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NOTICE MAR 311983

" On February 28, 1983, EPA proposed effluent limitations guidelines and
standards for the organic chemicals and plastics and synthetic fibers (OCPSF)

point source category. The Federal Register notice of this proposal was printed

on March 21, 1983 {48 FR 11R2R to 11867),

Information received by the Agency after proposal indicates that the total
OCPSF industry estimated annual discharges of toxic poIiutants are too high.
The Agency will be reevaluating these estimates when additional information
becomes available prior to promulgation of a final regulation. In the interim,
the Agency advises that there should be no reliance on the annual total toxic

pollutant discharge estimates presented in the Federal Register notice, the

February l§83 OLPSF Nevelopment Nocument, and Fehruqry 10, 1983 OCPSF Requlatory

Impact Analysis,
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SECTION I

INTRODUCTION

PURPOSE AND LEGAL AUTHORITY

The Federal Water Pollution Control Act Amendments of 1972 established a
comprehensive program to restore and maintain ,the chemical, physical and
biological integrity of the nation's waters [Section 101{(a) ]. by July 1,
1977 existing industrial direct dischargers were required to achieve ef-
fluent limitations requiring the application of the best practicable con-
trol technology currently available (BPT) [ Section 301(b)(1)(A) ]. By
July 1, 1983 these dischargers were required to achieve effluent limita-
tions requiring the application of the best available technology econom-
ically achievable (BAT), which will result in reasonable further progress
toward the national goal of eliminating the discharge of all pollutants

[ Section 301(b)(2)(A) ]J. New industrial direct dischargers were required
to comply with Section 306 new source performance standards (NSPS) based on
best available demonstrated technology. New and existing dischargers to
publicly owned treatment works (POTW) were subject to pretreatment stan-
dards under Sections 307(b) and (c¢) of the Act. The requirements for di-
rect dischargers were to be incorporated into National Pollutant Discharge
Elimination System (NPDES) permits issued under Section 402 of the Act.
Pretreatment standards were made enforceable directly against dischargers
to POTWs (indirect dischargers).

Although Section 402(a)(1) of the 1972 Act authorized local authorities to
set requirements for direct dischargers on a case-by-case basis, Congress
intended that for the most part .control requirements would be based on
regulations .promulgated by the EPA Administrator. " Section 304(b) of the
Act required the Administrator to promulgate regulatory guidelines for di-
rect discharger effluent limitations, setting forth the degree of effluent
reduction attainable through the application of best practicable control
technology (BPT). Moreover, Sections 304(c) and 206 of the Act required
promulgation of regulations for NSPS, and Sections 304(f), 307(b) and
307(c) required promulgation of regulations for pretreatment standards. In
addition to these regulations for designated industry categories, Section
307 (a) of the Act required the Administrator to promulgate effluent stan-
dards applicable to all dischargers of toxic pollutants. Finally, Section
501(a) of the Act authorized the Aministrator to prescribe any additional
regulations necessary to carry out his or her functions under the Act.

The EPA was unable to promulgate many of these regulations by the dates
contained in the Act. 1In 1976 EPA was sued by several environmental
groups. In settlement of this lawsuit, EPA and the plaintiffs executed a
settlement agreement which was approved by the Court. This agreement re-
quired EPA to develop a program and adhere to a schedule for promulgating,
for 21 major industries, BAT effluent limitations guidelines, pretreatment
standards and new source performance standards for 65 "toxic'" pollutants
and classes of pollutants.

On December 27, 1977 the President signed into law the Clean Water Act of

1977. Although this law makes several important changes in the federal

water pollution control program, its most significant feature 1s its
1



incorporating into the Act several of the basic elements of the settlement
agreement program for toxic pollution control. Sections 301{b)(2)(A) and
301(b)(2)(C) of the Act now require the achievement by July 1, 1984 of
effluent limitations requiring application of BAT for toxic pollutants,
including the 65 priority pollutants and classes of pollutants which Con-
gress declared toxic under Section 307(a) of the Act. Likewise, EPA's
programs for new source performance standards and pretreatment standards
are now aimed principally at toxic pollutant controls. Moreover, to
strengthen the toxics control program, Congress added Section 304(e) to the
Act, authorizing the Administrator to prescribe best management practices
(BMPs) to prevent the release of toxic and hazardous pollutants from plant
site runoff, spillage or leaks, sludge or waste disposal, and drainage from
rav marerial storage associated with, or ancillary to, the manufacturing or
treatment process.

In keeping with its emphasis on toxic pollutants, the Clean Water Act of
1977 also revised the control program for '"conventional' pollutants
(including biochemical oxygen demand, suspended solids, fecal coliform, oil
and grease, and pH) identified under Section 304(a)(4). 1Instead of BAT for
conventional pollutants, the new Section 301(b)(2)(E) requires by July 1,
1984 achievement of effluent limitations requiring the application of the
best conventional pollutant control technology (BCT). The factors consid-
ered in assessing BCT include the reasonableness of the relationship be-
tween the costs of attaining a reduction in effluents and the effluent re-
duccion benefits derived, and the comparison of the cost and level of
reduction for an induscrial discharge with the cost and level of reduction
of similar parameters for a typical POTW [ Section 304(b)(4)(B) ]. For
nontoxic, nonconventional pollutants, Sections 301(b) (2)(A) and
301(b)(2)(F) require achievement of BAT effluent limitations within three
years after their establishment or after July 1, 1984 (whichever is later),
but not later than July 1, 1897.

. This document presents the technical bases for the application of revised
BPT, BCT and convencional pollutant new source performance standards (NSPS)
for the organic chemicals and plastics and synthetics (OCPS) manufacturing
point source category. The ctechnical bases for toxic pollutant related
limitations are presented in the "BAT" Development Document which is being
published jointly with this reporc.

PRIOR EPA REGULATIONS

EPA promulgated effluent limitation guidelines and standards for the
Organic Chemicals Manufacturing Industry, in two phases, in 40 CFR Part
414, Phase I, covering 40 product/processes {a product chat is manufac=-
tured by the use of a particular process-—-some products may be produced by
any of several processes), was promulgated on April 25, 1974 (39 FR 12076).
Phase I1, covering 27 additional product/processes, was promulgated on
January 5, 1976 (41 FR 902).

EPA also promulgated effluent limitation guidelines and standards for the
Plastics and Synthetics Industry, in two phases, in 40 CFR Part 416. Phase
I, covering 31 product/processes, was promulgated on April 5, 1974 (39 FR
12502). Phase 11, covering 8 additional product/processes, was promulgated
on January 23, 1975 (40 FR 3718).



Several industry members challenged the above regulations. On February 10,
1976 the Court, in Union Carbide v. Train, 541 F.2d 1171 (4th Cir. 1976),
granted the parties' motion to remand the Phase I Organic Chemicals regula-
tions. The Court also directed EPA to withdraw the Phase II Organic Chem-
ical regulations, which EPA did on April 1, 1976 (41 FR 13936). Pursuant
to an agreement with the industry petitioners, however, the regulations for
butadiene manufacture were left in place. The court in FMC Corp. v. Train,
539 F.2d 973 (4th Cir. 1976). remanded the Phase I Plastics and Synthetics
regulations. In response, EPA withdrew bocth the Phase 1 and Phase II regu-
lations on Aygust &4, 1976 (41 FR 32587) except for the pH limitations,
vhich had not been addressed in the lawsuit,

Today, there are no promulgated regulations for the Organic Chemicals and
Plastics and Synthetics Industries, except for the butadiene and pH regu-
lations mentioned above. '

This report prsents a summary of the data collected by the studies under-
taken since 1976, and the analyses used to support the proposed regula-
tions. Section II presents a summary of the findings presented in this
document, along with the proposed regulations. Sections III through VIII
present the technical data and the supporting analyses used as the bases
for the proposed regulations, and Sections IX through XI include the actual
numerical development of the national limitations. Detailed data displays
are included in Appendices A-G.



SECTION 11

SUMMARY AND CONCLUSIONS

SUMMARY

EPA is proposing effluent limitations guidelines basd on the application of
the best practicable technology (BPT), best conventional technology (BCT),
best available technology (BAT), new source performance standards (NSPS)
and prectreatment standards for existing and new sources (PSES and PSNS).

These proposed regulations apply to wastewater discharges resulting from
the manufacture of organic chemicals, plastics and synthetic fibers. The
organic chemicals industry is generally included within the U. S. Depart-
ment of Commerce, Bureau of the Census Standard Industrial Classification
(SIC) Major Groups 2865 and 2869. The plastic and synthetic fibers indus-
try is generally included in SIC Groups 2821, 23823, and 2824. Due to the
interdependence of these two industries, EPA studied them in combination
and is including both of them in a single set of proposed regulations.

When finally promulgated, these regulations will supersede the existing
regulations for butadiene manufacture and the pH limitation for the
manufacture of plastics and synthetic fibers.

Some plants have OCPS operations that are a minor portion of and ancillary
to their primary production. In some such cases, effluent guidelines for
the primary production category (e.g., the guidelines for the petroleum
refining, pesticides, and pharmaceuticals industries) include subcategories
for the discharge of combined wastewaters from the primary production and
the OCPS processes. In such cases, to avoid duplication and potential in~
consistencies, these OCPS discharges are excluded from coverage by the pro-
posed OCPS regulations and remain subject to the other applicable
regulations.

The proposed regulations also do not apply to discharges from the extrac-
tion of organic chemical compounds from natural materials., Natural mate-
rials used to make organic chemical compounds include a variety of parts of
plants (e.g., trees and seaweed) and animals. These proposed regulations
address the manufacture of organic chemicals via chemical synthesis.
Readers should note that extraction of chemical compounds from natural
materials is included in many other industrial categories, e.g., Adhesives
and Sealants, Pharmaceuticals, and Gum and Wood Chemicals. Readers should
also note that discharges from the synthesis of organic chmical compounds
that have been extracted from natural materials are covered by these pro-
posed regulations.

The OCPS industry is large and diverse, and many plants in the industry are
highly complex. The industry includes approximately 1,200 facilities which
manufacture their principal or primary product or group of products under
the OCPS SIC Groups. Some plants are secondary producers, with OCPS prod-
ucts ancillary to their primary manufacture. Various sources studied by
EPA indicate that the number of secondary OCPS plants is in the range of

5



320 to approximately 900 plants. Thus, the total number of plants in the
OCPS industry may be as high as 2,100. This range is attributed to the
difficulties inherent in segregating the OCPS industry from other chemical
producing industries such as petroleum refining, inorganic chemicals, phar-
maceuticals and pesticides as well as chemical formulations industries such
as adhesives and sealants, paint and ink, and plastics molding and formu-
lating. Even though over 25,000 different organic chemicals, plastics and
synthetic fibers are manufactured, only 1,200 products are produced in
excess of 1,000 pounds per year. As mentioned above, except for certain
specified exceptions, all discharges from OCPS operations at these plants
are covered by these proposed regulations.

Some plants produce chemicals in large volumes, while others produce only
small volumes of "specialty" chemicals. Large-volume production tends
toward continuous processes, while small-volume production tends toward
batch processes. Continuous processes are generally more efficient than
batch processes winimizing water use and optimizing the consumption of raw
materials in the process,

Different products are made by varying the raw materials, chemical reaction
conditions and the chemical engineering unit processes. The products being
manufactured at a single large chemical plant can vary on a weekly or even
daily basis. Thus, a single plant may simulcaneously produce many differ-
ent products in a variety of continuous and batch operations, and cthe
product mix may change frequently.

Total production of organic chemicals in 1980 was 291 billion pounds, with
sales of 554 billion. Production of plastics and synthetic fibers in 1980
was 60 billion pounds, with sales of $26 billion.

For the 1200 facilities whose principal production relates to the OCPS in-
dustry, approximately 40 percent are direct dischargers, approximately 36
percent are indirect dischargers {plants that discharge to publicly owned
treatment works), and the remaining facilities use zero or alternative dis-
charge methods. The estimated average daily flow per plant is 2.31 MGD
(millions of gallons per day) for direct dischargers and 0.80 MGD for
indirect dischargers. The remainder use dry processes, reuse their waste-
water, or dispose of their wastewater by deep well injection, incineration,
contract hauling, or evaporation or percolation ponds.

As a result of the wide variety and complexity of raw materials and proc-
esses used and of products manufactured in the OCPS industry, an excep-
tionally wide variety of pollutants are found in the wastewaters of this
industry. This includes conventional pollutants (pH, BOD, TSS and oil and
grease), toxic pollutants (both metals and organic compounds), and a large
number of organic compounds produced by the industry for sale).

To control the wide variety of pollutants discharged by the OCPS industry,
OCPS plants use a broad range of in-plant controls, process modifications
and end-of-pipe treatment techniques. Most plants have implemented pro-
grams that combine elements of both in-plant control and end-of-pipe waste-
water treatment. The configuration of controls and technologies differs



from plant to plant, corresponding to the differing mixes of products man-
ufactured by different facilities. 1In general, direct dischargers treat
their wastes more extensively than indirect dischargers.

The predominant end-of-pipe control technology for direct dischargers in
the OCPS industry 1s biological treatment. The chief forms of biological
treatment are activatd sludge and aerated lagoons. Other systems, such as
extended aeration and trickling filters, are also used, but less extensive-
ly. All of these systems reduce BOD and TS$S loadings and, in many instan-
ces, incidentally remove toxic and nonconventional pollutants. Biological
systems biodegrade some of the organic pollutants, remove bio-refractory
organics and metals by sorption into the sludge, and strip some volatile
organic compounds into the air.

Other end-of-pipe treatment technologies used in the OCPS industry include
neutralization, equalization, polishing ponds, filtration and carbon
adsorption, While most direct dischargers use these physical/chemical
technologies in conjunction with end-of~pipe biological treatment at least
39 direct dischargers use only physical/chemical treatment.

In-plant control measures employed at OCPS plants include water reduction
and reuse technigues, chemical substitution and process changes. Tech-
niques to reduce water use include the elimination of water use where
practicable, and the reuse and recycling of certain streams, such as
reactor and floor washwater, surface runoff, scrubber effluent and vacuum
seal discharges. Chemical substitution 1s utilized to replace process
chemicals possessing highly toxic or refractory properties by others that
are less toxic or more amenable to treatment. Process changes include var-
lous measures that reduce water use, waste discharges, and/or waste load-
ings while improving process efficiency. Replacement of barometric con-
densers with surface condensers, replacement of steam jet ejectors with
vacuum pumps, recovery of product or by-product by steam stripping, dis-
tillation, solvent extraction or recycle, oil-water separation and carbon
adsorption, and the addition of spill control systems are examples of proc-
ess changes that have been successfully employed in the OCPS industry to
reduce pollutant loadings while improving process efficiencies.

Another type of control widely used in the OCPS industry is physical/
chemical in-plant control. This treatment technology is generally used
selectively on certain process wastewaters to recover products Or process
solvents, to reduce loadings that may impair the operation of the biolog-
ical system or to remove certain pollutants that are not removed suffi-~
ciently by the biological system. In-plant technologies widely used in the
OCPS industry include sedimentation/clarificatiom, coagulation, floccula-
tion, equalization, neutralization, oil/water separation, steam stripping,
distillation and dissolved air flotation. :

Many OCPS plants also use physical/chemical treatment after biological
treatment. Such treatment is used in the majority of situations to reduce
solids loadings that are discharged from biological treatment systems. The
most common post-biological treatment systems are polishing ponds and
multimedia filtration.



At approximately 5 percent of the direct discharging plants surveyed, no
treatment 1s provided. At another 20 percent, only physical/chemical
treatment is provided. The remaining 75 percent utilize biological treat-
ment . Approximately 36 percent of biologically treacted effluents are fur-
ther treated by polishing ponds, filtration or other forms of physical/
chemical control,

At approximately 52 percent of the indirect discharging plants surveyed, no
treatment 1is provided. At another 39 percent, some physical/chemical
treatment is provided. Nine percent have biological treatment.

CONCLUSIONS
BPT

Biological teatment has been identified as the best practicable control
technology currently available for each of the four proposed subcategories.
In general, the long-term median BPT final effluent BOD, and TSS concentra-
tions were calculated for each subcategory by using "the performance of
plants which attain 95% BOD. reduction or a final effluent BOD5 concentra-
tion less than or equal to ;b mg/1l.

Maximum 30-day and daily maximum effluent limitations were determined by
multiplying long-term median effluent limitations by appropriate variabil-
ity factors which were calculated through statistical analysis of long-term
BOD. and TSS daily data. This statistical analysis is described in detail
in Section VII.

Proposed BPT limitations are presented in Table 2-1.
BCT

The 1977 amendments added Section 301(b)(2)(E) to the Act, establishing
“"best conventional pollutant control technology" (BCT) for discharges of
conventional pollutants from existing industrial poiat sources. Section 304
(a)(4) designated the following as conventional pollutants: BOD, TSS,
fecal coliform and pH. The Administrator designated oil and pgrease as
Yconventional® on July 30, 1979, 44 FR 44501.

EPA has proposed a BCT cost-reasonableness test which provides thatr BCT is
cost-reasonable 1if: (1) the incremental cost per pound of conventional
pollutant removed in going from BPT to BCT is less than $.27 per pound in
1976 dollars, and (2) this same incremental cost per pound is less than
143% of the incremental cost per pound associated with achieving BPT.

All the incremental costs per pound ratios were found to fail chis first
part of the BCT '"cost-reasonableness" test ($0.33 per pound in 1979 dol-
lars). Therefore, EPA did not perform the second part of the BCT 'cost-
reasonableness'" test, and is proposing BCT effluent limitations which are
equal to the BPT effluent limitations for each of the proposed BPT
subcategories.



LONG TERM MEDIAN

TABLE 2-~1

BPT EFFLUENT LIMITATIONS

(mg/1 or ppm)

MAXIMUM 30-DAY

MAXIMUM DAILY

SUBCATEGORY

Plastics Only
Oxidation

o High Water Use
o Low Water Use

Type 1

Other Discharges

BOD

—5

14.5

26

36

24,5

17

TSS

24

62

89

34,

29

BODS

22

42
58

5 40

28

TSS

36

84

120

47

39

BOD

5
49

106

146

100

69

TSS

117

246
353

137

115



NSPS

The basis for new source performance standards (NSPS) under Section 306 of
the Act is the best available demonstrated technology. At new plants, the
. opportunity exists to design the best and most efficient production proc-
esses and wastewater treatment facilities. Therefore, Congress directed
EPA to consider the best demonstrated process change, in-plant controls and
end-of-pipe treatment technologies that reduce pollution to the maximum
extent feasible. It is encouraged that at new sources reductions in the
use of and/or discharge of wastewater be attained by application of
in-plant control measures.

The technologies employed to control conventional pollutants at existing
plants are fully applicable to new plants. In addition, no other technol-
ogies could be identified for new sources which were different from those
used to establish BPT effluent limitations. Thus, the technology basis for
NSPS is the same as that for BPT effluent limitations. For detailed infor-
mation on the technology basis for BPT effluent limitations, refer to
Section IX of this document.

Since the Agency could identify no additional generally applicable technol-
ogy for NSPS, and since the technology basis for NSPS is the same as that
identified for BPT effluent limitations, EPA has established NSPS effluent
limitations equal to the proposed BPT and BCT effluent limitations.
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SECTION III.
DESCRIPTION OF INDUSTRY
INTRODUCTION

The organic chemicals industry had very modest beginnings in the middle
of the 19th century. The production of coke, used both as fuel and a
reductant in blast furnaces for steel production, generated coal tar as
a by-product. Although these tars were initially regarded as wastes,
with the synthesis of the first coal tar dye (mauve) by Perkin in 1856,
chemists and engineers began to look for ways to recover and use all
industrial by-products. "

With increasing numbers of chemical compounds possessing valuable prop-
erties being identified, commercial routes to these compounds became
necessary. Not surprisingly, the early products of the chemical indus=
try were those most desired by society: dyestuffs, explosives, and
pharmaceuticals. The economic 1incentive to find markets for industrial
wastes and by-products continued to be a driving force behind these in-
dustries. The chlorinated aromatic chemicals industry, for example,
developed mainly out of: (1) the need to use the large quantities of
chlorine formed as a by-product from caustic soda production, (2) the
availability of benzene derived from coal tar, and (3) the discovery
that such compounds could serve as useful intermediates for production
of other, more valuable materials, e.g., phenol and picric acid. In
time, specialty products such as surfactants, pesticides, and aerosol
propellants were also developed.

The plastics and synthetic fibers industry began only somewhat later.
The first commercial polymers, rayon and bakelite, were produced in the
early 1900s from feedstocks manufactured by the organic chemicals indus-
try. While the organic chemicals and plastics and synthetic fibers in-
dustries are regarded as separate, the latter is clearly an outgrowth of
the organic chemicals industry. The variety of plastic and synthetic
fiber products developed in the last decades and the diversity of mar-
kets and applications of these products have made the plastics and syn-
thetic fibers industry the largest consumer of organic chemicals on a
volume basis.

Coal derived chemicals were the principal feedstocks of the early indus-
try (cthough ethanol, derived from fermentation, served as a source of
some aliphatic compounds). The growth in the markets for crganic chem~
icals and plastics and synthetic fibers led, in time, however to changes
in the source of feedstocks for the industry. By World War 1I, the mod-
ern organic chemicals and plastics and synthetic materials industry
based on petrochemicals was firmly established in the United States.

Today the industry is comprised of production facilities of two distinct
types: those facilities whose primary function is chemical synthesis
and plants that recover organic chemicals as a by-product from unrelated
manufacturing operations such as steel production. The bulk of the in-
dustry is comprised of plants in the former category: plants that

11



process chemical raw materials into a wide variety of products that per-
meate virtually every industrial and consumer market. Approximately 90%
of the precursors, which are the primary feedstocks for all of the in=-
dustry's thousands of products, are derived from petroleum and natural
gas. The remaining 10% is supplied by plants that recover organic chem-
icals from coal tar condensates generated by coke production.

The apparent complexity and diversity of the organic chemical manufac-
turing industry can be simplified by recognizing that approximately
2,500 distinct chemical products are synthesized from only seven parent
compounds--methane, ethylene, propylene, butane/butenes, benzene, tol-
uene, and o,p-xylenes., These seven compounds are processed into deriva-
tives which in turn are marketed or used as feedstocks for the synthesis
of other derivatives. However, the product line of the industry is very
complex with approximately 1,200 products that are produced in excess of
one thousand pounds per year, and probably several thousand more that
are produced in lesser quantities. Because these products are produced
by one or more manufacturers using different syathetic routes, few
plants are exactly alike in terms of either product or processes.

The early chemical industry used an assortment of general purpose equip-
ment and operated very labor iatensive batch processes that required
relatively little capital investment. As the demand grew, around the
time of World War II, the chemical production shifted to large scale
continuous processing units because of technological improvement and
also because of the economies of scale associated with large production
facilities. This changed the industry to a high-capital-intensive, low-
labor basis. :

Although there is still a large number of small organics producers util-
izing batch processes, these producers are usually dedicated to the man--
ufacture of fairly small volumes of high-priced specialty products which
may conktribute substantially to the total value of organic chemical pro-
duction, but is only a small portion of chemical production volumé.

Since organic chemicals are produced both by large manufacturing com-
plexes made up of continuous major processing units and by smaller batch
process plants producing many different products, there is a wide varia-
bility of products and process units from one complex to another with
treatment facilities typically servicing the complex rather than the in-
dividual process units. Among the hundreds of products made by the in-~
dustry, there are derivative and coproduct relationships that result in
groups of products commonly being made together.

DEFINITION OF THE INDUSTRY

It is difficult to profile the organic chemicals and plastics and syn-
thetic fibers industries due to their complexity and diversity. How-
ever, traditional profiles can provide useful descriptions of the chem-
ical indusctry. The following profile factors are discussed briefly in
the ensuing subsections:

12



Standard Industrial Classification System (SIC)
Production and Sales

Geographic Location

Size of Plant

Age of Plant

Standard Industrial Classification System

One industrial profile commonly employed for collection of economic data
for manufacturing industries is the Standard Industrial Classification
(SIC) System. The organic chemicals and plastics and synthetic mater-
ials industrial categories are nominally described under SIC 2865 and
2869 for organic chemicals, and SIC 2821, 2823, and 2824 for plastics
and synthetic materials. SIC codes as established by the U. S§. Depart-
ment of Commerce are. ''classifications of establishments by type of
activity in which they are engaged.”" Each plant is “assigned an indus-
try code on the basis of its primary activity which is determined by its
principal product or group of products.'" However, as a practical mat-
ter, many plants can also have secondary, tertiary, or subsequent order
SIC codes assigned to classify those activities in which they engage be-
yond their primary activities. Thus the inclusion of establishments
with one of these SIC codes as primary, secondary, or subsequent classi-
fication would provide an all inclusive listing of establishments pro-
ducing organic chemicals including such operations as steel mills, which
are not intended to be controlled under the organic chemical indusctry
guidelines. This classification system 1s oriented towards the collec-
tion of econowmic data related to gross production, sales, number of
employees and geographic location.

Production and Sales

Estimates of the production volume and sales for the OCPS industry were
made using the 1981 U. S. Department of Commerce statistics and are
shown 1n Table 3-1., These estimates of production and sales include
secondary as well as primary production. Primary products are those
materials that comprise the largest portion of a facility's total pro-
duction, Secondary production involves those products manufactured in
smaller volumes as co-products, by-products or as raw materials for pri-
mary products. Therefore, these estimates reflect some double counting
since certain secondary products are derived from products also included
in the total (e.g., ethylene dichloride is included as well as the eth-
ylene from which it is produced). Furthermore, the ITC presents statis-
tics on products or groups of products within a specific use category.
These use categories can contain products from more than one SIC code.
Where possible, adjustments were made to exclude products not
applicable.

The production volumes of the 29 organic chemicals included in the Chem-
ical and Engineering News' 1980 Top 50 List of Chemicals are listed in
Table 3-2. The total volume of production for these 29 organic com-
pounds was 78.75 wmillion kkg (173.66 billion 1lbs) or 60 percent of-all
organic chemicals productions (as shown in Table 3-1). Table 3-3 gives
the production volumes of the '"top" products in the plastics and syn-
thetic fibers categories.
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TABLE 3-1

ANNUAL PRODUCTION AND SALES BY SIC CODE

SIC Production Sales
CODE (million kkg) (billion dollars)
Organic
Chemicals 2865 132 11.0
2869 43.2
Plagstics and
Synthetic 2821 27 16.1
Materials 2823 1.2
2824 8.7
TOTAL 159 80.2

SOURCE: U. S. Deparctment of Commerce, 1981,
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TABLE 3-2

ANNUAL PRODUCTION VOLUME OF
ORGANIC CHEMICALS IN '"TOP 50" LIST 1980

Production

Rank Chemical (million kkg)
6 Ethylene 12.50
13 Urea 6.51
14 Propylene 6.22
15 Toluene 5.12
16 Benzene 4.98
17 Ethylene dichloride 4.53
18 Ethylbenzene 3.45
20 Methanol 3.18
21 Styrene 3.13
22 Vinyl chloride 2.93
23 Xylene 2.91
24 Terephthalic acid 2.69
25 Formaldehyde 2.62
27 Ethylene oxide 2.25
28 Ethylene glycol 1.92
30 p~Xylene 1.74
31 Cumene 1.43
32 Butadiene (1,3-) 1.31
33 Acetic acid 1.28
36 Phenol 1.12
38 Acetone 0.96
39 Cyclohexane 0.89
41 Vinyl acetate 0.87
42 Acrylonitrile 0.83
43 Isopropyl alcohol 0.81
44 Propylene oxide 0.80
46 Acetic anhydride 0.67
49 Ethanol 0.55
50 Adipic acid 0.55
TOTAL 78.75

SOURCE: Chemical and Engineering News 1981
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TABLE 3-3

ANNUAL PRODUCTION VOLUME OF PLASTICS AND SYNTHETIC FIBERS

1980
Production

Resin/Fiber (million kkg)
Thermosetting resins
Phenolic and other tar acid resins 0.68
Polyesters (unsaturated) 0.41
Urea resins 0.53
Expoxies (unmodified) 0.15
Melamine resins 0.08
Thermoplastic resins
Low-density polyethylene 3.31
Polyvinyl chloride and copolymers 2.48
Polystyrene and copolymers 2.06
High-density polyethylene 2.00
Polypropylene and copolymers 1.66
Cellulosics
Rayon 0.22
Acetate 0.15
Noncellulosics
Polyester 1.81
Nylon 1.07
Glass fiber 0.39
Acrylic 0.35
Olefin 0.34

TOTAL 17.69

SOURCE: Chemical and Engineering News 1981
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Manufacturing Sites and Geographic Distribution of Industry

The number of plants operating under each of the five primary SIC codes
and classifications and the total number of organics and plastics and
synthetic materials plants are shown in Table 3-4. Table 3-5 presents
the distribution of these plants by state. It is not surprising that
most organic chemical plants are located in the coastal regions near
sources of raw materials. The plastics and synthetic materials indus-
tries generally follow this trend to minimize transportation costs of
monomer feedstock. However, a significant number of plastic plants are
situated near end product markets (i.e., large population centers) for
the same reason.

The first column in Table 3-4 utilizes Economic Information System data
which are based mainly on U. S. Department of Commerce statistics from
the Bureau of Census on Manufacturers. These statistics concentrate on
primary production facilities and estimates are used to predict the num-
ber of smaller facilities below certain employee levels. The second
column represents an estimate of all OCPS facilities which attempt to
take into account secondary production facilities. In estimating these
plant counts, a number of information sources were used, including:

1. Permit listings supplied by NEIC-Denver and EPA's Office of
Water Enforcement

2. 308 Questionnaire plant listings

3. EGD Telephone Survey of Plastics and Synthetic Materials
facilicies

4. Plant listings from the economic contractor

5. Economic Information Service (EIS) plant listings

6. Plant listings from EPA's Permit Compliance System (PCS)
7. Dunn & Bradstreet

8. TSCA inventories

In compiling plants from the above listings, the number of direct dis-
charge plants was first obtained by cross-checking each of the available
data sources, Non-direct discharge plants were projected wutilizing
ratios of non-direct to direct discharge plants from the 308 Question~-
naire plant listings and the direct discharge plants as determined
above. SIC code information as well as 308 Questionnaire and Telephone
Survey data were used to group all plants into three broad industry seg-
ments: (1) plants manufacturing only organic chemicals, (2) plants man-
ufacturing only plastics and synthetic materials, and (3) plants manu-
facturing both organic chemicals and plastics and synthetic materials in
the same facility.

Except for EIS (which utilizes Census of Manufacturers statistics), each
of chese information sources is independent of the others and provides a
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TABLE 3-4

OCPS PLANT DISTRIBUTION BY SIC CODE

Industry

Organic Chemicals
Only -

Plastics and
Synthetic Materials
Only

Organic Chemicals &
Plastics and Synthecic

Materials (Combined)

TOTAL

* SOURCE: Economic Information Service (1981)

2865
2869

2821
2823
2824

SIC Code

18

Number of
Plants¥*

195
457

484

19
62

1217

Projected Estimate of
Number of Plants

1045

879

176

2100



TABLE 3-5

PLANT DISTRIBUTION BY STATE

Organics Chemicals Plastics and Synthetic
Industry Fibers Industry
SIC CODE SIC CODE

2865 2969 Total 2821 2323 2324 Total
STATE
Alabama 4 5 9 7 1 2 10
Alaska 0 1 1 0 0 0 0
Arizona 0 1 1 1 0 0 1
Arkansas 1 3 4 5 0 1 6
California 6 30 36 45 0 1 46
Colorado 1 4 5 3 0 0 3
Connecticut 0 8 8 11 0 3 14
Delaware 1 5 6 12 0 1 13
Florida 3 6 9 7 0 2 9
Georgia 1 6 7 7 1 5 13
Hawalil 0 0 0 0 0 0 0
Idaho 0 0 0 0 0 0 0
Illinois 12 32 44 28 1 1 30
Indiana 4 4 8 7 1 1 9
Iowa 0 2 2 4 0 0 4
Kansas 2 3 5 1 0 0 1
Kentucky 2 8 10 5 0 0 5
Louisiana 3 33 36 10 0 0 10
Maine 0 0 0 1 0 0 1
Maryland 0 4 4 3 1 1 5
Massachusetts 7 14 21 32 0 2 34
Michign 3 16 19 16 1 0 17
Minnesota 1 3 4 3 0 0 3
Missouril 1 7 8 8 0 0 8
Mississippl 3 1 4 6 0 1 7
Montana 0 1 1 1 0 0 1
North Carolina 12 11 23 12 0 11 23
North Dakota 0 0] 0 0 1 0 1
Nebraska 0 2 2 0 0 0 0
New Hampshire 1 2 3 4 0 0 4
New Jersey 48 67 115 60 1 1 62
New Mexico 0 1 1 0 0 0 0
Nevada 0 2 2 1 0 0 1
New York 10 27 37 24 1 1 26
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TABLE 3-5 (Continued)

PLANT DISTRIBUTION BY STATE

Organic Chemicals Plastics and Synthetic
Industry Fibers Industry
SIC CODE SIC CODE
2865 2869 Total 2821 2323 2324 Total

STATE

Ohio 18 19 37 43 2 1 46
Okl ahoma 0 2 2 5 0 0 5.
Oregon 0 4 4 4 0 0 4
Pennsylvania 12 21 33 31 2 0 33
Puerto Rico 3 9 12 A 0 3 7
Rhode Island S5 6 11 1 0 0 1
South Carolina 10 9 19 5 1 15 21
South Dakota 0 0 0 0 0 0 -0
Tennessee 1 5 6 7 2 4 13
Texas 17 57 74 35 0 0 - 35
Utah 1 0 1 2 0 0 2
Virginia’ 1 4 5 5 2 7 14
Vermont 0 0 0 1 0 0 1
Washington 2 4 6 5 1 0 6
Wisconsin 0 6 6 9 0 0 9
West Virginia 1 11 12 7 0 1 8
Wyoming L 0 L 0 0 o 0

TOTAL 198 466 664 488 19 65 572

SOURCE: Continental United States (EIS 1981); Puerto Rico
(Bureau of the Census 1977)
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fairly accurate estimate of both primary and secondary production
facilities,

Plant Size

Sales volume, number of employees, area of plant site, plant capacity
(design or '"nameplate" capacity) and production rate are factors that
logically would be considered to define plant size. However, none of
these completely describes plant size in a manner satisfactory for all
purposes. Each of these definitions are discussed below.

Often, number of workers employed will be used as an indication of the
relative size of a facililty. However, continuous plants producing com-
modity (i.e., high volume) chemicals typically employ fewer workers per
unit of production than do plants producing specialty (i.e., relatively
low volume) chemicals. Also, the area of a plant site can be very mis-
leading when considering it for determining plant size. Some plants are
built on enormous lots of land but only take up a small portion of that
land, while other plants may utilize the entire lot. Sales volume does
not accurately define plant size since it is totally dependent on the
demand for certain products or the demand for goods produced from those
chemical products. Demand may then be dependent on prices and the econ-
omy, with sales volume fluctuating because of outside variables, and
therefore not relating to a plant or its size.

‘Table 3-6 and Figure 3-1 present the plant distribution of the organic
chemicals and plastics and synthetic materials industries based upon
nunber of employees. Table 3-7 and Figure 3-2 present plant distribu-
tion based on sales volume.

For the purposes of this report, plant size cannot be sufficiently de-
fined based on plant or design capacity due to the often broad differ-
ences between a plant's design capacity or rate and its average produc-
tion rate per year. Therefore, plant size for this evaluation is best
described by the average production (lbs/day) while operating, as re-~
ported in the 308 Questionnaire. Production data on an industry-wide
basis is not available. However, a summary and analysis of the 308 pro-
duction data is presented in Section 1V.

Plant Age

Plant age within the organic chemicals and plastics and synthetic mate-
rials industries is difficult to define since such plants evolve over
extended periods of time by additions of product/processes, increases in
production rates or changes in technology for the existing product
lines. Because new products are continually being introduced by the
industry, process units are added to satisfy a growing product demand.
Plant age is problematic at such plants, i.e., which process should be
chosen to define plant age? Typically, the oldest process in current
"operation is used to define plant age. Information concerning plant age
is not available in the literature and has been compiled from the 308
data base. Table 3-8 and Figure 3-3 illustrate the age (as defined
above) of manufacturing facilities within these industries.
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TABLE 3-6

PLANT DISTRIBUTION BY EMPLOYMENT SIZE

Number of Plastics

Number of
Organic Chemicals and Synthetic
Plants Fibers Plants
Number of SIC CODE SIC CODE
Employees 2865 2869 2821 2323 2824
20-49 77 181 184 4 7
50-99 45 . 96 107 4 6
100-249 38 79 101 0 9
250-499 23 53 45 1 8
500-999 9 28 30 5 7
1000-2499 3 14 16 K] 17
2500-9999 0 6 1 2 8
SOURCE:

22



PLANT DISTRIBUTION BY NUMBER OF EMPLOYEES
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FIGURE 3-1
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TABLE 3-7

PLANT DISTRIBUTION BY SALES VOLUME

Number of Plants
Sales (million dollars) Organic Plastics

1-10 217 287
10-20 137 86
20-30 76 53
30-40 42 29
40-50 28 14
50-60 17 13
60-70 20
70-80 19
80-90 11
90-100

100-110
110-120
120-130
130-140
140-150
150-160
160-170
170-180
180-190
190-200
200-210
210~220
220-230
230-240
240-250
250-260
260-270
270-280
280-290
290-300
300-310
310-320
320-330
330-340
340-350
350-360
360-370
370-380
380-39%0
390-400
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TABLE 3-7 (Continued)

PLANT DISTRIBUTION BY SALES VOLUME

Number of Plants
Sales (million dollars) Organic Plastics

400-410
410-420
450-460
470-480
480-490
580-590
640-650
670-680
690-700
730-740
780-790
920-930
1240-1250
1850-1860

s | e | e e
|
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PLANT DISTRIBUTION BY SALES VOLUME

300+

The Plastics/Synthetics Fibers Industry

200 A

Number
of
Flants

100 -

T 1 T
1 10 100 1000

Sales Volume (millions of callars)

FIGURE s-:

26



TABLE 3-8

DISTRIBUTION BY AGE OF ORGANIC CHEMICALS
AND PLASTICS AND SYNTHETIC MATERIALS PLANTS

Age 1in Years Number of Plants
0-5 18
6-10 44

11-15 61
16-20 53
21-25 44
26-30 | 22
31-35 17
36-40 11
41-45 5
46-50 2
51-55 3
56-60 1
61-65 1
TOTAL 282
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PRODUCT/PROCESS DESCRIPTION

Synthetic organic chemicals are derived from petroleum, natural gas, and
coal by some type of chemical reaction (e.g., oxidation, hydrogenation,
halogenation, alkylation). The chemical process and its variations can
produce an enormous number of potential organic products from a simple
list of starting materials.

Petrochemicals are the major raw materials used to produce many organic
products. Five major sources (methane, ethylene, propylene, and higher
aliphatics and aromatics) are utilized in organic chemical produc-
tion.{3~1] This list is extended when such aromatics as benzene, tol-
uene, and xylenes used for manufacture are included. A small number of
these aromatics are derived from coal, but most raw materials evolve
from petroleum and natural gas. In fact, 90 percent (by weight) of all
organics are derived from these latter two sources.[3-2] Other raw ma-
terials are derived from coal and some naturally occurring renewable
sources, notably fats, oils, and carbohydrates. Obscure natural prod-
ucts used as raw materials contribute to specialty chemical production
within the organics industry.

Methane, one of the seven basic raw materials, is one of the least com-
plex of the organic chemicals. Even using this simple compound, how-
ever, a series of increasingly complex chemicals can be made (see Figure

3-4).

As the chemical complexity of a raw material increases, the variety and
number of potential products and chemical intermediates tend to increase
also (see Figures 3-5 through 3-8 for the products and intermediates
from the raw materials ethylene, propylene, C, hydrocarbons and higher
aliphatics, and the aromatics). Most of the organic chemicals and plas-
tics and synthetics produced in the U. S. are derived from relatively
few basic raw materials, which come almost entirely from petroleum and
natural gas.

Even though a portion of the raw materials is derived from other sources
(such as coal), chese materials are subjected to similar chemical mani-
pulations and appear in the same series of intermediates and products.

Delineation between raw materials and products is difficult to determine
at best, since the product from one manufacturer can be the raw material
for another manufacturer. This lack of distinction is more pronounced
as the process. series approaches the ultimate end product, which is nor-
mally the fabrication or consumer stage. Also, many products/intermedi-
ates can be made from more than one raw material (a specific example of
this is acetone which is produced from such raw materials as propylene,
C, hydrocarbons, and aromatics). Frequently, there are alternate proc=-
esses by which a product can be made from the same basic raw material.

Another characteristic which makes profiling the OCPS industry by raw
material, process, or product difficult is che high degree of integra-
tion in the manufacturing units. Since the bulk of the basic raw ma-
terials are derived from petroleum or natural gas, many of the organic
chemical manufacturing plants are incorporated into petroleum refiner-
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ies, and may produce to almost any point in a process from any or all of
the basic raw materials, Normally, relatively few organic chemicals
manufacturing facilities are single product/process plants unless the
final product is near the fabrication or consumer product stage.

This generalized configuration, of which the bulk of the organics indus-
try is comprised, is commonly referred to as a petrochemical complex.
Processing arrangements within petrochemical complexes can be quite sim-~
ilar on a worldwide basis since a variety of raw materials, intermedi~
ates or finished products is relatively common in the larger scale man=
ufacturing facilities. Furthermore, several processing units are char-
acteristically integrated in such a fashion that the relative amounts of
products can be varied as desired over wide ranges.

The capacity of individual plants can change over time. Plants are of-
ten modified to produce other products, increase capacity, or produce
the same product by a different synthesis route. Some plants or compa-
nies exhibit a pronounced degree of vertical integration, while other
plants or companies may only produce a limited number of products from
one basic chemical raw material. Plant capacities are highly variable
even among those plants that use the same unit process to produce the
same product.

Wastewater Generation

Chemical and plastics manufacturing plants share an important character-
istic: <chemical processes never convert 100 percent of the feed stocks
to the desired products, since the chemical reactions/processes never
proceed to total completion. Moreover, because there are generally a
variety of reaction pathways available to reactants, undesirable by-
products are often generated. This produces a mixture of unreacted raw
materials, products and by-products that must be separated and recovered
by operations that generate residues with little or no commercial value.
These losses appear in process wastewater, in air emissions, or directly
as chemical wastes., The specific chemicals that appear as losses are
determined by the feedstock and the process chemistry imposed upon it.
The different combinations of products and production processes distin-
guish the wastewater characteristics of one plant from that of another.

Plastic Plants vs. Non-Plastic Plants

In contrast to organic chemicals, plastics and synthetic fibers are pol-
ymeric products. Their manufacture directly utilizes only a emall sub-
set of either the chemicals manufactured or processes used within the
Organic Chemical Industry. Such products are manufactured by polymeri-
zation processes in which organic chemicals (monomers) react to form
macromolecules or polymers, composed of thousands of monomer units.
Reaction conditions are designed to drive the polymerization as far to
completion as practical and to recover unreacted monomer. Unless a sol-
vent is used in the polymerization, by-products of polymeric product
manufactures are usually restricted to the monomer(s) or to oligomers (a
polymer consisting of only a few monomer units). Because the mild reac-
tion conditions generate few by-products, there is economic incentive to
recover the monomer(s) and oligomers for recycle. The principal yield
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loss is typically scrap polymer. Thus, smaller amounts of fewer organ-
ics chemical co-products (pollutants) are generated by the production of
polymeric plastics and synthetic fibers, than are generated by the manu-
facture of the monomers and other organic chemicals. A logical first
subcategorization step is to separate production of plastics from all
other production processes. The subcategorization of the remaining or-
ganics and mixed plastics-organics processes is evaluated below.

Generic Processes and Product/Processes

Despite the differences between individual chemical production plants,
all transform one chemical to another by chemical reactions and physical
processes. Though each transformation represents at least one chemical
reaction, production of virtually all the industry's products can be de-
scribed by one or more of 41 generalized chemical reactions/processes
shown in Table 3-9. Subjecting the basic feedstocks to sequences of
these 41 generic processes produces all the commercial organic chemicals
and plastics.

Each chemical product may be made by one or more combinations of raw

feedstock and generic process sequences. Specification of the sequence
of product synthesis by identification of the products and the generic
process by which it is produced is called a "product/process.'" There

are thousands of product/processes within these industries. Data gath-
ered on the nature and quantity of pollutants associated with the manu-
facture of specific products within the Organic Chemicals and Plastics/
Synthetic Fibers Industries have been indexed by product/process.

Thus, while the industry may be examined on the basis of a plant's capa-
city, age, size, location, or number of employees, it is the mixture of
products and the processes by which they are made that distinguishes the
wastewater characteristics of one plant from that of another. Product/
processes are a fundamental descriptor by which data concerning the na-
ture and quantity of pollutants associated with the manufacture of spe-
cific products have been gathered. There are, however, thousands of
industrial product/process combinations which would have to be evaluated
to define the pollutant discharge potential for the entire industry.
Evaluation of each for overall wastewater yield losses, to say nothing
of identifying the pollutant loadings in the plant effluent, is unneces-
sarily difficult and burdensome. '

The premise of the generic approach is that a generic process once char-
acterized in one or more plants for generation of process wastes (yield
losses) can be extended to similar generic processes throughout the in-
dustry. Given that biological treatment is widely practiced by direct
dischargers (and ultimately by indirect dischargers as well), there is a
strong inference that pollutant loadings characteristic of generic pro-
cesses have similar treatabilities. The bulk of chemical processes em—
ployed commercially, moreover, can be limited to a number of generic
processes, and this procedure can serve as the basis for relatively sim-
ple characterizacion of the OCPS industry. The great advantage of a
generic approach, as applied to effluent regulation within the organic
chemicals and plastics and synthetic materials industries, is the struc
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10.
11,
12.
13.
14.
15.
16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

TABLE 3-9

GENERIC CHEMICAL PROCESSES AND CODES

Oxidation (C)
Peroxidation (8)
Acid Cleavage (9)
Condensation (A)
Isomerization (22)
Esterification (G)
Hydroacetylation (13)
Hydration (12)
Alkoxylation (5)
Hydrolysis (E)
Carbonylation (0)
Hydrogenation (F)
Neutralization (24)
Amination (6)
Ammonolysis (K)
Oximation (10)

Dehydration (Q)

Ammoxidation (N)

Electrohydrodimerization

Cyanation/Hydrocyanation

Epoxidation (21)

Etherification (14)
Polymerization (D)
Alkylation (I)

Dehydrogenation (J)

26.

27.

28.

29.

30.

31.

32.

33.

34,

35,

36.

37,

38.

39.

40.

