S~rew - A trough-like screw conveyor with O!'ifice~ along t~e 
bottor.1 of the trougn to allow liquid to drain from the conveye-j ;,ol~c 
mass. 

Dry Ci:c?.niM - Cleanin£ ;·1ithout the use of wati!r. 

"Effect'' - In systerr.s where evapor.:1tors :ire operated in series of severaf uni ts' each evapeirator i ~ known as an effc:ct.. 

Elect!'o::!i.~ - 0 rocess for removing ioniz2d salts from water 
througn :ne use of ion-selective ion-excha~ge membranes. 

Edib,e Pear.:.its - Those ge-iera in high quality peanuts grown for use 
in such proouc~~ as pea~ut butter, candy, salte~ roasted nuts, or 
other edi~le rroducts. · 

Emulsifier - A 5urfacc-active agent for promotir.g formation and 
stat.ii~ iut1•m of a m)xture of two incorn;iletely rr.isc;_b1e 1iq1Jids. 

Enrobe · · Coati ·~ r~· the nougat or bc:se bar with some typt of :::over
Tn9:-9eni:ral 1_• chocolate. 

Enrobe Cookie and snack c~k~ bakers term for completely covering 
an 0.e::· with a coating or icing. 

Ent.rainr1ent - The entraprr.ent of liqi.i.: i:J1·opl~ts cor.taining contami
nants in the wat~r vapor produced by evaporation. 

Eoualiza~lon Sasin - A holding basin in which variatio~: in flow and 
composit1o·n.-or-a-f~Q~id ar~ averaged. Such basins are used to p~ovide 
a f101~ of reasonably uniform volume and composition to a treatment 
unit. 

Essenti~l Oil~ - Liquids which occur naturally in many types of plants 
C'lr wllicll 11:ay "b~ r~produced by a c:onibinHion of substunces in the plant 
upon reaction with one another in the presence of water. 
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Ester - An often fragrant compound formed by the reaction between 
an organic aci~ and an organic solvent usually with elimination 
of water. 

Evaporator A closed vessel heated by steam and placed under a 
vacuum. The basic principle is that syrup enters.the ~vaporator at 
a temperature hi~her than its boiling point under the reduced pressure, 
or i~ heated to that temperature. The result is flash evaporation 
of a portion of the liquid 

Expand· To increase in size; to enlarge by opening out or spreading. 

Extrude - To shaoe by forcing throug~ c specia11y designed o~en'ng 
often after a previous heating of the ma~erial or of the open~ng 
or of both. 

Extru~i~n - A oroce:s where~y a materia~ is forced through a sma11 
diaIT:eter opening into a desired shape. 

FAC Color - Method Cc~l3a-4?, Fat Analysis Corrrnittee of the Ar.erical 
Oil Cnernists So:iety, for color measure~e~t of oil sam~1es. 

Feed Wort - A mixture o~ can~ and bee~ nolasses trat is dilu:ed witn 
water, ciarified, steril~zec, and pf: aC:justed, and used tc provide 
carbon, sugar, and other nutrients necessary for yeast growth. 

Ferment;iti~r. - The produ:tfon of alcohol and carbon dioxide fror.i 
fermentabi e carbchydrates by the action uf yeast. 

Filter- A device or struct~re for removing solid or co11oidal matter 
~a liquid. The filtering medium consists of a granular material, 
fi~ely woven cloth, ung1azed porcelain, or specially prepared paper. 

F11ter Press · In the past the most common type of filter u~ed to 
separate solids from sludge. Jt consists of a simple and efficient 
plate and frame filter. 

Finino - Cleaning process to ciear a li~uid of suspended matter. 

FinP.s - Small peanut partic1es and other foreign material re~oved 
from peanut kern~ls during roasting , blanching, and grinding of 
she11ed ;.ieanuts for L'. • · 1 ,':a1iut buttr:r. 

Finished Specifi 1:_..£...!...:'...'.''·.::. · ·1a•ors fonned by tht: precision compound-
ing or blendin0 of f1r:r·;,,? e~·r;,ct~ •. icids, water, sugar, coloring 
a9ents and ottier fiuv1,;1 :ng ;,;.,.~edients to specified concen'.:ration 
and proportions. 

Fixed Bee~ - A ~i1t£r or adsorption bed where the entire media is 
exhauste-'-'befo1 · .• ny of the media is cleaned. 

L
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Flavor C~.£. - A change in the type of product packaged in a soft 
or1nr. bottling Or canning plant. Such a change necessitates cleaning 
of all equipnent associated wiht the previous product. 

Flocculant - A substance that induces or promotes fine particles in 
a colloidal ~uspension to aggregate into small l~rnps, which are·more 
easily removed. 

Flotation - The raising of suspended matter to the surface ~f the 
liquid in a tank as scum - by aeration, the evolution of gas, chemi
cals, electrolysis, heat, or bacterial de~cmposition - and the su~
sequent removal of the scum by skimming. 

FOG - Fats, Oil, and Grease 

Fondar~ - A soft, creamy confecti0n. 

Foot~ - See Cau~tic Refining 

Fraooe - Wh~p~ed ecg albu~en which has been mixed wiht suga~ and 
g1 Liccse syrup. , 

Fuse1 C .1 - An inclusive term for heavier, pungent-tas~ing dlcohols, 
principa1~y arny1 and butyl a1cohols. 

Gemicid::1 Treatrie"lt - Any treatmen~ involving kil1ing of micrc
organ1sms tnroug~:-trie use of d~sinfecting chemicals. 

GP8 - Gallons per day. 

GPM - Gallons per minute. 

Heads - A distillate containing a high percentage of low-boiling 
components such as aldehyaes. 

Hioh w·ines - Beverage spirit distillates 'tJhich have undergone complete 
di Hi 11 a t1 on. 

Homogenization - The blending of ~issitt.ilar substances into a smooth 
consisten:y. 

Hops - The dried, conelike fruit which is t.ioile•J l'oith wort to impart 
additional flavDr and aroma to bePr. 

Humectant - A su~stance that promotes retention of moisture (as 
glycJl-:--Sorbitol). 

HvdrMena~ - An edible 011 refining process ,,, which hydrogen, 
witn the aid of a nickel catalvst, is added d1r~ttlv to the unsa~urated 
carbon chain of a fatty acid to 1) increase the stability of the 
fat to oxidativ~ rancidity, 2) a~d to produce a semi-solid ''plastic" 
quality for use in certain foods. 
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Hydrolization - The addition of H 0 to a molecule. 
. 2 

Hygroscopi:_ - "!'ending to ab~orb moisture from t.he atrnC1sphere. 

Jffipoundment - A pond, lake, tank, basin, or ether sp~c~ whicr. is 
used for storag~ of wastewater. 

lndustrie1 Wastes - The liquid wastes from industrial processes, as 
distin:t fro~ sonitary wastes. 

lnd:.istr 4 a1 ~~stewater - Wast~water in which industrial wa~tes pre
do;::i r,11 te. 

