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NOTICE MAR 311983 


· On Fehruary 2R, 19R3, 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 proposa1 was printed 

on March 21, 1Q~3 (4R £! 11R2R to 11R67). 

Information received hy the Agency after proposal indicates that the total 

<X:PSF inrlustry estimated annual discharges of toxic pollutants are too high. 

The Agency will be reevaluating these estimates when additional infonnation 

bec<J'les 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 19R3 OCPSF l'levelopment Oocument, and Fehruary 10, 19R3 OCPSF Regulatory 

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 lOl{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 30l(b){l){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 30l(b)(2)(A) ]. 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)(l) 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 dis~harger effluent limitations, setting forth the degree of effluent 
reduction attainable through the application of best practicable control 
technology (BPT). Moreover, Sections 304(c) and 306 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 
50l(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. In 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" pollut.ants 
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 is its 
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incorporating into the Act several of the basic elements of the settlement 
agreement program for toxic pollution control. Sections 30l(b)(2)(A) and 
30l(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 
raw material 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). Instead of BAT for 
conventional pollutants, the new Section 30l(b)(2)(E) requires by July l, 
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 relar:ionship be­
tween the costs of attaining a reduction in effluents and the effluent re­
duction benefits derived, and the comparison of r:he cost and level of 
reduction for an industrial 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 30l(b)(2)(A) and 
30l(b)(2)(F) require achievement of BAT effluent limitations within three 
years after their establishment or after July l, 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 conventional pollutant new source performance standards (NSPS) 
for the organic chemicals and plastics and synthetics (OCPS) manufacturing 
point source category. The technical bases for toxic pollutant related 
limitations are presented in the "BAT" Development Document which is being 
published jointly with this report. 

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 that 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 II, 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 II, covering 8 additional product/processes, was promulgated 
on January 23, 1975 (40 FR 3718). 
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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~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~ Corp. v. !!.!.i.!!• 
539 F.2d 973 (4th Cir. 1976). remanded the Phase I Plastics and Synthetics 
regulations. In response, EPA withdrew both the Phase I and Phase II regu­
lations on August 4, 1976 (41 FR 32587) except for the pH limitations, 
which 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. 
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SECTION II 


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 pretreatment 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 product ion. 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 rema1n 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 
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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 pound&- 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 minimizing 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 simultaneously produce many differ­
ent products in a variety of continuous and batch operations, and the 
product mix may change frequently. 

Total production of organic chemicals in 1980 was 291 billion pounds, with 
sales of $54 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 
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from plant to plant, corresponding to the differing mixes of products man­
ufactured by different facilities. In 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 is biological treatment. The chief forms of biological 
treatment are activatd siudge 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 TSS 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 techniques, 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 is utilized to replace process 
chemicals possessing highly toxic or refractory propertie~ by others that 
are less toxic or more amenable to treatment. Process changes include var­
ious measures that reduce water use, waste discharges, and/or waste load­
ings 1o1hile 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/clarification, 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. 
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At approximately 5 percent of the direct discharging plants surveyed, no 
treatment is provided. At another 20 percent, only physical/chemical 
treatment is provided. The remaining 75 percent utilize biological treat­
ment_ Approximately 36 percent of biologically treated 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 is 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

5
tions were calculated for each subcategory by using the performance of 
plants which attain 95% BOD reduction or a final effluent BODS concentra­5
tion less than or equal to 50 mg/1. 

Maximum 30-day and daily maximum effluent limitations were determined by 
multiplying long-term me"dian effluent limitations by appropriate variabil­
ity factors which were calculated through statistical analysis of long··term 
~OD~ an? TSS daily data. This statistical analysis is described in detail 
in Sectlon VII. 

Proposed BPT limitations are presented in Table 2-1. 

BCT 

The 1977 amendments added Section 30l(b)(2)(E) to the Act, establishing 
"best conventional pollutant control technology" (BCT) for discharges of 
conventional pollutants from existing industrial point sources. Section 304 
(a)(4) designated the following as conventional pollutants: BOD, TSS, 
fecal coliform and pH. The Administrator designated oil and grease as 
11conventional 11 on July 30, 1979, 44 FR 44501. 

EPA has proposed a BCT cost-reasonableness test which provides that BCT is 
cost-reasonable if: ( l) 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. 