41,

(19)

(7,18)

Sulfonation (M)
Nitration (L)
Hydrodealkylation (U)
Pyrolysis (H)

Cracking (T)
Distillation (2)
Extractive Distillation (15)
(16)

Extraction

Crystallization/Distillation (17)

Fiber Production (23)
Halogenation (B)
Oxyhalogenation (8)
Hydrohalogenation (P)
Dehydrohalogenation (R)
(20)

Chlorohydrination

Phosgenation (V)

OTHER CLASSIFICATIONS

Non OCPS Product/Processes (3)

Cannot Be Classified (2)



turing of existing data within a framework which allows extrapolation to
processes not explicitly evaluated.

The extent to which process yield losses can be correlated with generic
process types depends on the ability to evaluate the chemical reaction
system. The evaluation must include a full consideration of the process
chemisgtry with a wide range of feedstocks and reaction conditions. Some
of the fundamental concepts of this procedure are presented in the fol-
lowing discussion.

Manufacture of a chemical product necessarily consists of three steps:
(1) combination of reactants, under suitable conditions, -to yield the
desired product, (2) separation of the product from the reaction matrix
(e.g., by-products, co-products, reaction solvent), and (3) final puri-
fication of the product. Among the basic concepts that can be employed
to limit the scope of pollutants expected from a plant are: (1) conser-
vation of mass, (2) principles of thermodynamics, and (3) kinetic or
mechanistic analyses.

In general, chemical species do not react via a single reaction pathway.
Depending on the nature of the reactive intermediate, there are a vari-
ety of pathways which lead to a series of reaction products. Often, and
certainly the case for reactions of industrial significance, one pathway
may be greatly favored over all others, but never to total exclusion.
Thus, by appropriate process design and proper control of reaction con-
ditions, product yield is maximized. There are two fundamental sources
af pollutants within a process: pollutants formed as the result of al-
ternate reaction pathways; and reaction, by either the main or alternate
reaction pathways, of impurities present in feedstocks. With regard to
the latter, it is important to realize that even though feedstock impur-
ities may be inert under a given set of reaction conditions, the direct
discharge of such impurities to the environment may still represent a
significant pollution potential.

Potentially, an extremely wide variety of compounds could form within a
given process. The formation of expected products from known reactants
is controlled thermodynamically while the rate at which such transfor-
mations occur depends upon the existence of suitable reaction pathways.
Detailed thermodynamic calculations are of limited value in predicting
the entire spectrum of products produced in a process. Both the iden-
tity of true reacting species and the assumption of equilibrium between
reacting speclies are often speculative. Also, kinetic data concerning
minor side reactions are generally unavailable. Thus, neither thermo-
dynamic nor kinetic analyses alone can be used for absolute prediction
of pollutant formation. However, these analyses do provide a framework
within which pollutant loadings may be considered and generalized.

The direction of reactions in a process sequence is controlled through
careful adjustment and maintenance of conditions in the reaction vessel.

The physical condition of species present {liquid, solid, or gaseous
phase), conditions of temperature and pressure, the presence of solvents
and catalysts, and the configuration of process equipment dictate the
kinetic pathway by which a particular reaction will proceed. From this
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knowledge it is possible to identify reactive intermediates and thus an-
ticipate species (potential pollutants) formed.

To produce a complete and valid descriptor using the generic methodol-
ogy, the initial feedstock and each generic process used to produce a
final product must be specified. For commodity chemicals, generally it
is sufficient to specify a feedstock and a single generic process. Ni-
tration of benzene to produce nitrobenzene, for example, is sufficient
description to predict composition of process wastewaters: nitrophenols
will be the principal process wastewater constituents. Other compounds,
however, may involve several chemical reactions and require a fuller
description, TFor example, acetic acid and its anhydride can be produced
by first manufacturing acetaldehyde by the hydration of acetelene, fol-
lowed by the oxidation of acetaldehyde to acetic acid and acetic
anhydride.

This example is relatively simple and manufacture of speciality chemi-
cals is more complex. Thus, as individual chemicals become further re-
moved from the basic feedstocks of the industry, fuller description is
required for unique specification of process wastewaters. Limited plant
data, however, were available by which to assign generic processes to a
product, and in many cases the product was specified while the feedstock
was not.

In such cases a generic process assignment was made on the basis of
process chemistry and engineering, i.e., judgment was made as to the
feedstock and chemistry employed at the plant. In no case, however, was
more than one generic process assigned to a given product within a pro-
duction line.

Appendix A presents the product/process frequency counts for the 308
Summary Data Base for direct dischargers, and zero dischargers and al-

ternative disposal plants by each of the 41 generic product/processes.

DATA BASE PROFILE

Introduction

Despite the wide range of plant sizes, the diversity of plant specific
product/processes, and the dynamic nature of technological innovations
and mwarket conditions, the OCPS industry 1s characterized using the
latest available data from the industry and published sources.

Most of the data used for the engineering analysis in this report are
extracted from the industry responses to the 1976 BPT questionnaire and
the subsequent 1977 BAT questionnaire. The data” from these question-
naires were transcribed on a plant-by-plant basis to a computer tape.
The transcribed data for each plant were then computer printed and the
individual data were submitted from December 1979 to January 1980 to the
plants for review and comments. Also, long-term daily pollutant raw
waste and final effluent data were collected and transcribed to the com~
puter at this time.
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Additionally, some qualitative information on the generation of waste-
water and mode of discharge at 301 plastics manufacturing facilities was
obtained by a supplemental telephone survey. It was also determined
whether these plants produced resins and polymers which should be in-
cluded in the data bases or whether the operations were limited to ex-
trusion and/or fabrication of plastics.

The data sources included in this analysis are as follows:

1. The Telephone Survey data from the 301 plastic manufacturing
plants, 251 of which were not covered in the 308 Data Base. This survey
consistently determined the mode of discharge (direct, indirect, zero),
location, and general product type. Thirty seven of the plants con-
tacted were identifiable as extruding or otherwise fabricating plastics
from purchased polymers. At the present time, the data from these 37
plants are included only in the mode of discharge portion of the data
bases.

2. The daily data from plants concained in the 308 Data Base. A
following subsection details the decisions involved in the selection of
the plants included in the long-term Daily Data Base.

3. The original 308 data tape was used as the basis for the cur-
rent specialized data bases. The following subsection describes the
changes made to the original data and the parameters and terms used to
profile the data.

The 308 Questionnaire was designed to collect information that would
adequately describe and characterize the OCPS industry. Requested
information related to such items as products manufactured, processes
used, production rates, age, size, water consumption, wastewater gen-
eration, treatment technologies employed, and influent and effluent
characteristics.

The responses varied in respect to completeness of response and detail
of information. Some plants misinterpreted the units requested, did not
give complete responses, provided data in units other than those re-
quested, or otherwise responded in a manner which required either recal-
culation of the data, follow-up contacts for clarification, or in some
cases rejection of the data. This may be explained in part by the fact
that some companies simply did not keep records of information as was
requescted by the questionnaire, and consequently could not respond fully
on all items of interest.

The data acquired from the questionnaire were necessary to assure that
the industry was adequately described and to determine the need for sub-
categorization of the industry. Some specifics of the problems associ-
ated with the raw data and the corrective steps required for clarifica-
tion are discussed in the following sections of this report.

The names applied to the data bases used in this report and a brief
description of their contents are shown in Table 3-10 and Figure 3-9,.
These data base names will be used where the data bases are referred to
in che text of this report.
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TABLE 3-10

DATA BASE DESIGNATION

Data Base File Name Description

308 Data Base Original data base containing
all data extracted from 308
Questionnaires

Daily Data Base Contains long~term influent &

efflyent data from 50 plants

Summary Data Base Updated version of 308 data
base covering the 291 direct
& zero discharge plants
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NOTES :

(1) 308 Data Base contains information on 566 plants

(2) Daily Data Base contains information on 50 plants
(3) Summary Data Base contains information of 291 plants

(4) Telephone Survey Data Base contains information on 301 plants

FIGURE 3-9 - DATA OVERLAPS
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In addition to the above data bases, there are numerous files of data
that have been generated and stored in the computer to allow segregation
and manipulation of special or selected data. These files contain such
data as plant numbers, product/processes and treatment systems for indi-
rect discharge plants, and plants rejected from the direct discharge and
zero discharge (Summary) data base ("gray" plants) because the majority
of each plant's production was not associated with the OCPS industry.

Final Data Base Development

The Summary Data Base is a corrected and updated version of the original
data found in the 308 Data Base. Since this report covers only 2ero and
direct dischargers, the 343 plants shown in the 308 Data Base as using
those discharge modes were used as the initial list of plants for the
Summary Data Base. A review of the information in the files of the re-
maining 223 indirect dischargers (including the responses from 1979
mailing to industry for data update) indicated that another 35 plants
could no longer be classified as indirect dischargers. This brought the
number of plants to be used in the Summary Data Base to 378. This left
188 plants marked as indirect dischargers in the 308 Data Base.

Data on product/processes, plant location and age, production, percent
operating capacity, mode of discharge, treatment unit operations, influ-
ent and effluent wastewater flow and concentrations, age, and period of
data collection were obtained from the original data printouts for each
of the 378 plants in the total direct/zero discharge data base, The
file for each plant was examined and the data were modified to reflect
any corrections to the original data and to incorporate the plant's re-
sponses to the 1979 mailing. After these final corrections, the data
were placed in a System 2000 Data Base Mangement System (DBMS) on EPA's
UNIVAC Computers.

Examination of these data, however, pointed out problems which led to
the deletion of 87 of the plants from the initial Summary Data Base.
Forty-two of the deleted plants were rejected from the Summary Data Base
because they were found to be 1indirect dischargers whose status had
changed from direct or zero dischargers; eight of these indirect dis~
charge plants also utilize some type of zero discharge technique.
Eleven additional plants had data which were not representative of this
industry. These included plants which have since been shut down, plants
which have been sold or no longer make the products described in the BAT
mailing, and one plant whose influent includes a large and unquantifi-
able amount of municipal sewage. Thirty-four plants were rejected be-
cause their products do not fall under the SIC codes being studied.
These plants were divided into two groups. One group consists of 23
plants which clearly are not primarily in the SIC codes under study
(e.g., refineries, paper mills, tall oil plants, welding gas plants, and
plastics extrusion and compounding plants which do not polymerize on
site). The other group consists of plants which make organics, but
which are primarily inorganic plants. These plants typically have only
one treatment system for all plant operations, with the wastewater from
organics processes accounting for less than 10 percent of the total
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plant flow. This group of 1l rejected plants ("gray" plants) is segre-
gated from the other group and may be studied separately or later with
the rest of the organics industry. The final Summary Data Base, which
after rejection of these 87 plants contains data from 291 plants, was
entered into a System 2000 DBMS on the UNIVAC Computer.,

The final Summary Data Base contains detailed information on 291 plants
which are direct dischargers or zero discharge/alternate disposal facil-
ities. They were selected from the 566 plant data base (308 Data Base)
for the reasons given previously. 1In addicion to the 566 plants, some
information is available on 243 plants from the EGD Telephone Survey,
giving a total of 809 plants which are represented in some way in the
data bases. This means that about 67 percent of approximately 1200
plants (or 40 percent of approximately 2100 plants estimated to be in-
cluded in the OCPS industry by EPA) are directly covered in the combined
daca base. .

SIC Code Applicability - As a result of the complexity of many plants in
the chemical industry, several unrelated SIC codes may be applicable to
a single plant. Consequently, the boundaries of the OCPS and related
industries may not be sharply defined using SIC codes.

As a result there exists an overlapping of SIC code coverage in the Sum-
mary Data Base. Although the data included in the Summary Data Base are
for che OCPS industries, some plants which manufacture primarily other
materials, but also produce organic chemicals or plastics (e.g., produc-
tion of alkyd or urethane resins in paint plants and formaldehyde pro-
duction in adhesive plants), have been included in the Summary Data Base
where the relevant development document specifically left such produc-
tion for limitation by the OCPS regulations.

Additionally, where a separate wastewater treatment system exists for
the OCPS portion of a mixed product (SIC code) plant, that plant's data
were included in the Summary Data Base. Plants that specifically inclu-
ded manufacture of OCPS products in their regulations (petroleum refin-
ing, production of rosin resins in gum and wood chemicals, and pharma-
ceuticals) have been excluded from the Summary Data Base since this pro-
duction is already covered by those regulations. Figure 3-10 presents
these data base and industry guideline overlaps.

Stream/Plant Distinctions - The 291 plants in the Summary Data Base ac~
tually represent 377 different wastewater streams. A wastewater stream
in this context is defined as a discrete disposal method used for the
disposition of some of a plant's wastewater; dry processing and recyc~
ling of wastewater count as a stream each. For example, if a plant had
two wastewater streams going to one activated sludge system, three to
deep well injection, two processes which discharge wastewater untreated,
and two dry processes (i.e., processes which neither use nor generate
process contact water), it would be defined as having four waste
streams: activated sludge, deep well, no treatment, and dry processing.
However, if the two wastewater streams going to one activated sludge
system were instead going to two separate activated sludge systems and
had separate influent and effluent data for each, data for five streams
would exist: two with activated sludge, one with deep well injection,
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NOTES:

Fereild zers__-)r—-
(See Note 2) -

(see Note 1)
N

Timber Products

Numerous

Unrelated
Guidelines

Inorganic
Chemicals
{see note 2)

, See Note 1)
[Paint

Formulating

Alcohol Fuels /

(see note 1)/

Adhesives
and Sealants

Coal
Gasification /

(see note 1)/

(see note 3}

Pharmaceuticals

{see note 2) A s

"Organic

Refineries

£ 3= Nsee note 3)

Wood M
Chemicals

see Note 1)

Chemicals and

Plastics and 7"
"~ Synthetics ol

Pesticides

*--7" P{cee note 2)

Plastics
Molding and
rmulating J

Pulp,
Paper,

M See MNote 2)

<-—}{see note 1)

Ink
Formulating

Paperboard,
and Builders'
Paper and

Paperboard Mills

(see note )

(1) No identified direct discharge Data Base overlap with organic
chemicals and plastics and synthetic materials industries.

(2) 1Identified direct discharge Data Base overlap with organic
chemicals and plastics and synthetic materials Industries.

(3) Overlapping plants excluded from Data Base because organic
chemical production is covered by categorical regulations
through petrochemical and chemical synthesis subcategories

in the appropriate industries.

45

FIGURE 3-10 -‘DATA BASE AND RELATED INDUSTRY GUIDELINES OVERLAP




one with no treatment, and one with dry processing. Separation of the
plant processes in this manner allows each process to be linked with the
influent and effluent of the treatment system to which it goes, rather
than simply be considered as a contribution to an overall plant average
loading.

Of these 377 streams, 212 are direct, 162 are zero or alternate disposal
and three are of unknown disposition. The majority of plants (225) have
only one discharge. The remaining 66 plants account for the other 152
waste streams. The tallies of plants and the associated streams are
given in Table 3-11.

Some of the tables in this report are presented in terms of plants, some
are presented in terms of streams, and some are presented in terms of
both. It should be noted whether the word "plant" or the word "stream"
appears in the title or content of each table.

Stream Combining - Early emphasis on the data evaluation was put on the
determination of overall plant wastewater treatment efficiencies and
effluent qualities. Since, by inspection of che 308 data, it was evi-

dent that biological treatment, especially activacted sludge, was the
most prevalent method of treatment, these plants were cthe first exam-
ined. Where more than one treatment system existed at a plant, the data
over the systems were combined by calculating a total. composite influent
load and a total composite effluent load, and then the overall removal
of a given pollutant parameter achieved by the plant was calculated.

In subsequent data evaluation efforts required to demonstrate the effi-
ciency of a particular treatment technology, it became apparent that
this procedure of combining streams to arrive at an overall influent and
effluent loading over multiple treatment systems (including the "no
treatment' discharges) was not suited for the study of individual treat-
ment system performance because it led to gross over or under estimation
of the efficiency of a specific technology. For example combining the
characteristics of the effluent from a well operated biological treat-
ment plant with an untreated stream could mask the effectiveness of the
biological treatment plant.

To avoid the potential misrepresentation of treatment efficiencies,
stream combination was abandoned except for five plantsg which utilize
either dual biological or non-biological treatment. Each of these
plants have multiple treatment systems for which the data presented were
not detailed enough to allow separation of the data to evaluate the in-
dividual treatment system's performance. However, since the treatment
technologies employed at each of the plants are similar within the mul-
tiple treatment installation at that plant, it is judged that no sub-
stantial data errors are generated by combining the streams and using
the resultant data. For example, the data from a biological treatment
system are not being combined with the results from a non-biological
treatment system.

Finally, streams have been combined where product/processes could be
specifically allocated to each stream. For example, iIf a plant sends
its wastewater to north and south wastewater sewers without specifying
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TABLE

TPor All Plants
Total Number of Plants

Number of Plants with One Stream

Number of Plants with Multiple
Streams

Number of Plants with Zero
Discharge Streams

Number of Plants with Direct
Discharge Streams

Number of Plants with Unknown
Discharge Streams

For Plants Of Any Number Of Streams

Total Number ol Streams

Number of Direct Discharge
Streams

Number of Zero Discharge
Streams

Number of Unknown Discharge
Streams

POR PLANTS WITH MULTIPLE STREAMS

Total Number of Streams

Number of Direct Discharge
Streams

Number of Zero Discharge
Streams

Number of Unknown Discharge
Streams

3-11 -

Al

291

225

66

127

195

377

212

162

152

56

95

PLANTS AND TREIR ASSOCIATED STREAMS

Direct Discharge

195

156

19

3

195

212

38

95

56

38

Zcro Discharge

Unknown Discharge

94

67

27

94

124

124

Y

37



which process has 1its wastewater sent to which sewer, and if both
streams are treated with oil/water separation, it was assumed that those
two separators had been combined.

Cooling Water - Often, effluent data for a plant is gathered after non-
contact cooling water is mixed with the effluent from the treatment sys-
tem. This dilution will decrease the apparent effluent concentration
from the treatment processes. To factor out the effects of this dilu-
tion, each plant's effluent flow was reduced by the amount of the cool-
ing water. The necessary assumption is that the total pounds of pollu-
tant discharged are due to the effluent from the treatment system and no
pollutants were contributed by the noncontact cooling water. If data on
the cooling water were available, they were used for back calculation
instead of assuming the water to be uncontaminated. The practice of re~
porting the plant effluent on the basis of total discharge (i.e., in-
cluding commingled noncontact cooling water) is very common in this in-
dustry since most state regulatory agencies require the information on
discharges to be based on total discharges and the quality thereof.

0f all the plants in the Summary Data Base, a total of 49 plants had
cooling water commingled with the treatment plant discharge, thus re-
quiring calculation to eliminate the diluting effects of the cooling
water.

The assumption of uncontaminated cooling water will resulc in slight
underestimates of treatment efficiency since the cooling water will not
actually be completely free of contamination. It will also result in
conservative (i.e., slightly high) estimates of effluent concentrations
from the treatment facilities. However, it should be noted that cooling
water can contribute relatively high TSS loadings, especially to the
typically low strength plastics and synthetic materials wastewaters. If’
a cooling water stream was combined at the influent of a treatment sys-
tem after the influent sample point, a composite influent stream was
also developed as described above.

Offsite Treatment - One of the more confusing issues concerning the des-
ignation of treatment facility type was offsite treatment, Offsite
treatment refers to that method used by a plant which discharges its
wastewater to a privately or jointly owned treatment work. This des-
ignation was a source of confusion since some plants employing "offsite
treatment were originally regarded as indirect dischargers. Subsequent
analysis determined that a plant discharging to a treatment work not
owned by a governmental entity would not be covered by pretreatment
standards for existing sources or pretreatment standards for new
sources, and therefore would be covered by this study.

The offsite treatment plants were first differentiated from the 22
plants which  use contract removal. Contract removal was considered to
be removal in drums or trucks. Offsite~treated wastewater is defined as
being wastewater piped directly to the treatment system handling the
wastewater. Two more plants were removed because they had been pur-
chased by the plant treating the wastewater. The product/processes and
all other parameters associated with the purchased plants were combined
with those from the parent plant.
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After removing these two types of plants, there were still six plants
which pumped their wastes either to a jointly or a privately owned
treatment work. These six plants are described as utilizing offsite
treatment.

Generic Processes — In addition to cataloging the products at each plant
by product/process numbers, data was also sorted using generic chemical
processes. For this effort, a list of 41 major generic processes was
examined. General categories were also established for inorganic opera-
tions on organic chemicals, items which are called chemical processes
but which really are not (cooling tower blowdown, etc.), products for
which insufficient data exist to characterize the process, and products
outside the SIC codes of interest to this report. A list of the generic
codes used in the industry is shown Ln Table 3-9.

Each of the product/processes was then examined to determine its appro-
priate generic unit process. Where more than one generic process was
required to characterize any particular product/process, engineering
judgment was exercised to assign the step in the overall process most
likely to generate wastewater.

Possible Sources of Inaccuracy - As is the case whenever a large com—
pilation of diverse types of data are accumulated from a large number of
varying sources, there are potential sources of error both in the data
accumulated and in the interpretation of the data. Errors can arise
because of questionnaire ambiguities and technical misinterpretation by
the respondees. Some examples of these possible errors are:

1. The assumption that MGD was interpreted as million gallons per
day, a commonly recognized term used by people in the wastewater field.
However, in many responses 'M" was interpreted as the Roman numeral for
thousand, a practice also fairly common in many fields of engineering
including those of the chemical industry.

2. Misinterpretation of treatment technology definition. This was
most evident in the lack of consistency in referring to treatment proc-
esses which have subtle differences such as aerobic lagoon vs. aerated
lagoon, the several options of activated sludge processes, and the use
0of colloquial or "house” names for such technologies as tertiary la-
goons, polishing ponds and similar installations.

3. Failure of the respondents to fill in the questionnaire com-
pletely, or the submittal of conflicting or contradictory information,

To alleviate the effect of the possible errors, engineering judgments
and calculations were made to determine reasonable values based on the
data supplied, or follow-up contacts were made to plant personnel to
clarify the data in question.

A source of inaccuracy in the data is the reporting of identical influ-

ent and effluent flows. This is a very common practice in industry
where the effluent values for flow are reported, and for control of the
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waste treatment system influent flow is equated. Although this proce-
dure may create errors by not accounting for slight amounts of water
removed in the sludge, evaporation or other miscellaneous losses, the
discrepancies introduced by equating influent and effluent flows are of
more theoretical than practical interest and would be meaningful only
for the most highly sophisticated material balance studies.

Another possible source of error is the reporting of net pollutant val-
ues. The NPDES permits at some plants allow them to offset the pollu-
tant concentration of intake waters and allow them to report only the
increase in pollution due to the plant, Many plants have this kind of
permit and, since the 308 Questionnaire asked for pounds per day rather
than concentration of pollutants, therefore reported the net increase in
lbs/day used for their NPDES Discharge Monitoring Reports (DMRs) rather
than the total amount of discharge. Unless specifically stated as such
in the questionnaire response, plants reporting net BOD (or other param~
eter) discharges could be detected only where negative discharge loads
were reported. Where detected, the values for net reporting were ad-
justed to the gross value prior to entry in the Summary Data Base. One
plant (113) reported a negative value and three plants indicated the use
of net values.

An additional potential error source could lie in the lack of differen-
tiation between the filtered (soluble) BOD and unfiltered (total) BOD
values. The customary practice in industry is to report total BOD since
practially all reporting is normally done for permit purposes concerned
with the total pollutant discharged. A review of the Summary and Daily
Data Base plants showed only four plants which specified the method of
reporting ot analyzing for BOD: one plant specified unfiltered BOD re-
sults, another plant reported four months filtered and the remainder
unfiltered, and two plants reported total BOD.

Another possible source of error in BOD values is the use of chlorina-
tion by some plants before the effluent sample point. Although there
may be some reduction in BOD due to chlorination, the main effect of
chlorination can be interference with the BOD test procedure. Residual
chlorine in the wastewater sample can inhibit the growth of the bacter-
ial seed used in the BOD test. This results in a BOD value lower than
the true oxygen demand of the pollutants contained in the sample. How-
ever, since the effect of chlorine on BOD determinations 13 well known,
the laboratory procedures (Standard Methods) employed in practically all
wagtewater laboratories provide methods for the removal of the chlorine
before the BOD analyses are carried out. Examination of the data indi-
cates that the respondents followed standard analytical procedures in
BOD determinations.

The values for COD and TOC used in the Summary Data Base were collected
from the data provided in the 308 Questionnaire responses. The values
furnished could have been derived from laboratory determination,
BOD/COD/TOC ratios, or values taken from literature. Since any source
other than laboratory determinations or a properly derived and applied
statistical correlation of parameter ratios may lead to erroneous con-
clusions, every effort was made to exclude COD and/or TOC values which
could not be verified as being derived from-acceptable procedures. Only

50



one plant mentioned an empirical relationship but furnished no COD
values.

These sources of error, if ignored, could seriously affect the quality
of the data bases. Since these sources of error can and do exist in the
accumulated raw data, a diligent review of the 308 Questionnaires and
supplemental information was made in an effort to identify and either
reject or correct discrepancies., Only after this review was data incor-
porated into the Summary Data Base.

Daily Data Base Development

One of the major purposes of this study is the development of long-term
daily pollutant data. These data are required to derive variability
factors which characterize wastewater treatment performance and provide
the basis for derivation of proposed effluent limitations guidelines and
standards. Hundreds of thousands of data points have been collected,
analyzed, and entered into the computer.

The first effort at gathering daily data involved the BPT and BAT mail-
ings. These questionnaires asked each plant for backup ianformation to
support the long-term pollutant values reported. Many plants submitted
influent and effluent daily observations covering the time period of in-
terest in the BPT questionnaire (January 1, 1976 to September 30, 1976).
Additionally, there were some other conventional and nonconventional
pollutant daily data in the files from the period of verification sam-
pling. Some plants also submitted additional data with their responses
to the 1979 mailing. Data from these three sources were examined and
interpreted.

Approximately 50 plants were identified as those routinely taking influ-
ent and effluent daily observations of parameters of interest. These
plants were contacted, and in many cases visited. The contacts usually
resulted in accumulation of long-term (sometimes six years) influent and
effluent data and decailed information on plant operations. Other data
were obtained from various EPA offices which provided long term daily
data for a total of 56 plants. Data from fifty of the plants were
transcribed, keypunched, and loaded into the computer. Data from six of
the plants were never used due to deficiencies in data.

After the data from plants were available on the computer, further in-
vestigation resulted in the reconsideration of some of the plants and/or
data. However, the data from these flagged plants may be utilized in
some of the statistical evaluations. Reasons for flagging of the trans-
cribed daily data plants are: .

1. Incomplete data (either influent or effluent data missing).
2. Major process changes during data collection period.
3. Dilution of effluent stream before sample point or influent

stream after sample point which causes some difficulty in
analyzing certain stream's data for each day.
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4., The existence of conditions which indicate poor operation of a
biological treatment system. Examples of these conditions in-
clude low MLSS for activated sludge plants, extreme carryover
of suspended solids, and unconventional design parameters such
as inadequate detention times.

A detailed acceptance/rejection analysis of Daily Data plants, for use
in development of variabilicy factars, is presented in Section VII.

The final Daily Data Base consists of data from 50 plants. These data
are available in two forms on the UNIVAC computer. They are available
in the units in which they were measured at the plant (some in mass per
unit time and some in concentration) and in a file which has been pre-
processed to a consistent set of flow (million gallons per day) and con-
centration (milligrams per liter) units. Each day's data consists of
the plant number, the date and the influent and effluent parameters for
flow BOD, COD, TSS, TOC, ammonia, oil and grease, phenol, chromium, pH,
and temperature, where avalilable.

Mode of Dischar&g

There are three basic discharge modes utilized by the industry: direct,
indirect and zero or alternative disposal/discharge. Direct dischargers
are plants which have a contaminated effluent, treated or untreated,
which 1is discharged directly into a surface water. Plants with only
noncontact cooling water or sanitary sewage effluents are not considered
to be direct dischargers for purposes of this report. Indirect dis-
chargers are plants which route their effluents to publicly owned treat-
ment works (POTWs) and are therefore subject to pretreament standards.
Discharge of wastewaters into the system of an adjoining manufacturing
facility or to a treatment system not owned by a govermment entity is
not considered indirect discharge, but is termed offsite treatment (see
Offsite Treatment). Indirect dischargers are outside the scope of this
report. Zero or alternative disposal/dischargers are plants which dis-
charge 'no wastewater to surface streams or to POTWs. For the purposes
of this report, these include plants which generate no wastewaters,
plants which recycle contaminated waters, and plants which use some kind
of alternate disposal technology (e.g., deep well injection, incinera-
tion or contractor removal).

Some plants with insufficient information to determine discharge mode
were termed unknown dischargers (see Table 3-12).

The final Summary Data Base contains 291 plants, 195 of which are direct
dischargers, 94 of which are zero or alternative disposal/dischargers,
and two of which are unknown. No indirect dischargers are included.
These 291 plants contain 377 waste streams, 212 of which are direct, 162
of which are zero or alternative disposal/dischargers, and three of
which are unknown. The 195 direct discharge plants include 33 plants
which also utilize zero or alternative disposal discharge techniques
(see Table 3-12).
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TABLE 3-12

NUMBER AND TYPES OF PLANTS AND STREAMS
IN THE DATA BASES

Summary Data Base Number of Plants Number of Streams
(291 Plants) All Dir Zero Unk All Dir Zero Unk
All 291 195 94 2 377 212 162 3
Organic - Only 62 41 20 1 89 52 36 l'
Plastic - Only 113 67 45 1 146 77 67 2
Organics/Plastics 116 87 29 - | 142 83 59 -

Daily Data Base

All 50 50 - - - - - -
Organic - Only 6 6 - - - - - -
Plastic - Only 17 17 - - - - - -
Organics/Plastics 27 27 - - - - - -

Informal Telephone Survey

All 301

Nonduplicated Plants 251
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Size

Although there are several possible ways to describe plant size, the 308
Questionnaire did not ask for sales, employment, or acreage data. There-
fore, the only possible remaining description for size in the 308 Data
Base is capacity and actual production. Since data available on the in-
dustry do not include capacity, and since one would not expect design
capacity to determine the pollutant load, those numbers were not includ-
ed in the Summary Data Base.

The Summary Data Base includes values for actual production as shown in
the 308 Questionnaire and for percent of operating capacity being used
in each plant. These data are presented on a stream basis as the total
production of all products made at the plant whose wastewaters are di-
rected to that stream and include production of all products contribu-
ting wastewater, 1lncluding inorganics and other products not covered
under the SIC codes of interest to this study. Table 3-13 presents the
total production or organic chemicals and plastics in the 308 Data Base,
the total OCPS production for industry determined by the Bureau of Cen-
sus, and the Summary Data Base production values.

Age

Plant age could have an impact on pollutant loadings since water use,
process technology, waste treatment technology, and plant maintenance
techniques have vastly improved over the years since industry begin-
nings. Age was defined for purposes of this study as the year of in-
stallation of the oldest remaining unit at the plant. Table 3-14 pre-
sents the distribution of plant ages in the Summary and Daily Daca Base.
Plant ages range from two to 64 years, with most plants between 9 and 24
years old.

Products

The OCPS industry may be described in terms of the number and variety of
products manufactured. This can be done by listing the manufactured
products in a broad categorization such as "organics" and 'plastics and
synthetics" or by listing the separate products made at each plant.

The latter approach would provide useful information concerning the pre-
diction of the presence of toxic pollutants at each plant but would not
contribute significantly to the study of conventional and nonconvention-
al pollutant parameters found in end-of-pipe wastewater. Therefore, the
former method of using broad product categories was used for grouping
data., Many of the tables in this section have included information
based on plants which make only organic chemicals, plants which make
only plastics, and plants which make both.

The final Summary Data Base contains 62 plants which are organic only
producers, 113 plants which are plastic-only manufacturers, and 116
plants which make both (see Table 3-12). Approximately 1200 products
exist in the 308 Data Base, while 31 percent (373) exist in the Summary
Data Base.
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TABLE 3-13

PRODUCTION COMPARISONS

All Products Plastics Organics
{billion 1lb/yr) {(billion 1lb/yr) {billion 1b/yr)

Total U, S, * 350 60 290
Total 308 198.4 44,6 153.8
Data Base (57%) (74%) (53%)
Summary Data Base**
All Streams 230 N/A N/A
Direct Streams 190 N/A N/A
Zero Streams 40 N/A N/A

*  per Table 3-1i

** These data include manufacture of all products contributing to waste-
water loading, including inorganics and other products not under study
here.

N/A Data not collected in such a way as to make these numbers available
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TABLE 3=14 NUMBER AND TYPES OF PLANTS AND STREAMS BY AGE
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Processes

Another important way to describe the data bases is in terms of proc-
esses. Process is a more significant description than product because
one product may be made by numerous different processes, each of which
uses different raw materials and reaction conditions. Data on products
and on processes were taken in combinations which yield what are termed
product/processes. A product/process is one product made by a particu-
lar process. For example, cyclohexanone manufacture by oxidation of
cyclohexane is one product/process, and production of cyclohexanone (the
same product) by dehydrogenation of cyclohexanol is a different product/
process. Product/ process designations were given to all products and
processes found in the data bases, including products not in the SIC
codes of interest. There are approximately 2100 product/processes asso-
ciated with the 1200 products in the 308 Data Base. The Summary Data
Base contains 858 different product/processes. Attempting to relate
each individual product/ process with its associated pollutant loading
would be nearly impossible, not because the mechanics of such an effort
would be difficulct, but because the results would be of little value.
This 1s true for two reasons. First, each product/process occurs an
average of 2.1 times in the data base. This means that conclusions
would have to be drawn on specific product/processes based on very lic-
tle data. Second, each plant in the data base utilized an average of
6.2 product/processes and each stream contains an average of 4.8
product/processes. The fact that the average plant in the data bases
makes s0 many products means that the end-of-pipe data collected on each
plant will be a combination of the pollutant loads from all product/
processes existing at that plant. Attempting to relate the end-of-pipe
data to any one of the processes present cannot be done since all of the
" product/process data are for total end-of-pipe discharges.

Two methods have been used to make the study of processes more useful:
complexity and generic product/processes.

Complexity - Plant complexity is a description of the variety of prod-
ucts and processes represented at each plant. 1In the OCPS study, com-
plexity is defined as the number of product/processes available at each
plant. The distribution of plants and streams among the various numbers
of product/processes is indicated in Table 3-15. Plants range in com-
plexity from one to 51 product/processes. Seventy-three percent of the
streams have five or less product/processes going to each, while 45 per-
cent of the plants have between twenty and thirty product/processes.

Generic Processes — To make the process information more meaningful, da-
ta were developed for generic process groups as described in '"Generic
Processes." Distributions of the streams among these generic groups are
presented in Table 3-16. All of the generic groups in Table 3-9 are re-
presented in the Summary Data Base.
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TABLE 3- 15 NUMBER AND TYPES OF PLANTS AND STREAMS BY PRODUCT/PROCESSES

Streams Plants

No. of Product/ Daily
Processes All Dir Zer Unk All Dir Zer Unk. Data
1 65 il 33 1 42 21 20 1 3
2 43 27 15 1 26 15 11 - 7
3 55 30 24 1 22 14 8 - 10
4 25 19 6 - 8 5 3 - 4
5 26 19 7 - 5 3 2 - 2
6 17 10 7 - 3 2 1 - 1
7 8 6 2 - 2 2 - - 1
8 12 8 4 - 1 1 - - 2
9 8 6 2 - 1 1 - - 3
10 8 5 3 - 7 5 2 - 1
11 10 8 2 - 10 8 2 - 1
12 3 3 - - 3 3 - - 1
13 4 2 2 - 2 1 1 - -
14 4 4 - - 4 4 - - 4
15 4 2 2 - 4 2 2 - 1
16 3 3 - - 3 3 - - 1
17 2 1 1 - 2 1 1 - -
18 3 3 - - 3 3 - - 1
20 2 2 - - 4 4 - - 1
21 2 2 - - 11 6 5 - -
22 2 2 - - 13 12 1 - 1
23 27 13 13 1 -
24 1 1 - - 13 10 3 - -
25 1 1 - - 23 18 5 - -
26 2 2 - - 16 10 6 - 1
27 6 5 1 - -
28 11 8 3 - -
29 1 1 - - 9 6 3 - -
31 1 1 - - 1 1 - - -
33 1 1 - - 1 1 - - 1
34 , 1 1 - - -
39 1 - 1 - 1 - 1 - -
41 1 1 - - 1 1 - - 1
45 1 1 - - 1 1 - - 1
51 1 1 - - 1 1 - - -
Not Reported 60 9 51 - 3 3 - - 1
TOTALS 377 212 162 3 291 195 94 2 50
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TABLE 3-16

OCCURRENCES OF GENERIC PROCESSES

Occurrences

Occurrences : Occurrences in Occurrences in Unknown

Generic Class¥* in the "Direct Discharge Zero Discharge Discharge

Codes Sum. Data Base Streams Streams . Streams

A 63 48 15 -
B 99 85 14 ) -
C 139 102 37 -
D1 378 231 144 3
D2 140 121 19 -
E 51 46 5 -
Fl 37 30 7 -
F2 16 14 2 -
G 117 92 25 . -
H 71 57 14 -
I 6 5 1 -
Il 3 3 - -
12 17 17 - -
J 2 2 - -
J1 10 10 - -
J2 19 : 15 4 -
K 26 22 4 -
L 24 24 - -
M 35 32 3 -
N 5 3 2 -
0 42 32 10 -
P 35 33 2 -
Q 10 7 3 -
R 18 16 2 -
) 6 6 - -
T 1 1 - -
U 5 5 - -
v 16 16 - -
yA 6 6 - -
12 20 17 3 -
13 1 - 1 -
14 9 9 - -
15 27 23 4 -
16 6 3 3 -
17 8 8 - -
18 4 3 1 -
19 1 1 - -
2 48 43 S -
20 8 8 - -
21 4 2 2 -
22 1 1 - -
23 18 17 1 -
24 9 2 7 -
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TABLE 3-16 (Continued)

OCCURRENCES OF GENERIC PROCESSES

Occurrences
Occurrences Occurrences in Occurrences in Unknown
Generic Class* in the Direct Discharge Zero Discharge Discharge
Codes Sum. Data Base Streams Streams Streams
3 203 150 52 1
4 12 6 6 -
5 63 54 9 -
6 20 16 4 -
7 2 2 - -
8 4 4 - -
9 1 1 - -
TOTAL 1866 1451 411 4

* For description of codes see Table 3-9.

60



SECTION 1V,

SUBCATEGORIZATION

INTRODUCTION

Sections 304(b)(1)(B) and 304(b)(4)(B) of the Clean Water Act require
EPA to assess certain factors in establishing effluent limitations
guidelines based on the best practicable control technology (BPT) and
best conventional pollutant control technology (BCT). These factors
include the age of equipment and facilities involved, the manufacturing
process employed, the engineering aspects of the application of recomm-
ended control technologies including process changes and in-plant con-
trols, non-water quality environmental impacts including energy require-
ments and other factors as determined by the Administrator.

To accommodate these factors, it may be necessary to divide a major in-
dustry into a number of unique and homogeneous groups or subcategories.
This allows the establishment of uniform national effluent limitations
guidelines and standards while at the same time accounting for the
individual characteristics of different groups of facilities.

The factors considered in the subcategorization of the Organic Chemicals
and Plastics and Synthetics Point Source Categories (OCPS) include:

Facility Size

Geographical Location

Age of Facility and Equipment

Raw Wastewater Characteristics
Treatability

Raw Materials

Manufacturing Product/Processes
Nonwater Quality Environmental Impacts
Energy Requirements ’

O~~~

The impacts of these factors have been evaluated to determine if sub-
catégorization is necessary or feasible. These evaluations are discus-
sed in detail in the following sections.

STATISTICAL METHODOLOGY

Two major statistical techniques were used to determine an appropriate
subcategorization scheme for the OCPS industry: the Spearman Rank Cor-
relation [4-1] and the Terry-Hoeffding Test.(4-2] Both techniques are
non-parametric, thus making the fewest assumptions about the nature of

the underlying data.

The Spearman Rank Correlation was used to determine the existence of any
relationships among the factors which must be considered for subcategor-
ization of the OCPS industry. A detailed explanation of the Spearman
Rank Correlation technique and an example of its uge are presented in
Appendix B,
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The Terry-Hoeffding test was used to test whether two populations of
plants differ in terms of median levels of a parameter of interest
(e.g., median influent BOD concentration). If the test indicates that
two groups of plants are different, then the groups could represent a
bagsis for subcategorization. A detailed explanation of the Terry-
Hoeffding test and an example of its use are presented in Appendix B.

TECHNICAL METHODOLOGY

All nine factors mentioned previously were examined for technical sig-
nificance in the development of the proposed subcategorization scheme.
However, in general, the proposed subcategorization is based primarily
on significant differences in raw waste characteristics, since many of
the other eight factors could not be examined in appropriate technical
and statistical depth due to the intricacies of the data base. There-
fore, variations in raw waste characteristics were utilized to evaluate
the impact of the other eight factors on subcategorization. For exam-
ple, the ideal data base for evaluating the need for subcategorization
and the development of individual subcategories would include raw waste-
water and final effluent pollutant data for facilities which employ only
one generic manufacturing process or multiple product plants which seg-
regate and treat each process raw waste stream separately. 1In this man-
ner, each factor could be evaluated independently. Specifically, to
evaluate the significance of facility size, the ideal data base would
contain fifty or more plants using only one generic process and all
varying in size (i.e., production rates of 10 kilograms per year to
1,000,000 kilograms per year). In addition, all 50 plants would be lo-
cated in one geographic region and be of the same age. In this manner,
the effects of size would not be masked or enhanced by the effects of
geographic location or plant age. Therefore, to evaluate each factor
ideally, the data base would need to contain plants that would allow
isolation of each of the factors as described above for size.

However, the available information consists of historical data collected
by individual companies primarily for the purpose of monitoring the per-—
formance of end-of-pipe wastewater treatment technology and compliance
with NPDES permit limitationsa. The OCPS Industry is primarily comprised
of multi-product/process, integrated facilities. Wastewaters generated
from each product/process are collected in combined plant sewer systems
and treated in one main treatment facility. Therefore, each plant's
overall raw wastewater characteristics are affected by all of the pro-
duction processes occurring at the site at one time, The effects of
each production operation on the raw wastewater characteristics cannot
be isolated accurately from all of the other site specific factors.
Therefore, a combination of both technical and statistical methodologies
had to be used to evaluate the significance of each of the subcategori-
zation factors, In the methodology that was employed, the results of
the technical analysis were compared to the results of the statistical
efforts to determine the usefulness of each factor as a basis for sub-
categorization. The combined technical/statistical evaluations of the
nine factors are presented below.
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RAW WASTEWATER CHARACTERISTICS

Raw wastewater load (RWL) was selected as the dependent variable to be
used to evaluate the significance of all of the subcategorization fac-
tors discussed in this section. RWL for the purposes of subcategoriza-
tion is a measure of flow, BOD and TSS and was used as the basis for
comparison to the other eight subcategorization factors.

Flow, for the purpose of this report, is measured in million gallons per
day (MGD), and includes only process wastewater. This includes contact
cooling waters, vacuum jet waters, wash waters, reaction media and con-
tact steam., Wastewater flow does not include storm water, non-contact
cooling water and sanitary wastewaters., Wastewater flow can be affected
by facility size, efficiency of water use, methods of production (e.g.,
solvent or aqueous based), methods of cooling and vacuum generation, as
well as other factors.

BOD is a measure of the wastewater's organic content (see Section V).
Plants that use highly soluble organic materials, or use contact waters
extensively, usually have higher BOD loadings than plants that use dry
process techniques or solvent based reactions.

TSS is a measure of both organic and inorganic. solid materials (see
Section V). It is a measure of the insoluble phase of the wastewater.
Higher TSS values can be associated with precipitation products, wash
waters, contaminated storm water, as well as other sources.

MANUFACTURING PRODUCT/PROCESSES

Because this rulemaking involves the combination of two industries,
(Organic Chemicals and Plastics & Synthetic Materials), an initial
subcategorization involving the following broad industry segments was
selected:

1. Plants manufacturing only plastics and synthetic materials

2. Plants manufacturing only organic chemicals

3. Plants manufacturing both organic chemicals and plastic
and synthetic materials at the same facility.

Due to the nature of the raw materials and production processes, organic
chemicals plants would be expected to have higher raw waste loads than
plants manufacturing only plastics and synthetic materials, with com—
bined organics and plastics plants lying between these two groups. This
is confirmed in Figure 4-1, which shows the cumulative distribution of
raw waste BOD for the three initial industry segments: Plastics Only,
Organics Only, and Combined Plastics and Organics. Figure 4-2 presents
the least squares fit of the data shown in Figure 4-1. As shown in
these figures, the points generated from plotting the three cumulative
distributions on log probability scale show the Plastics Only plants
have considerably lower raw waste loads than the other two groups. This
is further substantiated by the application of the Terry-Hoeffding Test
for raw waste BOD for the groups Plastics Only and Not Plastics Only
(combined groups 2 and 3). The test statistic T = 3.765 for a sample
size of 123 yielded a probability level of zero. A level less than 0.05
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is considered significant. Thus, Plastics Only is significantly differ-
ent from the other two groups in terms of BOD. (There was no signifi-
cant difference in the groups for TSS.)

The other two groups offer some statistical analysis problems. As shown
in Figures 4-1 and 4-2, the Organics Only and Plastics and Organics
groups yield cumulative curves which intersect, indicating an interrela-
tionship between the groupings' organics contributions. Unfortunately,
due to data deficienCies, it was not possible to proportion the individ-
ual organics and plastics raw waste contributions for combined organics
and plastics producers by flow or production. As a result, another
approach based on the product/process chemistry exhibited by plants in
the combined groups (Not Plastics Only) was examined.

As detailed in Section III, the OCPS industry produces thousands of or-
ganic chemical products and in many cases, one product can be produced
by a number of processes. Therefore, subcategorizing by specific pro-
duct would result in an unmanageable number of subcategories. However,
since BPT regulations will limit such broad based pollutant parameters
as BOD, TSS, and pH, subcategorizing by type of production process and
their tendencies to produce high or low quantities of these pollutants
can result in a manageable, yet appropriate method of subcategorizacion.
In general, certain production factors may affect the concentration of
BOD or TSS in the raw wastewater generated by an OCPS industry facility.
Factors that might contribute to a relartively higher BOD or TSS loading
include: the use of aqueous reaction media that may require subsequent
disposal, the general yield of the process (if a process does not retain
a high percentage of reaction products, and instead product and reactant
find their way to the waste stream, a relatively higher raw waste load
may be observed), the absence of toxic materials in the raw wastewater
that might inhibit the BOD test procedure, and the use of vacuum jet
water, steam ejector condensate or contact cooling waters and their dis-
charge to the process sewer.