Inedible 0 ea1':.its - Surobs or peal"uts too im1 in q1,1a1ity for foo~ 
~se co~~oniy cr~s~ed for oil and meal. 

Jon ~x:han~e - A che~ical p~ocess in which ions from differen: 
rr.::,';f;~uies are ex::har1geo. 

!01 ~x:~a~oe Pesinc - Resins consistin; cf three-di~ensio~el hydro
W-~6~~-;iet..;or~·.s tc ~1hich a?"e t.:tached ioni:abiE gro:.i;:-s. 

Y.e:,•~e - (:1e:ister) - An orc;anic t:Cm;:>o:.ind wi:h a car::.or.yl grou:: 
atta:hed to :1·10 carbor. atoms. 

Kitchen - Cooking and ~ixing area i1 a confectionary plant. 

Knead - To work a product into a homogeneous ~alleable mass by 
~ins. ~queezing, etc. 

t'.raus Pr:>cess - A modification of the activated sl11doe process ;., 
which aerooi:a11y conditioned supernatant lie .~r fro~ anderobic 
digesters is added to activated sludge ceration tanks to improve 
the settling characteristics of the sludQe and to add an oxygen 
resource in the form of nitrates .. 

Lac~3ting - Secreting mi~k. 

Laooo~ - A ~ond containing raw or partially trfated wastEwater in 
whicflaerobic or anaerobic stabilization occurs. 

Land Spreadinc - The disposal of wastewater on land to achieve 
dcgracat;on by scii bacteria. 

Lautering - Separation of soluble materials from sper.t grains. 

LCSO - Metian lethal dose concentration; the concer·~ration of a test 
r.Hterial tJ·,:1t causes death to 50 percent of a population ·~ithin a 
given tim~ p~riod. 
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Lecithin - A nat~i~l component of crude soybeJn oil containing a 
compleY rni1ture of phosohatidyl ethanolamine, phosohotidyl serine, 
phosphotidyl ino!"'itol, anc other associated substances. 

Lees - The yeast, pul~. and tartarate sediment resultinG from fennen
tat'Ton and finishing operations in the wine inck~t"'v. · 

Lo1-1 G:"!r.~ :ii~v" C'- That olive oil which is ger.::rally obtained by 
iuc:>;_-c;.;i:· ;.:.~i-r;er ~ihln first pressing) pressing of whole ripe olives 
or which does not meet the requirements of taste, odor and free 
fatty acid c:ontent as determined for virgin oil. 

Malting - The germination of bar~ey to develop enzymes. 

Mashtu~ - Vessel in which the conversion of grain starches into 
maltose sugar takes place. 

r'iasr.~n~- :-:e pr:ice~.s irwolving coc'.·.ing, gE~i!tir'.za~ion of starch, 
and cc •rsion, changi~g star~h into grai~ sug~r. 

M~c :i0~ - To reduce to a pulp by crushi~g or kneading. 

Mast)catc:r - A rr.act.;ne 1-!hich by the use of rotating t;lades thoroL1ghly 
mixes inqredients until they are well biendec. 

Mesoph~ r:ii.:ro-oronism!: - Those ~icrnoraanisl"'15 qrriwing or thriv-. 
ing bes~ in an ir;term!?diate temperature: environment (typiolly 15-35""'). 

Metabolis~ - The sum of the µrocesses concerned in the bu'ldinQ 
up of protcplasn anJ its distruction incidental to life; the chemicl1 
changes ir. living cells by which energy is provided for the vital 
processes and activities and new rr.ateria1 is assimilated to repair 
the waste. 

MGO - Mi 11 ion ga 11 ons ~er day. 

!!!SL.1.- Mnligrams per liter (equals parts per million (ppm) when 
the specific gravity is unity). 

Miscella • In the solvent extraction of oilseeds, the oil-hexane 
mixturc;-is refercd tu as the rniscella. 

Mixed Liouor - A mixture of activated s1udae and organic matter under
going activated sludge treatment in :he aerotion tank. 

M~xed Mecia Filtration - .I\ con1bir1ation of different materials thro:.igh 
Which a ··~stewate;::-o;=-other 1 iquid is pass~d for the purpose of 
r~ri1'ita_~1un treatme~t. or cond1tioning. 

!!!lL!. • Mil 1 i1 iters per 11 ter. 

Mogul - Machine \vhich is used in the candy industry to mold and S!t 
candies into desired sha,P.s. 
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Moisture - Loss in weight due to drying under specified conditions, 
expressed as percentage of total weight. 

Moisture Conten~ - The quant~ty of water present in a s1udge exprcs~ed 
in percentage cf net ~eig~t. 

Molasses - A dark-colored syruo cont~ining sugar produced a~ a by
product in cane and beet sugar proce~s~n9 and in the production of 
citrus cor.ccntrates. 

Multiple ~ffect Ev~_:"l_9ration - The operation of ~"·aporators in a 
sen es. 

M!.!Sl - The juice, Skin, anc seeds fr;;r.i cr·iJshed grapes. 

Mun;cioal ~~ - The spent v12ter of a commi.lnity. See Ha5tPv1att:r. 

Nctur;;~ r.~::·.'".'"'''. ::v:..-~-=~ - f.. sc.:u:ic-. ir. ethyl alcohol of oro;)er S"tm.s:.r i.:7 :r.e-~a~;c-e.nc o::i:;r~·Js ;:i:-~r·:;i:.les der~ved ~rorr. ar. aro:o-.a:i:: 
p 1 ant . p e: rt; of tr,;: ;i 1 art , o,.. es$ en t i a 1 o i l from the p 1 ant . 1-1 i th or 
with:>ut cc.:c:·i.,; ;;-.atter, confor.~ng in name to the plant u~ed in its 
preparJticn. 

Net B~~ - 7~e a~ou~t of so~ a~det tv a Or"OCess; the difference be
tween ~r.e BO: loo::: of a p1ar.t's disct.~~ge an1 its intake. 

Non-cor:ac~ ~~::e~a~er~ - These wasteweters such as spent cooli~g 
water ~n1c~ are 1ncepe~~ent cf the ~anufac:~ring process and contain 
r.o ~n1lutar.:s u:~rib~tabl( to the proce~s. 

NM-dair'v cone':.' ~"'ea~er - ;., vegetabie oil blend used as a dairy 
product-sues-;: i !':Jte. 

NouJl.il - Center of candy t-u, ;,lso tel""."1ed "base bar." 

Nutri~nts - The nutrients in co~t~mina~!~ water are routinely analyzed 
tO"chaY:-U::eri:f the food available fvr rr.icro-organisms to prJmote 
org3nic deco~~os~ticn. They are: 

Ammonia N'it~~- (rll~ ) , nig/1 as N 
_Kje1d:.ti_1 t;i:rr-:.~_: ~ci·;L ri1g/l as N 
Nitrat£> N1V():f.:2 •.·;c;~). mg/l as N 
Tot:.al r·n:-c;r"~i!·-~ '.":-i:-: rr.9/1 as P 
Orthci:_Ph0ff~·,,-:P. :'Y';, ;.ig/1 as P.' 