Al 1 the incremental costs per pound ratios were found to fail this 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. 
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TABLE 2-1 

BPT EFFLUENT L'IMITATIONS 
.(mg/ 1 or ppm) 

LONG TERM MEDIAN MAXIMUM 30-DAY MAXIMUM DAILY 

SUBCATEGORY B00
5 

TSS BOD5 TSS BOD5 TSS 

Plastics Only 14.5 24 22 36 49 117 

Oxidation 

o High Water Use 26 62 42 84 106 246 
o Low Water Use 36 89 58 120 146 353 

Type I 24.5 34.5 40 47 100 137 

Other Discharges 17 29 28 39 69 115 
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NSPS 

The basis for new source performance standards (NSPS) under Section 306 of 
the Ace 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 faci licies. 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 co new plants. In addition, no ocher 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 BP! 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 incentive 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 (though ethanol, derived from fermentation, served as a source of 
some aliphatic compounds). The growth in the markets for organic chem­
icals and plastics and synthetic fibers led, in time, however to changes 
in the source of feedstocks for the industry. By World War II, 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 
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process chemical raw materials into a wide variety of products that per­
meate virtually every industrial and consumer market. Approximately 904 
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 
compound s--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 prod~ced 
by one or more manufacturers using different synthetic 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 intensive 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 contribute substantially to the total value of organic chemical pro­
duction, but is only a small portion of chemical production volume. 

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 industry. The following profile factors are discussed briefly 10 

the ensuing subsections: 
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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 Cormierce 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 . 11 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 control led under the organic chemical industry 
guidelines. This classification system is oriented towards the collec­
tion of economic 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 in 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 Ln 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 million kkg (173.66 billion lbs) 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-l 

ANNUAL PRODUCTION AND SALES BY SIC CODE 

SIC Production Sales 
CODE (million kkg) (billion dollars) 

Organic 
Chemicals 2865 132 11.0 

2869 43.2 

Plastics and 
Synthetic 2821 27 16 .1 
Materials 2823 1.2 

2824 8.7 

TOTAL 159 80.2 

SOURCE: U. S. Department of Commerce, 1981. 
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Rank 

6 

13 

14 

15 

16 

17 

18 

20 

21 

22 

23 

24 

25 

27 

28 

30 

31 

32 

33 

36 

38 

39 

41 

42 

43 

44 

46 

49 

50 


TOTAL 

TABLE 3-2 

ANNUAL PRODUCTION VOLUME OF 

ORGANIC CHEMICALS IN "TOP 50" LIST 1980 


Production 
Chemical (million kkg) 

Ethylene 12.50 
Urea 6.51 
Propylene 6.22 
Toluene 5.12 
Benzene 4.98 
Ethylene dichloride 4.53 
Ethyl benzene 3.45 
Methanol 3.18 
Styrene 3.13 
Vinyl chloride 2.93 
Xylene 2.91 
Terephthalic acid 2.69 
Formaldehyde 2.62 
Ethylene oxide 2.25 
Ethylene glycol 1.92 
p-Xylene 1. 74 
Cumene 1.43 
Butadi.ene (1. 3-) 1. 31 
Acetic acid l. 28 
Phenol 1.12 
Acetone 0.96 
Cyclohexane 0.89 
Vinyl acetate 0.87 
Acrylonitrile 0.83 
Isopropyl alcohol 0.81 
Propylene oxide 0.80 
Acetic anhydride 0.67 
Ethanol 0.55 
Adi.pie acid 0.55 

78.7'5 

SOURCE: Chemical and Engineering News 1981 
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TABLE 3-3 


ANNUAL PRODUCTION VOLUME OF PLASTICS AND SYNTHETIC 
1980 

Resin/Fiber 

Thermosetting resins 

Phenolic and other tar acid resins 
Polyesters (unsaturated) 
Urea resins 
Expoxies (unmodified) 
Melamine resins 

Thermoplastic resins 

Low-density polyethylene 
Polyvinyl chloride and copolymers 
Polystyrene and copolymers 
High-density polyethylene 
Polypropylene and copolymers 

Cellulosics 

Rayon 
Acetate 

Noncellulosics 

Polyester 
Nylon 
Glass fiber 
Acrylic 
Olefin 

TOTAL 

SOURCE: Chemical and Engineering News 1981 

FIBERS 


Production 
(million kkg) 