Also contributing to relatively higher BOD or TSS raw waste characceris-
tics 1is the use of raw materials or the manufacture of products that
contain oxygen, nitrogen, or phosphorous. Generic processes which gen-
erate oxygenated by-products may be expected to produce wastewaters
which are more biodegradable, and thus exert a higher biological oxygen
demand than process wastewaters which do not. This is because enzymatic
catabolic pathways generally follow a sequence of hydroxylation and sub-
sequent oxidation to keto or carboxylic acid derivatives; and cthe great-
er the degree of oxidation (whether chemically or biologically induced)
the shorter the pathway to ultimate biodegradation as well as a greater
choice of existing catabolic enzymatic pathways. The generic process of
oxidation therefore would be expected to generate wastewaters that exert
a relatively high biochemical oxygen demand.

An intermediate 5-day biochemical oxygen demand may be expected for
chemical species which occupy an intermediate position in metabolic
pathways (i.e., compounds which require scission of bonds other than
carbon-hydrogen) . Substituted amines and similar nicrogen containing
species, for example, are generally biodegradable, although at rates
somewhat less than those of oxygen containing species. Processes that
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generate wastewaters containing nitrogen in a reduced form (amines,
oximes, nitriles, etc.), or compounds that require scission of a
carbon~oxygen bond prior to oxidative degradation (ethers), are
predicted to exert an intermediate 5-day biochemical oxygen demand.

Other generic processes may be expected to generate wastewaters of re-
latively low biochemical oxygen demand for one of two reasons:

1. refractory chemical species predominate in the wastewater, or
2. relatively few chemical species are present in the wastewater

Generic processes such as nitration and sulfonation generate wastewaters
of a refractory nature and, therefore, exert a low 5-day biochemical ox-
ygen demand for the first reason. Other less refractory potential raw
materials apd products associated with the OCPS industry include aromat-
ics, primary aliphatics, PCBs and halo-ethers. Generic processes pro-
ducing high flow wastewaters that contain relatively few chemical spe-
cies (for example, most polymerization processes) may also be expected
to exert a low biochemical oxygen demand. Based on the presence or ab~-
sence of species in industry wastewaters, and the generic process fac-
tors described above, it is reasonable to attempt to aggregate generic
process wastewaters by their biodegradability on theoretical grounds.
Table 4-1 summarizes expected 5-day biochemical oxygen demand by generic
process group.

Type 1 includes those generic manufacturing processes expected to have
high BOD values, whereas Type IV processes are expected to generate
wastewaters lower in BOD. Type II and III processes complete the range
of high to low BOD values.

The Terry-Hoeffding test was applied to the above product/process struc-
ture. As shown in Table 4-2, Type I vs., Not Type I was the only poten-
tial scheme which showed statistically signficant differences, with raw
waste BOD showing the greatest difference (T = 2,251, P = 0.024)., This
suggested that the Not Plastics Only initial grouping be further divided
into two subgroups:

- Plants manufacturing organic chemicals only and organic chemicals
and plastics ‘and synthetic materials in the same facility and
which employ Type I generic chemical processes whether or not
other Type processes are used at the facility (Not Plastics Only
- Type 1)

- Plants manufacturing organic chemicals only and organic chemicals
and plastics and synthetic materials in the same facility and
which do not employ Type I generic chemical processes (Not Plas-
tics Only - Not Type I)

Upon further engineering analysis of the production process chemistry,
it was believed that the oxidation generic product/process segment,
which is part of Type I, contributed higher raw waste BOD loadings than
any of the other processes. Thus, it was decided to further subcategor-
ize by the presence or absence of the oxidation generic product/process.
This decision was statistically confirmed by applying the Terry-
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TABLE 4-1

EXPECTED 5-DAY BIOCHEMICAL OXYGEN DEMAND BY GENERIC PROCESS GROUP

TYPE I - High 5-Day Biochemical Oxygen Demand

Oxidation

Peroxidation

Acid Cleavage

Condensation

Isomerization (maleic >
fumaric acid)

Esterification

Hydroacetylation

Hydration

Alkoxylation

Hydrolysis

Carbonylation

Hydrogenation (butyraldehyde >
n-butanol)

Neutralization

TYPE II - Intermediate 5-Day Biochemical Oxygen Demand

Amination
Ammonolysis
Oximation
Dehydration
Ammoximdation

Electrohydrodimerization
Cyanation/Hydrocyanation
Epoxidation (unsat'd esters)
Etherification (alkycellulose)
Polymerization (condensation)

TYPE III - Lower 5-Day Biochemical Oxygen Demand

Alkylation (phenol >
nonyl phenol)

Hydrogenation

(nitrobenzene » aniline)

Dehydrogenation (isobutanol >
acetone)

Sul fonation '

Nitration

TYPE IV - Lowest 5-Day Biochemical Oxygen Demand

Alkylation (phenol »
nonyl phenol)
Hydrodealkylation
Isomerization
Pyrolysis (steam)
Cracking (catalytic)
Dehydrogenation (ethyl
benzene » styrene)
Distillation :
Extractive distillation
Crystallization/Distillation
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Polymerization (bulk & addition)
Fiber production ‘
Halogenation

Oxyhalogenation
Hydrohalogenation
Dehydrohalogenation
(1,2-dicholorethane > vinyl Cl.)
Chlorohydrination

Phosgenation

Extraction



TABLE 4-2

TERRY-HOEFFDING TEST

FOR NOT PLASTICS ONLY PLANTS

Raw Waste BOD

SIGNIFICANCE

TYPES TEST STATISTIC SAMPLE SIZE LEVEL
TYPE I vs. NOT TYPE 1 T = 2.251 N = 74 P = 024
NOT TYPE I BUT TYPE 11 T=,710 N =11 P = ,478
vs., NOT TYPE I OR TYPE II

Raw Waste TSS

TYPE I vs. NOT TYPE I T = .784 N = 47 P = ,433
NOT TYPE I BUT TYPE II T = .560 N =13 P = 576

vs, NOT TYPE I OR TYPE II

Note: See Table 4-1 for definition of Type 1 and 1T
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Hoeffding Test to Type I With Oxidation versus Type I Without Oxidation,
The test statistic was T = 2.706, sample size n = 63 and the signifi-
cance level was P = 0.007. For TSS no significant differences were
found.

The Terry-Hoeffding test was also used to investigate the applicability
of the four subcategories to the parameters COD and TOC. The test re-
sults are shown 1in Table 4-3. For COD, significant differences were
found between Plastics Only and Not Plastics Only plants, and bectween
Type I and Not Type I plants in the Not Plastics Only group. For TOC,
no significant differences were found. Based on these results it
appears that the four subcategories are compatible with the COD and TOC
data, and prior to considering the other factors listed previously, the
initial subcategorization is:

1. Plants manufacturing only plastics and synthetic materials
(Plastics Only).

2. Plants manufacturing organic chemicals only, organic chemicals
and plastics and synthetic materials in the same facility, and
other SIC code products which commingle their wastewater with
the above OCPS wastewaters and employ Type I generic chemical
processes including oxidation (Not Plastics Only - Type I With
Oxidation).

3. Plants manufacturing organic chemicals only, organic chemicals
and plastics and synthetic materials in the same facility, and
other SIC code products which commingle their wastewater with
the above OCPS wastewaters and employ Type I generic chemical
processes, but do not include oxidation (Not Plastics Only -
Type 1 Without Oxidation). '

4. Plants manufacturing organic chemicals only, organic chemicals
and plastic and synthetic materials in the same facility, and
other SIC code products which commingle their wastewaters with
the above OCPS wastewaters and employ Type II, III or IV generic
chemical processes (Not Plastics Only - Not Type I).

FACILITY SIZE

Although sales volume, number of employees, area of plant site, plant
capacity and production rate might logically be considered to define
facility size, none of these factors completely describes size in a sat-
isfactory manner. Section III discusses the elimination(gf each of
these factors as an adequate definition of facility size. Specifi-
cally, measuring a facility's size by using the sum of its production
qQuantities does not account for all characteristics encompassed in plant
size. For example, Plant A may have a relatively fixed market for a
given product and therefore manufactures this product with dedicated
equipment, 24 hours per day, 365 days per year. However, Plant B, which
lists its production rate as identical to Plant A, may manufacture the
same product on a specification basis in gix to eight weekly campaigns

(*) See Section III, pp. 21 to 28,
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TABLE 4-3

TERRY-HOEFFDING TEST FOR SUBCATEGORIZATION
BASED ON COD AND TOC

RAW WASTE COD

Test Sample . Significance
Category Statistics Size Level
Plastics vs. Not Plastics Only 3.516 107 0.000
Not Plastics Only
Type I vs. Not Type I 2.114 62 0.034
Type I and C vs. Type 1
and Not C* 1.347 49 0.178

RAW WASTE TOC

Test Sample Significance
Category Statistics Size Level
Plastics vs. Not Plastics Only 0.738 48 0.461
Not Plastics Only
Type I vs. Not Type I 1.205 40 0.228
Type I and C ve. Type I
and Not C* 0.576 32 0.564

* Type 1 w/oxidation vs. Type I w/o oxidation
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per year. In addition, Plant A has invested R & D funds in this produc-
tion process and has developed continuous production methods, while
Plant B still utilizes batch production techniques. Therefore, although
products are produced in the same annual quantities, Plant B will most
likely have higher strength wastes due to less efficient production
(lower yields) and much higher variability due to the campaign aspect of
its operation. A statistical evaluation of size as defined by produc-
tion also confirms that size is not a factor for subcategorization. In
the Summary Data Base, the only production data available is on an indi-
vidual waste gtream basis. Table 4-4 presents the number of waste
streams per facility size or production rate grouping for each of the
initial subcategoriea. Table 4-5 and Figures 4-3 through 4-10 present
correlations ranging from ~0.3 to +0.19 for raw waste BOD and TSS in the
initial subcategorization scheme. In all cases, the null hypothesis
(Ho) is accepted; that is, raw waste BOD and TSS is independent of size
as defined by production rate in pounds per day.

Therefore, there is no adequate method to define facility size, and it
cannot be used as a technical basis for subcategorization., In addition,
using production as an indication of facility size (because of data
availability), as defined by production, was not a statistically signif-
icant factor for subcategorization.

GEOGRAPHICAL LOCATION

Companies in the OCPS industry usually locate their plants based on a
number of factors., These include:

Sources of raw materials

. Proximity of markets for products

. Availability of an adequate water supply

. Cheap sources of energy

. Proximity to proper modes of transportation
. Reasonably priced labor markets

[ N N

In addition, a particular product/process may be located in an existing
facility based on availability of certain types of equipment or land for
expansion. Companies also locate their facilities based on the type of
production involved. For example, specialty producers may be located
closer to their major markets, whereas bulk producers may be centrally
located to service a wide variety of markets. Also, a company may lo-
cate its plants based on its planned method of wastewater disposal. A
company which has committed itself to zero discharge as its method of
wastewater disposal has the ability to locate anywhere, while direct
dischargers must locate near receiving waters, and indirect dischargers
must locate in a city or town which has an adequate POTW capacity to
treat OCPS wastewaters.

Because of the complexity and interrelationships of the factors outlined
above affecting plant locations, no clear basis for subcategorization

according to the plant location could be found. Therefore, location is
not & basis for subcategorization of the OCPS industry.
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(DIRECT SYSTEMS) NUMBER OF WASTE STREAMS WITHIN PRODUCTION RATE RANGES

TABLE 4-4

(#/day) All Plastics Not Plastics Not Plastics Not Plastics
Size Streams Only Type 1 & C* Type 1 Not Ct* Not Type I

1-9,999 1 0 0 1 0
10,000-49,999 5 2 0 2 1
50,000-99,999 7 5 1 1 0
100,000-249,999 21 15 2 1 3
250,000-449,999 27 16 5 3 3
450,000-599,999 20 8 7 2 3
600,000-999,999 28 14 7 4 3
1,000,000-1,999,999 33 12 7 6 8
2,000,000-4,999,999 29 1 13 8 7
Over 5,000,000 31 0 19 6 6
Missing 10 4 3 1 2
TOTAL 212 77 64 35 36

* Type I w/oxidation
k% Type I w/o oxidation



TABLE 4-5

SPEARMAN CORRELATION COEFFICIENTS (R)
FOR RAW WASTE BOD AND TSS vs. SIZE
(Production Rate)

All Plastics Not Plastics Only
Plants Only I w/oxidation [I w/o oxidation| No Group I
BOD 0.2 0.06 -0.12 -0.02 -0.31
(0.02) (N.S.) (N.S.) (N.S.) (N.S.)
TSS 0.02 -0.00 -0.13 -0.42 ~-0.20
(N.S.) (N.S.) (N.S.) (N.S.) (N.S.)

Note: Results of testing (Ho: C=0) are indicated as:
a) N.S. - Not significantly different from zero (P>.05)

b) <.01 - Significantly didfferent from zero (P<,0l1)
¢) Actual probability (.01 <P<,05)

74



FIGURE 4-3
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FIGURE 4-4

RANK CORRELATION
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FIGURE 4-5
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FIGURE 4-6

RANK CORRELATION
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FIGURE 4-7

| RANK CORRELATION
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FIGURE 4-8

RANK CORRELATION
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FIGURE 4-9

RANK CORRELATION
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The effects of temperature, which is related to geographical location,
are discussed in detail in Section VII, Control and Treatment Technol-
ogy. It is concluded in Section VII that the effects of temperature are
inconclusive.

AGE OF FACILITY AND EQUIPMENT

The age of an OCPS plant is difficult to accurately define. This is
because production facilities are continually modified to meet produc~-
tion goals and to accommodate new product lines. Therefore, actual
process equipment is generally modern (i.e., 0-15 years old). However,
major building structures and plant sewers are not generally upgraded
unless the plant expands significantly. Facility age, for the purposes
of this report, and as reported in the 308 Questionnaire, is defined as
the oldest process in operation at the site. Table 4-6 presents the
number of waste streams per age grouping for each of the initial subcat-~
egories.

Older plants may use open sewers and drainage ditches to collect process
wastewater. In addition, cooling waters, steam condensates, wash
waters, and tank drainage waters are generally collected in these drains
due to their convenience and lack of other collection alternatives,
These ditches may run inside the process buildings as well as between
manufacturing centers. Therefore, older facilities are likely to exhib-
it higher wastewater discharge flow rates than newer facilities. In ad-
dition, since the higher flows may result from the inclusion of rela-
tively clean noncontact cooling waters and steam condensates as well as
infiltration/inflow, raw wastewater concentrations may be lower due to
dilution effects. Furthermore, recycle techniques and wastewater segre-
gation efforts normally cannot be accomplished with existing piping sys-
tems, and would require the installation of new collection lines as well
as the isolation of the existing collection ditches. However, due to
water conservation measures as well as ground contamination control,
many older plants are upgrading their collection systems. In addition,
the energy crisis of recent years has caused many plants to upgrade
their steam and cooling systems to make them more efficient.

Figures 4-11 through 4-18 present BOD and TSS raw waste rank correla-
tions versus facility age for each of the initial subcategories. All
rank correlations shown in Table 4-~7 show no clear trend. The only
apparent correlation appears for the Not Plastics Only-Type I With Oxi-
dation group with & rank correlation of R= -0.49 and P= <0.0l1 for raw
waste BOD and age. This negative correlation reinforces the argument
that higher raw waste levels in newer plants can be attributed to more
rigorous modern water conservation techniques. This is again supported
by raw waste flow versus age rank correlations for the Not Plastics
Only~Type I With Oxidation group, which shows a rank correlation of R =
0.5 and P = 0.0001. Thus, older plants within the same grouping tend to
have higher flows which dilute the strength of their raw wastewaters.
Therefore: (1) a plant's age for the purposes of regulation would be
difficult to accurately measure, and (2) the relationship between facil--
ity age and RWL characteristics is greatly affected by many external
factors, eliminating facility age as a feasible basis for subcategori-
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TABLE 4-6

(DIRECT SYSTEMS)
NUMBER OF STREAMS PER AGE GROUP

(Years) All Plastics Not Plastics Not Plastics Not Plastics
__Age Streams Only Type 1 &§ C*  Type I Not C**  Not Type I
1-5 : 12 .9 1 1 1
6-9 20 7 10 0 3
10-12 25 _ 7 9 5 4
13-15 28 8 8 : 6 6
16-18 18 5 4 6 3
19-20 12 6 2 1 3
21-23 21 7 10 2 2
24-30 26 10 S 4 7
31-40 25 8 10 3 4
41-Over 10 4 2 2 2
Missing 15 6 3 5 1
TOTAL 212 77 64 35 36

* Type I w/Oxidation
IT Type I w/o Oxidation
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FIGURE 4-11

RANK CORRELATION
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FIGURE 4-12

RANK CORRELATION

FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
DIRECT DISCHARGE SYSTEMS
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FIGURE 4-13

RANK CORRELATION

FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
DIRECT DISCHARGE SYSTEMS
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FIGURE 4- 14

RANK CORRELATION
FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
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FIGURE 4-15

RANK CORRELATION

FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
DIRECT DISCHARGE SYSTEMS
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FIGURE 4-16

RANK CORRELATION
FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
DIRECT DISCHARGE SYSTEMS
NOT PLASTICS ONLY/TYPE | & C*
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FIGURE 4-17

RANK CORRELATION
FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
DIRECT DISCHARGE SYSTEMS
NOT PLASTICS ONLY/TYPE | & NOT C*
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FIGURE 4-18

RANK CORRELATION
FOR THE PLASTIC & ORGANIC CHEMICAL INDUSTRIES
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TABLE 4-7

SPEARMAN CORRELATION COEFFICIENTS (R)
FOR RAW WASTE BOD AND TSS vs. AGE

All Plastics Not Plastics Only
Plants Only 1 w/oxidation | T w/o oxidation | No Group I
sop  -0.19 -0.19 -0.49 0.01 0.06
(0.04) (N.S.) .00 {N.S.) (N.S.)
TSS =0.13 -0.18 ~0.35 -0.08 0.12
(N.S.) (N.S.) (N.S.) (N.S.) (N.S.)

Note: Results of testing (Ho: C=0) are indicated as:

a) N.S. - Not significantly different from zero (P>,05)
b) <.01 - Significantly different from zero (P<.01)
c¢) ‘Actual probability (.01<P<.05)
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zation. Nevertheless, because there is a negative correlation between
RWL and age in the Not Plastics Only = Type I With Oxidation group, age
and the subsequent impact of water usage may be important in this group.
Therefore, evaluation of this phenomenon to accommodate these statis-
tically significant factors based on water usage within this particular
subcategory, is appropriate and is discussed in detail in Section VII.

RAW MATERIALS

Synthetic organic chemicals can be defined as derivative products of
naturally occurring materials (petroleum, natural gas and coal) which
have undergone at least one chemical reaction such as oxidation, hydro-
genation, halogenation or alkylation. This definition, when applied to
the larger number of potential starting materials and the host of chem-
ical reactions which can be applied, leads to the possibility of many
thousands of organic chemical compounds being produced by a potentially
large number of basic processes having many variations. There are more
than 25,000 commercial organic chemical products derived principally
from petrochemical sources. These are produced from five major raw ma-
terial classifications: methane, ethylene, propylene, Ca hydrocarbons,
and higher aliphatics and aromatics. This major raw materials list can
be expanded by further defining the aromatics to include benzene, tol-
uene and xylene. These raw materials are derived from natural gas and
petroleum, although a small portion of the aromatics are derived from
coal. Currently, approximately 90 percent by weight of the organic
chemicals used in the world are derived from petroleum or natural gas.
Other sources of raw materials are coal and some naturally-occuring re-
newable material of which fats, oils and carbohydrates are the most im-
portant. The third source also includes more obscure natural products
(consisting of small quantities of wvery specialized chemicals) which
contribute to highly specialized segments of the industry.

Regardless of the relatively limited number of basic raw materials util-
ized by the organic chemicals industry, process technologies lead to the
formation of a wide variety of products and intermediates, many of which
can be produced from more than one basic raw material either as a pri-
mary reaction product or as a by=-product. Furthermore, primary reaction
products are frequently processed to other chemicals which categorize
the primary product from one process as the raw material for a subse-
quent process.

Delineation between raw materials and products is nebulous at best,
since the product from one manufacturer can be the raw material for
another manufacturer. This lack of distinction 1is more pronounced as
the process approaches the ultimate end product, which is normally the
fabrication or consumer stage. Also, many products/intermediates can be
made from more than one raw material. Frequently, there are alternate
processes by which a product can be made from the same basic raw
material.

Another characteristic of the OCPS industry which makes subcategoriza-
tion by raw material difficult is the high degree of integration in man-
ufacturing units. Since the bulk of the basic raw materials are derived
from petroleum or natural gas, many of the organic chemical manufactur-
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ing plants are either incorporated into or continguous to petroleum re-
fineries, and may formulate a product at almost any point in a process
from any or all of the basic raw materials. Normally, relatively few
organic manufacturing facilities are single product/process plants un-
less the final product is near the fabrication or consumer product
stage.

Because of the integrated complexity of the largest (by weight) single
segment of the organics industry (petrochemicals), it may be concluded
that subcategorization by raw materials is not feasible for the follow-
ing reasons:

1. The organic chemicals industry is made up primarily of chemical
complexes of various sizes and complexity.

2. Very little, if any, of the total production is represented by
single raw material plants.

3. ‘The raw materials used by a plant can be varied widely over
short time spans.

4. The conventional and nonconventional wastewater pollutant par-
ameter data gathered for this study were not collected on a raw
materials orientation, but rather represent the mixed end-of-
pipe plant wastewaters,

TREATABILITY

Treatability of OCP5 wastewaters is discussed in great detail in Section
'VII. The treatability of a given wastewater is affected by the presence
of inhibitory materials (toxics); availability of alternative disposal
methods; and pollutant concentrations in, and variability of, the RWL.
However, all of these factors can be mitigated by sound waste manage-
ment, treatment technology design, and operating practices. Examples of
these are:

o The presence of toxic materials in the wastewater can be con-
trolled by in-plant treatment methods. Technologies such as
steam stripping, metals precipitation, activated carbon, reverse
osmogis, etc. can eliminate the presence of materials in a
plant's wastewater which may inhibit or upset biological treat-
ment systems,

o Although many plants utilize deep well injection for disposal of
highly toxic wastes to avoid treatment system upsets, other al-
ternative disposal techniques such as contract hauling and in-
cineration are available to facilities which cannot utilize deep
well disposal. 1In addition, stricter groundwater regulations
may eliminate the option of deep well disposal for some plants,
or make it uneconomical for others, forcing facilities to look
more closely at these other options.

o RWL variability can easily be controlled by the use of equaliza-
tion basins. 1In some plants, ''at process" storage and equaliza-
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tion is used to meter specific process wastewaters, on a con-
trolled basis, into the plant's wastewater treatment system.

o Raw waste concentrations can be reduced with roughing biological
filters or with the use of two-stage biological treatment sys-
tems. These techniques are discussed in more detail in Section
VII.

OCPS wastewaters can be treated by either physical-chemical or biologi-
cal methods, depending on the pollutant to be removed. Also, depending
on the specific composition of the wastewater, any pollutant may be re-
moved to a greater or lesser degree by a technology not designed for
removal of this pollutant. For example, a physical~chemical treatment
system designed to remove suspended solids will also remove a portion of
the BOD of a wastewater if the solids removed are organic and biodegrad-
able. It is common in the OCPS industry to use a combination of tech-
nologies adapted to the individual wastewater stream to achieve desired
results. These concepts are discussed in detail in Section VII.

In general, the percent removals of BOD and TSS are conasistent across
all initial subcategories. It 1is also possible for plants in all ini-
tial subcategories to achieve high percent removals (greater than 95%)
for both BOD and TSS (data supporting these removals are presented and
discussed in Section VII). Therefore, based on the consistency of these
removal daca and the ability of plants in all initial subcategories to
achieve high removals of pollutants, it is concluded that subcategoriza-~
tion based on treatability is not justified.

ENERGY AND NON-WATER QUALITY ASPECTS

Energy and non-water quality aspects include the following:

. Sludge production

. Air pollution derived from wastewater generation and treatment
Energy consumption due to wastewater generation and treatment

. Noise from wastewater treatment

&N -

The basic treatment step, used by virtually all plants in all subcate-
gories that generate raw wastes containing basically BOD and TSS, is
biological treatment. Therefore, the generation of sludges, air pollu-
tion, noise and the consumption of energy will be homogeneous across the
industry. However, the levels of these factors will relate to the vol-
ume of wastewater treated and their associated pollutant loads. Since
the volumes of wastewater generated and the RWL from each pollutant were
considered in earlier sections, it is believed that all energy and non-
water quality aspects have been adequately addressed in the proposed
subcategorization scheme.
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SUMMARY -~ SUBCATEGORIZATION

Based on the preceding technical and statistical evaluation of the OCPS
industry, four subcategories have been established. These subcategories
are as follows:

Subcategory 1 - Plastics Only

Discharges resulting from the manufacture of plastics and synthetic
fibers only.

Subcategory 2 - Oxidation

Discharges resulting from the manufacture of organic chemicals only, or
both organic chemicals and plastics and synthetic fibers, that include
wastewater from the oxidation process.

Subcategory 3 - Type 1

Discharges resulting from the manufacture of organic chemials only, or
both organic chemicals and plastics and synthetic fibers, that include
vastewater from any of the following generic processes (referred to in
the BPT Development document as "Type I" processes) but not from the
oxidation process:

Peroxidation
Acid Cleavage
Condensation
Isomerization
Esterification
Hydroacetylation
Hydration
Alkoxylation
Hydrolysis
Carbonylation
Hydrogenation
Neutralization

Subcategory 4 - Other Discharges

All OCPS discharges not included in Subcategories 1-3.
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SECTION V.

SELECTION OF POLLUTANT PARAMETERS

WASTEWATER PARAMETERS

Specific conventional and nonconventional wastewater parameters were
determined to be significant in .the Organic Chemicals and Plastics and
Synthetic Materials Industries and were selected for evaluvation based
on: (1) an industry characterization, (2) data collected from sampling
efforts, (3) historical data collected from the literature, and (4) data
provided by industry questionnaires (308 Portfolio).

Conventional pollutant parameters chosen for evaluation include 5-day
biochemical oxygen demand (BOD.), total suspended solids (TSS), pH, and
0il and grease (0&G). Nonconvéntional pollutant parameters selected are
chemical oxygen demand (COD) and total organic carbon (TOC).

CONVENTIONAL POLLUTANT PARAMETERS

§)
The 5-day Biochemical Oxygen Demand (BOD_) test traditionally has been
used to determine the strength of domestic and industrial wastewaters.
It is a measure of the oxygen required by biological organisms to assim-
ilate the biodegradable portion of a waste under aerobic conditions.
[5-1] Substances that may contribute to the BOD include carbonaceous
materials usable as a food source by aerobic organisms; oxidizable
nitrogen derived from organic nitrogea compounds, ammonia and nitrites
that are oxidized by specific bacteria; and chemically oxidizable mater-
ials such as ferrous compounds, sulfides, sulfite, and similar reduced-
state ilnorganics that will react with dissolved oxygen or that are
metabolized by bacteria.

5-day Biochemical Oxygen Demand (BOD

The BOD of a wastewater is & measure of the dissolved oxygen depletion
that might be caused by the discharge of that wastewater to a body of
water. This depletion reduces the oxygen available to fish, plant life,
"and other aquatic species. Total exhaustion of the dissolved oxygen in
water results in anaerobic conditions, and the subsequent dominance of
anaerobic species that can produce undesirable gases such as hydrogen
sulfide and methanol. The reduction of dissolved oxygen can be detri-
mental to fish populations, fish growth rates, and organisms used as
fish food. A total lack of oxygen can result in the death of all aero-
bic aquatic inhabitants in the affected area.

The BOD_. (5-day BOD) test is widely used to estimate the oxygen demand
of domestic and industrial wastes and to evaluate the performance of
waste treatment facilities. The test is widely used for measuring
potential pollution since no other test methods have been developed that
are as suitable or as widely accepted for evaluating the deoxygenation
effect of a waste on a receiving water body. ’

The BOD test measures the weight of dissolved oxygen utilized by micro-
organisms as they oxidize or transform the gross mixture of chemical
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compounds Ln the wastewater. The degree of biochemical reaction in-
volved in the oxidation of carbon compounds is related to the period of
incubation. When municipal sewage is tested, BOD. normally measures
only 60 to 80 percent of the total carbonaceous biological oxygen demand
of the sample, When testing OCPS wastewaters, however, the fraction of
total carbonaceous oxygen demand measured can range from less than 10
percent to more than 80 percent. The actual percentage for a given
waste stream will depend on the degradation characteristics of the or-~
ganic components present, the degree to which the seed is acclimated
to these components, and the degree to which toxic or inhibitory compo-
nents are present in the waste.

Total Suspended Solids TSS

Suspended solids can include both organic and inorganic materials. The
inorganic materials include sand, silt and clay and may include imsol-
uble toxic metal compounds. The organic fraction includes such mater-
ials as grease, olls, animal and vegetable waste products, fibers,
microorganisms and many other dispersed insoluble organic compounds.
(5-2] These solids may settle rapidly and form bottom deposits that are
ofcen a mixture of both organic and inorganic solids,

Solids may be suspended in water for a time and then settle to the bot-
tom of a stream or lake. They may be inert, slowly biodegradable mater-
ials, or they may be rapidly decomposable substances. While in suspen-
sion, they increase the turbidity of the water, reduce light penetra-
tion, and impair the photosynthetic activity of aquatic plants. After
settling to the stream ‘or lake bed, the solids can form sludge banks,
which, 1f largely organic, create localized anaerobic and undesirable
benthic conditions. Aside from any toxic effect attributable to sub-
stances leached out by water, suspended solids may kill fish and shell-
fish by causing abrasive injuries, clogging gills and respiratory pas-
sages, screening light, and by promoting and maintaining noxious condi-
tions through oxygen depletion.

Suspended solids may also reduce the recreational value of a waterway
and can cause problems in water used for domestic purposes. Suspended
solids in intake water may interfere with many industrial processes, and
cause foaming in boilers, or encrustations on exposed equipment, espe-
cially at elevated temperatures,

pH

The term pH describes the hydrogen ion-hydroxyl ion equilibria in water.
Technically, pH is a measure of the hydrogen ion concentration or acti-
vity present in a given solution. A pH number is the negative logarithm
of the hydrogen ion concentration. A pH of 7.0 indicates neutrality or
a balance between free hydrogen and free hydroxyl ions. A pH above 7.0
indicates that a solution is alkaline; a pH below 7.0 indicates that a
solution is acidic.

The pH of discharge water is of concern because of its potential impact
on the receiving body of water. Wastewater effluent, if not neutralized
before release, may alter the pH of the receiving water. The critical
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range suitable for the existence of most biological life is quite nar-
row, lying between pH 6 and pH 9.

Extremes of pH or rapid pH changes can harm or kill aquatic life. Even
moderate changes from acceptable pH limits can harm some species. A
change in the pH of water may increase or decrease the relative toxicity
of many materials to aquatic life. A drop of even 1.5 units, for exam-
ple, can increase the toxicity of metalocyanide complexes a thousand-
fold. ' The bactericidal effect of chlorine in most cases lessens as the
pH increases. '

Waters with a pH below 6.0 corrode waterworks structureg, distribution
lines, and household plumbing fixtures, This corrosion can add to drink
ing water such constituents as iron, copper, zinc, cadmium, and lead.
Low pH waters not only tend to dissolve metals from structures and fix-
tures, but also tend to redissolve or leach metals from sludges and bot-
tom sediments.

Normally, biological treatment systems are maintained at a pH between 6
and 9; however, once acclimated to a narrow pH range, sudden deviations
(even in the 6 to 9 range) can cause upsets in the treatment system with
a resultant decrease in treatment efficiency.

0il and Grease (0 & G)

0il and grease analyses do not actually measure the quantity of a spe-
cific substance, but measure groups of substances whose common charac-
terigtic is their solubility in freon. Substances measured may include
hydrocarbons, fatty acids, soaps, fats, oils, wax and other materials
extracted by the solvent from an acidified sample and not volatilized by
the conditions of the test. As a result, the term oil and grease is
more properly defined by the conditions of the analysis rather than by a
specific compound or group of compounds. Additionally, the material
identified in the O0&G determination is not necessarily free floating.
It may be actually in solution but still extractable from water by the
solvent.[5-3]

0ils and greases of hydrocarbon derivative, even in small quantities,
cause troublesome taste and odor problems. Scum lines from these agents
are produced on water treatment basin walls and other containers. Fish
and water fowl are adversely affected by oils in their habitat. 0il
emulsions may cause the suffocation of fish by adhering to their gills
and may taint the flesh of fish when microorganisms exposed to waste oil
are eaten. Deposition of oil in the bottom sediments of natural waters
can serve to inhibit normal benthic growth. O0il and grease can also ex-
hibit an oxygen demand, -

Levels of oil and grease that are toxic to aquatic organism vary greatly
depending on the oil and grease components and the susceptibility of the
species exposed to them. Crude oil in concentrations as low as 0.3 mg/l
can be extremely toxic to freshwater fish. 0il slicks prevent the full
aesthetic enjoyment of water. The presence of oil in water can also in
crease the toxicity of other substances being discharged into the re-
ceiving bodies of water. Municipalities frequently limit the quantity
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of oil and grease that can be discharged to their wastewater treatment
systems by industry, since large quantities of 0&G can cause difficul-
ties in biological treatment systems.

There are several approved modifications of the analysis for oil and
grease. Each is designed to increase the accuracy or enhance the selec-
tivity of the analysis. Depending on the procedure and detection method
employed, the accuracy of the test can vary from 88 percent for the Sox-
hlet Extraction Method to 99 percent for the Partition-Infrared Method.

NONCONVENTIONAL POLLUTANT PARAMETERS

Chemical Oxygen Demand (COD)

COD is a chemical oxidation test devised as an alternate method of
estimating the oxygen demand of a wastewater. Since the method relies
on the oxidation-reduction system of a chemical reaction rather than a
biological reaction, it is more precise, accurate, and rapid than the
BOD. test. The COD test is sometimes used to estimate the total oxygen
(ulgimate rather than 5-day BOD) required to oxidize the compounds in a
wastewater, In the COD test strong chemical oxidizing agents under acid
conditions, with the assistance of certain inorganic catalysts, can oxi-

dize most organic compounds, including many that are not biodegradable.
[5-4]

The COD test measures organic componeants that may exert a biological
oxygen demand and may affect public health. It is a useful analytical
tool for pollution control activities. Mosc pollutants measured by the
BOD, test will be measured by the COD test. In addition, pollutants
resistant to biochemical oxidation will also be measured as COD.

Compounds resistant to biochemical oxidation are of great concern be-
cause of their slow, continuous oxygen demand on the receiving water and
also, in some cases, because of their potential health effects on aqua-
tic life and humans. Many of these compounds result from industrial
discharges and some of the compounds have been found to have carcino-
genic, mutagenic, and similar adverse effects. Concern about these com-
pounds has increased as a result of demonstrations that their long life
in receiving water (the result of a low biochemical oxidation rate)
allows them to contaminate downstream water intakes. The commonly used
systems of water purification are not effective in removing these types
of materials and disinfection with chlorine may convert them into even
more objectionable materials.

It should be noted -that the COD test may not measure the oxygen demand
of certain aromatic species such as benzene, toluene and pyridine.

Total Organic_Carbon (TOC)

TOC measures all oxidizable organic material in a waste stream, in-
cluding the organic chemicals not oxidized (and therefore not detected)
in BOD and COD tests. TOC analysis is a rapid test for egtimating the
total organic carbon in a wastestrcam.
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When testing for TOC, the organic carbon in & sample is converted to
carbon dioxide (CO,) by catalytic combusion or by wet chemical oxida-
tion. The CO, formed can be measured directly by an infrared detector
or it can be converted to methane (CH,) and measured by a flame ioniza-
tion detector. The amount of CO, or CH, is directly proportional to the
concentration of carbonaceous material in the sample. TOC tests are
usually performed on commercially available automatic TOC analyzers.
Inorganic carbons, including carbonates and bicarbonates, interfere with
these analyses and must be removed during sample preparation.[5-5)
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SECTION VI.

WATER USE AND WASTEWATER CHARACTERIZATICN

WATER USE AND SOURCES OF WASTEWATER

Water use and wastewater generation occur at a number of points in OCPS
manufacturing processes and ancillary operations, including: (1) direct
and indirect process contact, (2) contact and noncontact cooling water,
(3) utilities, maintenance and housekeeping, and (4) air pollution con-
trol systems such as Venturi scrubbers.

An example of direct process contact water is the use of aqueous reac-
tion media. The use of water as a media for certain chemical processes
becomes a major high strength wastewater source after the primary reac-
tion has been completed and the final product has been separated Ffrom
the water media, leaving unwanted by-products formed during secondary
reactions in solution.

Indirect process contact waters, such as those discharged from vacuum
jets and steam ejectors, involve the recovery of solvents and volatile
organics from the chemical reaction kettle. In using vacuum jets, a
stream of water is used to create a vacuum, but also draws off volatil-
ized solvents and organics from the reaction kettle inta solution.
Later, recoverable solvents are separated and reused while unwanted
volatile organics remain in solution in the vacuum water. which is dis-
charged as wastewater. Steam ejector systems are similar to vacuum jets
with steam being substituted for water. The steam is then drawn off and
condensed to form a source of wastewater,

The major volume of water use in the OCPS industry is cooling water.
Cooling water may be contaminated, such as contact cooling water from
barometric condensers, or uncontaminated noncontact cooling water.
Frequently, large volumes of cooling water may be used on a once-through
basis and discharged with process wastewater. Many of the effluent val-
ues reported by plants in the data bases were based on flow volumes
which included their cooling water. An adjustment of the reported vol-
umes of the effluents was therefore required to arrive at performance of
treatment systems and other effluent characteristics. This adjustment
was made by eliminating the uncontaminated cooling water volume from the
total volume, to arrive at the contaminated wastewater flow. Concentra-
tions also were adjusted using the simplifying judgment that the uncon-
taminated cooling water did not contribute to the pollutant level. How-
ever, it should be noted that in some cases cooling water can contribute
relatively high TSS loading, especially to typically low strength plas-
tics and synthetic materials wastewaters.

Tables 6-1 and 6-2 present treated effluent wastewater and raw waste
flows reported by direct discharge plants and zero or alternative dis-
charge disposal plants, respectively, for each of the four proposed sub-
categories. The adjuscted flows presented were calculated from all raw
and treated wastewater streams reported with the number of observations
corresponding to the total number of reported waste stream flows. It
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TABLE 6-1

EFFLUENT FLOWS FOR PROPOSED SUBCATEGORIES
DIRECT DISCIARGERS ONLY

NOT PLASTICS
TYPE 1 w/
OXIDATION

NOT PLASTICS
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PLASTICS
ONLY
EFF
FLOW
MGO
MAX THUN 10.700
MEAN 1.357
MIN MU 0.034
MEDIAN 0.612
NUMBER OF

OBSERVATIONS

74

63

TYPE I w/o NOT PLASTICS
OXIDATION NOT
TYPE 1
EFF EFF
FLODW FLOW
GO GO
32.100 40.000
2.464 3.346
0.020 0.007
0.852 0.950
3a 35
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TABLE 6-2

INFLUENT AND EFFLUENT FLOWS FOR PROPOSED SUBCATEGORIES
ZERO DISCHARGLE/ALTERNATIVE DISPOSAL ONLY

PLASTICS NOT PLASTICS NOT PLASTICS NOT PLASTICS
ONLY TYPE T w/ TYPE I w/o NOT
OXIDATION OXIDATION TYPE 1
inF (1) EFF inF (1) EFF ine (1) EFF ine(l) EFF
FLOW FLOW FLOW FLOW FLOY FLOW FLOW FLOYW
MNGD MGo GO NGO G0 _nGD MGD MGD
MAX [ AU 10.700 . 5.329 ) 4.030 . 2.600
MEAN 0.530 ) 1.009 . 0.47% ) 0.500
MEN [MUN 0.000 . 0.000 . 0.000 . 0.001
MEOTAN 0.012 . 0.271 . 0.152 . 0.118
NUMBER OF
OBSERVATIONS 29 20 14 14

(1) Since effluent flow for these plants is by definition zero, influent flows
are presented



should be noted that the number of streams does not correspond to the
number of plants due to the existence of multi-stream plants.

WASTEWATER CHARACTERIZATION

A number of different pollutant parameters are used to characterize
wastewater discharged by OCPS facilities. These include:

Biochemical Oxygen Demand (BOD)
Suspended Solids (TSS)

pH '
Chemical Oxygen Demand (COD)

. Total Organic Carbon (TOC)

. 0il and Grease (0&G)

AWV WA -

BOD is one of the most important gauges of the pollution potential of a
wastewater and varies with the amount of biodegradable matter which can
be assimilated by biological organisms under aerobic conditions., Large,
complex facilities tend to discharge a higher BOD mass loading, although
concentrations are not necessarily different from smaller or less com-
plex plants. The nature of specific chemicals discharged into wastewa-
ter affects the BOD due to the differences in susceptability of differ-
ent molecular structures to microbiological degradation. Compounds with
lower susceptability to decomposition by microorganisms tend to exhibit
lower BOD values even though the total organic loading may be much
higher than compounds exhibiting substantially higher BOD values.

Raw wastewater TSS is a function of the products manufactured and their
processes, as well as the manner in which fine solids that may be re-
moved by a processing step are handled in the operations. It can also
be a function of a number of other external factors including stormwater
runoff, runoff from raw material storage areas, and landfill leachates
which may be diverted to the wastewater treatment system. Solids are
frequently washed into the plant sewer and removed at the wastewater
treatment plant, The solids may be organic, inorganic or a mixture of
both, Settleable portions of the suspended solids are usually removed
in a primary clarifier. Finer materials are carried through the systen,
and in the case of an activated sludge system, become enmeshed with the
biomass where they are then removed with the sludge during secondary
clarification. Many of the manufacturing plants show an increase in TSS
after wastewater leaves the treatment plant. This characteristic 1is
usually associated with biological systems and indicates an inefficiency
of secondary clarification in the removal of secondary solids. However,
in plastics and synthetic materials wastewaters, formation of biological
solids within the treatment plant may cause this solids increase due to
the low strength nature of the waste.

Raw wastewater pH can be a function of the nature of the processes con-
tributing to the waste stream. This parameter can vary widely from
plant to plant and can also show extreme variations in a single plant's
raw wastewater, depending on such factors as waste concentration and the
portion of the process cycle discharging at the time of measurement.
Fluctuations in pH are readily reduced by equalization followed by a
neutralization system, if necessary. pH control is important regardless
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of the disposition of the wastewater stream (i.e, indirect discharge to
a POTW or direct discharge) to maintain favorable conditions for biolog-
ical treatment organisms.

COD is a measure of oxidizable material in a wastewater as determined by
subjecting the waste to a powerful chemical oxidizing agent (such as di-
chromate) under standardized conditions. Therefore, the COD test shows
the presence of organic materials that are not susceptable to attack by
biological microorganisms. As a result of this difference, COD values
are almost invariably higher than BOD values for the same sample. The
COD test cannot be substituted directly for the BOD test because the
COD/ BOD ratio is a factor which is extremely variable and is very de-
pendent on the specific chemical constituenta in the wastewater. How-
ever, a COD/ BOD ratio for the wastewater from a single manufacturing
facility can be established. This ratio is applicable only to the
wastewater from which it was derived and cannot be utilized to estimate
the BOD of another plant's wastewater. It is often established by plant
personnel to monitor process and treatment plant performance with a min-
imum of analytical delay. As production rate and product mix changes,
however, the COD/BOD ratio must be revalidated for the new conditions.
Even if there are no changes in production, the ratio should be recon-
firmed periodically.

TOC measurement is another means of determining the pollution potential
of wastewater. This measurement shows the presence of organic compounds
not necessarily measured by either BOD or COD tests. TOC can also be
related to the BOD and COD by ratio, but it too is only applicable to
the specific wastewater for which the ratio is derived. TOC determina-
tion is also useful for day-to-day control of treatment operations.

Oil and grease determinations do not measure the quantity of a specific
substance but measure substances whose common characteristic 1s their
solubility in freon. Treatment of oil and grease involves dissolved air

flotation and skimming practices., If these procedures are implemented
and efficiently used and maintained, oil and grease values should be
substantially 1lowered. Therefore, plants discharging high oil and

grease values may reflect limited use of available treatment technol-
ogies and limited source controls for oil and grease abatement.

Tables 6-3 through 6-10 present raw wastewater characteristice for each
of the four proposed subcategories. Minimum, maximum, mean and median
concentration values as well as mass loading in pounds per day for all
pollutant parameters of interest (BOD, TSS, COD, TOC and 0&G) are pre-
sented for direct discharge plants and zero or alternative discharge/
disposal facilities.

Each set of observations shown in Tables 6-1 thru 6-10 should be consid-
ered a separate data subset, independent of other data subsets pre-
sented. Calculations which involve more than one data subset (i.e.,
determining BOd/COD ratios) may not be meaningful, since data subsets do
not reflect the same group of plants. Similarly, multiplying the median
concentration for some parameter by the mean flow will not correspond to
the median pounds for that parameter.
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TABLE 6-3
RAW WASTEWATER CHARACTERISTICS - PLASTICS ONLY SUBCATEGORY
' DIRECT DISCHARGLERS ONLY

INF INF INF INF INF inr INF INF tnF INF

600 BOV 155 T5S cco cco Tece T0C 0&G 0¢6

MG/ L LB/0AY WG/ L LB,/ DAY MG/L Lid/DAY Mo /L LB/OAY WG/ L L8/0AY
MAX [MUM 3520.0 25262.0 2898.0 16082.3 4338.0 51392.6 2751.0 5560.8 242.0 2355.7
MEAN 506.2 3693.4 394.4 2263.0 1101.6 8315.9 706.4 1720.7 82.3 710.8
MINTIAUM 2.0 13.0 5.0 1.5 27.0 60.5 9.0 13.0 23.0 12.9
MEDTAN 349,0 1905.8 60.0 803.3 857.0 488B9.5 362.0 949.9 32.0 207.3
NUMBER OF
0BSERVATIONS a9 a3 a2 a2 as 15 8 8 e a

Note: Each set of observations represents a Separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)
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TABLE 6-4

RAW WASTEWATER CHARACTERISTICS - PLASTICS ONLY SUBCATEGORY
ZERO DISCHARGE/ALTERNATIVE DISPOSAL ONLY

INF INF INF IMF I NF 1\ F LiF INF INF INF
000 8090 TS 154 €00 <02 10C 10C 06G 086G
RBG/L LB/0aY MG/ L LR/DAY wG/L LG/OAY "G/L LO/DAY nG/L L8/0AY

MAX UM 12542.0 alr7a.0 1055.0 351,01 18549.0 61731 1938.0 201.6

MEAN a4110.7 1232.3 V7.7 105.06 5303.4 2068.4 923.0 82.3

VN T MUN 388.0 111.7 0.3 1.7 af.0 6.0 31.0 16.8

MEDTAN 1376.0 327.6 237.0 29.1  1422.0  1107.4 800.0 6.6 .