0 & G - Oil and Grease 

Olive Culls - The outer skin and meat of an olive. 

Pasteuriz~tion - Partial sterilization of a substance at a specified 
temperature for a specified period of ('\posure that destroy~ objec
tion ab 1 c organ i s~s in the sutis.tance wit tlout major c!'lemi ca 1 a lterat 1 on 
of the su~stance. 
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Peanut Butter - A cohesive. comninuted food pn,duct prepared from 
clean, sound, shelled peanuts by gri~.··~ng or millinl) properly roasted, 
mature peanut "Kerr.els from which the seed coats have been removed 
and to which salt is added as ~ seasoning agent. 

Pectin - A water soluble s~bstance contained.in the peel of citrus· 
frJits which binds ~djacent cell walls in p1ant tissues and yields 
a gel which is used in the pre~arJtion of fruit jellies, and tG some 
ex:ent in t~e ~harmaceutical industry. 

£1i - pH is a measure of the negative log of hydrogen ion concentration. 

Pharrraceu+:ica1 Orv Yeast - A form of yeast used by the phannaceutical 
indus:ry as a prote·;n and v~tar..in dietary supplement. 

Plat~ and fra~'? Filte!" - A filtering device consisting of a ''screen'' 
faste-ned1ns10P. c: metal frame. 

Plas~iciser - ~) Various ingredients whic~ are added to chewin~ 
gum bases io achieve a desired so~~ness. 

b) Agents such a~ v~9e:at1e oi"is, food emulsifiers, 
ur even shaved ice bended into dewa~ereo yeast to i~~rove extrud
abil ity and ease of pdckaging. 

Polluted Wastewaters - Those wastewaters containin~ m~asurable 
quantities of suosi~nces that are judged :u be detri~ental to re
ceiving waters and that are attributable to th( process. 

f.Q..LyeieL~r::ivtP.s - A coagulent a;d crir.~isting of long ch3ined or
ganic rnole:ules. 

l'lomace - The skin, pulp, and-seed solids present. after separation 
1rom i liquid ~uch as j~ic~ or oil. 

Post-Mix - Bulk fountain syrup prepared at the point of consu~ption 
fromastairless steel pressurized canr.ister. 

Pre-Mix • Bulk finished bC?verilge reddy to be dispensed from a stain
les~ stePl pressurized cannister. 

Pr~coat Filter- A type of filter in which the mP.dia is applied to 
an'e:x i st ln9surf a~e prior to fi arat ion. 

Prelir.iinarv rilter - A filter used i., a 1·1ater treatin.:?nt plant for the 
par~ialrenioval of turbidity before final filtrat·ion. 

Proof - Alcoho~tc Content of a liquid at 1~ 0 ~ (60°F), stated as twice 
the percentage of ~lcohol by volu1!1? (Uni~ed State~ definition). 

Proof Gallon - A 5tandard U. S. gallon containing SO percent alcohol 
by volume. 
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Racking - The decar1ting of liquid fror.i settled residues. as used 
in the wine and ~~lt beverag~ industries. 

f..~w Wastewater - Wastewater prior to treatment. 

Returned Sludoe - Settled activated sludge returned to mi~ w~th 
incom1ng wastewater. 

Retort - A vessel in which food substances are subjected to heat, 
usuaiTy under pressure. 

Ridge and Furr~··.·1 lrrioat~on - A method of irr~gation by wrich water 
is allowed to flc~ alon; tne surface of fields. 

Rotary Vacuurr r-::~~r - P. rotating drum filter which utilizes suction 
to separate so:i:s from the sludge produced by clarification. 

Rough'.ri(: =-'.l_':~r - (1) A wastewater filtt?r rif relative;y co~rse 
materiai c~era:ec at a hig': ra:~ tc ::ffo~d pre1irr.inary tre.:t;~ent 
(2) For v..::ter trea:::·:er.:, see pre1 i1.1inary filter. 

Sanitar-v ~e·:~~-· ~ar.it?.,..\' \:aste1o;de'"- Liouid wu.:;:es fro::-. reside~ces 
or ccm,ercia: es~a;:,i1snr:;er.~s. as cis:ingisiie~ fro~ indust!"ic~ viaste:;. 

Scrne::ke"s - /..r cker metl-tod of dr.:.ober:~.izinq oilseed rreats developed 
TrlGemar.y w'"ieri: ::-'.e meats oi 1 pas sec through- a "eries of steam 
jackete;j tubes called ··schr.eckens". 

Seco~darv ~ast~~!~er TrEa~~e~t - ~he treatme~t of sanitary sewage 
by biolo9ical r.:e~r:ocs after prir.;ary treatr.ient by sedinientacion, 
usually con~idered to remove 90 percent or more of the influent BOO. 

Semolina - The purified ffiiddlings of durum or other hard wheat used 
for macaroni and other alimentary pastes. 

~et - Conditio~ino of a produc· ~ ~:~owing it tc rer.iain in a humidity 
co;:;-trolled room for i:crt.:.i·: ~eriods of t1mt?. 

Settl ~a".1 ..: .<~ids - '.>ee Solids. 

r .• ~lincs - The material which collect~ in the bottom portion of a 
darfTier. 

Settino Pond - Se? Clarifier-. 

Seweraoc - System of piping, with appurtenanc~s. for collect~ng and 
conveying wastewa~ar from source to discharge. 

Sl:irnning - The proc~ss of removin:.J floating grca~e or scurr: from the 
surface of wastewater. 
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Sludge - The accumulated solids separated from wa>tcwater during 
treatment. 

-Sludge Cake - Sludge that has been dewatered to a moisture content 
of 60 to 85 percent. 

Sludg!' D<c>1·1ate~ing - The process of removing the moisture content 
of a sluc~e t0 such an not air e~tent that the sludge is spadable. 

Sludoe ~ioestion - The process by which organi: or volatile matter 
in sludge is gasified, liauified. mineralized. or converted to a 
more stat le organ' c matter through the activities of either anaerobic 
or aerobi~ crg3nisMs. 

Sludc<c> Drv'r·_E_ - The process of removing a large percentage of mois
ture fro~ slud9e ~Y drainage or evaporation. 

Sludoe :h'.:ker inc - 'T'he process of increasin~ the solics concentra
tic~ C7 ~ s'.u~c2, but not to such an extent that the sludge is 
spada:·ie. · 

Slu~o! h~n~1i~c - The transport, ~torage, treatment, and disposal of 
slucge. 

~urrv - r.. watery mixture or s:..rspension of insoluble matter. 

Soaps:o:~ - s~e Caustic Refining 

Solids - Various types of solids are commonly determined on water 
sar.;ples. Tnese types of solids are: 

Total so: ids - (TS): The material left after evapordtion and 
drying of a sample at 100° to 105°C. 

Dissolved Solids - (OS): The difference between ~uspended 
solids and total solids. 