0.68 
0.41 
0.53 
0.1 s 
0.08 

3.31 
2.48 
2.06 
2.00 
1.66 

0.22 
0.15 

1.81 
1.07 
0.39 
0.35 
0.34 

17.69 
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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 numb~r 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. 	 EGO Telephone Survey of Plastics and Synthetic Materials 
facilities 

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 utilizing 
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 these information sources is independent of the others and provides a 
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TABLE 3-4 


OCPS PLANT DISTRIBUTION BY SIC CODE 

Number of Projected Estimate of 
Industry SIC Code Plants* Number of Plants 

Organic Chemicals 
 2865 195 1045 
457Only 
 2869 

Plastics and 
 2821 484 879 
19 
62 

Synthetic Materials 
 2823 
Only 
 2824 

Organic Chemicals & 
Plastics and Synthetic 
Materials (Combined) 

TOTAL 
 1217 2100 

176 

* SOURCE: Economic Information Service (1981) 
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------------------------------------------------------------------------

------------------------------------------------------------------------

TABLE 3-5 


PLANT DISTRIBUTION BY STATE 


Organi~s 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 l 0 0 l 
Arkansas 1 3 4 5 0 l 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 l 5 6 12 0 1 13 
Florida 3 6 9 7 0 2 9 
Georgia l 6 7 7 1 5 13 
Hawaii 0 0 0 0 0 0 0 
Idaho 0 0 0 0 0 0 0 
11 linois 12 32 44 28 l 1 30 
Indiana 4 4 8 7 l ·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 l 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 
Missouri 1 7 8 8 0 0 8 
Mississippi 3 1 4 6 0 I 7 
Montana 0 l 1 1 0 0 l 
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 l 0 0 l 
New York 10 27 37 24 1 1 26 
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TABLE 3-5 (Continued) 

PLANT DISTRIBUTION BY STATE 


Organic Chemicals 
Industry 

Plastics and Synthetic 
Fibers Industry 

2865 
SIC CODE 

2869 Total 2821 
SIC CODE 
2323 2324 Total 

STATE 

Ohio 18 19 37 43 2 1 46 
Oklahoma 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 4 0 3 7 
Rhode Island 5 6 11 1 0 0 1 
South Carolina 10 9 19 5 l 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 l 0 1 2 0 0 2 
Virginia l 4 5 5 2 7 14 
Vermont 0 0 0 1 0 0 l 
Washington 2 4 6 5 1 0 6 
Wisconsin 0 6 6 9 0 0 9 
West Virginia l 11 12 7 0 1 8 
Wyoming l 0 l 0 0 0 0 

TOTAL 198 466 664 488 19 65 572 

SOURCE: Continental United States (EIS 1981)~ Puerto Rico 
(Bur~au 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 
t·herefore 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 
number 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 IV. 

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 Number of Plastics 
Organic Chemicals and Synthetic 

Plants Fibers Plants 

Number of SIC CODE SIC CODE 
Em2lo~ees 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 3 17 

2500-9999 0 6 1 2 8 

SOURCE: EIS 1981 
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TABLE 3-7 


PLANT DISTRIBUTION BY 


Sales (million dollars) 

1-10 

10-20 

20-30 

30-40 

40-50 

50-60 

60-70 

70-80 

80-90 

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 

380-390 

390-400 


SALES VOLUME 

Number of Plants 
Organic Plastics 

217 	 287 

137 86 


76 53 

42 29 

28 14 

17 13 

20 8 

19 5 

11 6 


9 6 

7 5 

8 4 

5 4 

9 4 

2 3 

2 2 

4 3 

4 2 

3 l 

2 3 


1 

l 
2 

l 	 1 

2 	 4 


l 

3 	 l 


2 

2 


1 	 2 


2 	 2 

2 

1 

1 

1 	 1 


2 


l 
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TABLE 3-7 (Continued) 

PLANT DISTRIBUTION BY 

Sales (million dollars) 

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 


SALES VOLUME 

Number of Plants 
Organic 

1 

l 

1 

1 

l 

l 


l 

1 


1 

l 
1 

1 


Plastics 

1 

3 


1 


1 
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TABLE 3-8 

DISTRIBUTION BY AGE OF ORGANIC CHEMICALS 

AND PLASTICS AND SYNTHETIC MATERIALS PLANTS 


Age in 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 l 


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 J This list is extended when such aromatics as benzene, tol­
uene, and xylenes used for manufacture are included. A small number of 
these aromatici. 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 
al so (see Figures 3-5 through 3-8 for the products and intermediates 
from the raw materials ethylene, propylene, c hydrocarbons and higher4
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), these 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