NUMOBER OF

OBSERVATIONS 6 6 5 5 5 5 3 3 0 0

Note: Each set of observations represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)
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TABLE 6-5

RAW WASTEWATER CHARACTERISTICS -
TYPE T WITH OXIDATION SUBCATEGORY

DIRECT DISCHARGERS ONLY

INF INF 1N INF INF INF INF INF INF INF

800 800 155 75§ coo coo 1ocC 10C 086 0es

MG/ L LB/DAY MG/ L LH/OAY MG/ L LO/0AY MG/ L LB/DAY MG/ L LB/0AY
MAX 114U 5961.0 249714.3 4110.0 32195.2 21178.C 202706.2 3202.0 115196.9 17.4 Js1.8
LEAN 1702.1 25975.2 A41 .6 3942.8 4410.6 40363.9 836.4 24a792.7 11.4 180. 4
IVIN UM a3.0 939.7 9.0 19.0 53.0 1409.6 20.0 a9.9 0.8 a2.1
MEDLAN 1036.5 13289.5 72.0 672.9 3302.5 19714.5 $13.0 13334.0 16.0 146.4
NUNM3IER OF
O8SERVATIONS 42 4?2 21 21 34 34 21 21 3 3

Note: Each set of observations represents a separate data szset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)
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TABLE 6-6
RAW WASTEWATER CHARACTERTSTICS -

NOT PLASTICS TYPE I WITH OXTDATION SUBCATEGORY
ZERO DISCHARGE/ALTERNATIVE DTSPOSAL ONLY

INF INF INF INT INF INT IMF INF INF INF

noo 000 TSS 1SS [8]2] coo T10C Ml 0eG 0&6

G/ L LB/DAY MG/ L LB/0DAY MG /L LO/0AY NMG/L LB/0AY NG/ L L8/0ay
MAZTMUN 52554.0 374100.95 1549.0 7974.6 67065.0 592(650.2 11006.0 20182G6.6 539.0 5829.8
tIEAN 14532.4 71520.6 207.7 a150, 1 26441 ,4 147345 .6 574¢.080 05417.3 $39.0 5029.0
141N TAIUM 450.0 2566.9 61.0 659.0 960.0 T3764.0 202.0 21808.1 533.0 5829.0
MEDI AN 6022.0 20550.7 103.0 2796.0 23744.0 74623.0 $849.5 S697v7.2 $39.0 50829.8
NUMBER OF
OBSERVATIONS 7 7 3 3 g9 9 q q 1 i

Note: Each set of observations represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 1(9.)
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TABLE 6-7

RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS TYPE I WITHOUT OXIDATION SUBCATEGORY

DIRECT DISCHARGERS ONLY

F
INF INF INF [ HF INF 1nf InF INF INF (l)':c
000 609 145 LK coo coH 10C ToC QGGL LB;OAY
NG/ L LB/ DAY MG/ L LO/0AY MG /L LB/0AY ML/ L Lo/0AY ) _igf ______________
S : . sy1.2
LA X T A1)5 2725.0 30913.0 266G.0 16925.5 32476.0 71440.8 5226.0 31009.9 570.0
65.4
MEAN 783.6 9364.2 479.7 2624.7 4782.5 11902.2 940.8 6343.8 335.0 3
. 94.8
MIN MU 9.0 6.0 1.0 0.7 23.0 18.6 €6.0 342.1 17.0
: 10.2
MEDIAN 467.0 5624.3 170.0 594.0 1022.0 6139.0 272.0 2109.1 418.0 10
HUNMBER OF )
OOSERVATIONS 21 21 12 13 15 15 1 1 3

Note: Each set of observations represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)



STT

TABLE 6-8

RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS TYPE I WITHOUT OXIDATION SUBCATEGORY

ZERO DISCHARGE/ALTERNATIVE DISPOSAL ONLY

— e e e e e e e e e e e e e e e e e e e e — e e e = e e T = e e e T e e S —

INF INF INF | 1F [HF 1uF 1 MF 1NF INF INF
300 0oV 1SS iSS ced Coo Tor T0C 038G 0&G
NG/ L LB/OAY MG/ L LB/DAY MG/ L LB/cay WG/ L LB/DAY MG/ L LB/0AY

MAX TMUN 30a4.0 7597.8 267.0 75%.2 11066.0 29967 .1 2643.0 663.2

MEAN 1019.0 21410 .4 106.3 397.2 3600.5 872C.6 223.0 523.1

MINIMUL 42,0 29.7 32.0 82.0 14.0 9.9 130.0 4a11.0

HEOTAN 495.0 1007 .14 63.0 375.6 1211.0 2514.6 175.0 495.0 .

NUMSER OF

OBSERVATIONS q q q q ] a J 3 0 0

Note: Each set of observatlions represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)
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TABLE 6-9

RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS NOT TYPE I SUBCATEGORY

DIRECT DISCHARGERS ONLY

INF INF IMF InF INTF INF INF INF INF [MF

800 800 1S5S 1TSS cco (W ofd) TeC 10C 08G 086G

MG/ L LB/DAY s/ L3 /DAY G oL LA/DAY MG/L LB/0AY MG/ L LB/0AY
MAX I MUN 1743.0 59904.0 1266.0 36940.8 5480.0 G€653.0 1455.0 649563.2 420.0 6900.0
MEAN 424,17 9035.4 456.5 7383.6 1623.5 15229.4 376.6 10759.9 235.0 3606.9
I TN TRUN 95.0 435.4 17.0 14.9 219.0 223.7 35.0 72.0 50.0 2250
MEDIAN 316.0 3083.9 138.0 1723.4 590.0 5899.1 184.5 1992.7 235.0 3606.9
NuUtiBER OF
OBSERVATIONS i1 " 13 12 13 13 8 8 2 2

Note: Each set of observations represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)
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INF
BOOD
MG/ L
PAX L0AUM 1439 .
MEAMN 631.
ML TNUA 193,
MEDTAN 261.

NUMSER OF
O0BSERVATIONS

TABLE 6-10

RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS NOT TYPE I SUBCATEGORY

ZERO DISCHARGE/ALTERNATIVE DISPOSAL

INF [MF 1 MF INF 10 F INF INF INF 1uF

8oo 1S5S 1SS ceco <00 T0C T0C 086G 046
LB/DAY MG/, LB/ OAY nG/sL LB/DAY MG/ L LO/DAY MG/ L LB/0AY
5646.0 33170.0 103043.3 27872.0 154042 1 9592.0 1197 .4 286.0 6186.8
1997.5 10230.3 A46790.1 9530.8 37921.0 4076.5 660.2 286.0 6186.8
167.0 81.0 70.1 516.0 a72.4 161.0 139.3 286.0 6186.8
179.6 3031.0 1639.5 2956.0 2607.0 a4876.5 660.2 206.0 6186.8
3 q q 5 5 2 2 1 1

Note: Each set of observations represents a separate data subset. Calculations which combine
subsets may not be meaningful. (See last paragraph page 109.)



SECTION VII.
CONTROL AND TREATMENT TECHNOLOGIES
GENERAL

This chapter addresses control and treatment technologies currently used
or available to the OCPS industries for BPT. The treatment methodol~-
ogies presented in this section are divided into in-plant technologies,
including source control and in-plant treatment, and end-of-pipe (EOP)
technologies.

Wastewaters from the OCPS industries are disposed of by one of three
methods: (1) direct discharge, (2) indirect discharge, and (3) zero or
alternative discharge. Direct discharge refers to the release of treat-
ed or untreated wastewater to a receiving stream. Indirect dischargers
transport wastewater to a publicly owned treatment works (POTW). Zero
or alternate discharge refers to situations in which generated wastewa-
ter 18 either disposed of on plant property or trangferred to an alter-
nate location where it is disposed -of on-site or discharged after treat-
ment.

.Table 7-1 lists the zero or alternate discharge practices and the prin-
cipal direct discharge end-of-pipe treatment technologies reflected by
the Summary Data Base. The principal disposal/treatment practices are
grouped by the number of waste streams and the number of plants for the
four potential subcategories discussed in Section IV,

A total of 71 plants are single stream zero or alternate dischargers,
and 23 plants are multiple stream zero or alternate dischargers. The
largest group of plants in the data base are the 157 single pipe direct
dischargers. Five other plants have multiple direct discharge streams.
An additional 33 plants have both zero or alternate and direct discharge
streams. The disposal method used at 2 plants could not be determined.
Although the Summary Data Base was only developed for direct and zero or
alternative discharge, six plants are currently indirect dischargers be-
cause they have diverted their effluents to a POTW. Data collected at
these plants while they were direct dischargers has been retained in the
Summary Data Base.

IN~PLANT SOURCE CONTROLS

In-plant source control refers to process or operating techniques used
to either reduce the quantity or improve the quality of a waste stream
within a plant. Some in-plant control methodologies are capable of
completely eliminating a waste stream, while others recover valuable
by-products of the manufacturing process.

In-plant controls provide several advantages. Beyond the potential for
recovery of saleable material, in-plant control may reduce EOP treatment
plant costs, which often offset the in-plant treatment costs. In-plant
control can also remove pollutants inhibitery or not amenable to EOP
treatment schemes.

| 'Preceding page blank

119



0Z1

TABLF 7-1
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Many of the newer chemical manufacturing plants are being designed with
a reduction in water use and consequent minimization of contamination as
part of the overall planning and plant design criteria. In addition,
improvements have been made in existing plants to control pollution from
their manufacturing processes and other activities, prior to discharge.
In-plant source controls that have been effective in reducing pollution
loads in the OCPS industries are described in the following paragraphs.

Process Modification

Older plants were sometimes designed without regard for raw material or

water conservation. As costs have increased and local envirommental
regulations have become more stringent, some plants have modified their
manufacturing processes. For example, plants which once used batch

processes have gone to continuous operation. By doing 80, wastewaters
containing spent solvents or caustic which are generated by between
batch cleanup are eliminated. As a consequence, production yields
increase and overall wastewater generation is reduced.

Instrumentation

An important source of pollutant loading in the OCPS industries is occa-
sional process upset resulting in discharge of products, raw materials
or by-product. For example, reaction kettles occasionally become over

pressurized, resulting in a burst rupture-disc and subsequent discharge.

The in-plant control best suited to eliminate these occurrences is the
installation of more sophisticated instrumentation., Alarms, pH and flow
sensors and similar devices are capable of early detection of process
upsets. Use of this type of instrumentation, coupled with added opera-
tor training, can measurably reduce pollutant loading.

Solvent Recovery

The recovery of waste solvents has become a common practice among plants

using solvents in their manufacturing processes. However, several
plants have instituted further measures to reduce the amount of waste
solvents discharged. Such measures include incineration of solvents

that cannot be recovered economically, incineration of bottoms from sol-
vent recovery units, and design and construction of better solvent re~
covery columns to strip solvents beyond the economical recovery point.
The economical recovery point has been reached when the cost of recover-
ing additional solvent (less the value of the recovered solvent) is
greater than the cost of treating or disposing of the remaining waste
solvent.

Water Reuse, Recovery, and Recycle

The use of barometric condensers can result in significant water contam-
ination, depending upon the nature of the materials entering the dis-
charge water streams. As an alternative, several plants use surface
condensers to reduce hydraulic or organic loads.
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Water—-sealed vacuum pumps often create water pollution problems. Sev-
eral plants use a recirculation system as a means of greatly reducing
the amount of water being discharged.

Reduction of once-through cooling water by recycling through cooling
towers is a common 1industrial practice which results in a decreased
total discharge volume. Stormwater runoff from manufacturing areas can
contain significant quantities of pollutants. Separation of stormwater
from process wastewater has been practiced throughout the industry and
often facilitates the isolation and treatment of contaminacted runoff.

Process modifications allowing for enhanced wastewater recycle have also
been applied within the OCPS industry. Twenty~four facilities in the
291 plant Summary Data Base indicate that, through wastewater recycle,
they achieve zero discharge.

IN-PLANT TREATMENT

Besides implementing source controls to reduce or eliminate the waste
loads generated within a manufacturing process, another alternative is
available. In-plant treatment is directed toward removing certain pol~
lutants before they are combined with the plant's overall wastewaters
and consequently diluted. In a general sense, in-plant treatment proc-
esses are degigned to treat specific waste streams. Although in-plant
technologies can remove a variety of pollutants, they are usually de-
signed to treat toxic or priority pollutants.

Generally speaking, in-plant treatment is employed to avoid undesirable
impacts on a plant's end-of-pipe (EOP) treatment. Indirect dischargers
may utilize in-plant treatment to remove components which could detri-
mentally affect the POTW, or materials which could pass through a POTW
without receiving adequate treatment. In-plant treatment is also used
to take advantage of the more efficient treatment of low volume, con-
centrated and homogenous waste streams generated by specific unit
operations.

The basis for any decision to employ in—-plant treatment is governed by
the presence of:

- Pollutants toxic to the biota of an EOP biological treatment
system.

- Biologically refractive pollutants.
-~ Highly concentrated pollutants.

-~ Pollutants that may offer an economic recovery potential
(solvent recovery).

- Pollutants that are hazardous if combined with other chemicals
downstrean.

- Pollutants generated in small volumes in remote areas, precluding
conveyance to centralized treatment,
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- Corrosive pollutants that are difficult to transport.

- Pollutants that would contaminate EOP waste sludge, limiting
disposal options.

Many demonstrated technologies are available for the removal of specific
pollutants found in the wastewaters from organics and plastics manufac-
ture. The selection of a specified in-plant treatment scheme depends
both on the nature of the pollutant to be removed and on the engineering
and cost comparisons of the options available.

The following paragraphs provide brief summaries of technologies either
in use as in-plant treatment technology, or available to the OCPS indus-
try. In that in-plant treatment is primarily used to remove toxic mate-
rials (i.e., metals, cyanide, solvents, etc.), the reader is referred to
the BAT Development Document for further details on these treatment
processes.

Activated Carbon Adsorption

Adsorption on granular activated carbon (GAC) is an effective, and more-
over, a commercially established means of removing dissolved organic
species from aqueous waste streams. Contaminants are removed from sol-
ution by a three-step process involving (1) transport to the exterior of
the carbon, (2) diffusion within the pores of the activated carbon, and
(3) adsorption on the interior surfaces bounding the pore and capillary
spaces of the activated carbon. Eventually the surface of the carbon is
saturated. When this occurs, replacement of the adsorber system with
fresh (i.e., virgin or reactivated) carbon is required.

Both powdered activated carbon (PAC) and GAC are capable of efficiently
removing many pollutants, including toxic and refractory organics. Pow-
dered carbon is most frequently added to biological treatment processes
and is not recovered.

Table 7-2 was taken from a recently published study [7-1] of carbon
adsorption systems which have been in use in the chemical industry.
The table lists more than 100 examples of full scale activated carbon
adsorption systems.

Metals Removal

Heavy metals are of importance since their presence even at very low
levels can inhibit biological activity and thereby lower the efficiency
of the biological treatment system,

Technologies are well established for a number of metals removal meth-
ods. MHydroxide and sulfide precipitations, for example, are the most
common methods of metal ion removal used. Many metals ions form insol-
uble hydroxides and sulfides at a high pH when treated with either
caustic soda, lime, or soluble sulfides. The precipitates may be re-
moved from the waste stream by such methods as settling or filtration,
Other technologies applicable to metals removal are ion exchange and
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COMPANIES REPORTED TO HAVE EXPERIENCE WITH FULL-SCALE

ComEanz

Alkcolac

Allied Chemical

Amerada Hess

American Aniline

American Color and Chemical

American Cyanamid
Atlantic Richfield®

Atlantic Richfield/
Polymers, Inc.

BASF Wyandotte

Beckman Instrument Co.

Borden, Inc.

British Petroleum Corp.

C. M. Masland

Ciba Geigy

TABLE 7-2

[7-5]

GRANULAR ACTIVATED CARBON SYSTEMS

Location
Sedalia, MO

Fairfield, AL

South Point, OH
Frankford, PA
Buffalo, NY

Syracuse, NY

Hopewell, VA

Moundsville, WV

a

a

Lockhaven, PA
Bound Brook, NJ
Carson, CA

Monaca, PA
Geismar, LA
Washington, NJ

Porterville, CA

Bainbridge, NY
¢ Marcus Hook, PA
Waskefield, RI

St. Gabriel, LA
124

Principal Product

Surface active agents

Creosote oils, tars,
pitches

Formaldehyde
Organic chemicals
Inorganic chemicals

Monochlorobenzene,
o-dichlorobenzene

Organic chemicals

Toluene diisocyanate,
methylene dianiline

Refinery products
b

Dyes

Organic chemicals
Refinery products

Diethylebenzene,
divinyl benzene

Chlorine, hydrogen,
sodium hydroxide

Polypropxy ethers,
polypropylene glycol

b

Plastics and resins
Refinery products
Textiles

Pesticides



TABLE 7-2 (Continued)

Crompton and Knowles Corp.
Diamond Shamrock

Dow Chemical

Du Pont

EPA Emergency Response Unit

Fike Chemical

First Chemical Corp.

FMC

General Electric

Georgia Pacific

Hardewicke chemical

Hercules, Inc.

Hooker

Houston Chem. Div. of PPC

ICI Americas
Iowa Army Ammunition Plant
Joliet Army Ammunition Plt

Kansas Army Ammunition Plt

Gibraltar, PA
Houston, TX
Gales Ferry, CT
Plaquemine, LA
Midland, MI
Beaumont, TX
Richmond, Va
Belle, WV
Mobile Unit

Nitro, WV

Pascagoula, MS

Baltimore, MD

So. Charleston, WV
Nitro, WV
Middleport, NY
Bayport, TX
Pittefield, MA
Fort Edwards, NY
Selkirk, NY
Conway, NC

Elgin, SC

Hattiesburg, MS

Hahnville, LA

Beaumont , TX

Goldsboro, NC
Burlington, IA
Joliet, IL

Parsons, KS
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Dyes

Pesticides

Plastics and resins
Organic chemicals
Phenol, acetic acid
Pharmaceutical chems.
Textile fibers
Organic chemicals

Chemical spill cleanup

Speciality organic
chemicals

Aniline, nitrobenzene,
nitrotoluene

Pesticides

Organic chemicals
Organic chemicals
Pesticides
Plasticizers, glycerin
Plasticss and resins
Plastics and resins

Phenolic resins

Specialty organic
chemicals

Terpen oils,
hydrocarbon resins

Ethylene glycol,
ethylene dibromide

Pesticide research
Explosives
Explosives

Explosives



Liquified Coal Development

Corp.

Lone Star Army Ammunition

Plant

Louigiana Army Ammunition

Plant
Matlack

Mobay

Monsanto

Neville Chemical

Olin Corp.

Owens Corning

Palisades Industries

Pennwalt

Pfizer Chemical

Proctor and Gamble -

Reichhold Chemicals

Republic Steel

TABLE 7-2 (Continued)

Captina, WV

Texarkana, TX

Shreveport, LA

Swedesboro, NJ

Cedar Bayou, TX

New Martinsville, WV

Anniston, AL
Sauget, IL

St. Louis, MO
Alvin, TX
Texas City, TX
Luling, LA
Nitro, WV

Neville Island, PA
McIntosh, AL
Bradenberg, KY
Rochester, NY
Ashtabula, OH
Anderson, SC
Peace Dale, RI
Houston, TX
Terrahaute, IN
‘South Port, NC
Brooklyn, NY
Greensboro, NC
Chicago, IL
Baltimore, MD
Kansas City, KS
Dallas, TX

Tuscalocosa, AL

Clevéland, OH
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Anchracene-derived
solvents

Explosives

Explosives

Tank truck washing
Organic chemicals

Isocyanates, polyols,
polyesters

Polynitrophenol
Organic chemicals
Organic chemicals
Organic chemicals
Organic chemicals
Cyclohexanol
Pesticides

Plastics, resins

Pesticides

Organic chemicals
Organic chemicals
Organic chemicals

Plastics and resins
Textiles
Organic chemicals

Pharamaceutical chems.
Citric acid

Organic chemicals
Organic chemicals

Fatty acids
Fatty acids
Fatty acids, alcohols
Fatty acids

Phenol,
pentaerythritol, resins

Coke



Rhodia {Rhone-Poulenc)

Rocky Mountain Arsenal

Rogers Corporation

SCA Chemical Waste Services

Schenectady Chemical
Sherwin Williams Co.

Stauffer Chemical

Stepan Chemical

Stephen-lLeedom Carpet

Tooele Army Ammunition Plt

TRA

Union Carbide

TABLE 7-2 {(Continued)

Freeport, TXC
Portland, OR

Denver, CO
Manchester, CT
Lewiston, NY
Schenectady, NY
Chicago, IL
Bucks, ALd
Lemoyne, AL
Richmond, CA
Dominguez, CA

San Jose, CA

Delaware City, DE
Louisville, KY
d

Geismar, LA

Henderson, WV

Skaneateles Falls,NY

Galliopolis Ferry,WV

Green River, NYd

Fieldsboro, NJ
Southhampton, PA
Tooele, UT

Irving, TX

. d
Hahnv111e,dLA
Ponce, PR
Greenville, SC

Woodbine, GA d
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Organic chemicals
Pesticides

b

Plastics and resins
Chemical waste disposal
Phenolic resins

Para-cresol

Sul fur
Pesticides
Inorganic chemicals

Flavor and fragrance
chemicals

Carbon disulfide

Organic chemicals

Organic chemicals
Detergents

Syn. lubricants,
plasticizers, esters

Detergent intermediates
Carpets
Explosives

b

Synthetic fibers



TABLE 7-2 (Continued)

Velvet Textile Co. Blackstone, VA Textiles
Vicksburg Chemical Vicksburg, MS Toxaphene, methyl
parathion
Yorktown Naval Weapons Sta. Yorktown, VA Explosives
Unidentified (1)°€ Pesticides
Unidentified (2) Organic chemcials
Unidentified (3) Explosives
Unidentified (4) Chlorobenzene,
dichlorobenzene
Unidentified (5) Toxaphne, DNBF,
cyanazine
Unidentified (6) Dalpon
Unidentified (7) 2,4=D, 2,4-DB, MCPA
Unidentified (8) ’ Parachloronitrobenzene,'
terrazole
Unidentified (9) Dicofol
Unidentified (10) Trifluralin,

isopropanol,
ethalfluralin

Unidentified (11) DEET, piperonyl
butoxide, thanite

Unidentified (12) Carbofuran

Unidentified (13) Atrazine

; Location not given in data source.

c Information incomplete.

3 Unit known to be shut down.

No plant listed at this location in 1979 Directory of Chemical
Producers.

Neither company nor location identified in data source,
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membrane processes such as reverse osmosis and ultrafiltration. These
technologies are normally employed by industry as in-plant treatment;
however, none were reported in the Summary Data Base.

Steam Stripping

Steam stripping is a variation of distillation whereby steam 18 used as
both the heating medium and the driving force for the removal of vola-
tile materials. For employment of steam stripping, steam is introduced
into the bottom of a tower. As it passes through the wastewater, the
steam vaporizes and removes volatile materials from the waste and then
exits via the top of the tower. Although most commonly employed as an
inplant technology for solvent recovery, steam stripping has been re-
ported as a wastewater treatment process, Data from three plants using
steam stripping as the primary treatment step are summarized in Table
7-3.

Liquid-Liquid Extraction

Liquid-liquid extraction (LLE) is a process that can separate certain
components from a solution by contacting the solution with an immiscible
liquid that has a higher solubility for the components of the solution
than it does for the solution contacted. LLE operating and capital ex-
penses involve the liquid-liquid contactor with its peripheral equipment
and the solvent regeneration equipment. Although liquid-liquid extrac-
tion is a common process operation, it is normally applied as an in-
plant treatment to utilize the highest available concentration gradient.

No data were available for LLE.
Oxidation

Oxidation as a treatment practice is accomplished by either wet or
chemical oxidation. Wet oxidation is a common process in which an
aqueous waste can be oxidized in a closed, high-temperature, high-
pressure vessel. Wet oxidation has been used to treat a variety of
wastes including pulping waste and acrylonitrile 1liquor. A percent
reduction in excess of 99.8 has been reported for some of the toxic
pollutants.[7-2] This process is applicable particularly as in-plant
and EOP treatments of wastes with a high organic content.

The application of chemical oxidation to industrial wastes is well
established for cyanides, sulfide, ammonia, and other such harmful sub-
stances in waste streams. Chemicals commonly used as oxidizing agents
include chlorine, hypochlorite, hydrogen peroxide, potassium permanga-
nate, ozone, and chlorine dioxide. Although several plants in the
Summary Data Base reported using chlorination as part of their EOP
treatment, it was used as a sterilizing medium rather than as a chemical
oxidation process.

No data were available for oxidation.
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END-OF-PIPE TREATMENT

End-of-pipe treatment refers to those processes that treat a combined
plant waste stream for pollutant removal prior to discharge. Adequately
designed, operated, and maintained EOP facilities allow manufacturers to
discharge their wastewater directly to a receiving body of water.

EOP technologies covered in this report are classified as primary, sec-
ondary and tertiary processes. Depending on the nature of the pollu-
tants to be removed and the degree of removal required, differeant com—
binations of the available treatment technologies may be used.

Primary treatment usually involves physical separation processes. These
technologies include clarifiers, oil skimmers, dissolved air flotation
and similar devices which may use flocculants to assist in the removals.
Depending on the nature of the suspended solids in the wastewater, this
treatment may remove a significant amount of the BOD attributable to
suspended solids or floating materials from industrial wastewaters.

Secondary treatment is utilized when the primary system cannot improve
the wastewater to a sufficient degree to permit discharge. Secondary
treatment usually consists of biological processes capable of removing
the soluble pollutant constituents. Biological processes are widely
used in industrial waste treatment and, as measured by BOD, are very
successful in removing biodegradable organics. Factors which influence
the design and operation of biological systems for industrial wastes
include the sensitivity of these systems to influent composition changes
and the potential inhibitory effects of certain industrial chemicals on
the microorganisms. Design techniques which accommodate such factors
are discussed in the section entitled "Design, Operation and Management
Practices."

Tertiary treatment refers to treatment following the biological or other

secondary treatment system. The technologies available for tertiary
treatment vary, but normally relate to the removal of specific pollutant
parameters not effectively removed in secondary treatment. Some ter-

tiary treatment unit processes are also applicable to in-plant or pri-
mary treatment schemes.

Primary Treatment

In the following paragraphs the primary treatment processes used by the
291 OCPS industry plants in the engineering data base are discussed.

Equalization - Equalization consists of a wastewater holding vessel or
pond large enough to dampen flow and/or pollutant concentration varia-
tion and permit a nearly constant discharge rate and wastewater quality,
The holding tank or pond capacity is determined by wastewater volume and
composition variability. The equalization basin may be agitated or may
utilize a baffle system to prevent short circuiting. Equalizarion 1is
employed prior to wastewater treatment processes that are sensitive to
fluctuations in waste composition or flow. No plants in the Summary
Data Base reported equalization as the only treatment technology used.

131



However, 124 plants included equalization as a part of their total
treatment systemn.

Neutralization = Neutralization is practiced in industry to raise or
lower the pH of a wastewater stream. Alkaline wastewaters may be neu-
tralized with hydrochloric acid, carbon dioxide, sulfur dioxide, and,
most commonly, sulfuric acid. Acidic wastewaters may be neutralized
with limestone or lime slurries, soda ash, caustic soda, or anhydrous
ammonia. Often a suitable pH can be achieved through the mixing of
acidic and alkaline process wastewaters. Selection of neutralizing
agentg 18 based on cost, availability, ease of use, reaction by-
products, reaction rates, and quantities of sludge formed.

Nine plants in the 29] plant Summary Data Bage reported using neutral-
ization as their principal treatment method. 1In addition, 104 other
plants used neutralization as part of their treatment system.

Clarification - Clarification, in this context, may be defined as the
removal of solid particles from a wastewater through gravity settling.
The nature of the solids and their concentration are the major factors
affecting the settling properties.

Among plants in the Summary Data Base, eight employ clarification as the
principal component of their treatment system. Performance data for
these plants 1is presented in Table 7-4. 1In addition, 94 other plants
use some form of c¢larification as part of their treatment system, either
with or without the use of precipitation, coagulation or flocculation.

Precipitation/Coagulation/Flocculation - Gravity clarification may be
supplemented by precipitation, coagulation or flocculation providing en-
hanced suspended solids removal. Precipitation, coagulation or floccu-
lation may also be used as a primary treatment step to protect biologi-
cal secondary treatment processes from upset due to toxic metallic pol-
lutants.

Simple clarification is usually accomplished with standard sedimentation
tanks (eirher rectangular or circular). If additional solids removal,
removal of colloidal solids, or removal of dissolved metallic ions is
required, precipitation, coagulation or flocculation are added. Coagu-
lation is usually accomplished by adding an appropriate chemical (alum,
lime, etc.) followed by a rapid mix and finally a slow agitation to pro-
mote floc particle growth. A polymeric coagulant aid is sometimes used
in these systems.

A total of 3 plants in the Summary Data Base report using precipitation,
coagulation, or flocculation as the principal component of their treat-
ment system. Data reported for these systems is presented in Table 7-5.
A total of 15 plants use some form of coagulation as part of their
treatment system.

Flotation = Flotation is used to remove oils and other suspended sub-
stances with densities less than that of water or, in the case of dis-
solved air flotation, particles that may be slightly heavier than water.
As with conventional clarifiers, flocculants are frequently employed to
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enhance the efficiency of the flotation units. Although flotation is
sometimes referred to in the coatext of dissolved air flotation, such
other technologies as oil/liquid skimming and solids skimming are also
flotation operations, and are sometimes an integral part of standard
clarification.

For the one OCPS industry plant having flotation as its primary method
of treatment, summary performance data is presented in Table 7-6. An
additional 6 plants use flotation as a part of their total treatment
system.

Secondary Treatment

Technologies classified as secondary treatment are generally biological
processes and serve the primary function of removing dissolved carbona-
ceous pollutants as represented by BOD, COD, and TOC measurements. Bio-
logical systems may also be designed to remove some nitrogenous pollu-
tants. Biological systems can remove limited amounts of heavy metals
and refractory organic toxic chemicals through adsorption, biomass up-
take and biodegradation, if properly acclimated to the waste. Neverthe-
less, these processes are usually designed to treat large quantities of
dissolved carbonaceous wastes and any other pollutant removal or treat-
ment is often incidental.

Biological Treatment - All biological treatment systems are designed to
expose wastewater containing bivclogically degradable organic compounds
to a suitable mixture of microorganisms, in a controlled environment
which contains sufficient essential nutrients for the biological reac-
tion to procede. Under these conditions the reduction of biologically
assimilable pollutants will take place in a reasonably predictable man-
ner. Biological treatment is based on the ability of mircoorganisms to
utilize organic carbon as a food source. The treatment is classified as
aerobic, anaerobic, or facultative. Aerobic treatment requires the
availability of free dissolved oxygen for the bio-oxidation of the
waste. Anaerobic treatment is intolerant of free dissolved oxygen and
can utilize '"chemically bound" oxygen (such as sulfates) in breaking
down the organic material. Facultative organisms can function under
aerobic or anaerobic conditions as the oxygen availability dictates.

Although the definitions of the processes are distinct, in practice both
aerobic and anaerobic conditions may exist in the same treatment unit,
depending on degree of aeration, degree of mixing, effects of photosyn-
thesis, and other factors which contribute to the supply and distribu-
tion of omxygen to the treatment system. Facultative lagoons are de-
signed to utilize both aerobic and anaerobic mechanisms as a means of
reducing the net sludge production.

Biological treatment processes are widely used, and if properly designed
and operated, are capable of high BOD removal efficiencies. Such sya-
tems given sufficient reaction time, can reduce the concentration of- any
degradable organic material to a very low concentration. Any organic
material which will respond to the standard BOD test procedure is by
definition a degradable substrate.
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It was previously noted in Section IV that properly designed and opera-
ted biological treatment systems will produce similar effluent BOD_ con-
centrations even though influent BOD_ concentrations may be significant-
ly different. This is illustrated %y Figures 7-1 and 7~2. These fig-
ures were prepared by plotting the lognormal frequency distribution of
plants achieving various effluent BOD. concentrations. The criteria, as
explained later in this section, for "establishing that a plant was well
designed and operated was defined by including data from only those
plants which achieved 95 percent BOD_. removal or which achieved effluent
BOD. concentrations of 50 mg/l or less. Prior to graphing, the data was
sorged by influent BOD. concentration into the four ranges shown in the
figure. The minimum, “waximum, and median values for each set of data
are also shown. Figure 7-1 presents data from Plastics Only plants,
Figure 7-2 presents the data from all other plants for which influent
and effluent BOD. concentrations were available, and which met the cri-
teria for being well designed and operated.

The figures illustrate that good effluent quality can be achieved over a
wide range of influent concentrations. For the Plastics Only plants,
median effluent BOD., varies between 9 and 21 mg/l although influents
range over two orders of magnitude. For OCPS plants producing products
other than Plastics Only, median effluent BOD. concentrations range from
10 to 20 mg/l for influent BOD, concentratidons up to 1000 mg/l, and a
median effluent BOD. of 44 mg/? for influents greater than 1000 mg/l.
The higher median eé%luent obtained for influents greater than 1000 mg/1
does not necessarily indicate that high strength influents are any less
degradable than the lower strength influents previously presented. The
three lower plots in Figure 7-2 represent a relatively narrow range of
influent concentrations, specifically 0 to 1000 mg/l. The uppermost
plot presents data from 19 plants with influent BOD concentrations which
range from 1076 mg/l to 5710 mg/l. Because of the signifcantly wider
range of influents in this group, the spread between minimum and maximum
effluent values does not necessarily contradict the theoretical assump-
tion that a similar limiting effluent concentration can be achieved.
Although the 19 plants with influent BOD concentrations greater than
1000 mg/l generally achieve the highest percentage BOD removals, typi-
cally 96 to 98+ percent, they do not necessarily degrade the organic
material to the maximum degree possible. Without access to the design
basis for each of the 19 plants, it cannot be determined if the plant
was designed to achieve the maximum removal possible by a biological
system, or a specified level of treatment (i.e., some percentage of BOD
reduction) which was judged adequate for a specific site,

Although most biological systems can ultimately reduce effluent BOD to
similar limiting concentrations, the rate of reactjon will depend on a
variety of design considerations. These considerations do limit the
direct transfer of design and operating conditions from one industrial
plant to another although the chemical product lines may be similar.
Techniques are available, however, to optimize design and operating
conditions to ensure adequate treatment for all industry wastes.

Biological systems operate most efficiently under so called "steady
state”" conditions. Unfortunately, industrial wastewater is frequently
found to be extremely variable in composition and comcentration. Waste
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equalization is typically used priar to biological treatment to address
this consideration.

Toxic or inhibitory compounds frequently present in industrial wastes
can impair the biological process. Proper acclimatization can develop
strains of organisms which are tolerant to normally toxic substances.
However, once a specialized strain is established, care must be exer-
cised to avoid changes in concentration of the chemicals for which the
microorganisms have developed a tolerance. Increases or decreases in
concentration over a narrow range can result in a complete loss of the
specialized organisms and failure of the treatment process, Reestab-
lishment of a suitable microbial population can be a lengthy procedure.

It is generally accepted that temperature affects the performance of the
biological treatment process since the biodegradation rate is tempera-
ture dependent. The relationship usually employed is:

(T-20)
kr = k0% ®
where: kT = kinetic rate at temgerature T (%)
Ky = kinetic rate at 20( C)
e = temperature coefficient

It should be recognized that the temperature of significance is the tem-
perature in the reaction system, and a thermal balance must be computed
considering the ambient air temperature and influent wastewater tempera-
ture. The sensitivity of the reaction rate to temperature is defined by
8, a dimensionless coefficient.* A value of 8 equal to 1.00 would imply
that the reaction kinetics are unaffected by changes in temperature. As
the value of 8 increases above 1.0 the reaction becomes increasingly
sensitive to changes in operating temperature. The value of © for sev-’
eral organic~chemical wastewaters has been reported [7-3] to vary from
1.055 to 1.10. The effect of temperature on BOD removal in an organic
chemicals plant, as reported by Eckenfelder, et al., is shown in Figure
7-3. The figure shows that although treatment efficiency decreases with
decreasing temperature, a high degree of BOD removal can be achieved
even at very low temperatures if suitable food to microarganism ratios
are maintained. Lower F/M ratios than those shown in Figure 7-3 can be
used to obtain even higher BOD removals. Increasing MLSS concentrations
and optimizing sludge ages will also help in improving BOD removals.

Other references show conflicting results in evaluating the effects of
temperature on wastewater treatment plant performance.

Berthouex, et al. [7-41] developed linear and time series models relating
effluent BOD_ to influent BOD_, MLSS, temperature and hydraulic reten-
tion time based on three years of data compiled at the Madison Sewage
Treatment Plant (Wisconsin). They found no significant effect of tem-
perature on performance when gradual changes in temperature (4-24°¢C)
occurred.

* which must be determined empirically
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B.A. Sayigh [7-5] conducted activaced-sludge laboratory studies with
continuous stirred-tank reactors and concluded that the effects of tem—
perature using domestic sewage, organic-chemicals wastewaters and petro-
chemical wastewaters depend on the specific type of wastewater being
treated. The author also found that the higher the sludge age, the less
the susceptibility of the process to variations in temperature.

Work done by Del Pino [7-6] using wastewaters from three organic chemi-
cal plants showed that low temperature operation did reduce treatment
efficiency, but this could generally be compensated for by operation at
higher MLSS concentrations.

Spearman correlation coefficients were used to statistically determine
if temperature, as measured by geographic location in degree-days, was
significant for biological effluents in the EGD Summary Data Base.
Table 7-7 presents a summary of this analysis for BOD, COD and TSS. 1In
all cases, effluent quality (measured as effluent mg/l) was found to be
statistically independent of location using degree-days as a surrogate
for temperature.

The principal difficulty encountered when evaluating the impact of tem-
perature on treatment system performance is that temperature is only one
of several characteristics which affect the operation of the system.
Changes in temperature (both seasonal and short term), raw waste load,
product mix, flow, food to microorganism ratio, dissolved solids and
suspended solids will all have some impact on treatment. In reviewing
full scale plant operating data, it is difficult to isolate temperature
effects from changes caused by variables other than temperature. This
problem can be overcome in laboratory scale studies where temperature
can be controlled and other variables held constant, but the usefulness
of applying temperature data collected in this manner to the operation
of a full scale system is questionable. This is particularly true in
the OCPS industry where raw waste load variability is significant due to
batch operations, frequent product mix changes, and raw materials
variations.

In summary, analysis of this data would generally confirm the observa-
tions which appear in the literature. Specifically, temperature can
have an impact on the treatment efficiency in some cases. However, tem-
perature 18 only one of several factors which impact treatment. Waste
load variations, biomass acclimation, flow variations, waste treatabil-
ity and temperature of the wastewater during treatment must all be taken
into consideration when developing a treatment sequence for a specific
‘industrial site. The interaction between these factors makes it diffi-
cult to isolate any one, such as temperature, separately. Thus, temper-
ature considerations must be viewed as specific to a given site, rather
than as specific to any given reglon or geographic area,

Regardless of the above restrictions and limitations on the applicabil-
ity of biological treatment systems, technologies and operating tech-
niques exist, which if properly applied, can overcome these limitations.
Just as two organic chemical plants producing the same product may have
different process chemistry which reflects differences in feedstocks,
treatment systems must be designed and operated to reflect the specific

142



TABLE 7-7

DEGREE-DAYS VS. EFFLUENT QUALITY
SPEARMAN CORRELATION COEFFICIENTS FOR EFFLUENTS

Data Set

PLASTICS ONLY
ORGANICS ONLY
PLASTICS AND ORGANICS

ALL PLANTS

BOD
-0.13
-0.04

0.07

-0.06

143

Coefficient

cop
0.10
~0.03
0.12

0.03

TSS

0.04
-0.10
-0.21

-0.11



characteristics of the wastewater they process. By considering each
wastewater stream to be treated individually, and judiciously selecting
the optimum combination of source control, pretreatment and treatment
technologies, treatment of OCPS wastewaters to very low effluent BOD
levels will be possible in all but the most extreme cases. Specific
means of wmitigating temperature aspects are discussed later in this
chapter.

Aerated Lagoons

Aerated lagoons are stabilization basins to which air 1s added either
through diffusion or mechanical agitation. The air-provides the oxygen
required for aerobic biodegradation of the organic waste. In some de-
signs the air addition will provide sufficient mixing to maintain the
biological solids in suspension so that they can be removed in a sec-—
ondary sedimentation tank. After settling, sludge may be recycled to
the head of the lagoon. When operated in this manner, the aerated la-
goon is an activated sludge process. The viable biological solids level
in an aerated lagoon is normally low when compared to that of an acti-
vated sludge unit. The aerated lagoon relies primarily on detention
time for the breakdown and removal or organic matter. Aeration periods
of 3 to 8 days are common.

Twenty-seven of the 291 plants included in the Summary Data Base re-
ported using aerated lagoon treatment. A summary of the performance of
these plants is presented in Tables 7-8 thru 7-12.

Aerobic Lagoons

Aerobic lagoons are shallow ponds which contain bacteria and algae in
suspension, with aerobic conditions prevailing throughout the depth of
the basin. Waste is stabilized as a result of the symbiotic relation-
ship between aerobic bacteria and algae. Supplemental oxygen is pro-
vided through natural reaeration. Bacteria break down waste and gener-
ate carbon dioxide and nutrients (primarily nitrogen and phosphorus).
Algae in the presence of sunlight utilize the nutrients and inorganic
carbon and, in turn, supply oxygen that is utilized by aerobic bacteria.
Aerobic lagoons are usually less than 4-6 feet deep and can be period-
ically mixed to maintain their aerobic conditions. Algae do not settle
well using conventional clarification. In order to achieve effective
pollutant removals with aerobic lagoons, some means of removing algae
(coagulation, filtration, multiple-cell design) is sometimes necessary.

A total of four OCPS industry plants use aerobic lagoons as the princi¥
pal component of their treatment system. A performance summary for
these four plants is presented as Table 7-13.

Anaerobic Lagoons

An anaerobic lagoon is deoxygenated throughout its depth and has the
advantages of low sludge production and operating costs. Treatment
results from a combination of precipitation and anaerobic decomposition
of organics, initially to organic acids and cell tissue, and ultimately
to carbon dioxide, methane and other gaseous end products. Anaerobic
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TABLE 7-8
ACRATED LACOON, ALL wabll STREAMI
a

NUMBER OF STREAMS REPORTING THES TCCHNOLOCY AS MAJOR wASTEWATER TREATMENTY 27

L T D Y Y P L L L L L Y LT P Y L L T L L C R P P P T T T L L]

(144 800 BuD 800 133 133 183 coo coo €ao (1113 oL oL
FLO® Inr CLFF 3 INF EFF 3 INF (144 b 4 Inr (144 1
“eo np /L "o/l RgD ng/L ne/L RED ne/L nC/L ReD ne/L ue/L L14.]

MAxXIMUM 19,900 1137,0 279,0 98,8 2086,0 393,0 98,7 23178 1178,0 9.8 370.0 112.0 60,4

nEAN 3,158 ar19,.8 54,9 90,2 550.8 62,6 31,2 4229, 27e,8 82,8 370,0 30,5 80,8
LILFLITL] 0,008 99,0 T.,0 3.8 23,0 2,0 =3%6,5 10,0 30,0 66,5 570,0 1,0 80,8
MED AN 0,812 S14,% 195.0 3.0 28%.0 33,0 ot.1 1327.0 135,0 83,5 S70,0 11.3 80.4
HumggR OF

OBSERVATIONS % 10 t{} 10 1 2 11 1 19 10 1 L] |}

AERATED LAGOON, ALL WASTE STREANMS
a
NUMGBER OF STREAMS REPORTING TH1d TECHNOLOCY AS MAJOR #aASTEWATER TREATMENTY 27

LAl T L A L P L L A Al Al L LI L L L L R L R Al L RS T L T L TR P R L P Y Y P L L A T PP PR PP Y Y e ey Y Y T Y 1 ]
10C 1oc 10¢ PHENQL PHENDOL PHENOL NH3N NH3N NH3N CR CR CR
INF (434 1 INF EFF b 4 INF LFF 3 InF (124 4
HE/L "oyL RED MG/L MG/l RED MC/L MG/L RED MG/ MG/L RED

L T L R L L L el T T L T D L Ll L L Tty et iR P P )

MAR]RUN 20%6,0 133,.0 88,1 2395,0 18,0 99,7 19,0 24a0,0 80,5 0,8 1.3 54,8
MEAN 503,7 as,) 61,9 54,1 4,3 99,9 10,4 S8,4 $2.7 0,8 0.3 Sa,0
MINLHUN 20,0 18,0 25,0 2,5 0,0 99,2 1,8 1,1 22,2 0.4 0,1 Sa,e
MEDTAN < 32,0 32,0 63,9 09,5 0,8 9,6 10,8 3,7 53,0 0,4 0,2 58,6
NUMBER OF

0BSERVATIONS 1 ] . a . 3 a 1 a 1 [} 1

a These data are from plants that use this technology as the principal component
of their was-cwater treatnent systen.
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TABLE 7-9

Acna.tu LAOOLN, PLAXTICS OMLY
a

NUMBER OF STRIAMS REPORTING THIE TECHNOLOOY AS MaJOR wASTEWATEN TREATWENTY O

LT T A gy S U U e Sy I
err 80D 80D 80D 78S 158 1159 cop coo cop [L1Y.] 1Y } [-1Y ]

rLOV INF rr . INF cre [ INF (144 1 3 INF ({44 [
LLY.] L] 148 He /L RED ue/L uo/L eLp no /L “e/L [ 1] no/L no/L RED

ceccmmtecane-"rSrasegaanPbocncacbpe - -

T L L R L T L R Y R L T T L P R L L L T Y P L L L L]

MAXTNUN 930 447,00 86,0 90,4 443,0 38,0  9T.0 31,0 IXe.0 8e,0 . 16,0 .

MEAN Vo216 22040 20,1 89,0 443,00 18,% 97,0 I9B,0 26,0 772 « T P

LI 04387 94,0 T.0 88,2 6&43,0 11,0 97,0 179,06 30,0 70,4 . 1.1 .