Volatile Solids - (VS): Organic material which is lost whe~ 
the sample is heated to 550°C. 

Settleable Solids (STS): The materials which settle in an 
Imhoff cone in one hour. 

Suspe~ced Solids (S~): The material removed from a sample 
filtered through a stanjard glass fiber 
filter and dried at 103-105°C. 

Sp,1cle1t-le S1 1:d'.1c· - Sludge that can be readily forked or shoveled, 
~rdinarily under 75 percent moisture. 

S~Jrklinc Wine - A grape wine which has more than 1.5 atm0spheres of 
pressure at io··c (50°F) and less than 14 percent alcohol by volume. 

1542 

mwr 



uRArr 

~nt neer - Residual nutrients separated from harvested yeast by 
centr11ugal separation. 

Spray EvaporaTion - A method of wastewatt?r disposal in which water 
is sprayed into the air to expedite evaporation. 

~av Jrrioation - A method of irrigation by 1·1hich water is sprayed 
from nozzles onto a crop. ln order to avoid clogging of the nozzles, 
the water must be relatively low in iuspended solids. 

~~ay Pend - A basin over which ~1ater is sprayed from nozzles; gener.:lly 
JScd for reduction of water temperature. 

SpirJts, Fruit - f.. distillate of wine produced at 190° or higher proof. 

~rits~ne_ - Inclde" beverage bra'ldy, r.eutral brandy, ar.d fruit 
spirits·, i.e., all distillJtes eligitie to be- 1.'Sed in the producticr. 
of dessert wines, ~ot reduced below 1~0° proof. 

Stab~lizers - Partially hydrogenated vege-table oils or other emulsi
fiers aoaed ~o pea~ut buL~er to improve spreadibility and prevent 
oil separ~tior.. 

Sti11aoe • The de-al(oholized residue discharged from the ba~e of 
the still coiurnn. 

Stec~ Yeast - A pure cultu1·e of the desired yeast strain grown for 
starting er "seeding" ~he main yeast fermentation tanks. 

Subli~i~ation - Change of matter fro~ the solid state to the gaseous 
state ~itno~s passing through the liquid state. 

Surface Condenser - See Condenser, Surface. 

Sus~ded Sol ids - Solids found in was~ewater or in the stream wh~ch 
in most cases can be removed by filtru~ion. The origin of suspended 
matter may be> man-made wastes or natural sources as from erosion. 

Synth2tic Flavorino Extract_ - A solution ir. ethyl alcohol of proper 
strength of the odorous principles deriveod from the combination of 
esters, aldehydes, ketones and othP.r synthetic compounds. 

Tdb1e Wine - A grape wine havi~g an al:oho1ic content not in excess 
of l4 percent by volume. 

Tails - A residual alcoholic distilla:e. 

Tcrpenes - (Webster) - Any of various iso~eric hydroc~rbons c10H16 found present in essential oils and used as solvents in organ1c 
synthesis. 
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Total Solids - See Solids 

l!..!!!l - Insoluble materials ~1hich collect in the brew kettle. 

Turbidity - A condition in a 1 ~quid caused ~.Y the presence of fir1~ 
suspended matter and resulting in the scattering and absorption of 
1 :ght~ an analytical quantity usually repo:·ted in arbitrary turbi
dity units determined by measurements of light defraction. 

Virgin Olive Oil - That o,ive oil which is genera:ly obtained fro~ 
the first pressing of whole ripe olives or which meets requirements 
of taste, odor and free fatty acid content as determined for virgin 
oil. 

Volatile Solids - See So~ids 

Votato~s - A tyoe of heat exc~an9er used ~n peanut butter producti~n 
prior to deaeration and packag~ns. 

Waste Sludoe - Settled activated sludoe in excess of the amount 
needed forreturn to mi:r. \-1·ith inco:r.ir:g w~~tewa:er. 

Waste Stre:!'"'S - Any liquified waste rr.aterial produce:l by an indur.trial 
process. 

Waste Water - In ~ legal sense. water that is not needed or that 
has been used and is permitted to escape, or that unavoidably escapes. 

Wastewater - The spent water of residences, commercial buildings, 
1ndustrial plants, and ~nstitutions. 

Wine Gall_on.-. A_measur~ of actual volume, i.e., a U.S. gallon contains 
'0.00378 cum (231 cu in). 

Winterization - An edible oil refinino process in which oils are 
chilled by refrigeration to remove higher melting fractions that 
may produce clcuding in the final product. 

Wort - A mixture of maltose ano water. 

Yeast Cream - Mature yeast that has b~en removed from fermentat:o~ 
ta ilks and centrifugally separated frc::-. spent nu:.rients pr~ )r to 
ciewater~ng. 
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COUVERSON TABLE 

~PLY 
.TILQ.C!!fil!i 

er-re ac 0. 4047 hi: hectares 
acre-feet ac ft 1233.49 cu m ci.bic meters 
flritish Thermai 
Unit 

BTU 0.2520 Kg cal Kilogram-calory 

cubic feet cu ft 0.02832 cu m cubic rr.eters 
cubic fet:t/ cu ft/ 0.2832 cu m cubic meter!:/ minute min mi :i minute 
cubic feet/ Cl.I ft/ i. 699 cu m/ cubic rr.eters/ seconc sec min minute 
cubic yards cu yd 0.7646 cu m cubic meters 
Faren~eit of 0.5555(°F-32) 1 oc centigrade d~grees 

degrees 
feet ft 0.3048 m meters 
ga 11 on gal ~.785 1 liters 
ga 11 on/ gal/min 
minute 0. 06.l.)8 1/sec liters/ 

second 
ga 11 or;/ to~ gal/ton 4. 173 1/kkg liters/ 

r:ietric ton 
horsepower hp 0.7457 kw ii: i l owa t ts 
inches in. 2.540 an centimeters 
inches of in. Hy 0. 0.1342 atm atmospheres mercury 
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ounces oz 28.35 g:n grams 

pounds lb 0.4536 ~9 k i 1 ograms 

pounds/ 1 b/ 16.02 kg/ •. i 1 ograms/ 
c:1Jbic foot cu ft cu m cubic meters 

pC'unds/tlJn i b/toJn 0.50(\0 kg/kkg kilograms per 
metr;c ton 

mil 1 i Oil HG~ 3.785 r:u m/ cubic meters/ 
g'111ons/day day day 

mile mi 1. 609 km kilometer 

pound/ psig. 0.0613052 c.tm atmosphere 
square inch (gage) 

square f~et sq ft _D.09290 sq m square meters 

ton tor. 0.9072 kkg metr~ c tors 
(lOOG k1lc~r2!r:'.S) 

yard yd 0.9144 (Tl meters 

Actual conver~ion, not a multiplier 

2 Add 1 .0 aft~r Multiplying :o obtain absolute pressure 

, 51) (j 



DRAF'T 
Al'PENOIX A 

MISCELLANr.nus FOODS & B~VERJ\GF.S 
Telephone Survey Form A 

Dlite: 

SIC Coc'e 

Process Code: In~er~v-i-e-~~e~r-=------~-----------

~----------- F irm: Phone: ---------- -------
~rincipal Products Irvestigatcd 

Plant: 

Mailing Address=---~--------------·------------~-------Zip 

Plant Contact~: ~itles: 
~-------------------------- ----------------

Tele?hO:ie :~o. =----------
Cor?Crate r~ame: _____ _ 

AC.dress: 
--------~---------

Telephone !~o.: 
--------------~ -··--·----· ···---· 

Titles: Co::::-porate Co:.":acts =-----··· ___ _ 
--~------ --------~~ 

------------------------~----~· 
Who can release pla:it recc-~·.:': - :· 

1. 0 PRI!•CIPhL PRODUC':'S 

Principal P~oduct~ Production Volume Season 

Quantity of Waste Effluent in Gal/Day 

2. 0 ~lETHOD OF WASTE E!-"F!./JENT DI SPOSi\L. 