4esses 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 the 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 co 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 o~roducts 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 small 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 Chem~cals 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 characterization 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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TABLE 3-9 


GENERIC CHEMICAL PROCESSES AND CODES 


l. Oxidation (C) 

2. Peroxidation (8) 

3. Acid Cleavage (9) 

4. Condensation (A) 

5. Isomerization (22) 

6. Esterification (G) 

7. Hydroacetylation (13) 

B. Hydration (12) 

9. Alkoxylation (5) 

10. Hydrolysis (E) 

11. Carbonylation (O) 

12. Hydrogenation (F) 

13. Neutralization (24) 

14. Amination (6) 

15. Ammonolysis (K) 

16. Oximation (10) 

17. Dehydration (Q) 

18. Ammoxidation (N) 

19. Electrohydrodimerization 

20. Cyanation/Hydrocyanation 

21. Epoxidation (21) 

22. Etherification (14) 

23. Polymerization (D) 

24. Alkylation (I) 

25. Dehydrogenation (J) 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

41. 

(19) 

(7) 18) 

Sul fonation (M) 


Nitration (L) 


Hydrodealkylation (U) 


Pyrolysis (H) 


Cracking (T) 


Distillation (2) 


Extractive Distillation (15) 


Extraction (16) 


Crystallization/Distillation (17) 


Fiber Production (23) 


Halogenation (B) 


Oxyhalogenation (S) 


Hydrohalogenation (P) 


Dehydrohalogenation (R) 


Chlorohydrination (20) 


Phosgenation {V) 


OTHER CLASSIFICATIONS 


Non OCPS Product/Processes (3) 


Cannot Be Classified (2) 
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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 
chemistry with a wide range of feedstocks and reaction conditions. Some 
of the fundamental concepts of this proced_ure 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 
of pollutants ~ithin 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 conditionsi 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 species 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. For 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 ts 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
duct ion 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 market conditions, the OCPS industry is 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. Al so, 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 co 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 port ion of the data 
bases. 

2. The daily data from plants contained 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 
requested 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 co determine the need for sub­
categorizat ion 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 the text of this report. 
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TABLE 3-10 


DATA BASE DESIGNATION 


Data Base File Name 

308 Data Base 

Daily Data Base 

Summary Data Base 

Description 

Original data base containing 
all data extracted from 308 
Questionnaires 

Contains long-ten influent & 
effluent data from ~O plants 

Updated version of 308 data 
base covering the 291 direct 
& zero discharge plants 

41 




(see note l) ~----(see note Z) 

\see note 3) 

308 
DATA 
BASE 

··· · •. T£LEPHONE ­
. SURVEY 

I
( se~ note 4) 

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 zero 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 indirect 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 fal 1 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 11 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 
aft~r 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. In addition 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 6.7 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 
data 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. Altho~h the data included in the Summary Data Base are 
for the 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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Fertilizers Numerous 
(See Note 2) Unrelated 

Guidelines 

Inorganic 
Chemic.als 

1) (see note Z} 

.. ... _..·r-·.:.. 
'"."".:;..~-~­.;: -.,..;. L--....;;:.;.;..;.:.;;:.~=~ 

(See ?late 2) 

see note 1) 

Pharmaceutic.a ls 	 Ink 
Formulating 

Pulp, 
Paper, 

Paperboard, 
and Builders• 
Paper and 
Paperboard Mills 

(see 	note l 

NOTES: 

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

(2) 	 Identified 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 synth~sis subcategories 

in the appropriate industries. 