MEOIAN 0s804 119,0 13,0 80,3 £43,0 19,0 97,0 3I53,0 104,39 T2 . 7.8 e

NUHAEZR OF

083LRVATIONS ] 3 ) 3 1 . ] 4 . 2 [] 4 [

ACRATED LAGODN, PLASTICS ONLY

a
NUMBER OF STHEAMS REPORTING THI3 TECHNOLOGY AS MAJOR WASTEWATER TREATWENTL 8

meccevessaseaREce et st s cetetarten oSt m A e rrerdtccanat et e R Pt st ECaT e hovratacSPossastaane
10¢C T0C 10¢C PHENOL PHENOL PHRENOL NHIN NHIN NH3N CcR (4] (4]
INF LFF 4 InF EFF 4 INF LFF 3 INF EFF

MG/, MGs/L  RED MG/L  MG/L  RED MG/l MG/L  RED WG/L  mMO/L RED

P L LT YL Y T Py T Y Y P R T T T T T R Y T e Y L D L L LT P Y IR P YL L R T

MAX]MUM . . . . 041 . . . . . 0.8 .
nEAN N . . . 0,1 . . . . . 0,8 .
MINTMUN . . . . 0,1 . . . . . 0.8 .
MED1AN . . . . [ 13 . . . . . 0.8 .
NUMBER OF

OBLSCRVATIONS [ [} [ [] 1 0 L] [} ] [] 1 0

a These data are from plar~s that use th!s :rchro.ofy as the orincipal component
of thelr wastewiter treatmers cyston,
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TABLE 7-10

ALRATED w.-UUuny NOY PLAQTICS (TYrt 1 & €)
NUwBER OF STREAMY REPONTING TMIS TECHnnL 00y A9 MAJOR WASTEWATEA TRZATHMENTI @

L L T D L L L L R T L L TR TN PO SR gy S P P P Y T T T T REry Yy i i na gy puyyey
err 800 80D pOD 138 1533 133 cop con €00 040 ose og
rLov INe tre ) IN® rr . In? err . IN? wrr [y
00  MO/L MO/ RED MO/ “o/L REp MO/ MO/L RED  m8/L  mO/L 11}

MAXIMUM 18,800 823,0 251,.0 98,0 488.,0 398,0 ¢1,1 tilre live,.o 0,8 . %0 .

MZAN 3210 B834,7 2.3 8T.0 214,06 12140 17,2 923%,0 413,98 9,) . 9,0 .

MINIHUN 0,000 199,¢ T¢0 63,8 23,,0 20,0 86,8 }I327,0 138,0 8),) . 9,0 .

HEOTAN 1e01¢ S02,0 41,0 97,4 73,..0 62,0 29,9 T22%.8 12%%,0 an,7 . 9,0 .

NUMBLR OF

OBIFRYATIONS * b ] 7 3 s v ) L) 7 4 [} 1 [

AEHRATED LAnGOONy NOT PLASTICS (TYPE 1 1 C)
a
NUMBER OF STREAMS REPORTING THIY TECHMNC._OCY AS MAJOR WASTEWATER TAEATMENTI 9§

LY R Y Y P R R Y Y P R R P N L R L L L AL R R R AL T AL L L P IR LR L LA AT P P P I T R P Y Y L L L ]
10C 10¢ T0¢ PHENC.. PHENDL PHENOL NH3N NHIN NH3N CR CcR CcR
INF EFF 1 INF €FF X INF €FF 1 INF Err 4
MG/L  MO/L RED  MG,L MG/L  RED  MG/L  MO/L  RED MG/ WosL  RED
LT T L D T T e T T T T T PO PP

MAXTMUN 513,0 68,0 88,1 974,.° 1.8 99,7 19,0 125,0 80,9 0.8 1.3 %a,6
MEAN 288,3 Q8,7  sa,b 109,05 0,7 99,7 15,5 34,0 63,3 0.4 0.4 Sa,b
NINTNUN 20,0 15,0 25,0 685,.° 0,0 99,7 12,0 1,1 80,0 0,4 0,1 Sa,6
MEDTAN 332,0 61,0 80,7 709,:5 0,7 09,7 1%.9 4,8 (179} [ Y'Y 0,2 5Q,.¢
NUKBER OF

OBSERVATIONS 3 3 3 P 2 ) 2 a H 1 s 1

* 1 Type I w/oxidation
a These data are from plants that use this technology as the principal, component of their
wasicewater frcatment €ystem. ’



8v1

TABLE 7-11

. +
alRA LY LavLuhy auy readisCs (lire 4 aud ©)

hl
NUHBER OF STREAuS REPOATING THIS TECHNOLOCY A9 MAJOR WASTEWATER TREATMENT) &

T T T T T T L T LT T T SO ORI S P Y R R PR L
(444 800 KOO 800 T33 138 183 €00 coo (414 osg 11 oto
FLOw INF EFF 1 § INF €rr | InF EFF 1L 14 eFF
NGO MG /L Mg /L Reo MG/L ne/L Rep mg/L MG /L RED no/y Mg/ Agd

MAX JHUN 3,600 1337,0 80,0 98,0 2686,0 2,0 98,7 3548,0 354,90 9,5 3%70.0 132,00 30,8
MEAN 1,280 813,0 37,8 93,8 1390,3 31,0 94,9 2)688.3 141,3 82,0 570,0 Sb,5 80,8
MINTMUR 9,030 647,0 11,0 87,6 494,0 13,0 @&7,8 120,0 30,0 ee,7 $70.0 1,0 80,8
MEDTAN 0,762 69%5,0 30.0 95,9 991,0 24,S 98,7 1463,3 ]0,0 82,9 S70,0 86,5 80,8
NUMBLR OF

OBSERVATIONS L} 3 L] 3 3 ] 3 a 3 3 1 2 1

AERATED LACOON, NOT PLASTICS (TTPE 1 wNoT OO*
NUMBER OF STRECAMS REPORTING THIS TECHNOLOGY AS lAJORanASTENAIER TREATHMENT) &

T0¢ T0¢ 10¢ PHENOL PHENOL PHENOL NHIN NHIN NHIN CR CR (4}
INF (444 1 INF EFF 3 INF EFF 1 INF EFF X
HG /L MG /L RED MG/L NG/L RED MG/L Me/L RED L1V MG/ RED

MAXTMUM 2056,0 14,0 . 2,5 13,0 99,2 1.8 1.4 22,2 . 0.1 .
MEAN 20%6,0 ta,0 . 2,5 7.0 99.2 1.8 1,8 22,2 N 0,1 .
MINJMUM 2056,0 14,0 R 2,5 0,0 99,2 1,8 1,4 22,2 . 0.1 .
MED] AN 2056,0 14,0 . 2.5 7.0 99,2 1.8 1.8 22.2 . 0.1 .
NUMBER QF

OB83CRVATIONS 1 L} [ ] H 1 \ 1 1 [} 1 [

8 . These data are fror viants that ucethis techrologv as the nrincinal conponent of
FACIY wastewater trcatmea. systen, »

Teoe 1 w’/e Oxicdat o
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TABLE 7-12

ALRATED LAOOON, NOY PLASTICS (INOT TYPL 1)
a
NUMBER OF STREAxS REPORTING THMIS TECHNOLOOY AS MAJOR wASTEWATEM TREATMENTI @

trr 800 "00 rOD 5% 158 111} €00 coo cop oto oo oLs
rLov INP (34 . INF err . Ine ter ) Ny err s
MO0  MO/L MO/ RED  WO/L  wO/L REp MO/L  Ma/L RED MO/L  mO/L neo

MAXIMUN 19,900 99,0 279,0 91,6 130,00 32,0 89,1 2006,0 1043,0 66,8 . 6,0 N
MEAN T.608 9.0 99,7 91,0 86,0 18,3 47,8 248,0 29},) 40,9 ) 46,0 .
KINTMUN 04,008 93,0 8,0 1,6 34,0 2,0 S,9 248,0 40,0 66,8 . 46,0 .
HMEO AN 4,090 9,0 12,0 9,8 86,0 19,0 aT,3 206,0 89,0 66,3 . 46,0 .
NUMBER OF

OBSZRVATIONY ] 1 3 1 H ) 4 1 3 1 [ 1 °

AERATED LAGOON, NOT PLASTICS (NOT TYPE I)

HU“BER OF BTREAMS REPORTING TH13 TECHNOLOGY A3 NAJUf WASTEWATER TREATNENTS &

eceremesmsesesmerncsAtenteaeEPmsanerae e emret i enat et et EarareReEEsTeeereatose mtsaanacnatsat ontnane
- 10¢ 10¢ 10¢ PHENOL PHENOL PHENOL NMIN NHIN NHIN (4] (4] R

INF LFF 1 INF LFF 1 InF EFF t InF EFF 3

MG/l HGesL RED MG/L  MG/L  RED MC/L  MG/L  RED MG/l MG/l RED

M MU $02,0 133,0 73,5 2395,0 10,0 99.b 8,8 240,0 58,0 N [} .
MEAN 201,7 81,0 59,3 2395,0 10,0 99.¢ 8,8 21,8 58,0 N 0,1 .
MINIMUN 35,0 18,0 50,0 2395,0 10,0 99,4 8,8 3,7 58,0 N [ %} .
MEDIAN 68,0 3a.0 58,3 2395,0 10,0 99,8 8.8 121,86 58,0 . 0ol .
NUMBER OF

OBSERVATIONS 3 3 3 ! ] 1 1 H 1 ] ] []

a Thesc data are froc plarts that usc this techinology as the principal component of
thetir taszcvalcer trcatnent system.
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TABLE 7-13

Aerucal Ldoulny ALl PADTE dinLanma

NUMBER UF SIRZANS RLPONTING TH]S TRCHAOLOLY A3 maJOR wASTERATER TRLATWENTY §

(144 800 8uD 8aoo0 193 133 T3 coo coo cod (111 ast [\1Y7
FLOwW INF LFF  § INF EFF 4 InF (144 inF ({44 4
L) “G/L L[ ¥48 Reo “g/L no/L Rgp LI¥% no /L Reo ue/L Mo/L RED

“ax1nyn 3,320 78,0 42,0 88,9 . 37,0 . . 252,0 . . 8,0 .
nEAN 1,879 ve,0 17,6 08,9 . 16,8 o . 168,95 . o 8,0 o
MIN]RUN 0,199 18,0 7,0 88,5 N a0 . . 85,0 . . 8,0 .
®ED) AN 1,500 78,0 10,0 88,9 . 16,0 . . 168,8 o . 8.0 .
NUMBER OF
GBSERVAT]ONS S 1 H 1 ] S ] ° 2 L] ] ] L]
AERDBIC LACOON, ALL WASTE JTREAMS
a
NUMBER OF STRLAM3 REPORTING THI3 TECHNOLOGY A3 WAJOR WASTEmATER TREATMENTI §
- cemcscevemsramsaTreanasesoamrramaron T cemescsmmtmcnremvareneraveteee
10c 10¢ 10¢ PHENUL PHENOL PHENOL NHIN NHIN NHIN CR cR CR
INF Efe 3 INF EFF T INF EFF 13 INF EFF b §

L1918 G /L RED MG/ HG/L RED MC/L LI¥Z% RED MG/ no/L REOD

MAR]MUM 66,0 q8,0 71,2 . 0,8 . . 0,8

MEAN 66,0 33,5 71,2 . 0,8 . . 0,8

MIN]HUM 66,0 190 71,2 . 0,1 . . 0,8

MEDTAN 66,0 33,5 71,2 . 0.4 . N 0.4

NUMBER OF

OBSERVAT]IOND 1 2 ] 0 2 0 ] 1 0 1 3 ]

a  Theoas ¢ata are from plantc tha: use this sechrolofy as the orincinal comnonent of
their wagtevater treatment svstem.



lagoons are constructed with depths to 20 feet and steep side walls to
minimize surface area (relative to total volume) to allow a natural
organism cover (pellicle) to form and help retain heat, suppress odor,
and maintain anaerobic conditions. Wastewater enters near the bottom
and the discharge point is located opposite and below the pellicle.
Sludge recirculation 1is not necessary because gasification and the
inlet-outlet flow pattern provide adequate mixing. Anaerobic lagoons
are sometimes used to digest the waste sludge from an activated sludge
plant. Anaerobic lagoons as a principal wastewater treatment technology
are used at two plants in the 291 plant Summary Data Base. BOD removals
greater than 90 percent were reported by these plants. Additional per-
formance data is presented in Table 7~14.

Activated Sludge

Activated sludge is an aerobic biological process. Its basic processes
include an aerated biological reactor, a clarifier for separation of
biomass, and a piping arrangement to return separated biomass tc the
biological reactor. Aeration provides the necessary oxygen for aerobic
biodegradation and mixing to waiantain che biological solids in
suspension.

Activated sludge process modifications commonly in use include coaven-
tional, step-aeration, tapered—aeration, modified-aeration, contact
stabilization, complete-mix, extended-aeration and oxygen activated
sludge. Activated sludge is the most common end-of-pipe treatment em-
ployed in the OCPS industry Summary Data Base. Of the 291 plants making
up the data base, a total of 1046 use activated sludge, treating 107 sep-
arate waste streams. Tables 7-15 thru 7-19 summarize the performance of
these activated sludge plants by OCPS industry proposed subcategories.

Pure oxygen activated sludge was reported to be the principal treatment
technology at three plants. A performance summary of these plants is
presented in Table 7-20.

Attached Growth Biological Treatment

In attached growth biological systems the biomass adheres to the sur-
faces of rigid supporting media that contact the wastewater. Systems of
this type that are in common use in the OCPS industry include trickling
filters, packed towers and rotating biological contactors. While the
physical structures differ, the biological process is essentially the
same 1n all attached growth systems.

As wastewater contacts the supporting medium, a thin-film biological
slime develops and coats the surfaces. The film consists primarily of
bacteria, protozoa, and fungi that feed on the waste. As the slime
grows, it separates or sloughs off. The sloughed biomass is then re-
moved in a secondary clarifier.

Trickling filters are clasgsified by hydraulic or organic loading as "low
rate” or "high racte." Low-rate filters generally have a depth of six to
ten feet and no recirculation. High-rate filters have a depth of three
to ten feet and a recirculation rate of 0.5 to 4.0. High-rate filters
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TABLE 7-14
ANAERUOIC, ALL mAMTE STREAND

a
MURGER OF 3THEam3 REPOMTING THIS TECHNOLOGY A3 MAJOR waSTEWATER TAELATHMENT) 2

cemmcseaccacmscereacaccesPetaomcararaya et et e aatecararareresmaneannacs neaas
cre 800 BUO 800 138 138 138 cuo coo coo 1133 08¢ ote

rLOn InF 11 't INF €FF 3 INF €FF 3 Inf EFF 3
Mo Mg/L mMG/L REp  Mo/L Mo/L RED  ME/L Mo/L RED MG/ Mg/L ReD

MAXIMUM 12,200 910,0 22,0 97,7 . 86,0 . 2189,0 1a7.0 93,3 R . .
nCAN 8,225 94,3 20,8 95,9 . 88,0 . V21,0 81,5 70,2 . . .
LTI 4,250 19,0 19,0  9q,0 . Bo,e e 83,0 20,0 41,2 . . .
HEDIAN 8,225 ©44,5 20,5 95,9 N T . 121,00 87,5 T0.2 . . .
NUKBER OF

OBIEAVATIONS 2 2 2 ¢ 6 ¢ 2 2 2 0 ° ]

ANAEROBIC, ALL WASTE ITREAMY
a
NU“BER OF 3TREa%s REPURTING THI3 TECHNOLOGY A3 MAJOR waASTEWATER TREATMENTY 2

10¢ 10C 10c  PHENOL PHENOL PHENOL NM3N  NHIN  NH3N (R (4] 4]
InF EFF 1 INF EFF 3 INF LFF ) INF €FF 3
He/L HMG/sL RtD MG /L L1408 RED MG/ HG/L RED MG/L MesL RED

KAXTMUNM 695,0 74,0 89,4 . . . . . . . . .
MEAN a11,$ 51.0 83,1 . . . . . . . . .
MINJHUM 128,0 28,0 To,1 . . . . . . . . .
REDT AN all1.9 S1.0 83,7 . . . . . . . . .
NUMBER OF

DB3CRVATJONS 2 4 2 ] 0 ] 9 9 [} [} ] L]

These data are from plantsthat use this technology as the principal component of

their vas:cwater

treatnent syvsten.
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TABLE 7-15

ACTIVAlED SLUOGE, 4LL maAdIE STREAMS

NUMBER OF SIvEAMS REPOMTING TN]3 TECHNOLDGT 43 ulJof WASIE#a1LA TRAEATMENTI 0T

aetmccoracamtcmcetRicantecarecrearacr et a et e tout e rnec e etreeecas eanmanna
EFF 8suD 800 800 138 133 139 coo oo cod (117 osé ote
FLON INF LrFF 3 INF €FF ] InF €re 1 Inr erF L
neo Mp/L nG/L ReD MG/L mg/L RED  MG/L L[ 48 Rgd  NG/L Mg/L RED

AN HYK 40,000 3961,0 80,0 9.7 4l10,0 651,80 99,2 32676 11000 98,3 242,060 60,0 98,7

“ean 2,472 1216,6 37,8 93,9 512,9 69,1 a),) 1060,8 4a59.2 81,3 58,1 10,8 393
NINp UM 0,008 13,0 3,0 ar, 3 17,8 7.0 «271,84 210,0 38,0 18,0 16,0 0.6 12,6
“EDTAN 1,070 750,80 26,0 95,6 116.0 85.0  62.9 1688,0 186,0 80, 23,0 6,0 67,6
NUNBER DF

ORSLAVATIONS 107 5 10y 1 Se % 3 n 10 10 Y 3] *

ACTIVATED SLUDGE, ALL WASTE STRCAMY

a
NUMBER OF STREARS REPORTING THIS TeOHNOLDGY A3 MAJOR WASTEwATER TREATHENTY 107

TTTmmmmememee ;BE 10c 10¢ PHENOL PHENOL PHENOL NH3IN NHIN NH3N R CR cR
INF EFF 1 INF CFF 1 3 INF LFF 3 INF (444 1
Mo/ HG/L RED He/L nG/L RED ne/L HG/L RED "GsL MG/l RED

o= P e T L L E L L L L g
eccsesc-racrescasonc-an

HARTHYN $226,0 05,0 99,3 7a7,0 3,0 100,0 390,0 274,0 93,8 2,3 10,0 91,2
MEAN 1029,8 123,2 80,7 145,86 2,3 92,2 15,3 33,4 10,9 0,8 0.6 =80,2
MINguUM 1,0 1.0 3,9 0.3 0,0 81,3 0,8 0,8 =3ar,8 0,0 0,0 1329
HEDTAN 505,0 69,0 89,6 14,3 0,1 92,7 30,0 6,9 27.0 0.2 ¢.1 73,6
NUMBER OF

OBSERVATIONS 20 29 24 18 28 18 23 a0 22 12 21 1

a These data are from plants that use this technology as the principal component of
their vastevater treatment systenm.



ST

TABLE 7-16

L TS VIV IV B SR PR O

NUuBER OF STREAMS AEPONTING THIS TECHNGL.OOY Af NAJOR;‘ WASTEWATEN TREATHENTY a0

L LR P L L L LT T e SRyt P

(144 800 800 800 133 15% s cop ¢coo coo (13 ] osg [.IX }
FLOV L hid (144 s NP (444 L) Inr (144 s Ine (144 L)
MGD  HB/L MOy RED Mo/ “O/L REo MO/, MO/L RED  MB/L  mO/L aLo
L L L L LT T PRIy P - - .

Pemnctecnetcanacaas. ceew

MAXTMUN 10700 3920,0 38,0 99,7 2898, C 179,0 - 99,2 4318,0 620,0 98,1 28200 80,0 73,9

HEAN 1+838 616,80 17,8 94,3 803, 44,8 S2,) 1302,1 120,88 04,8 02.0 18.9 o9,
MINTMUN 0,034 14,0 3.0 78,1 n,v Te0 =o48,8 2)0,0 38,0 4,2 23.0 1.2 66,9
HEDTAN 0,683 390,90 10,8 98,8 jol, 30,0 86,0 900,0 97,0 8%0 4140 Te0 60,3
NUMRER OF

COSTRYATIONS 40 pL ] 3 pL] b I b L 31 33 3 N R} L] ]

ACTIVATED uLUDGE, PLASTICY ONLY
a
NUMBER OF STREAMI REPORTING THIS TECHHINLOGY A8 WMAJOR naSTEWATER VREATMENTI &0

10¢ 10¢ 10¢ PrHENIUL PHENDOL PHENDL NKIN NH3IN KHIN CcR CR CR

INF EFrF 3 InNF E€FF 3 INF EFF Inr EFF 1

MosL HG/L RED MG/ MG/L HED Me/L HG/L RED nesy MG/ ReD
covans -

HAX]MUM 27151,0 9,0 99,5 420 ,0 0,9 100,0 a9,0 09,0 89,8 2,0 0.3 7,2
MEAN 1103,4 “8,2 86,7 LAY Y 0,1 86,9 16,9 22,8 =27,0 0,6 0,1 53,5
MINTMURN 290,0 15,0 68,9 0.1 0,0 61,9 2,0 0,4 #347,4 0,1 0,0 =90,0
MEDTIAN aba,0 43,8 90,3 0.1 0,0 92,4 8,0 6,0 25,0 0,2 0.0 83,8
NUHBER OF

OBICRVATIONS S [ q 6 9 [} 10 16 L (] 7 (]

a These data are from plantsthat use this technology as the principal component of
thelr was cJater treatnent sys -em.,
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TABLE 7-17
Al dYarLotolloude Mod ralTals iV C 4 6 C)
il
NYHBER OF STALAMY REIPORTING THIS TECHOL00Y AS MAJOR waBRTEWATER TRACATMENT| o2

L L L L D e L D L T gy gy Sy Y

(14 80D 80D 80D 138 111 12T coo €00 coo oLy oLg ose
rLov L4 crr . INr rr [ Inp (144 1) 1L14 (444 | ]
MOD  MOZL MO/ RED  MO/L  mO/L nEp  mesL MO/L RED  MO/L MO/ (11

Y'Y LY -na .sa

esscnareay
ecma=ae

LRl Rl DXL L T LT Y T P Y LT Yot P YSp i

LIS L1} 29,000 9941,0 468,90 99,6 4110,0 33,0 98,9 9229,0 4079,0 9,1 174 1%.2 12,6

KEAN 2,839 1974,0 84,0 3.0 e20,8 L LYY § PO,T 4242,9 809,80 79,8 167 T.2 12,6
MINTMUN 04008 18),0 4,0 AaT.8 20,0 9,0 271,84 982,0 93,0 10,3 1660 0.8 12,6
KED1AN 10128 13%,0 80,0 95,6 86,0 T1.0 87,1 4014,0 334,8 86,8 167 68 12,8
NUKRER OF

OBIERVATIONS (1] 3 [} 36 13 b1} 13 a8 8 | 1) ] ] 1

*
ACYIVATED SLUDGE, NOT PLASTICS (TYPE I b C)

a
NUMBER OF STREAMS REPOHRTING TH]S TECHNDLOGY A3 MAJOR WASTEWATER TREATHMENT) A2

TTTemenmemme .IOC 10¢ IOE PHENOL PHENOL PHENOL NHIN NHIN NHIN CR CR CA
INF EFF 3 INF CFr 1 InF EFF ) INF err g
MG/L  MG/L  RED MG/L  MG/L  RCD HG/L  MG/L RED HE/L Mo/t Red

MAXIMUM 3202,0 68,0 97,7 Tar,0 Jo,0 100,00 3%0,0 27a,0 .1 2,% 0.3 80,0
MEAN 1056,9 15,8 18,9 209,7 5,5 93,6 137,1 08,6 3.1 0,8 0.2 22.9
MWINTHUN 268,90 23,0 36,9 1,6 0,0 80,0 2,8 1,8 =17,0 0,1 0,0 =08,7
MEDIAN . ne,o0 8s.9 89,9 121,59 0,2 ”.1 $3.0 16,0 33.0 0.3 0,2 39,1
NUVBER OF

OBSERVATIONS 13 14 13 8 1 8 9 17 9 s 8 L}

a Thesc data are from plants that use this ¢

echnology as the principal component of
their vastewvarer trcatment oysten.

A Typ2 1 w! Ox‘Fatien
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TABLE 7-18

ACTIVAa e JuLOGl,y AUT Fualuald Lilre & wur €)%

Aa
NUMBER OF 3ITHEAMI REPORTING THID TECHNOLOGY A3 MAJOR waASTEWAVER TRACATMENTY 19

ceme .- eecsetecccetmrarermratacaseermecsnnecencrstccsonrratanet eracreracr aataretcnn®
EFF AOD 800 800 133 193 158 coo coo coo ok oté ote
fLow INF (144 T InF (144 3 InF EFF 1 InF crr 1

“CO NG/L Me/L RgD LI¥48 MG/L RID nG/L LI¥4% RED NG/ MG/L RED
D L L L R L T L T L T T T R L L LT L L TP Y Y

MAXMUM 4,310 272%,0 7T80.0 97,7 Teo,0 8%1,0 89,0 J2aTs 1000 98, 17,0 15.0 38,3
“EAN 1,533 1207,7 112,2 90,4 45,2 136,01 a1,2 6883.4 3813,9 82,5 17,0 13,0 35,3
MIKIMUN 0,020 60,0 11,0 To,8 133,0 18,0 -9,1 3330 40,0 66,1 17,0 11,0 38,3
REDLAN 1,840 1015,9% 28,0 2.7 1T77.0 71,0 40,1 344%,0 )357,% 79,1 17,0 13.0 35,3
NUMBER OF

DBSERVATIONS 1S 10 1 10 3 1 1 7 [} 7 1 2 [}

ACTIVATED SLUDGE, NOT PLAJTIC3 (TYPE I NOT ()
a
NUMBER QF STREAMI REPORTING THIS TECHNDLOGY AS MAJOR mASTEmATER TREATMERTE 19

L T T R T PR L L R T LI LY LYY PR LLY T
10¢ 10¢ 10¢ PrENOL PHENOL PHENOL  NHIN NHIN NH3N ¢R CR cR
INF EFF 1 INF cFF X InF LFF 1 INF EFF I
MG /L MG/L RED MG/L HG/L RED HC/L Me/L L14] MG/L MG/L RED

T T N L L T T Y LT T TP P R Y P YL LY T L LY

MAXTMUM $220,0 S01.0 7,5 18,0 1,0 99,1 33,0 80,0 93,8 . 0,8 .
mEAN 1tea,1 131,5 80,8 14,) 0,7 95,8 132,5 28,2 19,7 R 0.4 .
MINIMUN 67,0 T.0 48,4 10,7 0,2 92,6 32,0 1,8 85,7 . 0,8 .
MEDT AN a3, 19,0 19,7 14,3 0.8 95,8 132,.5 15,5 19,7 . 0.8 .
NUMBER OF

OBSERVATIONS 7 (] 7 2 3 2 2 q 2 0 1 0

* Type I w/o Oxidation

3 Thesc data are 1rom plants that usc .8 fech olop az Jio nringinal oo moment of rhesiT 8% el

rrea~ranl system,
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TABLE 7-19

ACTIVATED SLUDOLs NOT PLastICS (NOT TYPL )
a
NUMBEA OF STREAXS REPORTING TMIS TECHNOLOGY A8 WMaJoR VALTEWATER TRESTNENT| 10

[£44 800 non ®00 158 T3s 1% coo coo tob----;:Q oLe oAn
rLov InF crr . INF (444 [ ) Iny (444 ] iL14 1144 [ }
~00 “g/L no/ RED LI.Y4% Ma/L L14.) na/L LIV % RED muo/L LLY4W RrRED

MARTHUN 40,000 920,60 27,0 97,0 1266,0 10140 97,3 %488,0 413,0 95,0 $0.0 340 90,7

»2AN S¢398  323.2  13.6  93,5 4370  AleR 33,7 17093 139.2 TR.s 9040 1,8 9e,7?
MINTMUN 00333 182,90 Js0 91,5 17,0 1840 70,6 218,00 63,0 44,8 80,0 0,7 98,7
HEOTAN 10443 324,80 1440 9641 121.0 29,0 93,3 442,00 111.0 T1.9 5040 0¢0 00,7
NUXBER OF

OBSCRVATIONS 10 [ L] L] .} 14 ] * [ ] 1 3 3

ACTIVATED SLUOGE, NOT PLASTICS (NOT TYPE 1)

a
NUMBER OF STREAMS REPORTING TH1S TECHNOLOCY AS MAJOR WASTEWATER THEATHMENTE 10

Gcteeorroccrccanc cetontecctatattEsecant e ese st anaaRes s Ee-ferEE P e atesRetstattsuenntentceprttanvaen
10¢ 10¢c 10¢  PHENOL PHENOL PHENOL NHIN  WHIN  NHIN  CR cR {]
INF €FF 3 InF EFF 1 INF EFF 13 InF EFF X
MG /L G /L RED MG /L MG /L RED MG/L MG /L RED HG/L MG/ RED

L T L T T T L L T T S L r L L L L LT T T T P cowe

MAZIMUM 193,0 81,0 . 4.0 0,2 9%,.9 83,6 6a,1 2.3 0,7 10,0 90,9
HEAN 184,% aL,0 . 2.2 0,1 95.9 33,2 22,8 5.1 9,3 2.1 =398,0
»INIMUN 1715,0 81,0 . a,3 0,0 95,0 0,8 0,9 =12,5 0,0 0,0 =1329
HEDJAN 18a,5 43,0 . 2.2 0.1 95,9 33,2 2,2 =Sl 0,2 0,1 50,0
NUMBER OF

DBIERVATIONS 2 1 0 2 L 2 H 3 2 3 ) b )

a Thesc data are frem plants that use this technology as the principal componers of thelr
wastcwaler {reaiment systceo.
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TABLE 7-20
Pure “xvpen Activared Siudpe
ALL RASIL u/irZAMY
a
NUMBER OF SIHECANS ARPORTING Tw]d TECHNULOGY A3 MAJOR &ABTEWATER TRLATHMINT) 3
ceccsavetacectatttcesenctreccterterrmaettt s et et ernePas s Peor s raREReaner - -
€FF 8UD 8UD 800 133 193 138 c0o c0p coo [117) oLé [+19

FLOw InF LFF x InF €FF 3 Inr £rr X Inr eFF H
WCO  MG/L MG/L RED  MG/L MG/L RED MG/ MG/L RED  MG/L  Mg/L RED

MaxIMYM 7,160 Q67,0 26.0 97.2 204,0 38,0 98,1 3&S,0 105,0 85,2 . . .
HEAN 3,830 270,0 18,7 90,8 131,0 25,0 e8,3 322,59 18,0 TS, . N .
LILILI] 0,950 163,0 13,0 67,0 58,0 12,6 34,3 300,0 Si,0 63,0 N o B
HEDIAN 3,380 200,0 17.0 0a.1 131.0 25,0 68,3 322,% 78,0 754 . . .
NUKBER OF

VBSERYATIONS 3 3 3 3 2 2 2 2 4 R [} 0 L

Pure Oxygen Activarced Sludge

ALL WASTE BTREAMS
Aa
NWUHBER OF STREAMS REPONTING TMIS TECHAULOCY A3 MAJOR mASTENATER TREATMENT) 3

g g L T T T T T LY T T T
10¢ 10¢ rog PHENU, PHENOL PrENOL  NHIN NHIN NH3N cA (4} CR
InF EFF 3 INF (144 X InF EFF 1 4 INF EFF X
He/L nesL Rt D MG/L MC/L RED NC/L L1748 REO HG/sL MesL RED

HAxIuyM 75.0 25,0 3,3 8,3 0,4 99,0 . . . . . .

HEAN 75,0 20,0 65,3 5.1 0,2 98,8 o . . . . .

MINIMUM 75,0 28,0 05,3 2,0 0,0 94,7 R . . . . .

HEDTAN 75.0 26,0 63,3 Sel 0.2 9,8 . . . . . .

NUKBLR OF

OBSERVATIONY 1 1 1 2 2 2 0 L] [ [] [ L]

a  These cata arc from plantsthas use this “cchnology as the principal component of
their was:cwazer treatren: systen,



can be single or two stage. The most suitable medium in both the low
and high-rate filters is crushed rock.

In the OCPS 291 plant Summary Data Base three plants reported using
trickling filters as their principal technology for EOP treatment. A
performance summary for these three plants is presented as Table 7-21.

Packed towers are much like conventional trickling filters, but use a
manufactured medium instead of crushed rock or gravel. The manufactured
medium can be corrugated plastic packing oL, rgugh—sawn redwood slats.
These media have high specific surfaces (ft“/ft”), a high percentage of
void volume, uniformity for better liquid distribution, chemical resis-
tance, light weight facilitating construction of deeper beds, and the
ability to handle high-strength and unsettled wastewaters. Packed tow-
ers are used in flow patterns similar to normal high-rate, natural-media
filter systems.

In rotating biological contactor systems a series of disks constructed
of corrugated plastic plate and mounted on a horizontal shaft are placed
in a contour-bottomed tank and immersed to approximately 40 percent of
the diameter. The disks rotate as wastewater passes through the tank
and a fixed-film biological growth similar to that on trickling filter
media adheres to the surface. Alternating exposure to the wastewater
and the oxygen in the air results in biological oxidation of the organ-
ics in the wastes. Biomass sloughs off (as in the trickling filter and
packed tower systems) and is carried out in the effluent for gravity
separation. Direct recirculation is not generally practiced with the
rotating biological disks.

Four plants in the OCPS Summary Data Base use rotating biological con-
tactors as their principal form of treatment. All four of these plants
are "plastics only" facilities. A summary of their performance is pre-
sented in Table 7-22,

Tertiary Treatment

In some instances, where secondary treatment does not produce a satis-
factory effluent, polishing or tertiary treatment is utilized, The
addition of a tertiary unit process does not always result in an efflu-
ent of higher quality than can be achieved with biological treatment.
Often tertiary treatment is used to compensate for inadequately designed
or improperly operated biological systems. Depending on the nature of
the pollutant to be removed and the degree of removal required, the pol-
ishing or tertiary treatment system can congist of a one unit operation
or multiple-unit operations in series. Some of the unit operations used
in tertiary treatment may also be used as in-plant treatment options.

Polishing Ponds - Polishing ponds serve as polishing steps following
other blological treatment processes. They primarily serve the purpose
of reducing suspended solids. Water depth generally is limited to two
or three feet. Polishing ponds are commonly used as a final process.

Powdered Activated Carbon Treatment - Powdered activated carbon treat-
ment (PAC) refers to the addition of powdered carbon to the aeration

159
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TABLE 7-21

[RPY YUren LAy Aok el winLA e
a
NUMBER OF STREAMS REPORTING TriB TECHHILOGT A3 MaJUR 2ASTEWATER THLATWMENTS 3

(144 80D D) 800 133 133 188 <oo coo cod use 046 (114

FLOn INF (144 INF EFF 3 Inr (424 T InF (444 1
“eo LLIT4N uG/L Reo L1748 Ne/L RED NG/L ne/L ReD MG/L "o/t RED
cmcen ceveponnssrsccscncnavanayeararaccnrrranscns

MAXIMUN 3.570 as)1,0 31,0 95,2 1225, 95,0 95,3 1979,0 2%50,.0 07,4 . . .
nEAN 1730 310,0 26,0 90,0 627,35 3a,0 18,1 |o.2|.1 163,06 79,14 . . .
LJCTCTT 0,823 70,0 23,0 09,9 30,0 13,0 %&.,7 210,0 83,0 70,0 o . .
MEDIAN 1200 279,0 28.0 88,9 037.% 34,0 Tool 876,80 178,80 19,9 . . .
NUMBER OF

O0BSEAVATIONS 3 3 3 3 2 2 a 3 3 3 [} ° [}

TRICKLING FILTER, ALL mASTE SIREAMS
a

NUMBER OF STREAMS HREPORTING TH]S TtCHNOLOGY A3 MAJOR WASTERATER TREATMENT) 3

L e T T T T L T T T e T L L T LT DOy P P i DT T L e Y )
10¢ 10¢ T0¢  PHENUL PHENOL PHEWOL NHIN  NHIN  NHIN (R (4] CR
InF EFF X INF EFF x INF (144 X INF (144 4
Me/L Mi/L RED G/t MG/L RED HE/L  MG/L RED MG/L  KG/L  ReD

MAXIMUN . . . N . . 3,0 1,0 bb,7 . . .
HEAN . . . . . . 3.0 1,0 66,7 o K .
[ LY LUL) . . . . . . 3,0 1,0 68,7 . . .
MEDTAN . . . . . . 3,0 1.0 bb.7 . . .
NUMBER OF

UBSERVATIONS L] ° 0 [] [} [} 1 1} 1 L] [} [ ]

a These data arc from nlants that use this technology a5 the principal componcent of
thclir wastewater trealment systeo.
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TABLE 7-22

Aoon,bve BlUavuscnn CU AL LAy ALL RadiL gircand
a
MUBER QF SI1RCAMS REPQRTING THIS TECHNOLOGY AS MAJUR WASTEWATER TREATMENTS &

(344 BUD BUD 800 133 193 133 cuo coo cop usg (119 oté
FLO= INF EPF 1 InF (344 | ) INF EFF 13 INF (144
MGD  MC/L RG/L RED  MG/L  mMg/L Mg/L Mg/L RED MG/, Mg/

MAX]IMYN 2,740 1200,0 52.0 9,1 49,0 83,0 25.0 3376,0 88,0 02,1 . 2.3 .
nEAN 0,904 ajs,0 30,5 80,4 34,9 29,3 18,8 83%9,8 99,0 73.9 . 2.3 .
LILICT 0,054 31,0 .0 a1,0 20,0 15,0 12,2 97,0 15,0 M2 . 2,3 .
MEDI AN 0,011 292,% 33,0 92,5 34,5 30,0 18,46 483,00 9,5 85,0 . 2.3 .
NymBER OF
0B3ERVATIONS q q ] [} e 3 e q L] ] [ ] ] e
ROTATING BIOLOGICAL CONTACTOR, ALL MASTE ITREAMS
a
NUMBER OF STREAMS REPOWTING THIS TECHNOLOCY A9 MAJON WASTEWATER TWEATMENTI &
T e
10¢ Tug TUC  PHENOL PHENOL PHENOL NhIN  NHIN  NHSN (R cR (4]
InF EFF 1Y 1NF €FF X INF EFF 3 INF (144 T

HesL "G /L REO MG/L LIP48 RED MG/L L1748 RED HG/Y nest RED

v-

MARIMUM 100,0 71,0 29,0 N . . N 29,0 . 0,1 0.1 88,9
MEAN 100,080 Ti,0 29,0 N . o R 29,0 A 0,1 0.1 88,9
MINTMUN 100,0 71,0 29,0 . . . . 29,0 . 0.1 0,0 86,9
HEDTAN 100,06 T1,0 29,0 . . . . 29,0 . 0.1 0.1 88,9
NUMBER OF

0B3ERVATIONS 1 1 1 [] [] [ ° 1 0 1 2 1

8 Thesce data arce fron plants that use this technology as the principal component of thelir
vasiewalcr Lrcatment Sysicom.



basin in the activated sludge process. It is a recently developed proc-
ess that has been shown to upgrade effluent quality in conventional
activated sludge plants. In the PAC treatment process the carbon con-
centration in the mixed liquor is generally equal to or greater than the
volatile mixed liquor suspended solids level. The carbon and adsorbed
substances are removed as part of the waste biological sludge.

Activated Carbon Adsorption - The use of activated carbon adsorption can
be confined to the removal of specific compounds or classes of compounds
from wastewater streams, or for the removal of such parameters as COD,
BOD and color. Although more common as in-process treatmeant, it is also
used for tertiary treatment.

An aspect of granular carbon carbon columns that is currently receiving
attention 18 the role and possible benefits of biological growth on the
carbon surfaces. In some applications much of the removal has been
found to result from biodegredation rather than from adsorption,

Six plants in the Summary Data Base reported using activated carbon as
their principal EOP treatment. The performance of these systems 1is
summarized in Table 7-23.

Filtration - Filtration may be employed to polish an existing biological
effluent, to prepare wastewater for a subsequent advanced -treatment
process, or to enable direct reuse of a discharge. Filtration of a sec-
ondary effluent will remove additional BOD and TSS, and reduce
turbidity.

Reverse Osmusis/Ultrafiltration - Reverse osmosis is a physical separa-
tion process that relies on applied pressure at a level greater than
osmotic pressure to force flow through a semi-permeable membrane. The
process is capable of removing suspended particles and substantial frac-
tions of dissolved impurities, including organic and inorganic mater-
ials. The process results in two effluents, one relatively pure and the
other containing the concentrated substances. Reverse osmosis systems
generally require extensive pretreatment (pH adjustment, filtration,
chemical precipitation, activated carbon adsorption) of the wastewater
stream to prevent rapid fouling or deterioration of the membrane
sur face.

Ultrafiltration 1s similar to reverse osmosis and relies on a semiper-
meable membrane and an applied driving force to separate suspended and
dissolved materials from wastewater. The membranes used in ultrafiltra-
tion have pores large enough to eliminate osmotic pressure as a factor
and to allow operation at pressures as low as five to ten psi. Sieving
is the predominant mechanism of removal and the process 1s usually
applicable for the removal of materials that have a molecular weight
above 500 and that have very small osmotic pressures at a moderate con-
centration,

Combined Secondary and Tertiary Treatment System - In practice primary,
secondary and tertiary processes are often used in series to treat OCPS
industry wastewater. 1In fact, of the 146 plants employing biological
treatment in the Summary Data Base, 58 use a form of treatment after

162
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TABLE 7-23

MetBlaies santh b Ach hawin wiiee o
Ny“BLR OF 3THEAMS REPOMTILING TH]S TECHNULOGT A3 "AJDRnllillnlllﬂ TREATMEINTS 7

€FF 80D BUD 80D 138 133 133 oo cuo coo use oL os6

FLOn INF (44 3 INF CFP 3 INF LFF 3 INF CFF z

MGO  MG/L MG/L RLD M/l Me/L REQD  MG/L  NG/L RED  ML/L mg/L RED
LIS SLIVL] 0,334 (733,0 72,9 $S.7 8a7,0 37,0 97,9 a556,0 1328,0 18,0 . 1.5 .
ngan 0,132 1273,0 200,2° S2,9 033,0 23,0 51,8 2606,0 430,08 15,0 . 1,2 .
MINTHUN 0,018 803,00 8.0 sa,2 19,0 1s,0 3.3 28,0 68,0 70,9 . 1,0 .
MEDIAN 0,127 J273,0 38,0 Sa.9 433,0 19,5 51,8 297s,0 171,0 7s.2 . 1.2 .
NUMBER OF
OBSERVATIONS L] 2 [ ] 2 2 q 2 3 ) 3 ] 2 °

ACTIVATED CARBON, ALL WAJSTE 3TREAMS

a
NUMBER OF STRLAMS REPORTING THIS (ECHNOLDGY A3 MAJOR WAITEWATER TREATMENTY 7

g L L T
10¢ 10c 10¢c PHENOL PHENOL PHENOL  NH3IN KHIN NHIN CR CcR CR
INF EFF 3 INF EFF T INF CFF 1 INF (144 ]
HG/L  PG/L RED HG/L  MG/L RED HMG/L  MG/L RED MG/L  MG/L  RED

MAXIMUM 1a55,0 315.0 78,8 73,0 2.2 99,8 N . . . 0.0 o
MEAN 773,% 111,00 78,4 127,0 1,0 99,0 . . . . 0,0 .
MINJMUN 92,0 24,0 78,8 88,0 0,2 Q7.5 . . . N 0,0 .
MEDIAN 773,5  52.5 T8.4 120,0 0,6 99,7 . . . . 0.0 .
NUMB(R OF

DBSERVATJOND 2 [} 1 3 3 3 [} [] (] [ ] 1 [}

e A € v A~ s . . N - .
a -€3C 2A%a arce frer oldntn . e this tectnelopy a5 the nrincipal comnonent of rhelr

WAST AWALCT ‘reatmon svsTem.



secondary. The most prevalent tertiary process in the industry Summary
Data Base is polishing ponds. A total of 34 plants reported using pol-
ishing ponds. Filtration and a combination of filtration and polishing
ponds are the next most common tertiary processes in use with 11 streams
utilizing this process.

Design, Operation and Management Practices

The need for good engineering design, good operating practices and con-
scientious waste management is as important in waste treatment as in
chemical manufacturing. The design of the system must be site specific
in that it must consider raw waste components, organic and hydraulic
load variations, manufacturing practices, waste temperature, operator
capabilities and other considerations which may be unique to the site.
Operating practices must be based on a thorough understanding of mech-
anisms at work and probable response to changes in operating conditions.
Waste management must be considered when planning for production cam-
paigns, prodution shutdowns and new product addition, and should also
include contingency planning for mechanical failures, inadvertent dis-
charges and treatment system upsets.

As previously stated, optimum treatment system performance is usually

obtained under so called 'steady state conditions.”"” This condition
could be approached in wastewater from a single product, continuous
process manufacturing operation. Such a situtation 1is unfortunately

uncommon in OCPS plants. Many OCPS plants produce a variety of prod-
ucts, often on a campaign basis, using pro@iction operations which may
be either continuous or batch. This frequently results in wastewater
which varies significantly in composition and quantity.

Equalization and storage is the primary design approach taken to mini-
mize this problem. It may be possible in some instances to modify pro-
duction schedules to avoid simultaneous multiple batch discharges or
cleanup operations to avoid excessive peak loads. Treatment plant oper-
ators should be advised of known or anticipated waste load changes so
that they may respond accordingly, i.e., increase aeration, divert and
hold accidental discharges, increase chemical feed rates, etc.

Plants operating in cold weather conditions should recognize that unnec-
essarily excessive storage prior to treatment may reduce the temperature
of the biotreatment system., Cold temperature operation may require in-
sulation of treatment units, covering of open tanks, and tracing of
chemical feed lines. Insulation of treatment units may include instal-
ling tanks inground rather than above ground, using soil around the
walls of above-ground units to prevent heat loss, or providing enclo-
sures around treatment units. Operators should recognize that during
colder periods it may be necessary to maintain higher MLSS concentra-
tions, which may in turn require greater operator attention to effluent
solids concentrations.

Plants operating in hot weather climates may be required to reduce waste
temperatures to maintain a suitable treatment enviromment. Natural or
mechanically induced evaporation may be wused to reduce waste
temperatures.

164



Control of toxic and inhibitory waste components may be required to
avoid treatment system upsets. This may be accomplished by separation
and segregation of the material at the point of waste generation, or
destruction or removal of the material through the use of a pretreatment
system. Waste components typically handled in this manner include cya-
nides, heavy metals and metallic sulfides. In the case of inhibitory
components, equalization and subsequent dilution may be sufficient to
eliminate the inhibition.

Upgrading Biological Treatment Systems

Many treatment systems in the OCPS industry have undergone one or more
major modifications to upgrade performance since the initial installa-
tion of the system. The four most coummon reasons for plant upgrading
are:

1. To accommodate changing environmental regulations
2. To accommodate higher loads from expanded production facilities

3. To accommodate wasteloads associated with the manufacture of
new products

4. To address inadequacies in the treatment system design

Because of the modular nature of most treatment systems, upgrading 1is
most commonly accomplished by adding additional modules. When the up-
grading is done to increase treatment system capacity, it 1s commonly
done by adding modules similar to those already installed, 1i.e., addi-
tional aeraction basins or clarifiers. Upgrading to accommodate more
stringent. treatment requirements usually involves adding new treatment
process unit operations to an existing treatment train, e.g., addition
of multi-media filtration following secondary clarification or addition
of a coagulant feed system to a primary clarifier.