2. l Munici?al-su::-charc:~ bas: . :------------------------
Is pretre~tment p~ovide0~ 

2.2 Naviga~le wa~ers--Mcthc( 3'T""treatment (check) l )No treatrnen~. 
[ Jscree~inu, r ]prim~~y settling, [ ]activated sludge, 
[ )biolo(lical !'ilter, ~ ]chemical addition, ( ]aerated lu~oon, 
[ ]stabili7.aticn pond ts), [ ]lar.c application with runoff, 
other 
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Mi~c. Foods & ~cvcragcs 
Tel. Survey Form ~ 
Page 2 

2.~ Land nisp~sal--zero dischDrgc (ch~ck) 
( )holdinq oonds, other 

3.0 HISTOnICAL DAT~ BASE 

)Spray irrigation, 

3.1 Check the following kinds of data that are available pn this 
plant: ( ) municipal records, [ ) state reports, [ ) data 
gathered by private consultan~, [ J Association questionr.aires, 
( )FPA i::ermit, [ )Army Corps µerl""'.it, )published literature 
on plant, ( )in-plant studies; othP.r 

3 .2 Document each data source as to title-,-a ... a~t:-e--a-n-d=--p-e_r_s_o_n_·o--r-a-<;:cn:=y 
having access to data. 

J. 3 Is t!le :-:a·,; w2.ste dat.a cc.:.lectec :o.c sins le or combined 
products? or. rnat~rials? 

3,4 noes ~at.ch~~g :lo~ volu~e in~o=~ation €Xis+:. !c= the data b~i~ 
collec-:.ec? What is the so'..!rce of f!o .... · vol:..l~·e 
info:-:":'.atio~? 

-------....-------------..------...-..,....-,,..-----------...-,..-..... --~~ 3.S Can ~he production data ce easi~y rR~ated +:.o tne cata case 
availab~e? 

3 • 6 Wh a+:. a !"la 1 v_s_e_!:"_· -\-.,·c-· r_e_r_u_n_?.,,.._ --( ... c....,h-e--c"'"k_1_._ _ _,j""r"""1,,_..o-w-,-... [-... ]'"'B,...O,....D-,---j-':'""'s,.,,..s , 
( )DSS, i JVSS, [ )oH, [ )COD, )no, [ ]TOC, [ ]Nutr:.e:-:.':s, 
Other 

3.7 Check t~e waste s~rea~s sa~~~e~: 
[ )proce~s wa~er, other · 

--------------~~-------

JCooli.ng water, 

3. B ~,"f.o C.1C. the a:-iah•ses? 
Ty !?e of !:. a mp le s ·( c he c,...k'Tl--l -~i-g-=-a'""o--s-a-m-. p-l....-e-s-,-----1-t-1_m_e_,d~c-o_::n __ p_c_s_i_:. es , 
[ )flew proportioned co~?OSi~es, other 

3. 9 Is cost 1r.forr.ia:.i.on available on was~e tre~~men~ : ________ _ 
3.10 Are treatment efficiencies available on treatment 

syste~s? _____________________________________________________ _ 

4.0 Co any u~iaue process or wast~ treatment systems exist at this pla~:? 
Explain 

-----------------------~~---------------------------~ 

S. 0 REMARKS: 
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SIC Code: 

Process Code: 

APPEtiiJ L< U 

Miscellaneous Foods and Bevera~es 
Effluent Guide1ine Study 
Processing Information 

Firm: 
Date: 
Interviewer; -----

Average Production Volume 
Per Day Per Shift 

2.1 Raw r'.;:~e,..ial S~c"cce: Descrii:>e type, form, ar.c ~etho: of storage. 

2 Pro:ess Flow Dia~ra~: Draw on paoe 2 a simolified proces~ flew d~a;ra~ of 
the p1ant's ci·o:ess iin~ dccur.;en~ing a1~ ::ints c~ rr,ajor wastewater '"1ow, 
solid haste rer"loval, water u5e, rec:ircuiati;.· anc/o.- recycling 

2.3 Q~.£!:2..be the Finished Procuct: Describe typPs and sizes. 

154!:1 



&JRAFT 

SIC Code: 

Process Code: Date: 

2.2 OraH a simplified Ero:ess flow diagram cf the plant's process line documenting 
an poir.ts of rr.ajcr ~:astcwat(>r flo~1. sol id waste removal, water use (inc'1uding 
non-contac~ cooling water) recirculation and/or re~ycling. 
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O WA'rER USAGE ANO WP.STE CHARACTERIZATION 

3. l Source(s) of In-Plan'l Water Supply: Process water Bof1er Feed 
Cooling water~ Other -

3.2 What is the average quantity of waste effluent dischat9ed per day a"ld per shift? 

3.3 Is t~eatment provided for incoming water? If s~. what portion of 1t fs being 
treated and what is the nature of the treatment? 

3.4 Describe the general cleanup of the p1an! du~~ng d2i ry plant operations. 

3.5 Describe plant modifications and/or proce~ures used in the past to reduce 
wa~tewater strength or volume (Draw sche~atic on back of this sheet.). Please 
include also the cost~ vs. cost savings of these modifications. 

l. 6 Oc·scr1 be any future process changes and their desired effects. 

-----------~----------~--~------------------~--------~-
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FORM C 

Treatment lnformat1~n 

SJC Code:--------

Process Code: 

4.0 WASTES OISCHA~GED TO A MU~IClPAL FACILITY 

4 .. , DescribP pretreatment, if a~y. list installation costs, operation and 
maintenance costs, and cost iaV~ngs. 

If wastes are discharced to a municipal syste~. what is ~he surcharge based on~ 
(~g. f1~w. B('ID, SS I etc.) 

4.3 wnat is appr:ixirr.ate a~r.uai ccst of dispcsa~ tc mi.nicip&lity: 
-----~~~~--

S.O WASTES OISCH.!..RGD TO NA\'!GABLE WATERS DR LAND DISPOSAL 

5.1 Draw process flow diagram on page 5 of the existing end-of-line waste treatr.er:t 
process. 

5.2 Describe the technique of ~isposal of solid wastes generated by the treat~ent 
process (eg. slud3es, screened solids, or trucking of liquid wastes). 