FIGURE 3-10 - DATA BASE A...~D RELATED INDUSTRY GUIDELINES OVERLAP 
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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 the 308 data, it was evi­
dent that biological treatment, especially activated sludge, was the 
most prevalent method of treatment, these plants were the 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 che 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 plants 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, if a plant sends 
its wastewater to north and south wastewater sewers without specifying 
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TAB!.'£ 3-11 -

For All PlnnU 

Total Number or Plants 

All 

291 

Number or Plants with One Stream 225 

Number or Plants with Multiple 
Streams 66 

Number or Plants with Zero 
Discharge Streams 127 

Number or Plants with Direct 
Discharge Streams 195 

Number or Plants with Unknown 
Discharge Streams 3 

~ 
-..J For Plants Or Any Number Or Streams 

Total Number or Streams 377 

Number or Direct Discheri;te 
Streams 212 

Number or Zero Discharge 
Streams 162 

Number or Unknown Disch11rge 
Streams 3 

POR PLANTS WITH MULTIPLE S'rREAMS 

Total Number or Streams 152 

Number or Direct Discharire 
Streams 56 

Number or Zero Dischartte 
Streams 9S 

Number or Unknown Discharr,e 
Slr~an1s 

PLANTS AND TAEIR ASSOCIATl!D STREAMS 

Direct Discharge 

195 

156 

Zero Discha!'.Ke 

94 

67 

Unknown Dlscha.rge 

2 

2 

39 27 

33 94 

195 

- - 3 

251 124 

212 

38 124 

1 - 2 

95 

56 

57 

38 57 



which process has its wastewater sent to which sewer, and if both 
streams are treated with oil/water separation, it was assl.lllled 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 assl.Illlption 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. 

Of 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 result 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 rss 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 stteam 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. Coneract 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. 

Gene~ic Processes - In addition to cataloging the products at each plant 
by product/process numbers, data was also sorted using generic chemical 
processes. For chis 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 in 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 consisten~y 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 
of· 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. Al though 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, planes 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 or 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. Al though 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 is well known, 
the laboratory procedures (Standard Methods) employed in practically all 
wastewater 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 exclud~ COD and/or TOC values which 
could not be verified as being derived from-acceptable procedures. Only 
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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 infoi;-mation 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 information 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 l, 1976 to September 30, 1976). 
Additionally, there were some ocher 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 SO 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 detailed 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 variability factors, 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 available. 

Mode of Discharge 

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 is 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 wascewaters into the system of an adjoining manufacturing 
facility or to a treatment system not owned by a government 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 detennine 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, including inorganics and other products not covl:!red 
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. 

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 Data 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 lb/yr) (billion lb/yr) (billion lb/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 3-1 

** 	 These data include manufacture of all products contributing to waste­
water loading, including inorganic& 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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'!:ABU 3- 14 Nmt8ER AND TYPl!S OF PLANTS AND STREAMS l!'i AGE 

Streame Plant• 
Daily 

AGE All Dir Zer. Unk. All Dir Zoar. Unk Data 

2 l l l l 
3 6 4 l l 5 4 1 l 
4 8 6 2 8 6 2 2 
5 4 l 3 4 l 3 
6 8 4 4 7 4 3 
1 6 3 3 4 2 2 l 
8 7 2 5 7 3 4 
9 14 11 3 13 10 3 4 

10 14 8 6 13 7 6 
11 16 8 8 12 7 5 I 
12 14 9 5 12 7 5 l 
ll LO 8 2 9 7 2 2 
14 11 4 b 10 5 4 1 } 

15 20 lb 3 18 l& l l 
16 9 6 3 8 6 2 
17 10 s 5 10 5 5 I 

18 13 7 6 12 7 5 l 
19 14 7 7 •I... 7 7 l 
20 10 s s 9 4 s 2 
21 13 7 6 11 7 4 
22 ll 6 5 9 4 5 
23 10 8 2 a 7 l 
24 10 7 3 9 7 2 l 
25 7 5 2 7 5 2 
2& 4 2 2 4 ) 1 
27 4 4 4 4 1 
28 5 4 l 5 4 l l 
29 5 2 ) s 2 3 
)U 4 2 2 4 2 2 
31 2 2 2 2 
32 8 5 3 'i 4 l 
33 6 5 l 6 5 l 
34 ) 3 3 3 
)) l l l l 
36 2 2 2 2 
39 4 4 4 4 2 
40 6 5 l 5 5 l 
41 l 1 l l 
42 l l 1 1 
43 ) 2 l ) 2 1 
4~ IJ 0 () 0 l 
46 l l l 1 l 
50 
5l 

l 
2 

1 
2 

1 
2 

1 
1. ~ 2 

52 l l l l 
56 l l l 

64 l l 1 l 
0 65 15 50 9 7 2 4 

TO'!A.l..S 377 212 162 3 291 195 94 2 50 
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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, eye lohexanone manufacture by ox idat ion 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 mechani~s of such an effort 
would be difficult, but because the results would be of little value. 
This is 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 lit ­
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 so 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. In 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 TY PE S OF PLANTS AND STREAMS BY PRODUCT/PROCESSES 