The nature of this evaluation of treatment system capability is best

illustrated by use of an example. Consider a hypothetical chemical
plant whose treatment system initially consists of a simple aerobic
lagoon. The first level of upgrading could include providing aeration

to convert the aerobic lagoon to an aerated lagoon. The next level of
upgrading might include the addition of secondary clarification to re-
turn solids, thus converting the lagoon to an activated sludge system,
providing some initial equalization capacity, and providing an aerobic
digestor to stabilize waste secondary solids. The next level of upgrad-
ing could include the installation of a dissolved air flotation system
to reduce influent suspended solids or oils, addition of multi-media
filtration to reduce effluent solids, and the addition of solids
dewatering equipment to allow for landfill disposal of waste activated
sludge.

The OCPS industry provides several examples of similar upgrades:
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Plant 53 - This plant was upgraded in June 1977. Facilities originally
consisted of an equalization basin and aerated lagoon. The lagoon was
converted to activated aludge by the addition of two clarifiers and
additional aeration basin capacity. Solids handling equipment and an
aerobic eolids disgestor were also added. Change in operating perform~
ance was as follows:

Before After

Upgrade Uggrade
Effluent BOD 316 mg/1 28 mg/1l
Efflueat TSS 63 mg/1l 74 mg/1

Plant 292 - This plant was upgraded in late 1977. The existing acti-
vated sludge system was upgraded by adding multi-media filcers followed
by grauular activated carbon contactors, Other changes included an im-
proved solids handling system comprised of gravity thickening, vacuum
filtration and multiple hearth incineration.

Before After

Upgrade Upgrade
Effluent BOD 20 mg/1 12 mg/1
Effluent TSS 56 mg/1 34 mg/l

This plant, and plant 53, are somewhat unusual in that they exhibit
negative TSS removals. This will occur in any biological system where
the loss of biological solids from the secondary solids separation sys-
tem to the effluent 1s greater than the influent TSS received by the
biological system. When a treatment system is achieving good secondary
solids capture, typically 50 mg/l or less effluent TSS, the occurrence
of a negative TSS removal percentage is not significant, '

Plant 60 - This plant was upgraded in 1977, Treatment originally con-
sisted of equalization, neutralization, primary clarification, aerated
lagoon and final clarification. The system was converted to completely
mixed activated sludge. Aerobic digestion, gravity thickening, pressure
filtration and an onsite landfill were also provided. Change in opera-
ting performance was as follows:

Before After

Uggrade Upgrade
Effluent BOD 510 mg/1 41 mg/l
Effluent TSS No Data No Data
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Plant 45 - This plant originally had an activated sludge system with
primary clarification. The plant was upgraded by the addition of a 3.5
million gallon equalization basin and mixed-media filtration. Addition-
al aeration capacity was installed and a second secondary clarifier was
added. New sludge handling facilities consisting of two pressure fil-
ters were installed to accommodate increased solids production.

Before . After

Uggrade Uegrade
Effluent BOD 46 mg/1 3 mg/l
Effluent TSS 91 mg/l 24 mg/1

Plant 109 - In 1976 this activated sludge system was upgraded through
the addition of an extended aeration basin and multi-media filtration.
Both units were added downstream of the existing treatment plant, 1In
1977, additional blower (aeration) capacity was added.

Before After

Upgrade Upgrade
Effluent BOD 12 mg/1 3 mg/l
Effluent TSS 83 mg/1 No Data

Plant 118 - This plant was originally operated as a single stage trick-
ling filter plant. In 1977 it was ugraded by the addition of a dis-
solved air flotation system to accomplish primary treatment, and added a
UNOX pure oxygen system as a second stage biological treatment unit.

Before After

Uggrade Uegrade
Ef fluent BOD 293 mg/l 13 mg/l
Effluent TSS No Data No Data

Plant 269 - This treatment facility originally consisted of clarifica-~
tion, neutralization and activated sludge. 1In late 1977 it was upgraded
by the addition of increased primary sedimentation capacity, the addi-
tion of an equalization basin prior to the activated sludge system,
additional instrumentation, the addition of another secondary clarifier
and improvements to the sludge handling facilities.

Before : After

Upgrade - Upgrade
Effluent BOD 255 mg/1 66 mg/1
Effluent TSS No Data No Data
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Plant 281 - The original activated sludge system at this plant was up-
graded in 1977. System improvements included the addition of an emer-
gency holding basin and a stormwater holding basin, the addition of
equalization upstream of existing treatment units, chromium reduction on
a boiler blowdown stream and some in-plant flow reductions, An addi-
tional secondary clarifier was also added.

Before After

Upgrade Upgrade
Effluent BOD 15 mg/l 11 mg/l
Effluent TSS 46 mg/1 No Data

OCPS EFFLUENT QUALITY

Effluent quality in the OCPS industry, as defined by conventional pol-
lutant parameters, is determined by several factors. Those factors with
the greatest influence on effluent quality include: the origin of the
wastewater, the type of treatment system used, and the design and opera-

tion of the treatment system.

The origin of the wastewater, which takes into account the type of prod-
ucts manufactured and manufacturing processes used, has already been
discussed in Section IV. 1In that section a subcategorization scheme
based on wastewater origin was developed.

In determining the effluent quality achievable by OCPS plants, biologi-
cal treatment has been evaluated as the principal treatment practice
within the industry. Of the 185 plants for which treatment system in-
formation is available, 146 use some form of biological treatment.
Although nonbiological treatment systems are often used to produce high
qualicry effluencts, only biological treatment has been sufficiently
applied to be considered as applicable across the broad spectrum of the
OCPS industry.

The various biological treatment technologies differ only in the mechan~-
ical means by which the wastewater, biomass and essential anutrients are
brought together. Although an activated sludge system and rotating bio-
logical contactor appear very different, the biological processes are
similar. Therefore, it follows that all biological systems, including
air and pure oxygen activated sludge, trickling filters, aerobic and
aerated lagoons, and rotating biological contactors should, given suffi-
cient detention time, achieve essentially the same effluent BOD. concen-
tration. This is illustrated by Table 7-24 which presents summary per-
formance data by subcategory for all biological systems, activated
sludge systems and all biological systems other than activated sludge.

Although some variations are apparent, particularly where the data base
in a given subcategory is limited, the data generally tend to support
the above statement. On this basis, biclogical treatment in general may
be considered the best technology for treatment of OCPS wastewaters.
The specific mechanical system used to accomplish biological treatment
will depend on cost, available space, climate and other site-specific
considerations.
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The 146 plants in the Summary Data Base which use some form of biologi-
cal treatment, treat a total of 176 different waste streams. Single
stage biological systems are used to treat 138 waste streams. The re-
maining 38 waste streams are treated using two separate biological units
in series. Table 7-25 compares the performance of single and two stage
biological systems. It is apparent that plants using two stage biologi-~
cal treatment do not achieve lower effluent concentrations than single
stage systems. In several subcategories, single stage systems produced
lower effluent BOD, concentrations than two stage systems. This appar-
ent contradiction may have resulted from the fact that the second stage
of many two stage systems was added to upgrade a single stage system
which was either poorly designed, poorly operated or overloaded follow
ing installation. However, due to the absence of interstage monitoring
data, this assumption cannot be verified.

Use of biological treatment as the principal treatment practice will
produce high quality effluents as shown in the previous tables. An
evaluation was done to determine if additional treatment processes,
i.e., polishing ponds and filtration, would further improve effluent
quality., Tables 7-26 and 7-27 present summary data by subcategory which
illustrate effluent BOD. concentrations from plants using biological
treatment with polishing ponds and filtration processes. A comparison
of the median concentrations in each category indicates that plants with
additional processes do not achieve significantly different effluent BOD
concentrations than plants with only biological treatment.

Although biological treatment has been demonstrated to achieve low ef-
fluent BOD. concentrations, the median value obtained for all biological
systemg in the industry is not considered to represent the best level of
treatment which could be achieved. While sgome plants in the data base
are well designed and operated, others are operating at less than opti-
mum performance. In order to segregate good performers from bad per-
formers, it was necessary to develop a statistical test to distinguish
the better plants from those operating less efficiently.

Table 7-28 presents a summary of the BOD percent removals for biological
systems in the Summary Data Base., The median for all systems (108
streams) 1s 95.2% BOD removal. The medians for all subcatgories are
also approximately 95%. Table 7-29 presents effluent data for those
plants achieving 95% removal. These show significantly better effluents
than for all biological systems shown in Table 7-23. Based on this
analysis, 957 BOD removal has been determined to represeant well operated
systems.

It is also recognized that use of the 95X removal criteria eliminates
some plants which achieve lower effluent BOD. conceatrations, but by
virtue of having very low influent BOD_, concertrations, do not achieve
95X removal. In addition, there are weil operated plants that have not
reported percent removal data. In an attempt to address this potential
inconsistency, a new segment was evaluated which included all plants
which achieved 952 BOD reduction or which achieved an effluent
BOD. concentration of 50 @g/l or less. The resulting frequency distri-
bution of plants as a function of effluent BOD. concentration and the
summary statistics are presented in Table 7-30." A second analysis was
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TABLE 7-26

BIOLOGICAL SYSTEMS WITH FOLISHING
BODS EFFLUENT CONCENTRATIONS
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TABLE 7-27

K10LOGICAL SYSTFHS WITH HMF
BONS EFFLUENT CONCENTRATIONS
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| 11 m]rrume 4le0 14 “INJMUMg 47,5 {1 MINJrUME 7068 11 MINIMUME 86,1 11 MINjrUMG 41,0
) 11 Maamyme 997 11 MAz]mMura ¥9,6 1 MAx[rUre 9640 (1 HAX]MUME 97,0 11 MAX]MUMS 99.7
| 1) mean L] 925 11 MEaN [ 9247 |V mEAN L] ¥]e0 11 MEAN . 94,2 It MEAN - 92.5 |
| 11 PEVIAN = 94,7 (1 MEDIAN = 9547 11 »EDIAN ® 920 11 “EV]JAN ® 95,6 1t »EUIAN @ 95,2 1
| 1N a 43 (I N [} 39 14 N L] 17T 1IN [ 9 Il N [ 108 |
] 1 ¢ ]

* Type I w/Oxidation
** Type I w/o/Oxidation
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TABLE 7-29

BIOLOGICAL SYSTEMS

BODS EFFLUENT CONCENTRATIONS
% REMUVAL >3 93X

LYY Y T Y T e L L L P T T L TR PP P P TP T T Y R T LT YT T YT T Y T YT TF prpiprprpiprpiprpuyspupupepepspsy T PR ¥ ¥ T Yopuesy

| 80DS I (N NUT PLASBTICSB N NOT PLABTICS (N] NOT PLASTICS W ALL WASTE |
I EFFLUENT 11 PLASTICS ONLY N YYPE I AND C* TYPE I NOT C*% 4 NOT TYPE 1 N BTREAMS \
ICONCENTRATION |l cnnsemnccanvemc=an | |ensaverenccocrcsnal| |avavevacneronccccn| | soncvacacsecsccnnn| |srocancasscnvocanal
I ( <sMG/L ) |ICUM FREQ! CUM X | ICUM FREQI CUM X |ICUM FREQI CUM X |ICUM FREQI CUM X |ICUM FREQI CuM X |

! 20 t 15 79,0 11 6 26,1 11 2 | 33,3 11 a 0 b8,7 I 21 | 49,1 |
' 30 ] 16 ] 80,0 1 | 41,8 1| a | 66,7 4| 6 i 100,0 371 87,3
t a0 i 17 1 8S,0 I 16 1 89,6 4 1 66,7 1| & | 100,0 11 ay | 18,2 |
| 50 N 19 1 95,0 11 17 | 73,9 11 S 1 83,3 I 6 | 100,0 1) 4T 1 85,5 |
| 100 1200t 100,0 41 2y I 91,3 11 6 1 100,0 V| 6 | 100,0 11 S3 | 96,4
( 200 120 1 106,01 23 1 100,0 ) 6 I 100,0 I 6 | 100,0 11 S 1 100,0 |
' 300 N 20 1 100,0 1t 23 1 100,0 1) 6 1 100,0 | & 1 100,0 11 55 1 100,0 |
| 4900 20 1 100,0 |1 23 1 100,0 I 6 1 100,0 | 6 | 100,0 11 S5 1 100,0 |
| 500 120 1 100,06 1§ 23 I 100,0 It & I 100,0 1| 6 | 100,0 ! $S | 100,0
{ 600 120 1 100,0 14 23 1 100,0 It 6 | 100,0 1| 6 1| 100,0 1! S5 1 100,00 I
t 700 120 1 100,09 11 23 1 100,0 I 6 | 100,0 1t & 1 100,0 1} SS 1 100,0 |
| 800 120 1 100,0 ) 23 1 100,0 I} & | 100,0 1} 6 | 100,0 1 sS | 100,0
LA L L L L LY T A4 L LD LAl Al LAY LYl Yl YL XYL LYYl Ll eI YL Y il 1l dJITI R reEYY YY1 1 L2 2 -y Y ¥
SUMMARY STATISTICS
LA I I I T TR T I Y Y PR L R A T L A R L L I P Y L P L P Y P T P Y P Y YT Y P Y Y Y PY YT T Y P L L LYY P Y e YT YT Y T Y T T T T T T Y P Y T XYy
| |1 MINIMUMS 3,0 | MIN[MUMe® 0,0 1| MINIMUMs 13,0 |1 MINIMUMe 5,0 11 MINIMUME 3.0 ¢
| Il MAXIMUMS S2,0 {1 MAXIMUMa  1S4,0 || MAX[MyMs 82,0 || MAXIMUMa 24,0 |1 MAXIMUMES  §S4,0 1|
| |1 MEAN @ 16,8 |1 MEAN = 43,3 1| MEAN ® 34,3 || MEAN = 14,0 11 MEAN @ 29,5 |
| 11 MEDIAN = 3,5 || MEDIAN ® 33,0 |} MEDIAN = 25,5 || MEDIAN = 12,0 || MEDIAN ® 21,0 |
| Il N L] 20 | I N L 23 1) " 6 11 N L 6 Il N . 55
! 'l | i h] |

Ldad b A4 L L DL LA LA L L AL AL LA AL L LA AR A ALl LY I LY LA I LA LAY LAY T A YR L P I DAL LI Il DY Y YL T LYY L Ll Ll L2 L 1]

* Type I w/oxidation
** Type 1 w/o/oxidation
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TABLE 7-30

B10LOGICAL SYSTEMS
B0DS EFFLUENT CONCENTRATIONS
X REMOVAL >w 9SX OH EFSLUENT BUD <& 50 MG/L

i BODS tH (B NOT PLASTICS N NOT PLASTICS [N NOT PLASITICS [N ALL WABTE |
I  EFFLUENT i1 PLASTICS ONLY 1 TYPE I AND Cx TYPE I NOY Ckkx gy NOT TYPE | ) STREAMS i
ICONCENTRATION| | sowmovenacasscvrsel | sonavacvasrorncnce| laaavessscsrcwacceanl | soescwvnvssvenveen | |seoenavwsnecavevesnl
I ( <=MG/L ) 1ICUM FREQI CUM X |ICUM FREQ) CUM X |1ICUM FREQI CUM X ||ICUM FREQI CUM X 1ICUM FREQI] CUM X |

' 20 ] 35 ! 68,6 | 12 1 36,8 11 7 | 43,8 |} [ | 57,1 it 62 | S4.,4 |
| 30 " 40 | 18,4 ) 17 | S1.5 11 12 | 15,0 1 13 | 92,9 11| 82 | T1.9 |
| a0 N u6 | 90,2 (1 24 (| 12,7 11 14 | 81,5 11 13 | 92.9 i 97 | 85,1 |
i 50 ‘i 50 | 96,0 11 27 ) 81,8 11 15 [ 93,8 11| ] I 100,0 11 106 | 93,0 |
{ 100 t St t 1v0,0 1) 31 | 93,9 1| 16 I 100,0 |1 14 I 100,0 1) 112 98,2 |
| 200 (N S1 1 100,0 11 33 I 100,0 11 16 I 100,0 11 14 I 100,0 11} 11 | 100,0
i 300 il S1 I 100,00 1 33 I 100,0 1 16 I 100,0 1} 14 I 100,0 11 tie 1 100,0
l Q00 i S1 I 100,00 11 33 I 100,0 )i 16 I 100,0 11 14 I 100,0 1) 114 |1 100,0 )
i 500 ] 51 I 100,0 1 33 I 100,0 1| 16 b 100,0 1y 14 I 100,0 1 114 | 100,0 1
\ 600 N 51 I 100,00 g} 3 I 100,00 ) 16 t 100,0 4 14 1 100,0 )} 1te | 100,00
| 700 I S1 b 10u,0 1 33 I 100,0 I 16 Il 100,00 1 14 I 100,0 11 t1g | 100,0 |
| 800 it 51 I to0,0 33 I 100,0 I te t 100,0 ) 14 1 100,0 | 114 | 10e,0
LA LA L L LYY L T L L L DL LA d LAl L Ar ALY I YL I AL I I I Y L L YL A LRI Y LI LTI PYYre Y rry Iy YTy Xy YY)
SUMMAKRY STATISTICS

LA L L D DL L L LD L LA LA d Il d LI AZIY I Y L XY I YL Y R R XY IR Y Y Y i il Il I IY Y Y YYr Y Y Y XYY Y YR T 0 21 YY)
\ | MINIMUMa 3,0 1) MINIMUMa 6,0 || MINJMUMS= 9,0 1| MINIMUM® 3,0 {1 MINIMUMS 3,0 |
| || MAXJMUM® 52,0 1| MAX[MyM=» 1S4,0 || MAXIMUMs 82,0 || MAXIMUMS 42,0 || MAXIMyMe 154,0 |
| |1 MEAN ] 17.9 11 MEAN » 37,2 11 MEAN a 25,9 |1 MEAN n 7,3 Il MEAN » RU,S5 |
| 1) MED]AN ® 12,0 {1 MEDIAN = 30,0 1| MEDIAN = 24,5 || MEDIAN e 15,5 || MEDIAN ® 16,0 |
! H . St . 3311 N ° 16 11 N . 14 |1 N . 14

N )t I " |

* Type I w/oxidation
** Type I w/o/oxidation



made using the criteria of plants which achieve 95% BOD reduction or
which have an effluent BOD_ concentration of 30 mg/l or less. The re-
sults of this analysis are presented in Table 7-31.

In reviewing the data, it appeared that well operated Type I and C
plants exhibited a wider range of effluent BOD values than the plants in
the other subcategories, Subsequent investigations showed that this
effect appeared to be related to the efficiency of water use by plants
in the Type I and C subcategory. Water use efficiency was defined as a
plant's daily water ‘usage divided by its daily production level. The
resulting water use, in gallons per pound of production, was plotted as
a function of effluent BOD. concentration for the plants in the subcate-
gory identified as achieving 95% removal or effluent BOD less than 50
mg/l. This plot is presented as Figure 7-4. The figure indicates that
plants with low water use, i.e., less than 0.2 gallons per pound, gener-
ally do not achieve effluent BOD. concentrations as low as do plants
with higher water usage. A more detailed analysis showed this effect to
be limited to those plants in the first quartile of water use. This in-
cluded plants with water use equal to 0.165 gallons per pound or less.
This would suggest that the Not Plastics, Type I and C subcategory be
further divided into low flow (less than or equal to 0.165 gallons per
pound) and high flow (greater than 0.165 gallons per pound) subcategor-
ies. If this is accomplished, the resulting median effluent BOD_ con-
centrations of plants with greater than 95% removal or 50 mg/l ef%luent
BOD5 would be 26 mg/l for high flow and 36 mg/l for low flow plants.

It was previously shown that biological plants followed by additional
unit processes do not achieve significantly lower effluent BOD_. concen-
trations than biological systems alone. This is not the case for efflu-
ent TSS concentrations. Table 7-32 through 7-35 present a comparison of
summary statistics for effluent TSS concentrations based on biological
systems meeting the 95/50 criteria, and 95/50 biological systems follow-
ed by additional unit processes such as polishing ponds, multimedia fil-
ters and activated carbon. These tables show that systems which include
polishing ponds or filters achieve lower median effluent TSS concentra-
tions than those systems which do not, In addition, these data indicate
that polishing ponds and filters achieve comparable effluent TSS levels.

EFFLUENT VARIABILITY

It is well known that biological wastewater treatment systems produce an
effluent of varying quality, much of this attributable to the inherent
nature of the treatment process. The range of this variation is depend-
ent on many process characteristics. In some cases significant changes
in effluent quality may be associated with specific causes such as shock
loads, mechanical failures, poor design or operation, or errors in sam-
pling or analysis.

The term variability, as used in this context, is defined as the varia-
tion in the effluent quality from a properly designed and operated bio-
logical treatment system which is attributable to the basic nature of
the treatment process. Minimizing the impact of the cited specific
causes of variability through the use of proper design and management
techniques can reduce to a minimum the effluent variability which the

177
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TABLE 7-32

RIOLOGICAI SYSTEMS
1SS EFFLUCNT CONCENTRATIONS
BOD XKEMOVAL >=€5X OR EFFLUENT ROD <=50MG/1

| TSS (A 1 NOT PILASTICS 1 NOT PLASTICS [N NOT PLASTICS [ AlLL WASTE I
I FFFLUENT 11 PLASTICS ONLY | TYPE I AND C | TYFE 1 NOT C [N HOT TYPE 1 I STREANS [
ICONCENTRATIONI--~------~-romm o — [l

1 ¢ <=HG/L ) 1ICUM FREQ) CUM X ICUM FREQI Cun X I

CUM FREQI CUM X 1ICUNM FRERI CUM X 1ICUM FREQAL CUNM X}

! [
| [N} 19 1 39.6 1) 3 ! 10.7 11 4 J I 28.6 11 30 1 2%.4 |
! 30 " 29 [ 60.4 11 ) | 21.4 NI S ! 41.7 1 ? [ 50.0 I 47 | 44.1 |
t 40 [N 34 | 70.8 11 10 | 35.7 i 7 [ 8.3 ) 10 | 721.4 11 61 1 59.86 |
! 50 " 3$ | 75.0 11 12 ! 42,9 1) ? ! ?5.0 11 11 ! ’8.6 11 68 | 646.7 |
! 100 [N 46 ! ?5.8 11 21 | ?5.0 ) 11 ) ?1.7 it 13 | 92.9 11 9 1 ne.2 |
| 200 [N A8 I 100.0 1 8 t 100.0 1} 12 t 100,0 11| 14 I 100.0 1} 102 t 100.0 |
[ 300 " a8 ! 100.0 11 28 ! 100.0 11} 12 I 100.0 11 14 I 100,060 1) 102 t+ 100.0 1
I 400 tl LL] I 100.0 11 28 1 100.0 11 12 ! 100.0 11 14 i 100.0 11 102 | 100.0 |
I 500 it L1l I 100.0 11 2 I 100.0 1 12 1 100,0 11 14 I 100,00 11 102 1 100.,0 |
[ 400 [N 49 ! 100.0 11 2 I 100.0 11 12 t 190.0 11| 14 t 100.0 11 102 t 100.0 |
[ 700 1 48 I 100.0 11 2 I 100.0 1t 12 I 100,0 11 14 I 100.0 1 102 1 100,0
| 800 " 41 I 100.0 11 R I 100.0 11 12 i 100,0 14 i 100,0 It 102 1 100.0 I
SUMMARY STATISTICS
| t1 HINIMUM= 4.0 11 MINIMUM= 9.0 11 HINUMUN= 13,0 11 MINIMUNM= 2.0 1 MINIMUNM= 2.0 1
[ 11 HAXTHUN= 127.0 11 MAXTHUN= 189.0 11 HAXTHUNM= 104.0 11 MAXIHMUNM: 101,0 11 MAXTMNM= 189.0 I
t It NMEAN = 4.1 11 HEAN = 71.3 11 MEAN = 40.8 || HMEAN = 34.4 11 HEAN a 44.3 I
| 11 MEUOIAN = d4.5 1) HFDRIAN = $3.5 11 HEDTIAN = J4.5 11 MFEDIAN = JO.5 11 MEDIAN = 33.0 1t
[ I N = 48 11 N s 28 1) N = 12 11 N = 14 Il N = 102
[ [N [N [N 1 [N |

* Type I w/Oxidation
** Type I w/o/Oxidation
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TABLE 7-33
K101 0GICAL SYSTFMS WITH FOI JSHING

TSS FERFLUENT CONCENTKATTONS
EOD XREMOVAL »=95% OKR EFFFIUFNT BOD <=50MG/L

1 155 ' It NOT FLASTICS 11 NOT FLASTICS 11 NNT PLASTICS 11 ALL UASTE i
| FFFLUENT 11 FLASTICS ONLY 11 TYPE I AND C Il  TYFE I NOT € 11 NOT TYFE T " STRFANS '
FCONGENTRATTONI D == e mm = e mm | | e sim e == mm o oo ] mm s e s o e | [ iom mimie e = o m et | | m o m s oo mmm oo '
I ¢ <=MG/L ) 1ICUM FRFQI CUM X 1ICUM FRFR) CUM % 1ICDH FRERI CUM X LICUM FREQL CUM X 1ICUM FRFQI CUH X 1
Pm o mmmo oo oo oo Ph-mmm e R R R BT e Rl e R I
I 20 " S 1 38,5 11 2 1 25,0 11 o1 0.0 11 2 1 2806 N 9 1 30.0 I
' 30 Ito 1 74,9 11 310 37.5 11 o 0.0 11 4 1 572,10 N 17 1 58,7 1
I 40 o111 4. 11 4 1 5000 1 11 s0.0 11 6 1 857 11 201 73.3 1
I 50 ' 21 92.3 11 S 1 6205 1 1t 50,0 01 ¢ 1 BS.7 11 241 £0.0
' 100 I 13 1 100.0 11 8 1 100.0 11 2t 100.0 1) 7 1 100.0 11 30 1 100.0 |
' 200 113 1 100.0 11 8 | 100.0 I > 1 00,0 4 71 100.0 1| 30 1 100.0
I 300 113 1 100.0 LI 8 1 100.0 11 2 1 100.0 11 7 1 100.0 11} 30 1 100.0 |
' 400 13 1 100,04 & 1 100.0 11 > 1 30000 11 7 1 100,0 1] 30 1 100.0
I 500 It 13 1 100.0 I 8 1 100.0 I 2 1 100.0 11 7 1 100,011 30 1 100.0 |
| 600 113 1 100.0 11 B 1 106.0 1| Tl 10000 11 7 1 100,011 30 1 100.0 |
I 700 113 1 100.0 11 8 1 100.0 11 21 100.0 11 7 1 1000 11 30 1 100.0 |
' 800 113 1 100.0 1! 8 1 100,001 > 1 100,011 7 1 100.0 11 0t 300,01
SUKMARY STA11CTICS
! It MUINTHUM= 9.0 11 HINTHUM= 9.0 11 HINIHIUN= 31.0 11 HIHTHION= 2.0 11 MINTHUM= 2.0 |
' 11 MAXIHUH= 76.0 1t HAXTHUR= $5.0 11 MAXTHUR= 42,0 11 MAXTHUM= 55.0 11 HAXTHUM= 95,0 |
l 11 HEAN = 76.3 Il MEAN = 49.5% 11 HEAN = 46.5 11 HEAN = 27.7 11 MEAN = z4.2 |
| 11 HERIAN = 23.0 11 HFEDTAN = 42.0 11 HEDIAN = 44.5 11 HFDTAN = 26,0 11 MEDIAN = 29,5 1
' 1N = 13 11N = 8 11N = 200N s 701N = 20 1
! " " ' 1 I !

* Type I w/Oxidation
** Type I w/o/Oxidation



81

TABLE 7-34

F101 BDGTICAY SYSTEFMS WITH MMF
TSS ETFFLUFNT CONCFNTRATIONS
BOD ZREMOVAL >=95Z OR EFFLUENT ROD <=50MG/L

h'L WASTE

[ 1TSS [N t NOT PLASTICS ()] NOT FLASTICS ti HOT PLQQTKCQ [N 1
t  EFFLUENT Il PLASTICS ONLY il TYPE I AND C il TYFF T NOT C (N NOT TYFF l 1 STRFEAMS I
ICONCFNTRATIONI b —~——=--o oo m L i e RSN I R e -
b <=MG/L ) 1ICUN FREGT CUM X 1ICUM FREQGI CUM X 1ICUM FREN! CUH X 1ICuUN FREBI PUH Z LICUN FRFQI rUH Z |
|—=emmme e === =-- = [ ik o= m o= [ e R e idededadei bl B B [ i B bt R Ikt |
I 20 1t 1 | 33.3 1 [ 33.3 1! ] 1 0.0 I 1 I 100,0 11 31 37.5 1
| 30 (N 3 I 100.0 1} 2 [ 6607 11 ] 0,0 I 1 I 100,0 |1 6 | G0 1
| 40 " 3 i 100.0 11} 2 [ 66,7 11 0 ! 0.0 1 1 1 100,00 11 6 7% (LI |
I 50 [N 3 I 100,00 I 2 | (6.7 11 1 I 100.0 11 1 I 100.,0 Y 7 £7.5 1
[ 100 " 3 ! 100.,0 11 3 i 100.0 It 1 V 100.0 11 ] ! 100.0 U4 8 1 100.0
\ 200 " 3 ! 100.0 -1 3 1 100.0 i 1 t 100,0 It 1 I 100.0 11 8  100.0
1 300 [N ] 3 t 100.0 11 R t 100,0 11! 1 I 100.0 1 1 I 100,0 11t € 1 100.0
1 400 [N 3 i 100.0 11 3 1 100.0 It 1 i 100.0 11} 1 I 100.,0 11 8 | 100.0 1
| 500 i 3 1 100.0 1) 3 1 100,0 11 1 I 100.0 11 1 100,011 8 | 100.0 1
! 400 (] 3 1 100.0 I 3 I 100.0 11 1 I t00.0 1 1 I 100.0 11 8  100.0 |
| 700 1 3 I 100.0 1Y 3 I 100.0 11 1 I 00,0 11 1 I 100.0 1) £ 1 100,00 1t
[} 800 (N} 3 1 100.0 |} 3 i 100.0 11 1 i 100,00 11 1 1 100.0 11} 8 1 100.0
SUMMARY STATTISTICS

! 11 HINTHMUN= 18,0 11 HINTHUH= 19.0 11 MINTHUNM= A8.0 11 HTHTHUNW= 12,0 11 MINTMUN- 12,0 4
| Il HAXINMUNM= 4.0 1 MAXTHUM= 74,0 11 MAXIMUM- aB.0 11 MAXTMIM= 2. 1l HAXTMIUN= 74.0 |
I Il HEAN = 21.3 1 MEAN = 40.7 1| HFAN = 28.0 11 MFAN = 12.0 11 HEAN = 30.8 |
| i1 MEDTAN = 22.0 11 HEDIAN = 29.0 11 HTDTIAN = AB.0 11 MEDIAN = 2.0 Ll HEDIAN = 23.0 1
[ I N = J M = J Il N = 1 1t N = 3 LN = 8 |
| (] (N e [N ‘l

* Type I w/Oxidation
*% Type I w/o/Oxidation
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TABLE ?-35

DIOLOGICAI SYSTENS WITH ALTIVATED CARKON
1TSS EFFLUENT CONCFNTRATIONS
BRND XRFEMNVAL »=?5X OR EFFLUENT ROD <=50MG/L

[} 1SS [N} [N NOT FILASTICS i NOT PLASTICS 1l NOT PLASTICS [N AlLL WASTE |
| EFFLUCNT 11 FIASTICS ONMIY 11 TYFF I ANl C€® 11 TYPE I NnT %%y KOT TYFE 1 " STREANS ]
ICONCENTRATION|l |==ec-=-ecrmenccmmma| |mcccccncmrc e [ e ittt kb [ R e LRI L L B R L L L L |
| ( <eMG/L ) 1ICUM FRFAI CUM X 1ICUM FREGI CUM X 1IGUM FREQI CUM X 1 ICUM FKFRI CUM X L ICUH FREG) CUH X I
R R || ocme= P == em e |memmemrece ) | mm o |mmecme e || emmeim e | e meccea [ | memam- [}
I 20 1 o I 0.0 11 0o 1 .0t o I 0.0 11 o 1 T o 1 0.0 1
I 30 T o I 0.0 11 o T o 1 0.0 t o . o I 0.0 |
| 40 11 V] | 0.0 [ [o] ! . [N (4] | 0,0 [N 4} | N [N 0 t 0.0

| s [N 0 ] 0.0 11 0 ] . [N 1 ! 100,0 (] 0 [} . [N 1 ] 50,0 |
| 100 11 1 [} 100.0 i 0 | . [} 1 | 100.,0 [ 0 | . [N 2 [} 100,0

I 200 ¥ 1 1 1r0.0 11 0 I T 1 1 100.0 11 0o T 2 1 100.0 I
] 300 1 1 1 100.0 11 o I . 11 100.0 i o . 2 1 100.0 1
I 400 ' t 1 100.0 1} o i T 1 1 100.0 11 o o 2 1 100,0 |
: 500 " 1 1 100,0 11 o I .0 11 160,011 o Y 2 1 100.0 |
I 400 1 1t 1 100.0 11 o 1 T 1 1 100.0 11 o 1 .1 2 1 100.0 |
' 700 " 1t 1 100.0 11 o T 11 100,0 11 o 1 . 2 1 100,0 1
1 800 11 1 ] 100,0 [N 0 } . [N 1 ! 100.0 1 0 1 . [ 2 ! 100.0 )

SUMMARY STATISTICS

| 11 HININUNS 76,0 11 HINIMINe . Il MINIMUM= 43,0 1| MININMIHe . Il MINIMUM= 47,0 1
[} Il MAXINMlUIM= 76,0 11 MAXIMUN= . Il MAXIMUMSs 48.0 11 HOY.IMIM= . Il HAXIMUM= 74,0 1
| 11 MEAN L 74,0 1| MFEAN - . Il MEAN = 48.0 |1 MEAN = . Il HMEAN - 62.0 |
' 11 HEDIAN = 76.0 11 MEDIAN = . 1l NFDIAN @ 48.0 1| MENLAN = . 11 MFDIAN = 42.0 |
] M = 1 1IN - 0O t1 N s 1 It N = O Il N o 21
[} 11 1 I [N [N |

* Type I w/ oxidation
** Type I w/o oxidation



system can achieve. Simply stated, this level is the minimum variabil-
ity which can be practically obtained assuming proper system design,
_management, operational control, sampling and measurement.

Effluent variability can be characterized by the statistical analysis of
daily data from well-operated treatment systems. The daily data compu-
ter file available for this analysis contains daily BOD, TSS, COD and
TOC influent and effluent measurements over variable periods of records
from three months to five years. The data base includes records for 50
plants. Although some records were as short as three months, most were
for a period of at least one year. Before performing the variability
analysis, however, it was necessary to screen the 50 plants to identify
those exhibiting acceptable treatment system performance and using prop-
er sampling procedures. This data screening involved the complementary
statistical and engineering analyses described below.

The statistical screening for each plant was based on summary statis-
tics, plots of daily concentrations versus time, and plots of moving
summary statistics. Examples of the plots produced are given in Figures
7-5 and 7-6. The most useful statistical screening tool was the plot of
the moving 12-month 99th percentile illustrated in Figure 7-6., The first
point represents the estimated 99th percentile of data from the firsc 12
months. Succeeding points represent estimated 99th percentiles of data
from months 2-13, 3-14, etc. This plot reflects changes in either the
mean or variance of effluent concentrations over time. Plots for both
BOD and TSS were produced for each plant based on the lognormal
distribution,.

Three types of plots were identified in studying the moving 99th percen-
tile (Y0.99) plots:

Type I: Performance improved over time (there was a time afcer
which Y0.99 decreased).

Type II: Performance worsened over time (there was a time after
which Y0.99 increased).

Type III: There was a data gap due to modifications in the treat-
ment system (generally followed by improved
per formance) .

Table 7-36 shows the classification for each plant for BOD and TSS,
along with beginning and ending dates and dates of data gaps (if any).
Data from plants with Type 1 or 1II graphs for both BOD and TSS were
tentatively accepted for further engineering analysis. Data from plants
with Type II graphs were examined to determine if some cause for the
worsening performance could be identified.

An engineering analysis also was conducted on each of the 50 candidate
plants with daily data. The analysis consisted of a detailed review of
each plant diagram and other information relevant to plant operation and
performance. Specific points of interest included the relationship of
the effluent gampling site to mixing points for stormwater runoff, un-
treated process water and cooling water, as well as modifications to the
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TABLE 7-36

SUMMARY OF PLANT SCREENING

BoD
Plant Stream

1 AQ1

1 AD2

3 A0l

9 AOQl
292 A0l
15 A0l
18 A0l
293 A0l
27 A0l
28 A0l
42 A0l
44 A0l
45 AD1
53 A0l
60 A0l
61 A0l
73 A0l
75 AOQl
89 A0l
90 A0l
96 AOQ1
106 A01
109 A0l
110 A0l
111 AQ1
113 A0l
118 A0l
120 A0l
124 A0l
126 A0l
138 AO1
146 A0l
170 A0l
175 A0l
176 AQ1
220 A0l
229 A0l
234 AOQ1
236 A0l
245 A0l
268 A0l
269 A0l
274 A0l
281 A0l

Type Begin Date
1 01/02/75
II1 01/01/75
I11 01/04/77
1 01/15/75
1 0l1/01/78
1 01/01/78
11 07/02/75
1 01/03/75
111 04/04/78
11 09/03/75
II 01/17/79
1 01/01/79
II 01/02/79
1 01/02/75
II 01/01/78
1 01/03/75
11 05/02/175
1 08/02/74
II 05/01/74
1 01/02/75
I 01/01/75
1 01/07/75
I 05/01/74
T1 01/03/75
1 01/04/77
1 01/01/78
1 01/01/79
I 04/01/76
II 01/01/75
1 01/02/75
1 01/05/79
111 01/02/75
I1 06/04/78
11 01/03/78
1 08/01/78
11 01/02/75
1 09/01/74
I 01/03/78
111 05/01/78
1 05/21/77
11 01/01/79
11 01/04/75
I 01/01/75
1 07/02/78
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Data Gag
10/76 - 05/79
09/76 - 12/76
05/78 - 08/78
10/76 - 04/79
03/79 - 05/79

End Date

09/29/76
07/30/79
05/29/80
09/22/76
12/29/78
05/31/80
09/20/76
09/24/76
08/21/80
09/30/76
07/17/80
05/30/80
06/26/80
09/30/76
04/30/80
09/30/76
06/25/76
05/31/76
09/30/76
09/30/76
09/27/76
10/31/76
08/30/76
09/30/76
12/29/17
12/31/79
12/31/79
09/29/76
09/28/76
09/30/76
12/30/79
07/31/79
05/29/80
07/11/80
10/31/78
09/24/76
09/30/76
12/27/79
06/25/80
04/29/80
07/31/80
09/29/76
06/30/80
06/29/80



Plant

292
18
293
27
28
44
45
53
73
89
90
96
109
110
111
113
120
123
124
126
138
146
176
220
229
236
245
274
294

TSS

TABLE 7-36 (Continued)

SUMMARY OF PLANT SCREENING

Stream Type Begin Date
AQ2 111 01/01/75
A0l 11 01/01/77
A0l 1 01/15/75
A0l I 01/01/78
A0l 11 07/02/75
A0l I 01/03/75
A0l 111 04/04/78
A0l II 09/02/75
A0l 11 01/01/79
A0l 1 01/01/79
A0l II 01/02/75
A0l 11 05/05/75
A0l 1 05/06/74
A0l I 01/01/75
A01 I 01/07/75
A0l I 06/18/74
a0l 1 01/02/75
AOL 1 01/01/77
a0l 1 04/01/79
A0l 1 04/01/76
AO01 1 06/01/75
AO1 1 01/01/75
AO1 I 01/02/75
AO1 1 01/01/70
AO1 111 01/01/75
A0l 1 08/01/78
AO01 1 01/03/75
A0l 1 09/01/74
A0l 1 06/01/78
A0l I 06/21/77
A0l 111 01/01/75
A0l 1 01/01/79
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Data Gag
10/76 - 05/79
04/79 - 05/80
10/76 - 04/79
09/76 ~ 05/78

07/31/79
05/29/80
09/22/76
12/30/78
09/29/76
09/24/76
05/27/80
09/30/76
05/30/80
06/30/80
07/11/76
06/25/76
09/30/76
09/30/76
09/29/76
07/26/74
09/28/76
12/31/77
06/30/79
09/29/76
09/30/76
09/28/76
09/30/76
12/31/79
07/31/79
10/31/78
09/27/76
09/30/76
06/29/80
04/29/80
06/30/80
12/31/79



treatment system during or after the period of data collection. A sum—
mary of the engineering analysis is presented in Table 7-37., This table
provides the engineering comments and the nature of the reason for ex-
clusion, where applicable, for each of the 50 candidate plants. A poor
performer has been defined as a plant not achieving 95X BOD removal or
an effluent of 50 mg/1 BOD.

Based on the engineering and statistical analyses, 17 of the 50 plants
were retained for further analysis. Appendix D contains a description
of these plants and the reasons for exclusion. Because treatment system
performance generally improved over time in the selected plants, the
data retained in the final Daily Data Base for each plant were limited
to samples collected within 12 months of the last sampling date.

Having selected daily data representing the performance of well-operated
treatment systems, the next step was to find a statistical model to
characterize effluent varisbility. The distributional model most com-
monly employed for daily measurements of BOD and TSS is the lognormal
distribution. This model tends to be appropriate because distributions
of daily pollutant measurements have a lower bound of zero, are posi~-
tively skewed, and have standard deviations proportional to their means.
To ensure that the lognormal model was appropriate for the data in the
Daily Data Base, distributions of daily data were plotted and goodness-
of-fit tests were run for each plant/pollutant data set. The goodness-
of-fit test employed is described in Appendix B. The results of these
analyses supported the use of the lognormal model,.

Finally, effluent variability was characterized for BOD and TSS for each
plant in terms of the variability factor--the ratio of the 99th percen-
tile of the concentration to its long-term average for the daily maximum
and the ratio of the 95th percentile of the concentration to its long-
term median for the 30 day average. The methods used to estimate daily
and 30-day average variability factors are described in Appendix B, The
daily variability factors were based on the lognormal model, and the 30-
day variability factors on the Central Limit Theorem (taking day-to~day
correlation into account). The daily and 30-day variability factors
calculated for each parameter and plant-specific data set in the Daily
Data Base are presented in Tables 7-38 and 7-39., These summary tables
provide the number of observations (N), the estimated mean, 99th per-
centile (P0.99), 95th percentile (P0.95), daily variability factor
(VF(1)) and 30 day variability factor (VF(30)).

"The variability factors were summarized separately for two categories of
plants, Plastics Only and Not Plastics Only. The decision to use two
categories, rather than determine a single set of factors for the entire
OCPS industry, was based on the lower effluent BOD. levels achieved by
Plastics Only plants relative to the rest of the OEPS plants. Further
partitioning of the Not Plastics Only segment for the purpose of calcu-
lating variablity factors did not appear warranted since all plants use
biological treatment as the major treatment technology. In addition,
further partitioning would have effectively reduced the available data
base for each group.
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TABLE 7-37

SUMMARY OF ENGINEERING ANALYSIS

>957R EXCLUDED
or FROM
PLANT <50 mg/l ANALYSIS
1 yes yes
3 yes yes
9 yes no
292 - yes
15 yes no
18 yes yes
293 no yes
20 - yes
24 - yes
27 - no
28 yes yes
42 no yes
44 yes no
45 yes no
53 yes yes
60 no yes

ENGINEERING COMMENTS AND/OR
NATURE OF AND REASON FOR EXCLUSION

Treatment system upgraded during first data
collection period; second data period too
short for analysis.

Plant had “Psetfof“d bypasses continuously;
poor operation, system modification dur-
ing data period.

None

Receives significant amount of municipal
waste of unknown quantity.

None, BOD only
Treatment system under construction during
period of performance, effluent data not

representative.

Plant is a poor performer(o) due to inade-
quate golids control (66X removal TSS)

No effluent data on BOD, COD or TSS
No effluent data on BOD, COD or TSS
None

Chlorination before trickling filter, no
longer manufactures organic chemicals.

(o)

Poor performance plant; poor operating
practices, upset operations during data
period.

Treatment system changed prior to 1/79.

None

Treatment system inadequate for av?gige
loadings, resulting in poor performance

and subsequent upgrade of system after data

period.

BOD only
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>95ZR
orx

EXCLUDED
FROM

PLANT <50 mg/l ANALYSIS

61

72

73

74

75

87

89

90

96

103

106

109

110

111

113

118

120

no

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
yes

no
yes
yes

yes

no
.no
no
no

yes

TABLE 7-37 Continued

ENGINEERING COMMENTS AND/OR
NATURE OF AND REASON FOR EXCLUSION

Poor performance plant;(O) filtration wunit
added after period of performance in order
to improve solids removal.

No effluent data on BOD and TSS

Plant phased out a process during data per-
iod, resulting in drop of 702 BOD load dur=~
ing period of record.

No effluent data on BOD, COD or TSS

Effluent sample point downstream of point
where stormwater and cooling water are mixed
with contaminated wastewater.

Sample point is downstream of nonbiotreated
effluent dilution, BOD and TSS data

unavallable,

Sample point downstream of untreated process
water dilution.

Sample point downstream of cooling water
dilution.

None
No effluent data on BOD or TSS

Sample point downstream of cooling water
dilution,.

Effluent contains unquantified dilution from
a "consolidated" sump.

None
None
None
None

Treats refinery wastewater with OCPS waste-
water.
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>95%R

or

EXCLUDED
FROM

PLANT <50 mg/l ANALYSIS

123

124

126

138
146

170
175
176
220
234
236
245
268

269

274

294

281

(o)

yes

yes

no

yes

yes
yes
}es
yes
yes
yes
yes
no

no

yes

yes

yes

no

yes

yes

no

no

yes

no

no

no

yes

yes

yes

yes

yes

no

TABLE 7-37 Continued

ENGINEERING COMMENTS AND/OR
NATURE OF AND REASON FOR EXCLUSION

Sample point downstream of stormwater dilu-
tion (no BOD data).

Sample point downstream of stormwater mixing
point.

None

(o)

Poor performer

Sample point downstream of stormwater
dilution.

BOD data only
None
Only three months of data available
None
None, daca is for secondary system only.
None
Non-biological treatment
None
(o)
Poor plant performance appears due to
plant being undersize; plant has upgraded

treatment since data period.

Significant portion of wastewater treated is
sanitary flow.