S.3 \.'hat 1s the nu~ber of employees and age of the present treatment facility? 
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ORA FT TREATM~rn rLO~I DIAGRAM 

SIC Code: 

Process Code: 
~~~~~~~~ 

Date: 

5.1 Draw a flow diagraM of the exi~ting end-of-line waste treatment process 
(note size of lagoons, types of equipment used, acreage, how system is. 
managed, etc). 
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List below the 
following: 1. Total initial 1r.v~stment cost of treatment fac111ty (year) 

2. Investment cost of each effluent treatment component 
(year installed) 

Treatment Comoonent Veer -
s 
s 
s 

$ 

$ 

TOTAL $ 

5.5 Esti~ated c=~: to con:truct plant today S 
~--------~~-~ 

5.6 ~hat are the estimated annual malntenancf costs attributable to waste 
treatn"er.t? 

Plant labor 
Engineering 
Consulting labor 
Laboratory -----

Other ----

5.7 What are the estimated annual energy costs attributable to waste treatment? 

Kilowatts per day or per unit product 
Electricity generat~d or ~Jrchased 
Cubic feet of (type of fuel) 

consumed/day or per u~1t product 
Steam in lbs./day at P.S.l. 
Other 

5.8 What is approximate value of nearby land (S/a:re)? what 1s distance to 
nearby oper. land?---------------------------

5.9 Is zero discharge feasible for your plant?----------

S. 10 If not. what is the maximum treatment level that 1s fea~ible for your plant7 
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FORM D 

Historical Data 

Attach copies of all availuble historical data to these sheets. 
Separate data ~ individual products if possible. Include daily 
production figures to correspond to data. (See attached historical 
data form.) 

6.0 DATA BASE 

6.1 Copy of analyses obtained? 
~~~~~~~~~~~~~~~~~~ 

6.2 Is the data obtained for screened wastes ? __ Yes_No __ Not Applicable 

6.3 If the plant has scr~e~1ng before discharge, what are their size, type, 
and initial costs at instollation? ~~~~~~~~~~~~~~~~~ 

6.4 Is the data obtained for samples co11ectec afte~ or before gravity separa
tion or skirrming? 

~~~~~~~~~~~~~~~~~~~~~~~~~ 

6.5 rf the plant has gravity separatiol' and/or skimming, whet are their size, 
types, and initial costs at installation? 

6.5 Indicate by num~ered arrow on the waste treatment diagram (page 5) where 
wastewater samples were taken for historical data. What type of sampling 
technique was used: 

6.7 What were frequency of samples? Who did sampling? Who did analy~is? 
Any deviations from standard chemical methods? 

~~~~~~~~~~~~ 

6.8 ls the· raw waste data c..ollected for si!'lgle or combined products?----

6.9 Does matching flow vo1ur.~e information exist for the data base collected? 

W~at is the snurce of flow volume in----
fonnat ion? 

6.10 Can the production data be easily related to the data base availahle? 

7.0 Remarks: 
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APPENDIX C 

DATA HANDLING SYSTEM 

In order to detennine the natural distribution of the major waste\lfater 
parameters, cu~ulative p~obability plots were made using computerized 
stati~tical routines. The o~rpose ~f these plots was to determ~r.e 
which theoretical probabili~y model best fit :he actual data. 

The first m0del tried was the standard ~ormal distribution. 1t was 
determi~ed that while the norm~l d1str;bution model was accurate for 
some data, there were many inHances in which the range of data was 
large and tended to be skewed with a few relatively high values. Also. 
the normal distribution allows for negative values which in reality do 
not occur for the po1 l ut.:int pa1·ar;;eter~ being examined. 

The problems of the norTial distribution are eliminated by the use of 
a iog nom2l distr~buthr;. Tn;-: co":'Tlo:-.1_~· i.:sed distribu:ior. has only 
positive >ali.;es and is ske.,.1ed rigr.t t'.:l a~low for a few nigh vabes. 
f..nothe,- advantage is that the set cf the lonarithm of values con~C!'T1'.: 
to the noma·: distrit•:;t~cri and sta:"IC:ard, r::?adily-availavle statistical 
techniques can be er.~loyed. 

It was assumed that data from any one rlant would appr~ximate a norm&i 
distribution ar.d coulc t:e des::ribed with standard statistical methods. 
When data fr-om sev€-ral plar1ts were co~:::ined, in most cases the final 
process statistics ;1er-e generated witr> log normal statistics. ihese 
are the statistics reported in the surmia"'y tables of Section V. 

If it is desired, other minimum and mdximum values can be computed for 
other probabilities of being exceeded by going the required number cf 
standard deviations above or below the mean in the log domain and then 
taking the inverse log function of the res~lt. The standard deviation 
in the log domain can be computed using Log S=Log (max/mean) \vhere the 
max and mean values are given on the sL1nnary ti\bles. For example, a 
simple way to cbtain an estimate of the maximum which is o 1ly exceeded 
by above five percent of tne industry segment is to compute the square 
of the maximum value ar.d divide by the mean value of tl-i·.~ summary tatle, 
since the standard deviation i~ ahout two standard deviatio~s above the 
mean. 

Fer each parameter to be printeJ on tlie sw:1:r;ary ~able, the computer 
selects th~ mean v3lue~. fror.: the date: bcSf! for the subject plants a.id 
first calculates the material log!"'lth~ of each value and then the 
arithn1etic mean of the logarithms. ror the "log inean" or, the summary 
table, the inverse ~og fun~:ion is :3l~r on t~e m~an logari chm cf ~he 
parameter. To determine minirr.u:n an;; rr.aximum values, the 1,..,garithrr.ic 
standard deviation is Cdlculated, then is added to and su~tracted from 
t:ii: mean log. Th\? inverse log function taken on the mean log minus 
~ne log standard deviation ,)rodu-.es the "minimuir." on the table, and 

1556 



·-
~--..._ .~··~--

plus one log standard deviation produces the "maximum". '!'."tatistically, 
the range covered by the minimum and maximum should contain approxi
mately 66 percent of the true population. 

Mathematically, the calculations may be expressed as follows: 

... n 
10

_ 1 [IJ.l.!!.tl] 
: 19 mean = n 

r(log mean - 1nx)2 
log standard deviation = n·l (0.5) 

"minimum"= ln· 1 [log mean log stal'ldard deviation] 

11ma:>..imum" = in-1 [log mean + log standard deviat~on] 

It should be noted that all ca1culations involve natural logarithms. 
The results, however. would be the same if common logarithms were used. 