Streams Plants 
~o. of Product/ Daily 
Processes All Dir Zer Unk All Dir Zer Unk. Data 

1 65 31 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 l 
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 l 
23 27 13 13 1 
24 l l 13 10 3 
25 l 1 23 18 5 
26 2 2 16 10 6 1 
27 6 5 1 
28 11 8 3 
29 l 1 9 6 3 
31 l 1 1 1 
33 1 1 l 1 l 
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 so 
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TABLE 3-16 


OCCURRENCES OF GENERIC PROCESSES 


Occul:'rences 
Generic Class* in the 

Codes Sum. Data Base 

A 63 

B 99 

c 139 

Dl 378 

D2 140 

E 51 

Fl 37 

F2 16 

G 117 

H 71 

I 6 

Il 3 

I2 17 

J 2 

Jl 10 

J2 19 

K 26 

L 24 

M 35 

N 5 

0 42 

p 35 

Q 10 

R 18 

s 6 

T 1 

l! 5 

v 16 

z 6 


12 20 

13 1 

14 9 

15 27 

16 6 

17 8 

18 4 

19 1 


2 48 

20 8 

21 4 

22 1 

23 18 

24 9 


Occurrences in 

: Direct Discharge 


Streams 


48 

85 


102 

231 

121 

46 

30 

14 

92 

57 


5 

3 


17 

2 


10 

15 

22 

24 

32 


3 

32 

33 


7 

16 

6 

1 

5 


16 

6 


17 


9 

23 


3 

8 

3 

l 

43 

8 

2 

l 

17 

2 


Occul:'rences 
Occurrences in Unknown 

Zero Discharge Discharge 
Streams Streams 

15 

14 

37 


144 3 

19 


5 

7 

2 


25 

14 


1 


4 

4 


3 

2 


10 

2 

3 

2 


3 

1 


4 

3 


1 


5 


2 


1 

7 
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TABLE 3-16 (Continued) 

OCCURRENCES OF GENERIC PROCESSES 


Occurrences 
Generic Class* in the 

Codes Sum. Data Base 

3 203 

4 12 

5 63 

6 20 

7 2 

8 4 

9 1 


TOTAL 1866 


* For description of codes see 

Occurrences in 

Direct Discharge 


Streams 


150 

6 


54 

16 

2 

4 

1 


1451 


Table 3-9. 

Occurrences 

Zero Discharge 


Streams 


52 

6 

9 

4 


411 


Occurrences 
in Unknmm 
Discha.rge 

Streams 

1 


4 
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SECTION IV. 

SUBCATEGORIZATION 

INTRODUCTION 

Sections 304(b)(l)(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: 

1. Facility Size 
2. Geographical Location 
3. Age of Facility and Equipment 
4. Raw Wastewater Characteristics 
5. Treatability 
6. Raw Materials 
7. Manufacturing Product/Processes 
8. Nonwater Quality Environmental Impacts 
9. Energy Requirements 

The impacts of these factors have been evaluated to determine if sub­
categorization 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 use are presented in 
Appendix B. 
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The Terry-Hoeffding test was used to test whether two populations of 
plants di ffer 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 
basis 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. In 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 al low 
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 CO'lllpliance 
with NPDES permit limitations. The OCPS Industry is primarily comprised 
of multi-product/process, integrated facilities. Wastewaters generated 
from each product/process are collected in combined pl~nt 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 segme.nts: 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 speci fie 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 subcategorization. 
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 relatively 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 characteris­
tics is 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 the 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 nii:rogen 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 t_he 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 a~d 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 ah­
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 SUllllllarizes expected 5-day biochemical oxygen demand by generic 
process group. 