(o) . .
Poor performance is due to poor solids
control, especially for plant with sand
filtration. v

None

Poor performance is defined as not achieving 95 BOD removal or

50 mg/l effluent BOD.
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TABLE 7-38

ESTIMATES OF VARIABILITY FACTORS "PLASTICS

ONLY" PLANTS

Ef fluent BOD | Effluent TSS
| e
I
_ | _
Plant N X P0.99 P0.95 VF(1) VF(30)* | N X P0.99 P0.95 VF(1) VF(30)
' .
I
9 24 .84 17.88 - 3.06 | 24 29.72 97.58 - 3.28 -
|
44 261 .97 29.51 11.84 3.29 1.32 [ 260 11.58 80.50 19.76 6.95 1.71
I
45 156 .07 10.67 4.28 3.47 1.39 A 364 18.95 124.62 30.87 6.57 1.63
I
96 105 .31 7.86 - 3.41 | 66 12.34 45.26 16.05 3.67 1.30
I
111 157 .19 18.38 9.25 2.97 1.49 | 347 10.42 54.12 14.84 5.19 1.42
|
126 249 .05 23.70 10.23 3.92 1.69 | 253  23.28 78.35 31.10 3.37 1.3
- - |
AVG 3.35 1.47 | AVG 4.84 1.48
|

* Where there was insufficient data to estimate day-to-day correlation, no VF(30) value is given.
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TABLE 7-39
ESTIMATES OF VARIABILITY FACTORS 'NOT PLASTICS ONLY" PLANTS

Effluent BOD Effluent TSS

—— e—— —— —

I
|
— l _
Plant N X P0.99 P0.95 VF(1) VF(30)* | N X P0.99 P0.95 VF(1) VF(30)
=
15 363 16.88 63.55 22.80 3.77 1.35 I
26 160 17.55 68.26 26.69 3.89 1.52 : 158 21.86 - 76.32 28.99 3.49 1.33
110 247  5.91 21.82 8.37 3.69 1.42 : 218 10.09  45.33 14.37  4.49 1.42
113 332 17.47 75.06 28.95 4.30 1.66 1 91  22.41 100,27 31,22 4.48 1.39
118 365 12.17 61.34 25.25 5.04 2.07 :
170 103 33.90 145.75 74.51 4.30 2.20 :
175 361 39.09 181.49 69.66 4.64 1.78 :
220 55 55.13 291.35 - 5.28 - : 149  94.09 441.22 - 4.69 -
234 157 11.58 41.60 16.74 3.59  1.45 :
236 162 32.19 93.17 39,75 2.89 1.23 : 362 59.72 159.29 72.55 2.67 1.21
281 205 8.44 26.73 11.62 3.17 1.38 :
|

AVG 4.05 1.61 AVG 3.95 1.34

*Where there was

insufficlent data to estimate day-to-day correlation no VF(30) value is given.



WASTEWATER DISPOSAL

The method of treatment for the direct dischargers was discussed under
the previous heading. Under this heading the treatment processes and
disposal methods associated with zero or alternate discharge in the OCPS
industry are described.

Zero or Alternate Discharge

Zero or alternate discharge is defined as no discharge at the OCPS plant
of contaminated process wastewater to either surface water bodies or to
POTWs. Means by which zero or alternate discharge may be achieved are
described in the following paragraphs. -

Deep Well Disposal

Deep well injection is a method frequently used for disposal of highly
contaminated or very toxic wastes not easily treated or disposed of by
other methods. Deep well injection is limited geographically because of
the geological requirements of the system. There must be a substantial
and extensive impervious caprock strata overlying a porous strata which
has no utility as a water supply or other withdrawal.

Because of the potential hazard of contaminating useable aquifers, some
states prohibit the use of deep well disposal. Contamination of these
aquifers can occur: (1) from improperly sealed well casings which allow
the waste to flow up the bore hole, and (2) from unknown faults and fis-
sures in the caprock which allow the waste to escape into the useable
stratum. The latter is concelvable even though the fault may be miles
from the well and the migration of the waste material to the fault might
take many years. This problem could be enhanced by the increased sub-
terranean pressure created by the injection well and could be further
enhanced if a substantial withdrawal of water from the useable aquifer
were made in the vicinity of the caprock flow.

Deep wells are drilled through impervious caprock layers into such unus-—
able strata as brine aquifers. The wells are usually more than 3,000 ft
deep and may reach levels over 15,000 ft. Pretreatment of the waste for
corrosion control and especially for the removal of of suspended solids
is normally required to avoid plugging of the receiving strata. Addi-
tional chemical conditioning could be required to prevent the waste and
the constituents of the receiving strata from reacting and causing plug-
ging of the well,

Because of the relatively high pressures required for injection and dis-
persion of the waste, high pumping costs for deep well disposal may be
incurred.

A total of 20 plants in the Summary Data Base practice deep well injec-
tion. The wastes disposed of in this manner are fairly concentrated
with mean BOD, TSS and COD of 3368 mg/l, 4301 mg/l and 14,242 mg/l, re-
spectively.
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Contract Hauliqg

Another method of achieving zero discharge is contract removal and dis-
posal. This method involves paying a contract hauler/disposer to pick
up the wastes at the generation site and to haul them to another site
for treatment or disposal. The hauling may be accomplished by truck,
rail or barge.

Contract hauling is usually limited to low volume wastes, many of which
may require highly specialized treatment technologies for proper dis-
posal. Although plants utilizing this technology are defined as zero
dischargers, an impacc on the enviromment may not be eliminated since
the wastes are relocated only from the generating site and may be treat-
ed and discharged elsewhere. Reported data regarding contract disposal
indicates that there are 15 plants using this disposal method in the
Summary Data Base.

Offsite Treatment

Offsite treatment refers to wastewater treatment at a cooperative or
privately owned centralized facility. Offsite treatment and disposal
are used by plants that do not choose to install and operate their own
treatment facilities. The rationale for utilization of offsite treat-
ment usually is economically oriented and governed by the accessibility
of suitable treatment facilities willing to treat the wastes (usually on
a toll basis). Sometimes adjacent plants find it more feasible to in-
stall a centralized facility to handle all wastes from their facilites.
The capital and operating costs usually are shared by the participants
on a pro-rata basis.

Depending on the nature of the waste and/or the restrictions imposed by
the receiving treatment plant, wastes sent for offsite treatment may re-
quire pretreatment at the generating plant. Four plants in the Summary
Data Base practice off-site treatment. .

Incineration

Incineration 1s a frequently used zero-discharge method in the OCPS
industry. Depending upon the heat value of the material being incin-
erated, incinerators may or may not require auxiliary fuel. The gaseous
combustion or composition products may require scrubbing, particulate
removal, or another treatment to capture materials that cannot be dis-
charged to the atmosphere, This treatment may generate a waste stream
that ultimately will require some degree of treatment. Residue left
after oxidation will also require some means of disposal.

Incineration is usually used for the disposal of flammable liquids,
tars, solids, and/or hazardous waste materials of low volume and not
amendable to the usual EOP treatment technologies. In all, seven plants
in the Summary Data Base employ incineration. Only three data points
were reported for incineration. The average of those data showed a
waste BOD of approximately 25,000 mg/l.
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Evaporation

Evaporation is used in the OCPS industry to reduce the volume of waste
water and thereby concentrate the organic content to render it more
suitable for incineration or disposal to landfill. This technology Lis
normally used as iLn-plant treatment or pretreatment for incineration or
landfill. i

Evaporation equipment can range from simple open tanks to large, sophis-
ticated, multi-effect evaporators capable of handling large volumes of
liquid. Typically, steam or some other external heat source is required
to effect vaporization. Therefore, the major limitations to mechanical
evaporation 1s the amount of energy required.

Only two OCPS plants, both exclusively plastics, reported evaporation as
their principal disposal method.

Imgoundment

Impoundment generally refers to wastewater storage in large ponds.
Alternate or zero discharge from these facilities relies on the natural
losses by evaporation, percolation into the ground, or a combination
thereof. ©Evaporation 1s generally feasible if precipitation, tempera-
“ture, humidity and wind velocity combine to cause a net loss of liquid
in the pond. 1If a net loss does not exist, recirculating sprays, heat
or aeration can be used to enhance the evaporation rate to provide a net
loss. The rate of percolation of water into the ground is dependent on
the subsoil conditions of the area of pond construction. Since there is
‘@ great potential for contamination of the shallow aguifer from percola-
tion, impoundment ponds are frequently lined or sealed to avoid percola-
tion and thereby make the basins into evaporation ponds. Solids which
accummulate over a period of time in these sealed ponds will eventually
require removal. Land area required for impoundment is a major factor
limicing the amount of flow disposed by this method.

Twelve plants in the Summary Data Base use impoundment for wastewater
disposal. The wastewaters handled in this way are relatively concen-
trated having average BOD, TSS and COD levels of about 2700, 2000 and
7500 mg/l, respectively.

Land Disposal

There are two basic types of land disposal: landfilling and land appli-
cation (or spray irrigation). Landfilling consists of dumping the
wastes into a pit and subsequently burying them. Land application re-
quires spraying the wastes over land, Both disposal methods require
care in selecting the site to avoid any possibility of contaminating
ground and surface water. The type of pollutant being disposed by land
application also must be considered. For instance, i1f the land is to be
used for growing crops at a later time, some of the pollutants present
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at the time of application may persist in the soil for long durations
and later may be assimilated by the crops and find their way into the

food chain.

Four plants in the Summary Data Base practice land disposal.
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SECTION VIII.
ENGINEERING COSTS AND NON-WATER QUALITY ASPECTS
INTRODUCTION

This section addresses the cost, energy requirements and non-water qual-
ity environmental impacts associated with meeting BPT effluent guide-
lines. The cost estimates represent incremental expenditures required
to supplement the control and treatment technology presently in place.
Cost estimates have been prepared using a modified version of the CAPDET
computer costing algorithm. Non-water quality aspects reviewed include
the potential for (a) air pollution, (b) solid waste generation, (C)
RCRA considerations, (d) noise pollution, and (e) energy requirements.

COST DEVELOPMENT

In order to estimate the industry expenditures required to meet alter-—
native effluent targets, and as a partial basis for economic studies, a
‘plant-by-plant cost analysis has been made. Capital, operating and an-
nual costs were developed for each of the plants that supplied suffi-
cient information to the Summary Data Base. For each plant, the cost of
applying various treatment technology alternatives to meet selected tar-
get concentrations for BOD and TSS was conducted.

The basic calculation tool used to develop alternative engineering costs
(with the exception of RBC costs) is the computer program, CAPDET
(Computer Assisted Procedure For the Design and Evaluation of Wastewater
Treatment Facilities). The CAPDET computer model was developed jointly
by the Corps of Engineers' Waterway Experiment Station, Vicksburg, Mis-
sissippi and the EPA Office of Water and Waste Management. The major
purpose of the CAPDET model is to provide for the rapid design, cost
estimating and ranking by cost of municipal sewage treatment plant al-
ternatives for the EPA Coastruction Grants Program. The model may be
used for the design of industrial wastewater treatment systems by modi-
fying selected computer program default values. A detailed discussion
of the design and application of the CAPDET program is presented in
Appendix E.

CAPDET MODIFICATIONS

Development of the specific costs applicable to this study requires
adaptation of many of the factors in the program from their default val-
uves for municipal systems to values more appropriate to chemical indus-
trial wastewater and te industrial plant situations. Table 8-~] summar-
izes the quantitative bases and default values employed, reflecting
those adjustments considered necessary for an industrial wastewater
system.

Because of the varying complexity and biodegradability, as well as the
generally lower biodegradability of industrial wastewaters as opposed to
the essentially constant treatability of domestic wastewater, reaction
rate coefficients must be adjusted from CAPDET default values. A
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TABLL 8-1

ADJUSTMUNTS TO CAPDET DEPAULT
DATA AND RCSULTS

PROCELSS CAPDET ADJUSTED DEIAULT
YALUL YALUL OR
RESULT
ASL k = 0.00135 I/mg/hr k= 2498y Where: DEFAULT
" doy/24hr/So mg  So = BOD Influent Concentration
ALA = 0.001 1/mg/hr k= >19y/1 DEFAULT
day/24/hr/So mg
PRIMARY BOD % Removal BOD % Removal DEFAULT
CLARIFIER =32% =10%
("IN" "ASL" AND "ALA"
TRAINS)
DAF, CLAR Land Result Lend Result Based RESULT
Based on on Dimensions of
$1003/ecre Unit et $10,000
per acre
Leboratory Laboratory Labor RESULT
Labor Bascd Busced on Prorption
on Flow of $50,000/yr for 1
man per an entire waste
Treotment Plant
Administrative Administrative RESULT
Costs Based Costs Equal lo
on Flow 15 percent of
of/maint, labor
ALL UNITS 201 Planning Delete 201
Indirect Cost Planning ond
Lquel TO 3.9% Adjust Contingency
of Construction Cost 10 11.5% of
ond Contingency Construction
Cqual to 8% Costs



reaction rate coefficient of 5.0 dayts.l is used to represent organic
chemical wastewater. 1In the primary clarification segment of the acti-
vated sludge process the percent BOD reduction is taken as 10 percent,
rather than the default value of 32 percent. These changes adapt
CAPDET's approach to the design of organic chemical industrial waste-
waters. Alternative cost factors were needed for certain limited scope
treatments to avoid the flow-loaded factors applicable to complete sys-
tems. Administrative costs for clarification and dissolved air flota-
tion were set at 15 percent of the operating and maintenance labor
costs.

Laboratory labor was also adjusted to reflect discrete unit wmanpower
requirements for clarification and dissolved air flotation processes,
Laboratory charges are based on the use of one full-time individual for
an entire waste treatment system. The approximate annual cost is
$50,000. Costs are prorated over the various treatments and assumed
constant, whether the flow volume treatred was high or low. The hourly
laboratory charges include analyst's base pay plus overtime, fringe ben-
efits, lab equipment and materials and miscellaneous overhead burdens.

The availability of land and its valuation varies markedly with site
specific conditions. If land is available on the site, its potential
future use and opportunity cost should be considered. If land is not
available, purchase of the necessary acreage must be considered. The
CAPDET default value of $1000 per acre is judged to be substantially on
the low side, possibly several times too low. Where appropriate, if
land costs were a factor in the technology costs, both acreage and cost
per acre were separately estimated and inserted to override in the pro-
gram. In these cases estimated acreage costs of $10,000 per acre were
used to represent the industrial value of land. -

In developing the cost analysis, the cost of upgrading an existing
treatment facility is assumed to be approximated by the cost of second
scage treatment as an addition to the existing facilities. This repre-
sents a conservative approach to cost development in that it reflects
the maximum cost of upgrading an existing system. In many cases, less
expensive treatment system modifications, improved operating practices,
or application of in-plant source control techniques may achieve equal
or better results at a lower cost. However, in the absence of extensive
plant-by-plant design details, second stage or add-on treatment was used
as the cost basis. True costs will depend significantly on factors site
specific for each plant.

Other considerations when applying CAPDET to industrial treatment esti-
mates are as follows:

1. Unless changed by the user, CAPDET uses default values for
conventional pollutant concentrations and other stream characteristics.
Also, for each treatment process, specific relationships exist for _the
removal of the conventional pollutants. For example, the long term mean
(LTM) TSS in the activated sludge model is reported at the raw waste-
water influent as 200 mg/l (LTM) and at the final clarifier effluent as
20 mg/1 (LTM). For industrial wastewaters, a final effluent of 20 mg/l
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(LTM) may be optimistic and is more likely to be in the range of 30 to
50 mg/1l (LTM) unless flocculants or other secttling aids are used. Some
of the CAPDET values were found to be suitable for industrial wastewater
treatment calculations and consequently were not revised. The influent
and effluent values for the other characteristics (COD, 0&G, TOC, etc.)
are reported as noted in Tables B-2 and B8-3; however, these values do
not affect the cost estimates and are included in CAPDET primarily for
municipal planning purposes.

2. The cost estimates are generated for average flows. A common
engineering design practice i1s to determine the flow and other parameter
variability, and design on a basis of an B0 to 95 percentile value. The
exact design value chosen is determined by the range of variability of
the parameter and the subjective opinion of the engineer. Builc into
the evaluation is a long range corporate aobjective or plan pertaining to
future expansions, changes in product lines and similar factors which
might affect the various parameters associated with the design. Since
these factors were not available, the average flow values were used as a
basis for the cost estimates. However, since the cost curves show
ranges of parameter values, costs for any flow can be derived for any
individual plant. Furthermore, CAPDET has built-in Excess Capacity Fac-
tor equations which allow for peak flow vs. average flow performance in
calculating the detention times and other design factors of the
technologies. '

3. The cost generated by CAPDET for activated sludge and aerated
lagoons appear to be insensitive to changes in target effluent BOD
concentrations when the influent concentration is less than 500 mg/l.
This phenomencn is created by the fact that cthe CAPDET model introduces.
a second equation for aeration detention time calculation at the 500
mg/] influent concentration and selects the larger value of the two.

The formula used for the derention time calculations when the influent
BOD concentration is greater cthan 500 mg/l is:

€= (1-8,/s8 ) / (8 /S kX)) (1)
Where:
t = detention time, hours
S = effluent BOD concentration, mg/l
S = influent BOD concentration, mg/1
k = reaction rate constant 1/mg hr
Xv = mixed liquor volatile suspended solids, mg/l
When the specific influent BOD concentration is below 500 mg/liter, the

following equation is added, the retention time calculated by both meth-
ods, and the greater time is reported:
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TABLE 8-2

CAPDET DEFAULT INFLUENT WASTE CHARACTERISTICS

[¢]

TEMPERATURE 18.0 °C
SUSPENDED SOLIDS 200 mg/l
VOLATILE SOLIDS ' 60 % of SS
SETTLEABLE SOLIDS 15 mg/l
BOD, 250 mg/l
SBOD : 75 mg/l
coD 500 mg/1
SCOD 400 mg/l
pH 7.6
CATIONS 160 mg/l
ANIONS ' 160 mg/l
PO, 18  mg/1
TKN 45 mg/l
NH, 25 wmg/l
NO2 0 mg/1
NO, 0 mg/l
OIL AND GREASE 80 mg/1
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TABLE 8-3

WASTE CHARACTERISTIC RFEMOVAL DEFAULT
VALUES FOR CAPDET PROCESSES

WASTE CHARACTERISTIC REMOVALS

oIL & SETTLEABLE
PROCESS BOD5 TSS coD GREASE TKN PHOS N'H3 SOLIDS

Dissolved Air 30X 807 3oz - 102 - - =
Flotation
Primary 322 582 40% - 5% 5% - -
Clarification
Activated USER INPUT USER INPUT 1.9 x BODEFF 0 30X 302 SET 0
Sludge INFLUENT TO SECONDARY EQUAL

AND EFFLUENT CLARIFIER TO TKN
Aerated USER INPUT USER INPUT ASSUME SAME AS ASL
Lagoon INFLUENT TO SECONDARY

AND EFFLUENT CLARIFIER
Mulei Media SET EFFLUENT 60X SET EFFLUENT o] PASS ON PASS ON PASS 0
Filtration EQUAL TO EQUAL TO THROUGH THROUGH THROUGH

BODSOLUBLE CODSOLUBLE

INFLUENT INFLUENT



t =(248) / (x_ (F/M) (2)
[0} v

Where:

t = detention time, hours

§, = influent BOD concentration, mg/l

Xv = mixed liquor volatile suspended solids, mg/l

F/M = food to microorganism ratio, lbs/day/lb
usually 0.3-0.6

In comparing equations (1) and (2) it should be noted that the detention
time (t) in equation (1) is influenced by influent and effluent sub-
gtrate concentrations, the reaction rate "k," and the reactor MLVSS.
The detention time determined by equation (2) is a function of the in-
fluent substrate concentration, MLVSS and the F/M ratio. Since the de-
tention time determined by equation (2) is theoretically independent of
the effluent concentration, a single cost 1s determined for all effluent
target levels considered, ’

Figure 8-1 compares the calcuated detention time determined by the two
methods. The solid lines represent the result of applying equation (1)
at various target levels. The dashed line presents the results of equa-
tion (2) with the same applied influent concentration. Note that the
time curves from both equations merge as the influent BOD decreases in
caoncentration. Since the CAPDET ‘program uses the greater of the two
values calculated for detention time, cost estimates for aerators will
be slightly overestimated for wastewaters with influent BOD concentra-
tions less than 500 mg/l (LTM) and effluent concentrations of 50 mg/l
(LT™) .

ESTIMATING DISCRETE UNIT COSTS

Engineering cost estimates are presented for the following wastewater
treatment processes:

. Dissolved air flotation

. Clarification

. Activated sludge :
. Aerated lagoon

. Multimedia filtration

W W

The cost estimates were prepared using the CAPDET model which was mod-~
ified as previously indicated to reflect industrial rather than munici-
pal treatment costs.

An example of the engineering costs determined by CAPDET for a typical
treatment application are shown for each of the above unit processes in
Tables B-4 through 8-8. The installed cost of the machinery is shown by
unit, in the second column, followed by the amortization cost for the
individual equipment pieces. Because the life expectancy of different
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TABLE §-4-GOST SU IMARY, FLOTATION

installed Oper. Maine, Plant
Equipnent Amore. Labor Laoor Power Material Chemical C&
Uit Cost Cost Cost Cost Cost Cost Cost Cost
$ S/YR S/YR $/YR $/YR $/YR $/YR $/YR
$0.06/KWH
Flotation 283,767 29,116 6,664 1,259 7,841 2,887 -0- 18,651
Total 288,767 29,114 6,664 1,259 7,861 2,887 -0- 18,651
TUTAL CONSTRUCTION COST § TOTAL. O&4 COST $/\R EQUIVALENT ANMUAL COST S/
DIRECT Piant OX4 Cost 18,651 $¢%,889/YR
Lavoratory Cost 12,500
. : Administration 1,188
Instalied Equipment 288,767 —_— —- - .
; PLANT DZSIGN PASIS
Contractor O & Profit 63,528 Total 12,339 E
_— P FLOW 4.0 oD
Total Oirect 352,295 INF TSS 200 g/l
e e EFF TSS 40 mg/l
PARTV Y YA VY Y
1.and 1,000 (0.1 acres)
tasc. Non Construction 17.614
A/ Design Fee 31,733 (9.01% Const. Cost)
inspection 7,045
Tecninical Costs 7.0645
Acmin/Legal 7,045
Contingencies 40,513
Total Indirect 111,995

Total Direct and Indirect 464,290
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TABIL 8-5-COST SU-vAiY,CLARIFICATION (SEDJ4NTATION)

installed Oper. Mainc. Plant
quinent Aore. Labor Laubor Power Material Cnenical O&M
Unit Cost Cost Cost Cost Cost Cost Cost Cost
$ S/YR $/YR $/YR S/YR S/YR $/IYR $/YR
$0.04/KWH
Prim Cia 202,253 18,579 4,268 1,532 346 2,022 -0- 8,188
Total 202,253 18,579 4,288 1,532 346 2,022 -0- 8,188
TOTAL CONSTRUCTION QOST § TOAL O&M COST $/YR EQUIVALENT ANNUAL QOST $/YR
DIRECT Plant OM Cost 8,188 360,100/ YR
Laboratory Cost 12,500
Instalied cquipmeat 202,253 Aaministration 873
Contractor Ol & pProfic 4, 95

oLal 21,561 PLANT DESIGN BASIS
Total Direct 246,748 FLOW 4.0 MGD

ey INF TSS 200 mg/1
INDiRECT EFF TSS 80 mg/1

Land 2,000 (G.2 acre)

Misc. hon Construction 12,337

A/L Design Fee 246,055 (9.75% Const. Cost)
Inspection 4,934

Tecinicat Costs 4,936

Admin/legal 4,95

Conctingencies 20,375

Total Indirect 61,569

Total Direct & Inairect 328,317
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TABLE 8-6 COST SUI4RY,ACTIVATED SLUDGE

Inscaiied Oper. Maint Plant
Equijament Aote. Labor Labor Power Material Chemical OSM
it Cust Cost Cost Cost Cost Cost Cost Cost
$ S/ $/YR $/YR $/YR $/R $/YR $/R
$0,06/KWH
Prim Cia 167,816 9,904 2,546 i,206 299 1,078 -0- 5,129
Puiping 97,868 9,926 3,200 2,170 2,619 650 -0- 8,699
S Sec Ci 145,374 13,354 3,184 1,458 309 1,45) -0- 6,404
Camp Hix 1,430,337 168,006 34,063 17,526 321,666 6,637 -0- 379,892
Crav Tnc 61,984 5,694 2,288 1,53 247 619 -0- - 4,688
Ory Beds 152,996 17,970 19,216 7.958 -0- 1,376 -0- 28,557
lioul & LE 81,402 36, 706 1,771 -0- -0- 11,234 -0- 13,005
Total 2,072, 1M 261,563 66,271 31,855 325,855 23,050 -0- 446,367
TOTAL CONSTRUCTION COST $ TOTAL 08 COST S/E EQUIVALENT ANNUAL COST $/YR
DIRECT Piant OSM Cost 446,367 $875,296/YR
laboratory Cost 19,149
Instaliea Equipinent 2,072,777 Administration 6,911
Contractor OH & Profit _ 456,010
Total 472,427 PLANT DESIMN BASIS
Toctal Direct 2,528,787 -
INF BOD 1000 mg/1
1NDIRECT EFF BOD 30 mg/1
FLOW 1 MGD
Land 9,485 (.95 acre) EFF TSS 50 mg/1
Misc. ilon Construction 126,439
A/E Design Fee 169,827 (6.7%/, Const. Cost)
Inspection 50,575
Technicai Costs 50,575
Adnin/iegal 50,575
Contingencies 390,809
Total indirect 848,285

Total Direct & Indirect 3,377,072
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TABLE 8- 7-COST SUM'ARY,AEPATED LAGOON

Installed Oper. Miinc. Piant
Equi jpanent Arorec. Labor Labor Power Macerial Chemical 08
Unict Cost Cost Cosc Cost Cost Cost Cost Cost
$ S/YR S$/YR S/YR $/YR $/YR $/YR $/1R
$0.04/KvH
Prim Tyt 170,064 16,098 13,915 5,741 1,859 4,251 -0- 25,766
Aer Lago 211,090 31,646 3,965 587 42,888 3,099 -0- 50,539
L Prm C1 107,817 9,904 2,546 1,202 300 1,078 -0- 5,126
Two St L 556,842 65,406 -0- 16,.29 -0- 1,824 -0- 17,953
L Prm Cl 107,817 9,904 2,546 1,202 300 1,078 -0- 5,126
Crav Tnc 47,850 4,395 1,596 1,140 210 478 -0- 3,62
Dry Beds 90, 568 10,638 11,181 4,616 -0- 815 -0- 16,612
lloul & Lf 68,410 30,847 1,030 -0- -0- 11,234 -0- 12,264
Total 1,360,458 178,838 36,779 30,617 45,551 23,857 -0- 136,810
TOTAL CONSTRUCIION QOST § TOLAL. O&M COST S/YR EQUTVALENT ANNUAL COST S/YR
DIRECT Plant 0% Cost 136,810 $467,705
Lavoratory Cost 28,649
Instaiied Equipment 1,360,458 Adninistration 28,414
Contractor OH & Profit 299,301 -
Total 193,873 PLANT DESIGN BASIS
Total Direct - 1,659,759
INDIRECT
land 22,000 (2.2 acres)
Misc. Non Construction 82,988
A/E Design Fee 117,157 (7.06% Const. Cost)
Inspection 33,195
Technicai Costs 33,195
Admin/Legal 33,195
Contingencies 190,871
Totai Indirect 512,601

Total Direct & Indirect 2,172,360



T11¢

TABLE 8-8-COST Su14ARY,MUUTIMIDIA rILTRATION

Inscalled Oper. Mainc. Plent
Equipirent Amore, Labor Labor Power Material Chenical O&M
Unit Cost Cost Cost Cost Cost Cost Cost Cost
$ $/YR $/YR S/YR $/YR $/YR $/YR $/YR
Filerati 345,396 40,570 1,292 605 1,264 10,040 -0- 13,201
Punping 142,710 15,254 3,825 2,202 10,684 998 -0- 17,709
Total 488,107 55,824 5,117 2,808 11,948 11,039 -0- 50,910
TOTAL CONSTRUCTION OOST § T07AL O&M QOST $/YR EQUIVALENT ANNUAL COST $/YR
DIRECT Planc O&M Cost 30,910 $164,561/YR
Laboratory Cost 24,936
Installed Equipment 458,107 Administracion 17,458
Contractor OH & Profit 107,373
Total 73,304 PLANT DESIGN BASIS
Total Direct 595,490
' L INF TSS 40 mg/l
Land . 1£.261 EFF TSS 16 mg/l
Misc. Mon Construction 29,774 AVG FioW 4.0 MOD
A/E Design Fee 48,106 (8.08% Const. Cost) . '
Inspection © 11,909
Technica: Costs 11,909
Admin/Legal 11,909
Contingencies 68,481
Total Indirect 196, 349

Total Direct & Indirect 791,839



pieces of equipment varies quite widely, CAPDET uses different amortiza-
tion periods for different equipment. For example, the operating life
expectancy of a pump may be 2 to 10 years, but a concrete structure such
as a clarifier may have a life expectancy of 50 years. A listing of the
life expectancy used by CAPDET for various treatment system components
is presented in Table 8-9, This table also serves to define the unit
process keywords shown in Tables 8-4 thru 8-8.

The lower part of the tables summarize the construction costs (direct
and indirect), the operation and maintenance costs and the equivalent
annual costs. Also included is the basis of the unic process design.
Discrete unit cost curves for all treatment processes evaluated are in
Appendix F.

Dissolved Air Flotation

In wastewater treatment, dissolved air flotation (DAF) is used as a
clarification process to remove suspended solids, or oil and grease. It
may also be used as a thickening process to concentrate various types of
flotable sludges or scums.

The principal components of this system are a pressurizing pump, chemi-
cal mix tanks, air injection facilities, a retention tank, a backpres-
sure regulating device and a flotation unit. The influent data used for
the model includes wastewater flow and suspended solids concentration in
the feed. Variations in both flow and concentration occur in industrial
situations and consequently are considered in most designs; however, the
governing parameter in the design of flotation units is the flow rate,
Except in extreme cases, the solids concentration does not influence the
size or operating cost of the unit.

CAPDET approximates BOD and COD removals in primary clarification and
flotation at 30 percent each, with default influent values of 250 mg/l
and 500 mg/l, respectively. These values are for estimation purposes
for municipalities only and do not affect the costs of dissolved air
flotation, which are primarily a function of flow rate,

Costs for polymer addition are included in this exercise as an option,
The suggested usage of dissolved air flotation for solids removal is
limited to effluent values of 50 mg/l (LTM) TSS. CAPDET assumes 80 per-

cent removal of TSS and 30 percent removal of BOD. In practice, the
reduction of suspended solids ranges from 70 to 95 percent with inci-
dental BOD removal ranging from 10 to 50 percent. Table 8-4 is an

example summary sheet for cost data at 4 MGD, and Figure 8-2 presents
the cost versus flow curves from dissolved air flotation. Figure 8-2
presents costs with and without chemical addition.

Clarification

Clarification (sedimentation) is a solids-liquid process designed to re-
move suspended particles that are heavier than water. Primary clari-
fiers are normally used in conjunction with biological wastewater treat-
ment systems to remove the settleable solids and a fraction of the BOD
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TABLE 8-9

CAPDET UNIT PROCESS REPLACEMENT SCHEDULE

Replacement
Schedule
Unit Processes Key word Cost Item (years)
Activated Sludge Units

Complete Mix COMPLE Mechanical Aerator (RSSA) 20
Contact Stabilization CONTAC Diffuser (RSPD) 30
Extended Aeration EXTEND Swing Arm Diffuser (RSPH) 30
High Rate HIGH R Pump (RSPS) 25
Plug Flow PLUG F Structural (RSST) 40
Air Flotation AIR FL  Air Flotation Unit (RSFS) 30
Structural (RSST) 40
Aerated Lagoon AERATE Mechanical Aerator (RSSA) 15
Liner (RSLL) 15
Structural (RSST) 40
Chemical Feed Systems None Alum System 40
(Service 1life cannot Iron Salts System 40
be changed) Lime System 40
Polymer System 40
Drying Beds DRYING 4-in. Pipe (RSCP) 20
6-in. Pipe (RSCP) 20
8-in. Pipe (RSCP) 20
Structural (RSST) 40
Equalization EQUALI  Floating Aerator (RSSA) 15
. Liner (RSLL) , 15
Structural (RSST) 40
Filtration FILTRA Filter Unit (RSSF) 20
Pump (RSPS) 25
Package Filter Unit (RSSF) 20
Structural (RSST) 40
Gravity Thickening GRAVIT Thickener (RSTS) 40
Structural (RSSt) 40
Sludge Hauling and HAULIN Vehicle (RSSV) 6
Land Filling Structural (RSST) 40
Lagoon LAGOON  Steel Pipe (RSSP) 20
Butterfly Valve (RSSV) 20
Liner (RSLL) 15

Structural (RSST) 40 .
Microscreening MICROS Microscreen (RSSM) 15
Structural (RSST) 40
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TABLE 8-9 (Continued)

Replacement
Schedule
Unit Processes Key word Cost Item (years)
Primary Clarification
Primary PRIMAR  Mechanism (RSMS) 40
Two-Stage Lime L PRIM Structural (RSST) - 40
Pumping PUMPIN Pump (RSPS) 25
Structural (RSST) 40
Secondary Clarification
General CLARIF Mechanism (RSMS) 40
Activated Sludge A SECO '
Denitrification D SECO Structural (RSST) 40
Nitrification N SECO
Oxidation Ditch 0 SECO
Pure Oxygen P SECO
Trickling Filter T SECO
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and thereby reduce the load on the bioclogical systems. Secondary clari-
fiers are used after the biological system to remove the biomass for
disposal or recycle.

Clarifier costs are related to wastewater flow, since the overall cost
of a clarification unit is not greatly affected by influent and effluent
TSS levels. Suspended solids removal through sedimentation typically
ranges from 60 to 90 percent, with incidental BOD removal ranging from
10 to 40 percent.[8-1] As previously indicated, CAPDET has been modi-
fied to use a constant 10% BOD removal through primary clarification.
Clarification with floculation can producet TSS levels as low as 30
mg/l. ([8-2] The cost of polymer addition is included as an option.

Secondary clarification wunits following biological treatment systems
represented in ‘the summary data base achieve an effluent TSS concentra-
‘tion of about 35 to 60 mg/l (LTM). The cost of clarification for var-
ious flow rates is presented in Figure 8-3, A cost summary example for
a 4 MGD waste stream is listed in Table 8-5. CAPDET uses a circular
clarifier in developing a process design.

Complete Mix Activated Sludge

Activated sludge is the most commonly used biological treatment process
for removing soluble and colloidal contaminants from process wastewa—
ters.[8-3] One of several possible unit process sequences for complete
mix activated sludge treatment of industrial wastewater is shown in Fig-
ure 8-4., This typical design includes a complete mix activated sludge
unit with primary and secondary clarification, sludge recycle, gravity
thickening, sludge drying and hauling, and landfilling.

The input data required by CAPDET for this technology includes influent
BOD, flow and a target effluent BOD. Average values are considered and
the flow is assumed to be constant. A detailed calculation procedure 1s
employed by CAPDET using coefficients and constants, adjusted as neces-
sary for industrial application, as shown in Table 8-1.

The use of average input values is judged to provide cost estimates of
sufficient accuracy to provide the basis for an economic impact evalua-
tion. Although in actual site specific design practice the variability
in flow and raw wastewater characteristics would be considered, the ex-
cess capacity included in the design calculations depends upon a de-
tailed statistical study of the variability of all parameters. Once
this is made, the design basis is influenced by the intuitive and sub-
jective evaluation of the design engineer, and in some cases by corpor-
ate policy.

As an alternative to exhaustive site specific analysis, CAPDET provides
an Excess Capacity Factor which automatically oversizes the activated

sludge plant by the equation:

(ECF)t = 1.3 - 0.002 QUvc.
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Where:
(ECF)t = excess capacity factor for tank volume of aerator

QAVG average daily wastewater flow MGD

(ECF)t is never less than 1.1l

In similar calculations other components of the system also have excess
capacity built in to calculations to accommodate peak demands and emer-
gencies. Thus, without the rigorous variability analysis of the param-
eters, it is judged that peak demands are adequately addressed by the
Excess Capacity Factor term in the model.

CAPDET predicts costs for BOD effluent levels less than 10 mg/l (LTM).
However, considering the complex nature of industrial waste water and
the relative accuracy of the test for BOD (:}5 percent), it is reason-
able to limit the general use of these costs to a minimum effluent
target of 10 mg/l.

Several sample sets of curves are presented in Figures 8-5 through 8-7.
Each set of curves lists capital, operating, or annual costs for a var-
1lety of effluent BOD concentrations and a fixed influent concentration.
An example cost summary sheet used to plot one set of data points is
presented in Table 8-6. '

Aderated Lagoons

bderated lagoons can provide a cost effective alternative to activated
sludge treatment where sufficient land area is available. Because aer-
ated lagoons utilize much longer detention times with lower biological
solids concentrations they are less sensitive to variations in organic
loading and flow.

The aerated lagoon system can approach or equal the organic removal ca-
pability of an activated sludge process, provided the unit is properly
designed and operated. As indicated in Section VII, 26 plants in the
Summary Data Base report using aerated lagoons as the major wastewater
treatment process. Median effluent BOD and TSS for these plants are 15
mg/1 and 33 mg/l, respectively.

Figure 8-8 shows the aerated lagoon system process diagram used for cost
estimation. Table 8-7 shows a sample cost summary sheet, and Figures
8-9 through 8-11 graphically present a set of capital, operating and
equivalent annual cost curves for aerated lagoons.

Multimedia Filtration

Removing finely divided suspended materials from wastewater (effluent
polishing) is a growing technology of modern wastewater treatment, Two
common methods are multimedia filrration and microstraining.[8-4] The
design of filters depends on influent wastewater characteristics, proc-
ess hydraulic loadings, method and intensity of cleaning; nature, size
and depth of the filtering material, and the required quality of the
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final effluent. However, the costs of filtration are primarily depend-
ent on flow rate. In general, multimedia filters are more effective
than most filters and are easier and less expensive to operate for the
treatment of wastewaters. Typically, either multimedia or dual-media
filtration will reduce suspended solids to about 5 to 19 mg/l (LTM).
Multimedia filtration has been shown to reduce TSS levels by 55 to 99
percent in various cases.[8-5] In addition to suspended solids re~
moval, resulting incidental BOD removals ranging from 40 to 90 percent
have been accomplished using multimedia filtration.[8-5]

The design considered for cost estimation of multimedia filtration in-
cludes a layered filter with anthracite, sand, garnet sand and gravel.
Pumps are used to provide pressure backwash. Surge tanks are provided
to control the return of waste filter backwash water to treatment units.
Surface sprayers and air blowers are included (see Figure 8-12).

Table 8-8 lists a sample cost summary sheet. The capital, operating and
annual costs are plotted versus flow in Figure 8-13,

Polishing Ponds

Where sufficient land is available, polishing ponds may present an econ-
omically attractive alternative to multimedia filtration or microscreen-
ing as a means of reducing effluent TSS. It was determined that CAPDET
could not be conveniently used to estimate polishing pond costs. There-
fore, a manual estimating procedure similar to that used by CAPDET was
used to determine the cost of applying polishing pond technology to four
OCPS plants. The four plants which were selected represented a wide
range of flow conditions. In addition, the four selected plants includ-
ed one from each of the four proposed subcategories. Table 8~10 pre-
sents a cost summary for the application of polishing ponds at each of
the four plants. Table 8-11 shows a comparison of the capital, operat-
ing and annual costs for polishing ponds with those costs generated by
CAPDET for multimedia filtration. As indicated in the table, polishing
pond costs are significantly lower. There are some minor differences in
the cost estimating methods used, for example, polishing pond estimates
do not include laboratory, administrative or inspection costs. These
costs are, however, not significant in relation to the total cost of
applying the technology. Inclusion of these additional cost items will
still result in polishing pond technology being more cost effective than
either multimedia filtration or microscreening.

Multimedia filtration, although more costly, is a more universally ap-
plicable technology. The significantly smaller land requirement may
make filtration more attractive to plants where space is limited.

Since polishing ponds may not represent an implementable option at all
OCPS manufacturing plants, multimedia filtration was used in preparing
the plant-by-plant cost estimates. As indicated in Table 8-11, this
represents a very conservative engineering approach in developing in-
dustry costs, Therefore, many of the OCPS industry plants will be able
to provide solids control at a lower cost than that reflected by the
plant-by-plant cost estimates.
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TABLE 8-10

COST SUMMARY, POLISHING PONDS

Plant: 9
Flow: 0.7 MGD
Subcategory: PLASTICS

Item Unit Cost
Excavation (3,000 min) 1.20 $/yd3
Earth Prep (3,000 min) 2
Liner 0.54 §/ft

Subtotal

Miscellaneous (15% of subtotal)
Subtotal

Engineering (15%)(5,000 min)

Contingencies (15%)

Total Installed Cost

Land (2X pond) 10,0008/acre
TOTAL CAPITAL COST

Operating Cost

Maintenance (10%)
Sludge Disposal 7,600 $/yr MGD
Total Operating Cost

TOTAL ANNUAL COST
12.5%Z T.c.C. & T.0.C,
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Amount

Total Cost($)

346 yd

3900 ftc

0.18 acre

3,000
3,000
2,100
8,100

1,800



TABLE 8-10 (Continued)

COST SUMMARY, POLISHING PONDS

Plant: 97
Flow: 0.86 MGD
Subcategory: NOT PLASTICS/NOT TYPE 1

Item Unit Cost
Excavation 1.20 $/yd3
Earth Prep 2
Liner 0.54 $/ft

Subtotal

Miscellaneous (15% of subtotal)
Subtotal

Engineering (15%)(5,000 min)
Contingencies (15%)
Total Installed Cost

Land (2X pond) 10,000$/acre
TOTAL CAPITAL COST

Operating Cost

Maintenance (10%)
Sludge Disposal 7,600 $/yr MGD
Total Operating Cost

TOTAL ANNUAL COST
12.5%2 T.C.C. & T.O0.C.

231

Amount

Total Cost($)

4258 yd°

34225 ft

1.6 acre

2

5,100
5,100
18,480
28,680

5,900
6,540
12,440

19,800



TABLE 8-10 (Continued)
COST SUMMARY, POLISHING PONDS
Plant: 171

Flow: 1.44 MGD
Subcategory: NOT PLASTICS/TYPE I W/O OXIDATION

Item - Unit Cost Amount Total Cost($)
Excavation 1.20 $/yd3 7130 yd3 8,560
Earth Prep 2 2 8,560
Liner 0.54 $/f¢ 55225 ft 29,820

Subtotal 46,940
Miscellaneous (157 of subtotal) 7,040

Subtotal 53,980
Engineering (15Z)(5,000 min) 8,100
Contingencies (15%) 8,100
Total Installed Cost 70,180
Land (2X pond) 10,0008/acre 2.6 acre 26,000

TOTAL CAPITAL COST 96,180
Operating Cost
Maintenance (10%) 9,620
Sludge Disposal 7,600 $/yr MGD 10,940
Total Operating Cost 20,560
TOTAL ANNUAL COST 32,600

12.5%4 T.C.C. & T.0.C,
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TABLE 8-10 (Continued)
COST SUMMARY, POLISHING PONDS
Plant: 60

Flow: 5.07 MGD
Subcategory: NOT PLASTICS/TYPE I WITH OXIDATION

Item Unit Cost Amount
Excavation 1.20 §/yd> 25100 ya>
Earth Prep 2 2
Liner 0.54 $/ft 180625 ft

Subtotal

Miscellaneous (15% of subtotal)
Subtotal

Engineering (15%)(5,000 min)

Contingencies (15%)

Total Installed Cost

‘Land (2X pond) 10,000%/acre B.4 acre
" TOTAL CAPITAL COST -

Operating Cost

Maintenance (10%) -
Sludge Disposal 7,600 $/yr MGD
Total Operating Cost

TOTAL ANNUAL COST
12,54 T.C.C. & T.0.C,
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Total Cost($)

30,120
30,120
97,540
157,780

23,670
181,450

27,200
27,200
235,850

84,000

319,850

31,985
38,530
70,515

110,500



Plant

60

97

171

60

97

171

Cagital Cost

240,000
900,000
520,000

600,000

17,515
319,850
58,930

96,180

TABLE 8-

11

MULTIMEDIA FILTRATION

Operating Cost

POLISHING

22,000
80,000
42,000

50,000

PONDS
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2,280
70,515
12,440

20,560

COMPARISON OF POLISHING POND AND MULTIMEDIA FILTER COSTS

Annual Cost

52,000
190,000
100,000

120,000

4,470
110,500
19,800

32,600



BENCH MARK ANALYSIS

A bench mark analysis was performed to compare the wastewater treatment
technology cost estimates generated by CAPDET to actual industry exper-
ience. The objective of such an analysis is to determine the reason-
ableness of relying on the modified CAPDET costing model to estimate
OCPS industry wastewater treatment COStsS.

Appropriate cost data were available from a total of four facilities,
three from the organic chemicals and plastics and synthetics resins
industry, and one from the petroleum refining industry. The data tab-
ulated from these facilities, shown in Table 8-12, were selected because
of their similarity to treatment system configurations utilized in the
CAPDET estimates.

In all cases the costs were adjusted to the same cost year dollars to
avoid distortions caused by changes in the construction cost index.

Although there are differences in the cost comparisons between the
CAPDET plants and the industry plants, there is no definitive pattern to
the differences in either magnitude or direction.

It is judged that cost differences may be due to variations in the cost
accounting and cost estimating procedures which vary from one company to
another.

In reference to the capital cost differences, the variations between the
CAPDET estimates and the industry actuals are within the range normally
associated in industrial practice with the preliminary engineering cost
(+30%). To obtain more precise values requires substantially more de-
tailed information than is available from the industrial costs studied.

It is therefore judged that CAPDET is a useful model with sufficient
accuracy in cost estimating to permit an economic impact analysis to be
made, providing that the industrial factors are used in the model as
required.

EFFLUENT TARGET LEVELS

During the initial phases of the regulatory development, a series of
effluent target levels for the OCPS industries were defined based on the
performances demonstrated by the plants represented in the data base.
Targets were selected to range from the minimum treatment level judged
necessary to avoid serious potential adverse impacts on receiving wa-
ters, to the maximum degree of treatment shown to be achievable by well
designed and operated plants within the industry group.