EXN~PL~ o: D~T~ PROCESSING 

A hypothetical processing plant from which a set of historica: da~a 
wa~ ob:ained, is assumed. Three sample Points contributed to the 
total effluent from the plant: sample points 1 and 2 are differen: 
outfalls fro~ the product preparaticn area, and sam~le point number 3 
is fro;n the packaging area. The historical data set is as follaws: 

DATE MGD fBQQ..:!! SOD 

Sample Pt. #1 6-2-74 0. 152 25.7 tons 372 
6-3-74 0. 172 32.3 454 
<i-4-74 0.139 18.6 792 
6-5-74 0., 61 26.0 298 

Samp1i;o Pt. IZ 6-2-74 0.061 25.7 872 
6-3-74 0.112 32.3 903 
6-4-74 0.039 18.6 1050 
6-5-74 0.087 26.0 693 

Sampb Pt. 13 6-l-74 0.0072 25.7 213 
6-15-74 0.0069 32.3 562 
6-17-74 0.0038 18.6 317 
7~2-74 0.0120 26.0 459 

ihe data represents 24 hour composites which included process and 
cleanup wasteweters. 

Generally speaking, the three samp~e point~ must be added together 
to determine the tctal plant discharge. Two options are available, 
however, for carrying out the addition. In the first r.ase, where there 
is reason to believe that there is a relationship bctwee'l two or more 
sample po}nts, the correlated points are added together prior to de
termin~ng the mean. In the second cas~; where th~re is no reason 
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to believe a relationship exists ~etween sample points, the data 
frcm each point is averaged and the resulting means from each sample 
point arc suMmc:d to produce e1c total load. A combinntion of the 
two syste~ ma;i be found in some plants. and this is the case for the 
hypotheticul plant. Sample points one and two are assumed to be ccr
related, as they are discharges from the sa.ne sub-process. Sample. 
roint three is uncorreluted to th~ fjrst two as it is a discharge 
from a different, relatively ;ndependent sub-precess. Thus, the first 
twCI sample pcint~ ~1ill be handled by a correlated computation, and 
tt1e third poi:it will be added in as an uncorrelated point. Graphically, 
these computations can be depicted as follows: 

Date 

6-1-74 
6-2-74 
6-3-74 
6-4-71l 
6-::.-7~ 
6-15-7~ 
6-1i-i4 
7- ~- 7t. 

S. P. _l'_l __ S._._P_. _# ...... 2 ----

([BODR1J + [30DR1J) 
((BODR1] + [30DR:]) 
([BODP.1] + [30DR1J) 
([rODR1J + [80DR1J) 

-
MEM! 

s. p. 1'3 

- ·. 
~~AN 

_:>UM12_ + BGDR3 = 
Mean 90DP. 
for plant 

Where BJD~ is the BOD ratio in kg/kkg. 

The calculation of eath individual d~ily para~eter r5tio is done as 
describec in the accompa.r1ying PRQ:;RAJ~ PLANT OOCUMEr:-:-.:,iIQ;;, For the 
data above, 

Sample pt. #1 Sample ;:>t. 42 Sample pt. #3 
FRIO BO:lf< FRIO BOOR FRIO BOOR 

03te ('i I kk g ) ~ill.91 {1 /H51} {kg/ kk.fil (1/kkg) (kg/kkg} 

6-1-74 1170 .249 
6-2-74 24700 9. 19 9900 8.63 
6-3-74 22200 1o.1 14500 13. 1 
6-4-74 31200 Z4.7 13740 9.Hl 
6-5-74 25800 7.69 1-"-000 9.70 

6-15-74 990 .500 
6-17-74 852 .270 
7-2- i4 1920 . 881 

wtiere FRIO is the Flew ratio in 1/kkg 

From the above table, the M~AN SU~ OF 90DP. for sample points one and 
two is 23.1 kg/kkg. The OODR niean tr.r sample point number three is 
0.475. Thus, the total mean BOD rat.io for the pliint is 23.6 kg/kkg. 
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as the computer rounds all computcJtions to ti1ree significant figures. 
All the para'"-?ter rJtios are process~d in the same manner. Miniinum 
and maY.ir!lum values are determined by inspecting all daily ratios and 
s~lcctin~ th~ highest an~ lJwest values of the ratio. ConccntrJtions 
of the para~e~ers are determined in all cases by dividing the para
meter ratio in tg/kkg by the mean flow ratio in l/kkg. With this 
method, it oecomes apparent that'"'the computed concentrations are not 
ide;itical to the observed values in the raw data·. They are, however, 
close to the observed values and are usefu~ in giving the observer 
an apriroxination of values to be found in tt;e cnvironr1ent. The pt: is 
handled differently than the other parameters. Each pH is converted 
back to ~ts original hydrogen ion concentration, and the resulting 
values are arithmetically averaged. The mean ion concentration is 
then converted back to pH. Min~mum and maximum values are s£"lect~d 
fro~ the original raw data values. 

The foli 01-1i ng rlocuments the al gori <:hms u~ed by Program r-LA.NT to com;:iute 
temporai statis:ics usin5 time series )nputs. 

Defi ri tions 

Sample: A record ~ontaining the values of up to 20 parameters at 
one point· in time ... and space. The list of input pararie.ters 
available is given bPlow: 

PARAMETER 

Flow 
Production 
Production 
Shift length 
5 day BOD 
20 day BO~ (Ultimate} 
COD 
TOC 
Grease and Oi 1 
Total Kjel dahl Ni tro·gen 
Total Dissolved Solids 
Total Solid~ 
Volatile Solids 
Suspended Solids 
Settl~able Sol)ds 
ScreenE>d So~ids 
fotal Phosphorus 
Dominant ~avelength 
PurHy 
Lumin~nce 

____ f,__ 

UNITS 

Gal/shift 
Ton/shift 
Gal/shift 
Hours 
mg/1 
mg/1 
mg/l 
mg/l 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
mg/1 
ml/1 
mg/l 
mg/1 
Hu 
I 
~ 
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ABBREVIATiON 

FLOW 
PROD 
PROG 
SHFT 
BOD 
BODU 
coo 
TOC 
GRS 
TKN 
TDS 
TS 
vs 
SUSi-' 
SETI 
SCR 
TP 
DWL 
PURE 
lUM 
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DRAFT 

PARAMETER 

Acidity/Alkalinity 
Temp<?rature 
Temp<?rature 
Volatile Susp. Solids 
pH 
Flow Rate 
Flow Ratio 
Detergents 
BOO Ratio 
SS Ratio 

UtCTS 

mq/1 
Deg F 
Deg C 
mg/1 
pH units 
1 /sec 
l/kkg 
mg/l 
kg/kkg 
kg/kkg 

ABBREV IAT IO:~ 

fiA 
TEMF 
TEMC. 
vss 
pH 
FLl-ln 
FRIO 
DGT 
BOOR 
SSP 

*One point in time is considered to be a dally composite sample for 
all para~eters. 

Sample Point: A time series record CC'lta1ri~; up to 99 sanp~es from 
e single pcint in soa:e. One exce~~io~ tc t~is l~ the c~se where 
multio~e ~~mple points represent th~ sa~e ocin! in ~pace out during 
different periods of time. For exarc;;le, s3r.10le pOi'lt No. 1 rr.ay recre-. 
sent cor.ioo.s i te samples of the da i ~ 1 prvce> ·, wat~'"S and sam~le 001 .. nt:: 
No. 2, co~posite samr~es of the dail; cleanup which occurs during 
another shift or in letween shifts. 