Type I 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). This2 

suggested that the Not Plastics Only initial grouping be further divided 
into two subgroups: 

Plants manufaccuring 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 I) 

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 pres~nce 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 Hydration 
Peroxidation Alkoxylation 
Acid Cleavage Hydrolysis 
Condensation Carbonylation 
Isomerization (maleic ~ Hydrogenation (butyraldehyde ~ 

fumaric acid) n-butanol) 
Esterificat ion Neutralization 
Hydroacetylation 

TYPE II - Intermediate 5-Day Biochemical Oxygen Demand 

Amination 
Ammonolysis 
Oximation 
Dehydration 
Ammoximdation 

Electrohydrodimerization 
Cyanation/Hydrocyanation 
Epoxidation (unsat 1 d esters) 
Etherification (alkycellulose) 
Polymerization (condensation) 

TYPE III - Lower 5-Day Biochemical Oxygen.Demand 

Alkylation (phenol ~ 
nonyl phenol) 

Hydrogenation 
(nitrobenzene ~ aniline) 

Dehydrogenation (isobucanol ~ 
acetone) 

Su 1fona t ion 
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 

Polymerization (bulk & addition) 
Fiber production 
Halogenacion 
Oxyhalogenation 
Hydrohalogenation 
Dehydrohalogenation 
(l,2-dicholorethane ~vinyl Cl.) 
Chlorohydrination 
Phosgenation 
Extraction 
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TYPES 

TYPE I vs. NOT 

NOT TYPE I BUT 
vs. NOT TYPE I 

TYPE I 

TYPE 11 
OR TYPE 

TABLE 4-2 

TERRY-HOEFFDING TEST 
FOR NOT PLASTICS ONLY PLANTS 

Raw Waste BOD 

TEST STATISTIC 

T • 2.251 

T • • 710 
11 

SAMPLE SIZE 

N • 74 

N • 11 

SIGNIFICANCE 
LEVEL 

P a .024 

p - .478 

Raw Waste TSS 

TIPE I vs. NOT 

NOT TYPE I BUT 
vs. NOT TYPE I 

T'iPE I 

TIPE II 
OR TYPE II 

T 

T 

= 

.,. 

.784 

.560 

N .. 

N • 

47 

13 

p - .433 

p •• 576 

~ote: See Table 4-1 for definition of Type I and II 
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Hoeffding Test to Type I With Oxidation versus Type I Without Oxidation. 
2The tesc 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 tesc was also used to investigate the applicability 
of the four subcategories to the parameters COD and TOC. The test re­
sults are shown in Table ·4-3. For COD, significant differences were 
found between Plastics Only and Not Plastics Only plants, and between 
Type I and Noc 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 subcategorizacion 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 coI11111ingle their waste\olater with 
the above OCPS wastewaters and employ Type I generic chemical 
processes, but do not include oxidation (Not Plastics Only ­
Type I 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 lll discusses the elimination(~f 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 
quantities does not account for all characteristics encompassed in plane 
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 six to eight weekly campaigns 

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


TERRY-HOEFFDING TEST FOR SUBCATEGORIZATlON 

BASED ON COD AND TOC 


RAW WASTE COD 


Category 
Test 

Statistics 

Plastics vs. Not Plastics Only 3.516 

Not Plastics Only 

Type I VS. Not Type I 2 .114 

Type I and c vs. 
and Not C* 

Type I 
1.347 

RAW WASTE TOC 

Test 
Cate~or:z: Statistics 

Plastics vs. Not Plastics Only 0. 738 

Not Plastics Only 

Type I vs. Not Type I 1.205 

Type I and c vs. Type I 
and Not C* 0.576 

*Type I w/oxidation vs. Type I w/o oxidation 

Sample 

Size 


107 

62 

49 

Sample 
Size 

48 

40 

32 

Significance 

Level 


0.000 

0.034 

0.178 

Significance 

Level 


0.461 

0.228 

0.564 
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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 stream basis. Table 4-4 presents the number of waste 
streams per facility size or production rate grouping for each of the 
initial subcategories. 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 subcategorizat ion 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: 

1. Sources of raw materials 
2. Proximity of markets for products 
3. Availability of an adequate water supply 
4. Cheap sources of energy 
5. Proximity to proper modes of transportation 
6. Reasonably priced labor markets 

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 a basis for subcategorization of the OCPS industry. 
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TABLE 4-4 

(DIRECT SYSTEMS) NUMBER OF WASTE STREAMS WITHIN PRODUCTION RATE RANGES 

(fl/day) All Plastics Not Plastics Not Plastics Not Plastics 
Size Streams Only Type I & C* Type I Not O'<* 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 

-...J 450,000-599,999 20 8 7 2 3 
w 

600,000-999,999 28 14 7 4 3 

l,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

** Type I w/o oxidation 




TABLE 4-5 

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

(Production Rate) 

All 
Plants 

Plastics 
Onl I 

Not Plastics Onl 
w/oxidation I w/o oxidation No Grou I 

BOD 0.21 
(0.02) 

0.06 
(N.S.) 