The least stringent BOD target concentration has been defined as 50
mg/l (LTM). Of the direct discharge plants in the data base, 74 percent
have effluent BOD concentrations equal to or less than this value. For
Plastics Only plants the most stringent target considered for BOD is 10
mg/l (LTM). This corresponds to an effluent BOD concentration slightly
below the median obtained for well run Plastics Only plants (see Table
7-27). For Not Plastics Plants, the lowest effluent BOD target has been
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Plant No., Treatment Type,
‘and Design Paramezers

TABLE 8-12-5CNQ! MARK ODFZARLISONS

7146

ASL @ 0.8 MCD

BOD INF 720 mg/l
BOD CFF 20 mg/l

042
ASL @ 0.13 MDD

BOD INF 6,000 mg/1
BOD EFF 380 ng/1

#178

ASL @ 3.5 MOD
BOD INF 1,000 mg/}
BOD EFF 50 mg/1

Pecroleum Refinery
ASL (@ 2.2 MOD

BOD INT 1W mg/l
BOD EFF 12 mp/l

CLAR @ 2.2 M3D

DAF without Chemical
Feed @ 2.2 MGD

Reported
Costs
Capical,$ 2,421,000
Operating, $/YR 376,800
Eq. Annual,$/YR 661,600
Capital,$ 1,082,000
Operating, $/YR 190,000
Eq. Annual,$/YR 312,000
Capiral,$ 7,960,000
Operating,$/YR 837,000
Eq. Annual,$/YR 1,778,000
Installed Cquipment
Costs Only, S 630,000
Installed Equipment
Costs Only, § 190, 000
Installed Equiprent
Costs Only, $ 155,000

CAPDET
Costs

2,300,000
310,000
580,000

900, 000
140,000
260,000

8,000, 000
1,200,000
2.140.000

868,000

155,000

205,000

% Difference

Difference Corpared to

(CAPDET - Reported) Reported Cost
CAPDET 1S

-121,000 5% low

- 66,800 187 low

- 81,600 12 low

-182,000 174 low

- 50,000 267, low

- 57,000 187 low

+ 40,000 0.5% high

+363,000 437 high

+362,000 207, high

+238,000 38% high

- 35,000 18% low

+ 50,000 37, high


http:Operau.ng

defined as 15 mg/l (LTM). This represents the median value obtained by
the '""Not Type 1" segment of the Not Plastics Plants.

Three suspended solids targets were evaluated for engineering cost esti-
mations. The highest effluent TSS target considered was 50 mg/l (LTM),
which represents the level generally achievable using conventional clar-
ificacion. Sixty-six percent of direct dischargers in the data base
reported effluent TSS concentrations equal to or less than this value.
The minimum target concentration considered is 20 mg/l (LTM), which is
judged to be attainable using multimedia filtration or microscreening
technology.

Based on these considerations, a series of target concentrations for BOD
and TSS were defined. These targets, and the plants to which they are
applied are presented in Table 8-13,

TABLE 8-13

EFFLUENT TARGET LEVELS

Target Level (BOD/TSS)mg/1 Applied to
I (50/50) All Plants
11 (30/30) All Plants
III (20/20) All Plants
1va (10/20) Plastics Plants
1Vb (15/20) Not Plastics Plants

For the planc-by-plant analysis, a tabulation of costs was prepared for
each plant listing the treatment technology alternatives and correspond-
ing estimated costs required to meet the four proposed effluent target
levels for BOD and TSS. An example cost summary sheet for achieving
Targets I, II and III for plant 203 is presented in Table B-14. This
example provides a reference for the following discussion.

The treatment alternatives considered for this plant-by-plant analysis
include clarification, dissolved air flotationm, activated sludge, aera-
ted lagoons and multimedia filtration.

Based on an anlysis of the data available for engineering cost analysis,
there are plants that will require (a) biological treatment for the re-
moval of BOD and/or TSS, and/or (b) solids removal treatment for the re-
duction of TSS and/or BOD levels, or (c) no further treatment.

To achieve further BOD removal, the following criteria based on the gen-
erally attainable treatment levels (see Section VII) are established for
the plant-by-plant analysis:

1. For plants with BOD concentrations greater than the targets and

with reported solids less than the targets, biological systems
are required except in the case of Criterion 3.
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2. For plants with BOD concentrations greater than the targets (but
not exceeding the targets by an amount equal to 60 percent of
the target concentration) and with TSS concentrations greater
than the targets, BOD reduction can be achieved with solids
removal.

3. For plants with BOD concentrations within the 60 percent range
of targets specified in Criterion 2 and with TSS comncentrations
less than the targets, BOD reduction by solids removal may be
achieved if the amount of BOD to be removed is less than or
equal to 75 percent of the TSS available for removal. This
assumes 75 percent of the solids removed are biological and
thus contribute to effluent BOD. Multimedia filters have been
shown to reach effluent solids concentration of 5 to 19 mg/l
(L) .

4, For plants requiring the addition of biological systems, the
solids leaving the proposed secondary clarifiers are assumed to
meer the TSS Target of 50 mg/l for activated sludge systems.
However, for aerated lagoons some form of secondary solids
separation will be required to achieve the 50 mg/l TSS Target.
Additional solids treatment beyond conventional secondary clar-
ification is required for all biological systems to achieve
Targets II and III. The exception to this rule includes cases
where a biological system is added to a reported biological sys-
tem of the same type which produce solids concentrations that
meet the proposed targets. For example, an activated sludge
system added to a reported activated sludge system with exces-
sive BOD and sufficiently low TSS is assumed to produce solids
with similar settling characteristics and equivalent effluent
TSS levels.

5. For each targer, three biological alternatives are presented for
the cases requiring BOD reduction by means of biological treat-
ment, If solids removal alternatives are also presented, there
are several possible combinations of bio-solid treatrment alter-
natives. For example, an aerated lagooon system may be combined
with additional clarification, dissolved air flotation, or mul-
timedia filtration. There is no specific combination intended
by placement of biological and solids alternatives on the same
line of the cost sheet for each plant.

To achieve further TSS removal the following criteria are
established:

1. For plants with TSS concentrations greater” than the targets and
also requiring biological treatment, the achievable TSS effluent
concentrations are determined by the biological system (activa-
ted sludge: 50 mg/l (LTM), aerated lagoon: 100 mg/l (LTM). For
Target I, additional solids removal alternatives are required
for aerated lagoons, but not for activated sludge systems.
Additional solids removal alternatives are required for all
biological systems for Targets II and II1l except as noted.
Clarification and dissolved air flotation are suitable alter-
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natives to achieve Target I, but for Targets II and III, mulci-
media filtration or microscreening is necessary.

2, For plants with TSS concentrations above the proposed target
levels and without additional biological system requirements,
further solids removal can be achieved to reach Target I by
clarification or dissolved air flotation, or for Targets IL and
111 by multimedia filtration or microscreening.

3. For plants with TSS concentrations exceeding 200 mg/l (LTM),
clarification or dissolved air flotation should precede multi-
media filtration (or microscreening).

4, For plants with insufficient TSS data, but sufficient BOD data,
costs based on a few additional assumptions are provided. The
costs for plants with high BOD levels are not affected since the
solids effluent is based on the biological treatment chosen.
For plants with BOD levels within 60 percent of the proposed
target, it is assumed that BOD reduction via solids removal is
appropriate. This type case exists frequently among plants with
sufficient BOD and TSS data. For plants meeting BOD targets,
solids targets are assumed also to be within the target limits.
These assumptions are considered reasonable based on the cases
existing in the plants with sufficient data.

There are five plants with flows greater than 10 MGD (the maximum flow
on the cost curves) and with concentrations above the targets. The flow
rates are 10.7, 15.8, 16.7, 19.9, and 40 MGD. Costs for these plants
were obrained from the graphs through a simple extrapolation of the
curve,

The accuracy of the extension for the plant with a flow of 40 MGD 1is
questionable; however, the only costs for this plant are for the in-
stallation of multimedia filtration. The modular nature of filtration
systems suggests that simple extrapolation of costs will tend to over-
estimate rather than underestimate the cost of the system. In any case,
the possible error which could result from this approach is small in
relation to the total estimated cost for that portion of the industry
requiring additional treatment.

The treatment codes used in the plant-by-plant analysis, as illustrated
in Table 8-14, are defined as follows:

ASL refers to activated sludge

ALA refers to aerated lagoons

CLAR refers to clarification

DAF refers to dissolved air flotation
MMF refers to multimedia filtratiom

. MICRO refers to microscreening

[ NSRS RN X B

For plants with multiple streams, the costs are reviewed for treating
each stream both individually and mixed. The least annual cost is con-
sidered the suggested alternative for each target. It is assumed for
estimating purposes that mixing is a viable alternative even though mix-
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ing possibly would be difficult for some plants (e.g., a plant where
inadequate piping between streams exists).

PLANT~-BY-PLANT COST RESULTS

Costs for the preliminary plant=-by-plant analysis are summarized in
Table 8-15 and B-16.

A review of the total costs indicates that for a 170 plant data base,
the annual costs are $10,346,000 per year for Target I, $21,887,000 per
year for Target 11, $28,963,000 per year for Target III and $33,131,000
per year for Target 1IV. :

BPT COST ESTIMATES

A secound group of plant-by-plant cost estimates were prepared to deter—
mine the cost of complying with two sets of effluent limitations which
could potentially be - applied to the OCPS industry. These targets,
identified as BPT (1) and BPT (II), have been developed separately for
each proposed subcategory. Limitations are based on the effluent con-
centrations achieved by well designed and operated plants in the Summary
Data Base. A more detailed explanation of the rationale for these po-
tential limitations 1is presented in Sections IX and X.

The proposed effluent limitations used to develop these cost estimates
are shown in Table 8-17. As the table indicates, the BPT (I) and BPT
(11) differ in the level of effluent TSS control required. The costing
methodology used for preparing the cost estimates was identical to that
used earlier (see pages 235 thru 240). As previously explained, multi-
media filters were costed as the technology used for effluent solids
control. Use of polishing ponds, although not applicable to every OCPS
plant, would result in significantly lower costs.

The plant-by-plant cost analysis to achieve BPT (I) and BPT (II) is pre-
sented in Table 8-18. Plant-by-plant costs are listed by subcategory.

Table 8-19 presents a summary of the total costs for additional treat-
ment to meet the two sets of potential guidelines. Plant costs are pre-
sented by subcategory.

Table 8-20 indicates the percentage of plants in the Summary Data Base
which require additional treatment to achieve BPT (I) limits. Table
8-21 presents the same information for BPT (II).

Table 8-22 presents the percentage of annual costs by subcategory to
meet BPT (I) and BPT (II). Also shown for each target is the percentage
of the total etimated annual cost attributable to each subcategory.

It should be noted that the plant counts in the earlier cost estimates
do not agree with counts in the "BPT" costing exercise. This is due to
the following factors: (1) the project data base has been updated
since the earlier efforts, changing the count of direct dischargers, and
(2) when the plants were re-subcategorized into 5 subcategories streams
from multi-stream plants were evaluated differently.
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TARCET Iv (15/20)

Capital Operating Annusl
Suggeited Costs Coscs Costs

Plant # Treatment (S) (S/yr) (S/yr)
1 MW 470,000 40,000 95,000
18 MMF 825,C00 75,000 170,0C0
16 ALA/MMP 5,850,000 537,000 1,270,000
21 No Treat 0 0 0
28 ASL/MMF 2,660,000 283,000 605,000
a5 No Treat 0 0 0
36 ASL/MMP 840,000 78,000 195,000
50 MHF 320,000 30,000 72,000
52 No Treat 0 0 0
53 H<F 675,000 60,000 135,000
57 MMP 720,000 65,000 150,000
59 H+P 600,000 50,000 120,000
60 MMF 900,C00 80,C00 190,000
62 ASL/MNF 1,750,000 168,000 375,000
64 No Treat 0 0 0
76 MMF 2,800,000 165,000 490,000
80 No Treat 0 1] 0
85 MMF 340,000 32,000 75,000
94 MMF 5,000,000 250,000 850,000
97 WHF 520,000 42,000 100,000
102 MMP 700,000 62,000 140,000
110 No Treat 0 0 0
112 ASL/MNF 1,430,000 136,000 307,000
113 ASL/M0F 7,320,000 780,000 1,550,000
114 MNP 850,000 77,000 170,000
120 MMF 2,500,000 150,000 450,000
127 ASL/MMF 1,960,000 174,000 420,000
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TABLE 8-15 (cont), NON-PLASTICS

ARCTT TTS8/730) SANCET N (30730] Lt AR LTALY
Plant Supgeried Capilal Operating Annusl Suggesled Ceplial Opcreting Annus|l  Buggesled Cepllal  Opersling Annual
Mo, Treatment Costy Costy Cosls Treatment Coily Costs Cosls  Treatment Cosis Costs Conts
i1} (87ye) (37yr) ) (8/¢r) (4/yr) R 1] (3/ye} (8/4r)
i

7 NO TAEAT 0 0 0 MMP 650,000 68,000 150,000 MMF 850,000 84,000 150,000
130 NO TREAT 0 ] NO TNEAT 0 [ 0 NO TREAT 0 0 [
150 ASL 200,00 104,000 234,000 ASL/MMF 1,220,000 141,000 313,000 ASL/MMP 1,049,000 151,000 133,000
(XY} KO TREAT 0 [ 0 MMP 540,000 42,000 100,000 MMP 340,000 41,020 100,020
143 ND TREAT 0 0 0 MMP 400,000 50,C00 120,000 MAP 600,000 30,600 119,000
160 ASL 180,000 6c,000 175,000 ASL/MMF 1,180,000 118,000 260,00 ASL/MMP 1,180,000 118,000 167,000
1 KO TREAT ) 0 [ mmF 600,000 50,000 120,090 MM 600,000 $0,000 130,000
[h1) ASL 1.000,000 200,000 300,000 ASL/IMMP 2,700,000 261,000 640,000 ASL/MMP 3, 100,000 303,000 733,000
18) O TREAT 0 c [ . NO TNFEAT 0 0 [] NO THEAT 0 0 0
(117 NO TILLAT [ Ry 0 O TRULAT 0 0 0 NO TREAT 0 0 ]
188 SO TREAT 0 0 0 MMF 340,000 €2,000 100,000 MMF $40,000 42,000 103,000
bRl ) NO TIHEAT 0 ) [ NO TREAT 0 0 0 MMP 1%0,000 1¢,000 53,000
nl ASI, 80,000 41,000 103,000 ASL/MMF 969,000 60,000 141,000 ASILL/IMMF 363,000 60,000 141,000
us cLan $9.,000 16,500 27,020 MMF 230,000 20,000 46,000 MMF 230,000 30,000 43,000
0o DAF 16,000 19,800 2),000 MMF 250,000 75,000 36,000 MMP 250,000 25,000 96,00
m ASH, 860,000 lic, 000 2)0,C00 ASL/MMF 1,216,000 142,000 306,000 ASLIMMP 1,430,000 152,000 346,000
126 CLARN 190,000 18,000 41,000 MMF $60.000 40,000 110,000 MMF 360,000 45,009 110,000
mn CLAN J10,000 1i.000 60,000 MM 7%0,000 10,000 160,000 MMP 130,000 10,000 160,000
:Y) ASL 800,000 130,000 190,000 ASL/MMF 1,120,000 146,600 202,000  ASL/MMP 1,270,060 156,000 315,000
0y NO TNEAT 0 0 0 MMT 163,000 16,000 33,000 MMP 16%,000 16,000 33,00
4 NO TAEAT ) 0 0 NO TNCAT 0 0 0 MMP 223,000 85,030 150,020
2% NO TILEAT 0 ] 0 MMp 210,000 26,000 64,000 MMP 110,00 16,000 84,020
bhR] ASL 10,000 $0,000 210,000 ASL/MMP 1,330,000 129,000 302,000 ASL/MMP 1,320,600 129,020 310,300
W) NO TREAT ) 0 0 MMP 203,000 11,000 41,000 ASL/MMP 609,030 21,000 148,030
264 NO TILBAT 0 Q 0 NO TARAT ¢ 0 0 MMP ¢)0,000 97,000 130,030
210 NO TREAT 0 Q9 NO TREAT 0 [} 0 NO TREAT ] 0 0
m cLAn 185,000 18,000 40,000 MMF 360,000 44,000 110,000 MMF 350,000 44,000 140,000



TARGET 1V (15/20)

Suggested Capiral Operating -Annual

Treatrcent Costs Costs Costs
Plant # ($) (S/yr) (§/yr)
128 MMF 650,000 68,000 150,000
130 No Treat 0 0 0
138 ASL/MMF 1,445,000 151,000 335,000
144 MMF 540,000 : 42,000 100,000
145 MMFP 600,000 . 50,000 120,000
160 ASL/MMF 1,180,000 ) 118,000 260,000
171 MMP 600,000 ; 50,000 120,000
178 ASL/MMF 3,100,000 o 303,000 720,000
183 No Treat ' 0 0 0
180 No Treat 0 » : 0 0
188 MMF 540,000 42,000 100,000
216 MMP 250,C00 24,C00 55./000
218 ASL/MMMF 565,000 60,000 141,000
219 MMP 230,000 20,000 48,020
220 HMF 250,000 25,000 56,000
222 ‘ ASL/MMF 1,450,000 152,000 346,000
226 OUF 560,000 46,000 110,000
228 MMF 750,000 70,000 160,000
23 ASL/MMP 1,270,000 156,000 332,000
239 MMF 165,000 16,000 35,000
247 MMF 725,000 65,000 150,000
256 MMF 270,000 26,000 64,000
277 ASL/MMF 1,330,000 129,000 320,000
263 ASL/MMFP 605,000 57,000 146,000
264 MMF 630,000 53,000 130,000
270 No Trear 0 (o] 0
2n ) MMF 560,000 44,000 110,000
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TABLE 8-15 (cont), NON-PLASTICS

" TRHCETTTSI750T T TATCET MT30/30] T TANUET I 1]
Plant Sucgested Caplisj Opcrating Annua) Suggested Copital Operating Annual  Suggested Capitsl  Operating Annual
Na. Trentment Cosla Casts Costs Treaiment Cosls Costs Costs  Tremiment Coaly Coatd Corly
1] {hiye} (3rye) m (4/yr) ryr) i) (4yn) Wy}
269 CLAR 340,000 23,030 87,000 MMP 800,900 15,020 110,000 MMP 103,000 73,000 110,000
m CLAR 340,000 v11.620 €1,000 MNP 03,000 7%,000 110,000 MMP 400,000 1,000 112,000
1% ASL 340,000 $1,0%0 135,000 ASL/MMF 490,000 84,000 193,000 ASL/MMP 100,000 04,000 16y, 000
R ) KO TREAT 0 0 ¢ SO TNLAT [] [} 0 mMmF 470,030 60,000 133,000
¢ 20 ASL 100,000 [1. N4 ] PR AS Vv MP 120,000 10,000 170,000 ASL/MMP 140,000 74,050 i3, c00
¢ qa ASL {9C,000 $4,C30 125,020 AS IV P t20.000 13,600 170,700 ASL/MMP 0o,no0 1%,000 195,000
L 1 ASL 1,350,000 170,C00 Ie.000 AS_ v MP 2,172,000 10, co0 473,000 ASL/MMP 1,510,0C0 330,030 493,000
¢ M CLAR €1),000 23,000 15,000 MR 1,050,000 45,050 110,000 ASL/MMP 3,800,000 420,000 490,000
10 NO TREAT 0 [] t KO TREAT 0 0 0 KO TREAT [} 0 L]
LY | NO TREAT [} 0 0 NO TH AT 0 9 0 NO TREAT 0 0 0
* 110 NOQ TREAT 0 0 [y SO TLAT [] [ MM 100,000 44,000 143,050
IR NO TREAT 0 a [} s $21,000 44,030 84,000 MMP 310,000 44,000 on 000
*n NO TREAT 0 9 0 NO THEAT 0 0 1] NO TNRAT ] 0
s HO TREAT 0 ] 0 NO [MEAT 0 ] [} NO TOEAT _ 0 0 _ 0
TOTALS 73,713,000 3,726,000 35,158,000 47,287,000 4,105,000 10,018,000 70,013,000 0,384,000 14,079,000

*INSUFPPICIENT TSY DATA,



TARGET IV (15/20)

Operating

Suggested Capital Annual

Treaiment Costs Costs Costs

Plant / (s ($/yr) ($/yr)
269 T4 800,000 75,000 170,000
272 MNP 800,000 _'75,000 170,000
275 ASL /HMF 800,000 84,000 195,000
15 MMF 670,000 60,000 135,000
20 AS1/MMF 740,000 74,000 180,000
42 ASL/totF 810,000 75,000 185,000
61 ASL/MMF 2,220,000 230,000 495,000
-1 ASL/MMFP 3,500,000 420,000 890,000
103 No Treat 0 0 0
118 No Trea: 0 0 0
170 MMP 700,000 84,000 145,000
175 MMFP 520,0C0 44,000 98,000
177 No Treat 0 0 0
234 No Treat 0 0 ' 0

247
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TABLE 8-15 (cont), NON-PLASTICS

TEAC T 116758

TANCET 10T3CT30)

TXASET N (36738)

Plent Swggested Ceplial Opersiing Annusl Sugyested Capitel Opersling Annusl  Suggested Caplial Opersling Annusl
No, Trestment Costs Cots Costs Trecatment Costy Cosls Cosls  Treatment Conty Cosls Costs
1} (37y¢e) (37y¢) 4) ($7y¢) ($7y¢) ($) ($2ye} ($7y¢)
Miz Sires me Trest STM.I Treal §TM.1
[] 11 No.TRT 0 0 [} ASL/MATY 742,000 73,000 199,000  ASL/MMP 740,000 73,000 179,000
2N cLan 193,000 18,000 «0,000 MMP $30.000 44,000 108,600 MMP 550,000 44,000 108, 0¢0
3 ASL 410,000 44,000 104,000 ASL/MMP 610,000 61,000 148,600 AJL/MMP 420,000 81,000 14,020
) NO TREAT [ 0 0 MWP £40,000 41,000 100,000  MMP $40,000 42,000 100,020
Treal SIM) : st it Mix 1l
(3} ASL 1,100,000 160,000 300,000 ASL/VMF 4,207 030 449,600 900,600  ASL/MMP 4,200,000 €¢9,000 580,000
1 CLAR 10,000 16,000 44,000 CLAN/MMF £10,000 66,000 155,000  CLAA/MMP 010,000 66,000 159,30
5 ASL 150,000 3,000 150,000 ASLIMAF 1,090,009 12¢,€00 265,600  ASL/MMP 1,220,000 176,000 283,090
3 NO TREAT 0 [} 0 ASL/MMF 1,800,020 161,000 370,000  ASL/MMP 1,660,000 167,000 310,623
1] CLAR 220,000 18,000 41,000 MAMF $90,000 41,000 115,000 MMF $90,000 7,000 113,600
9 MO TREAT [} ° 0 NO TREAT [} 0 (] NO TAFAT 0 ] [}
[ MaP 650,000 96,000 130,000 MMF 65,000 36,000 130,000  ASL/MMP 650,000 36,000 130,0%0
"t NO TREAT [} 0 ¢ KO TRCAT 4 0 0 NO TNEAT 0 0 (]
e NO TREAT 0 0 0 KO TREAT 0 0 0 MMF 625,000 31,000 140,000
12 NO TREAT [} 0 0 NO TILAT 0 0 0 NO TREAT [} 0 LI
122 KO TRLAT J 0 0 MMF €30,000 $6,000 130,000  MAF 650,000 36,000 130,009
191 10 TREAT 0 [ 0 NO TRTAT [} 0 0 NO TNEAT [} [} 0
153 ASL 700,000 72,000 170,000 ASLIMMF 1,045,000 10¢,000 245.000 +ASL/MMP 1,045,000 10¢,000 145,000
158 CLAR 110,000 17,000 31,000 MMF 110,000 34,000 80,000 MMP 310,000  3¢,000 40,000
199 NO TREAT 0 ] [} KO TREAT 0 0 0 NO TRPAT 0 [} [}
164 ASL 700,000 72,000 170,000 ASL/MMF 1,030,000 106,000 150,000  ASL/MMF 1,000,000 106,000 350,003
16 CLAR 180,060 18,000 40,000 WMF 500,030 €4, 000 110,630 MMmT 400,000 44,000 1, oo
18 NO TREAT 0 ] 0 sMP 410,000 38,000 90,000  ASL/MMP 1,150,600 112,000 785,030
" ASL 1,500,030 150,000 162,000 ASL/MMP 2,128 0C0 102,000 480,000 ASL/MMP 3,315,000 232,000 s40,0C2
192 NAF 18,000 15,000 24,000 MMF 150,000 75.000 60,000 MMP 250,000 25,000 60,020



TARGET 1V (15/20)

Plant f Treatoent Capital § Operatfonal VS Annual §

8 ASL/MMF 740,000 75,000 179,000
) MM 550,000 44,000 108,000
32 ASL/MMF 620,000 61,000 148,000
49 HHP 540,000 42,000 100,000,

Mix 1 & 11

83 ASL/MMF 4,200,000 449,000 960,000
66 CLAR/HMP 810,000 66,000 159,000
81 ASL/MMF 1,220,000 126,000 285,000
86 ASL/MMF 1,660,000 167,000 370,000
88 ASL/MMP 1,150,000 120,000 260,000
92 No Treat o 0 0
98 ASL/MMP 650,000 56,000 130,000
117 No Treat 9] 0 0
119 H4F 625,000 52,000 140,000
121 No Treat 0 ) 0 0
122 VMF 650,020 56,000 130,000
151 MMF 700,000 64,000 148,000
153 ASL/MMF 1,045,000 104,090 245,000
158 ASL/FMF 700,000 73,000 170,000
159 MMF 460,000 39,000 90,000
164 ASL/M4F 1,060,000 106,000 250,000
176 MMP 550,000 44,000 110,000
182 ASL/MMP 1,250,000 122,000 280,000
187 ASL/MMF 2,325,000 222,000 540,000
192 MHF 250,000 25,000 60,000

249
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TABLE 8-15 (cont), NON-PLASTICS

TANCET 1 (56/50) TANGET 1 (367307 TANCET N {T0710)
Plant Suggested Caplisl Operating Annue) Suggesied Ceplial Operating Annus)  Swggested Coplisal Operaling Annusl
No. Trealment Costs Cosly Costy Trealment Costs Cosls Costs  Treatment Cosls Costy Cosls
11} (37y1) ($7ye) [£)] (37yc) (37yr) (3} ($7yr} ($7yr)
193 . ASL 850,000 110,000 120,000 ASL/MMP 1,235,000 141,000 303,000 ASL/MMP 1,%3%,000 171),000 313,000
193 NO TNEAT [] 0 0 MMP 1,050,000 83,000 710,000 MMP 1,050,000 43,000 310,000
101 ASL 480,000 31,000 120,000 ASL/MMF 510,000 12,000 139,060 ASIL/MMP 110,000 3),000 193,090
10) ASL $10,090 30,000 110,000 ASL/MMP 760,000 75,000 187,000 ASL/MMP 790,000 10,000 191,050
0% CLAR 30,000 147,000 18,000 MMP 160,070 15,030 34,000  MMP 160,000 15,069 34,090
2086 CLAR 350,000 27,000 64,000 MAF 850,000 15.200 170,000  MMF 850,000 15,000 170,609
00 NO TREAT 0 0 [ MMp 400,000 36,000 €5,000 MMP 420,000 )8,000 83,000
230 ASL 100,000 17,080 110,000 ASL/MMP 1,05¢,0€0 104,000 246,600  ASL/MMP 1,030,000 10¢,000 246,000
233 ASL 1.300.000 210,000 $60,000 ASL/MMP 3,200,000 350,090 790,60  ASL/MMP 3,200,000 330,000 750,000
313 cLan 330,000 12,000 62,000 MuF 800,000 15,600 170,000  MMP 700,000 15,000 110,000
243 NO TREAT [} [ [ NO TREAT 0 0 NO TNEAT [ 0 []
bIT] ASL 1,200,000 130,000 292,000 ASLIMAP 1,915,000 181,000 410,000  ASL/MMP 1,525,000 181,000 410,000
249 NO TNEAT 0 0 e NOT TREAT 0 0 NO TREAT [ [ [
230 NO THEAT ] 0 0 ASL/MMP $%0,000 $9,000 136,000  ASL/MMP 550,000 39,000 138,000
LA 1 ASL 510,000 $0,000 13c,000 ASL/MMF 7%5.000 81,000 182,000 ASL/MMP 813,000 03,000 194,000
L 3 ASL $10,000 $8,000 130,000 ASL/tAMF 155,000 81,000 182,600  ASL/MMF 815,000 8,000 194,000
° 163 ASL 410,000 44,000 107,000 ASL/MMP 61%.000 61.000 147,000 ASL/MMP 615,600 81,000 141,000
¢ 20 NO TRBAT [] 0 0 NO THLAT 0 0 0 MMP 270,000 16,000 61,000
%9 NO TREAT 0 ] 0 NQO TRLAT 0 0 0 NO TREAT 0 0 0
° 260 ASL 1,200,000 320,000 $80,000 ASL/MMF 2,580,000 380,000 720,000 ALA/MMP 3,080,000 330,000 840,000
c NO TREAT L] (] 0 NO TREAT o 0 0 NO THEAT [} ] _»0
TOTALS 17,233,000 1,573,000 4,229,000 35,483,000 3,607,000 4,0%0,00 39,130,000 3,815,000 8,780,000

S*INSUPPICIENT TSS DATA.



TARCET 1V (15/20)

Planc # Treatoent Capital § Operational § Annual $§
193 ASL/MMP 1,535,000 : 171,000 373,000
195 MMF 1,050,000 '. 85,000 210,000
201 ASL/MMF 710,000 ] 83,000 173,000
203 ASL/MMF 790,000 79,000 197,000
205 MMF 160,000 15,000 34,000
206 ASL/MMF 2,100,000 250,000 510,000
208 MMF 400,000 36,000 85,000
230 ASL/MMF 1,050,000 104,000 246,000
235 ASL/MMF 3,200,000 350,000 750,000
236 ASL/MMF 2,000,000 230,000 490,000
245 No Treat 0 0 0
248 ASL/MMP 1,925,000 181,000 410,000
249 No Treat ' 0 0 0
258 ASL/MMF 550,000 59,000 136,000

6 ASL/MMF 815,000 83,000 194,000
31 ASL/MMP 815,000 83,000 194,000
163 ASL/MMF 615,000 61,000 147,000
204 MMF 27C,000 26,000 62,000
259 No Treat 0 0 0
268 ALA/MMP 3,882,000 350,000 840,000
281 HMF 540,000 42,500 100,000
TOTALS ' 44,170,000 l&.,ﬁOI,SOO 10,013,000

251
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TABLE B8-16 PLANT-BY-PLANT SU

FANCLTTTSANE

r
&)

G

ESTED THEATMCNT AND COSTS, PLASTICS

T AN CCTIG736)

HGET fn 133700

Plant Suggested Cen'ol Ozerating Aanunl Suipesten Caplia! Opersi.ng Annusl  Supgested Ceptal Operat:ng Annuel
No. Treniment Cora Costs Costs Tiepimeat Costy Ces'a Cony Tvealmenl Costs Cunls Covs
{4y (37yr} {t/yr) it) Uyr) (4fye) (R} (Lryr) {87ye)

H rD TREAT 0 0 0 ND TRPAT 0 0 0 MM P 840, COO $¢,(2 137,090
bl SO TRIAT 0 0 14 ASL/MmMP $30,000 19,000 233,000 ASL/MMP §50,300 94,022 133,000
§ 4 ¢ [ NO THLAT 0 0 (] LR 340,0C0 11,000 3,900
1t 0 0 t KC THIAT ] 0 0 KO “heAT 0 [ 0

1 [4 { 4 ASL/v D La0,00¢ 87,400 Vo, c00 ASL/vwmpP 790,000 67,000 13,6803
is 14 [ c NI OTHUAT v 0 C 0 TNEAT 0 ] :

T T [ b] “C THLPAT 0 0 0 AP 1,130, ¢00 t2c,000

R 93,000 25,500 2),000  nup 1,130,000 02,090 245,000 el 1,380,820 6,02

i [] 9 t NO TUEAT 0 [] ISRV 140,030 H NS4

19 [ [} [ N0 TUIAT ° 0 NO TRRAT ¢ [ 4

[xy C ¢ C MU T LAT M 14 NO TREAT ] d

s b 0 a N TAAT H 4 parr £80,050  5¢,000 1,

' [] c [ WP 15,000 2,000 auo 22,500 78,009 R4
[ 34 ¢ ¢ < e p 3..200 143,030 MAYP 1,350,200 1.0 14
b ¢ 0 0 3 TAEAT : N ~0 TREAT L []

» 0 0 ] KO TRLIAT 0 0 ~0 TREAT 4 0 4

1] 0,000 15,000 46,030 MF 32,000 110,030 MY P 629,030 41,000 123,00
¢ 0 2 0 NO TREAT 0 ] NO TREAT [} 4
H itc,co0 V6,000 $0.¢C NAP £50,000 3C.020 1J0,007 MR 630,000 3L,030 119,622
$2 ec. oo 15,602 34,00¢ AP 60,00 e, o0 €0,022 MV MF 260,000 1,020 o600
(3] D TRBAT 4 £ s «T TneaT [ 0 [4 NO TREAT z 4 <

b ~0 THEAT® [ C c NITACAT L} 0 NO TRUAT 4 1 3

e CLAR 110,000 VB, €00 15,000 Mot £00,000 52,020 120,009 600,000 30,030 113,800

T muiniy ¢ steesms for opt!murm ennual covl,

MMF



TARGET IVA (10/20)

Plant f Treatoent Capital § Operational § Annual §

2 MMP 640,000 54,000 127,000

3 ASL/YMP 990,000 99,000 231,000

9 MM 240,900 22,000 52,000
10 No Treat 0 0 0
17 ASL/MMP 680,000 67,000 160,000
19 No Treat 0 0 0
21 ASL/MMF 5,400,000 680,000 1,400,000
29 MMF 1,250,000 95,000 245,000
34 ASL/MMF 450,000 49,000 115,000
39 No Treat . 0 0 0
N HMF 470,000 40,000 §2,000
45 MMF 650,000 56,000 130,000
Sb MMF 280,000 28,000 68,000
65 ASL/MMF 3,400,000 410,200 830,000
73 Xo Treat 0 0 0
77 No Treat 0 0 0
89 ASL /MNP 1,300,000 140,000 300,000
90 No Treat 0 0 0
91 MMP 650,000 56,000 130,000
93 MMF 260,020 26,000 60,000
96 No Treat 0 0 0
100 Yo Treat 0 0 Q
104 MMP 600,000 50,000 120,000

253
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TABLE 8-16 {cont), PLASTICS

TANCET 1 {38/50) TRREGTT 1 (35738) " TAROEr ey
Plant Suggestad Capltat Opcrating Arnuat Suggraied Capital Opernting Annual  Suggealed Cepltel Operuting Annual
No. Treatment Costs Costs Costy Tresiment Costy Costy Costs  Treatmenl Casly Casty Conte
(11} /yr) ($7yr) (11} ($7yr) W7yr) 1)) 17yr) )
103 NO TREAT 0 [} [ MMP 343,000 12,000 19,000 MMP 340,000 11,000 13,000,
10? CLAR 110,000 20,000 32,000 MAIP 106,000 87,000 140,000 MNP 700,000 43,000 140,000
109 cLan 130,000 19,000 43,000 MMP &CD, 000 30,000 110,000 MALP 600,000 40,000 120,000
(11 NO TREAT 0 L} 0 NO TREAT [ ] [} NO TREAT 0 [} 0
134 NO TRFAT 0 ] 0 ASLFMMF 1,070,000 1ee,000 249,000  ASL/MMP  (,070,0080 100,300 140,000
123 NO TREAT 0 [ 4 ASLfMMTD 1,210,000 1é, o000 270,000 ASL/MMP 1,310,000 112,000 170,000
1¥13 0 0 I ~0 TNLAT 0 0 0 MaP 0,000 34,000 80,000
1 NO THEAT 0 0 0 NO TREAT 0 0 L} NO TREAT 0 0 0
(1]] NO THEAT 0 0 0 NO THLAT 0 0 L] MME 350,000 3,000 80,000
(KR NO TREAT [+ ] 0 NO TAPAT [ 0 L} MMP 3)e, 000 31,000 71,000
150 NO TNEAT 0 0 [} ASL/MMF 1,300,000 120,000 785,000  ASL/MMP 1,300,000 (76,00 183,000
191 NQO TREAT 4 0 [ HO TRLAT [] 0 0 NO TREAT 0 ] []
181 NO TILEAT 0 0 [ MMF 600,000 46 0400 110,000 MMP 400,000 46,000 110,000
(RL} NO TRCAT [ 0 0 NQO TREAT 0 L} 0 NO TREAT 0 [ Q
(3%} NO TREAT ] a [} aMr 410,000 30,000 85,000 maLp 420,000 32,000 13,000
Mix Bell Min bl
(11 NO TREAT 0 0 NO TREAT 0 [] 0 MMP 960,000 43,000 110,000
1 ASY, £80,000 10,000 160,000 ASL/MMF 1,020,000 102,000 235,000 ASL/MMP 1,010,000 101,000 133,000
19¢ NO TREAT 0 q 0 NO TRLAT n [} 0 HO TREAT ] 0 0
186 NC THEAT [] 0 [} NO TNDAT 0 0 0 NQ TIREAT . 0 0 0
102 NO THFAT 1] 8 ] NO T AT 0 0 0 HO THREAT [ ] 0 0
no NO THEAT 0 1] [] NO TRLAT Q 0 q HO TREAT 0 0 0
" NO TAEAT 1] 0 [} NO YIEAT 0 (] Q NO TREAT ® ] 0




Plant f

105
107

109

126
132
146
147
150
152
157
174

179

184
189
194
196
202

210

Treatment

ASL/YMF
MMF

No Treat
ASL/MMF

ASL/MMF

ASL/MMF
No Treat
MMP

No Treat

MMP
Mix I & 1I

MMP
ASL/HMF
No Treat
No Treat
ASL
No Treat

ASL

TARGET IVA

Capital §

340,000
1,600,000
600,000

0
1,970,000
1,210,000
360,000
640,000
360,000
330,000
1,300,000
0

600,000

0

420,000

560,000
1,020,000
0

0

540,000

0

420,000

255

(16/29)

Operational §

32,000
175,000
50,000
0
108,000
118,000
34,000
66,000
34,000
31,000
126,000
0
46,000
0

38,000

46,000
102,000
0
0

58,000

44,000

Annual §

75,000
370,000
120,000
0
248,000
270,000
80,000
155,000
_ 80,000
73,000
285,000
0
110,000
0

85,000

110,000
235,000
0
Q
135,000
0

107,000
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TABLE 8- 16{cont), PLASTICS

TANCET 11537530 TANCLT 11710 TXHCET T TI0737%)
PisAl Sggesrted Capite) Qperating Anntal Suggested Caplial Opreating Annunl  Suggesied Capltal Opersiing Annual
Ma, Treslment Costy Couly Cotta Treaiment Costy Costy Casls Trestment Costs Cosle Cosly

(R} ($yr) (4syr} ) W/yr) (87yr) [t} 2yr) {Hyr)

113 MO TREAT ] 0 0 NO TRBAT 0 (] ° NO TREAT o L o

14 DAP 76,008 14,000 23,000 MMF 250, 000 22,000 32,000 MMP 330,000 13,000 31,000

19 KO TNEAT 0 L] 0 NO TRPAT 0 0 [ ] NO TREAT 0 L] [}

T ASL 780,000 04,000 190,000 ASLIMMF 1,190,000 121,000 274,000 ASL/MMP j.100,000 331,000 174,000

i NO TREAT o ‘o 0 hQ TREAT 0 0 q HQ TRLAT 0 L] 0

261 cLAll 105, 0¢Co 11,000 Jo, Q%0 NP J40 0Co 37,000 73,000 MMP 40,000 31,000 15,000

m CLAN 130,000 11,000 61,000  MMF 119,009 70,000 163,000 MMP 115,008 10,600 160,008

m KO TREAT 0 ' 0 MaF $13,00C 60,000 13%.000 MMP 613,000 00,000 133,000

187 NO TREAT ] 0 0 NO TREAT 0 0 0 KO TREAT 0 a Q
*n NO TRLEAT 0 Q L] S0 TRLAT 1 o 0 MMP Jvo,000 J%,000 80,000
® 108 NO TaCaAT 0 ¢ 0 KO TNLAT 0 0 0 NO TILEAT [} [] Q
=) NO TREAT 0 0 0 MatF __lSD 000 ._)9_;002 ¢0,000 MMP 450,000 19 000 90,000
TOTALS 3,716,000 3¢, 008 B0%,000 11,525,000 1,495,000 13,736.000 15,885,000 2,337,000 5.48),000

*INSUPPICIENT TSI NATA,




TARGET IVA (10/20)

Plant # irteatoent Capital § Operational § Annusl §
223 ASL 480,000 40,000 94,000
224 AS.'L/W 470,000 52,000 120,000
229 No Treat 0 0 0
246 ASL/MMP 1,190,000 121,000 275,000
254 P 510,000 41,000 96,000
262 ASL/MMP 660,000 68,000 160,000
273 ASL/MMP 200.006 230,000 480,000
27 MM 675,000 60,000 135,000
287 No Treat 0 0 0
75 ASL/MMF 730,000 75,000 175,000
106 No Treat 0 0 )]
233 ASL/MMF 830,000 85,000 190,000
TOTALS 36,175,000 3,752,000 8,325,000

257



TABLE 8-17

POTENTIAL BPT EFFLUENT LIMITATICONS

BPT (I)
Subcategory BOD mg/l TSS mg/l
Plastics ' 14.5 24

Not Plastics -Type I with Oxidation

High Flow 26.0 62
Low Flow 36.0 89
Not Plastics Type I w/o Oxidation 24,5 ‘ 34,5
Not Plastics NOT Type I 17.0 29
BPT (II)
Subcategory _ BOD mg/1 TSS mg/l
Plastics 14.5 23

Not Plastics - Type I with Oxiation

High Flow 26.0 42
Low Flow 36.0 42
Not Plastics Type I w/o Oxidation 24.5 27
Not Plastics NOT Type I 17.0 26

258
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PLANT-BY~PLANT COST ESTIMATES

TABLE 8-18

SUBCATEGORY: PLASTICS ONLY
BPT (1) | BPT (II)
Suggested Capital Operating Annual | Suggested Capital Operating Annual
Plant # Treatment  Cost ($) Cost($/yr) Cost($/yr) | Treatment Cost($/yr) Cost($/yr) Cost($/yr)
1
2 No Treat. 0 0 0 | MMF 640,000 54,000 127,000
3 ASL/MMF 990,000 99,000 233,000 | ASL/MMF 990,000 99,000 233,000
9 MMF 240,000 22,000 52,000 | MMF 240,000 22,000 52,000
10 No Treat. 0 0 0 | No Treat. 0 0 0
17 ASL/MMF 680,000 67,000 160,000 | ASL/MMF 680,000 67,000 160,000
19 No Treat. 0 0 0 | No Treat. 0 4] 0
29 MMF 1,250,000 95,000 245,000 | MMF 1,250,000 95,000 245,000
39 No Treat. 0 0 0 | No Treat. 0 0 0
45 No Treat. 0 0 0 | No Treat. 0 0 0
S4 ASL/MMF 880,000 88,000 218,000 | ASL/MMF 880,000 88,000 218,000
73 No Treat. 0 0 0 | No Treat. 0 0 0
77 No Treat. 4] 0 0 | No Treat. 0 0 0
90 No Treat. 0 0 0 | No Treat. 0 0 0
91 MMF 650,000 56,000 130,000 | MMF 650,000 56,000 130,000
93 MMF 260,000 26,000 60,000 | MMF 260,000 26,000 60,000
96 No Treat. 0 0 0 | No Treat. 0 0 0
100 No Treat. 0 0 0 | No Treat. 0 0 o
104 MMF 600,000 50,000 120,000 | MMF 600,000 50,000 120,000
105 MMF 340,000 32,000 75,000 | MMF 340,000 + 32,000 75,000
109 MMF 600,000 50,000 120,000 | MMF 600,000 50,000 120,000
111 No Treat. 0 0 0 | No Treat. 0 0 0
124 ASL/MMF 1,070,000 108,000 248,000 | ASL/MMF 1,070,000 108,000 248,000
125 ASL/MMF 1,210,000 118,000 270,000 | ASL/MMF 1,210,000 118,000 270,000
126 MMF 360,000 34,000 80,000 [ MMF 360,000 34,000 80,000
146 No Treat. 0 0 0 | No Treat. 0 0 0
147 MMF 330,000 31,000 73,000 | MMF 330,000 31,000 73,000
150 ASL/MMF 1,300,000 126,000 285,000 | ASL/MMF 1,300,000 126,000 285,000
152 No Treat. 0 0 0 ] No Treat. 0 0 0
157 MMF 600,000 46,000 110,000 | MMF 600,000 46,000 110,000
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PLANT-BY~PLANT COST ESTIMATES

TABLE 8-18 (Continued)

SUBCATEGORY: PLASTICS ONLY
BPT (I) I BPT (II)
Suggested Capital Operating Annual | Suggested Capital Operating Annual
Plant # Treatment Cost ($) Cost($/yr) Cost($/yr) | Treatment Cost($/yr) Cost($/yr) Cost($/yr)
[

174 No Treat. 0 0 0 | No Treat. 0 0 0
179 MMF 420,000 38,000 85,000 | MMF 420,000 38,000 85,000
184 MMF 560,000 46,000 110,000 | MMF 560,000 46,000 110,000
189 ASL/MMF 1,020,000 102,000 235,000 |  ASL/MMF 1,020,000 102,000 235,000
196 ASL/MMF 2,640,000 290,000 615,000 | ASL/MMF 2,640,000 290,000 615,000
210 No Treat. 0 0 0 |  No Treat. 0 0 0
229 No Treat. 0 0 0 | No Treat. 0 0 0
246 ASL/MMF 1,190,000 121,000 275,000 I ASL/MMF 1,190,000 121,000 275,000
277 MMF 675,000 60,000 135,000 | MMF 675,000 60,000 135,000
287 No Treat. 0 0 0 | No Treat. 0 0 0

27 MMF 1,750,000 120,000 300,000 | ASL/MMF 7,150,000 800,000 1,700,000
34 ASL/MMF 690,000 64,000 165,000 | ASL/MMF 690,000 64,000 165,000
44 No Treat. 0 0 0 |  No Treat. 0 0 0

52 No Treat. 0 0 0 |  No Treat. 0 0 0

65 MMF 1,250,000 95,000 245,000 l MMF 1,250,000 95,000 245,000
75 ASL/MMF 1,120,000 110,000 255,000 | ASL/MMF 1,120,000 110,000 255,000
89 ASL/MMF 1,925,000 192,000 420,000 |  ASL/MMF 1,925,000 192,000 420,000
107 ASL/MMF 1,900,000 237,000 510,000 | ASL/MMF 1,900,000 237,000 510,000
119 No Treat. 0 0 0 | MMF 125,000 52,000 140,000
134 MMF 320,000 31,000 71,000 | ASL/MMF 960,000 97,000 226,000
192 MMF 250,000 25,000 60,000 | ASL/MMF 750,000 78,000 190,000
202 MMF 290,000 26,000 60,000 | ASL/MMF 830,000 84,000 195,000
217 MMF 210,000 16,000 41,000 I MMF 210,000 16,000 41,000
223 No Treat. 0 0 0 | MMF 480,000 40,000 94,000
224 ASL/MMF 720,000 75,000 172,000 | ASL/MMF 720,000 75,000 172,000
233 ASL/MMF 980,000 119,000 280,000 | ASL/MMF 