Sample Group: Sample points rr.ay ::ie ccnsidered ~o be. co,.·related or in
dependent. If the points are consiter~d ccrre1at~~. they are averaged 
together day by day to obtain a rr.atherratical total coml'osite: · ihe -· ·· 
group of sample points which ar·e corre·:a:ed in this manne.r is ca11£'d 
a Sample Group. If the value of a paramf:~e1 is missing for one s'.!mPle 
point in one sample, th~ values of th~ para~eter at the "other sample 
points on the same day are reject'?ci. Therefore, the corr.elation ana
lysis should only be perfcnned if all the ~ample points were sampled 
on the same rlay, otherwise, data ~1ill le rejected. On th~ other nan~-·: 
if the sample points are treated as uncorrelated when they are really 
correlated, an inferior estimate of the average will res~lt. Hence, ~ 
trade-off must be made between obtaining an inferior estimate because 
of assuming an incorrect model or because cf rejecting da~a. A ru)e . 
of thumb should be that, if dat~ is ~issin~ or uncorrelated on more.,. 
than 10 percPnt of a time series betw~fn t~o points, then they should 
be computed as un:orreleted sac.ple p~ints. 

Time Statistic Aloor1~~ms: five statistical estimators can be computec 
lor each wastewater par~meter. Tc clJr~fy the fallowing presentation, 
the fc11owing notation is defined. 
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Time Statist~cs 

number 
mean 
stgndard devi~tion 
minimum 
maximum 

~_xmbol 

n 
m 
s 
1 
n 

Sine~ the ~ompu~ation of each time statistic is a function of t.h~ 
\\astewater parameter, a s.et of algorithms are defined for each para
!Tlf'ter. A symbol was definE~ for each ~et as follows: 

Pa ra;:-e~!!: 1.!ni ts Symbo) 

P::iduction ratP. units/day t 
Proce~.s time hr/day s 
now volume gal/d.::y ~ 
Flow rate ilsec 0 

(gdl/min) Q' 
Flow ratio 1/kkg F 

(ga1/ton) F' 
Concentraticn mg/1 r 

v 

Co11ce11 t ration ratio kg/kkg R 
pH pH H 
Te.r1;ie ra tu re c T 

The symbo1 for each ,·lgoril:hni is then the matr1x m~ltip~~cat~cn be
tween each set of parameter and statistical symbois. Tt:e following 
not.atinn wi1"1 use the time statistic synbol to prefix th2 parameter 
s~nbol. ~or example, mP equals the mean production. 

The input d~ta sets ~re subscripted as follows: 

i • a particular ~ample group 
j • a particular sa~ple point in a sa~~le group 
k e a particular samp1e value in the time series from a sample point 

The following functions are also defined. 

Count (A) = number of values in s~t A-

AMr?ar (A) = 1 t 4• 
Count !Ai 

Var(.'l.)= 1 . 
Count (11)· l 

The arilhmeti:: r.,ean of values in Set A 

t {A. AMean(A))2. th2 variance ~t values in 
S~t A 

Max (AJ ~ The observ~d ~aximu~ value in Set A 

Min {A.) = The obser·1er:' minimum value in Set A 
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nP 
mP 
sP 
lP 
hP 

= 

= 
= 
= 

Produ5tion Algprithms (Units/day) 

Count (Pi} 
~Mean (Pi} 
,/var (Pi} 
Min (Pi) 
Max (Pi) 

The pro:hiction statistics are automatically computed frorr. the va 
of the first sample group (i~1). nowever, it ~an be comouted fr 
any of the ~roups on demand. It is assumed that the group with 
largest n~mber of samples is placed in tie first position. 

nS = 
ms = 
sS = 
1 s = 
hS "' 

( 1) nV 
{2) r.':V 
(3) sV 

( 4) t \' 
(S} hV 

Notes: 

Process Tirl'e (snif~) A1cori~h:::s (hrs/dav) 

Count (Si) 
A Me~lii) 
"Varl'S1) 
Min (Si) 
Max (Si) 

= Coun~ 

Fl ow Vo 1 .me ( rr.~ d ) 

(Bi max) 
= " AMean (i: Vkj)i .. 
= 

! ,../var 1 v' ) 
= .. Min ( v; ) .... 

= ! Max (Vi) 

(l) The number of samples for flow volume in MGD was corl'p~ted usi 
the sample group which contributed the largest BJ~ load. {B2 max) 

(2) The mean flow volume is C!Jmputed by suming the avetag.e flo 
from each sample group i. Th<:! average flow from sample group i i 
detemined by averaging the sum of the daily flows· fror.1 eacli poi 

(3) T"ie variance of the tota1 end')~ ~·ioe flow is e4ual to the 
of the variances from the individual (roups. The variance of th 
first groi..r· is detennined by using the c,~m of.the daily:ffow fro 
ea c~; po~ rt j . 

(4) The corr.bi;1c-d (EOP) minimur1 dnd max1murris are computec from t 
sum of the minirr.1.ims anc maximums from each Group. 

It ~hould be noted thJt th~s mathematical combinina will tend to 
more extreme m·inimums and maximums than would be observec for th 
same number cf na tu ra 11,Y combi nt:·~ s.:imp 1 es. 
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!"10' 

Flow Rate {~1/min) 

a nV • blank on table 
(5)- n{J' 

a • 1 
60 

"' a I Amean r (V/S)kg 
1 j 

a scale factor 

sQ' • a ,,../r. Var (V/Sli 
lQ' "' a 'Min \V/S)i · 

· hQ' = a .. Max ( V / S) i 

Fl ow Ra.te (l /sec) 

Q .. .06310' 

Notes: 

(~) mQ ·is compu:ed simi1ar1y to mV e.xcept that the daily flow 't'o1umes 
are converted to f1 ow rates by dh·i ding by the shift 1 engths. 

Flow Ratio (gal/ton) 

r' ;s com;:iuted in a similar man"~r to Q'. except ~ .• at V/1-' ~s substituted 
for V/S and scale factor a= 1. 

Flow Ratio (L/kkg) 

F • 4.17 F' 

Concentration (rng/1} 

nC 
me 
sC 

1~ 

hC 

= 

• 

Concentration Ratio (kg/kkg) 

R is computed the same as F' or O', except that VC/P is substituted 
for V/S and the scale factor a : 4. 17 x 10-6. 

~H • t~unt {H), i:l lid-t_J Calcl;lated s~milarly to V 
·sH excep~ Vlo~- ~ is substituted 
lH 10 taken of t~e res~lt. 
l'IH 

for V and with log .to the base 



UMFT 

nT = 

~+1 1T 
hT 

Temperature ( 0 C) 

Cou;-t (T), i =1 
Calculattd similarly to V except 
VT~ is substituted for V 

i564 