-0.12 
(N.S.) 

-0.02 
(N.S.) 

-0.31 
(N.S.) 

TSS 0.02 
(N.S.) 

-0.00 
(N.S.) 

-0.13 
(N.S.) 

-0.42 
(N.S.) 

-0.20 
(N.S.) 

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

a) N.S. - Not significantly different from zero (P>.05) 
b) <.Ol - Significantly didfferent from zero (P(.01) 
c) Actual probability (.01 <P<.OS) 

74 



FIGURE 4-3 

RANK CORRELATION 
FOR THE PLASTIC a ORGANfC CHEMICAL INDUSTRIES 
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FIGURE 4-4 

RANK CORRELATION 
FOR THE PLASTIC .t ORGANIC CHEWICAL INDUSTRIES 
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FIGURE 4-5 

RANK CORRELATION 
FOR THE PLASTIC a ORGANIC CHEMIC.Al. INDUSTRIES 
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FIGURE 4-6 

RANK CORRELATION 
FOR THE PL.ASTIC I: ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-7 

RANK CORRELATION 
FOR THE PLASTIC ct ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-8 

RANK CORRELATION 
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FIGURE 4-9 

RANK CORRELATION 
FOR THE PUSTIC a ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-10 
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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 y~ars 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 wel 1 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 a rank correlation of R= -0.49 and P= <0.01 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. Thi§ 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: ( l) 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) 
Ase 

All 
Streams 

Plastics 
Onll 

Not Plastics . * Tlee r & c 
Not Plastics 
Tl2e I Not C ** 

1-5 12 9 1 1 

6-9 20 7 10 0 

10-12 25 7 9 5 

13-15 28 8 8 6 

16-18 18 5 4 6 

19-20 12 6 2 1 

21-23 21 7 10 2 

24-30 26 10 s 4 

31-40 25 8 10 3 

41-0ver 10 4 2 2 

Missing 15 6 3 5 

TOTAL 212 77 64 35 

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

Not Plastics 
Not Tl2e I 

1 

3 

4 

6 

3 

3 

2 

7 

4 

2 

1 

36 
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FIGURE 4-11 
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FOR THE PLASTIC a ORGANIC CHEMICAL. INDUSTRIES 


DIRECT DISCHARGE SYSTEMS 

PLASTICS ONLY 


BOti 

50 


00 0 00 00 040 -i 00 00 000 00 0
0 0 

CX> 038 l\J1 0 0 
0 .... 0 

0 
29 -t 8 00 0000 

0 0
019 -t 0

8 00
0 000 


8 

1m•..-.•••• '"'Tm••Jrm"J" •••"I"•••" I"•••" I"•••" I"•••" I"••~·•" I"••• ~~~J••~"T 

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 

AGE 

SPEARMAN CORRELATION COEFFICIENT• -9.19 <Pa .19, N ~ 48> 
t 



FIGURE 4-12 

RANK CORRELATION 
FOR THE PLASTIC I: ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-13 

RANK CORRELATION 
FOR THE PLASTIC a ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4- 14 

RANK CORRELATION 
FOR THE PLASTIC .t ORGANIC CHEMICAL INDUSTRIES 


DIRECT DISCHARGE SYSTEMS 

fK>T PLASTICS ONLY/NOT TYPE I 


BOD 
12.5 

10.9 

7.S 
00 
00 

5.0 

2.5 

a• e,111 I UICI ii 11111 ii ii I iii I ii I I I I I h ii Uii iii ii Ii I I I I Ii I iii I I I ii I U U I I 0 0 I I U ii U I ii ii I U I UUGIUC iililiilDill ii i&IUUUIU ii 


e 1 2 J 4 !5 6 7 8 9 19 11 


AGE 

SPEARMAN CORRELATION COEFFICIENT • 0.06 <P • .86, .N a 11> 
d 



FIGURE 4-15 

RANK CORRELATION 
FOR THE PLASTIC ~ORGANIC CHEMICAL INOUST~IES 
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FIGURE 4-16 

RANK CORRELATION 
FOR THE PLASTIC a ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-17 

RANK CORRELATION 
FOR THE PLASTIC I: ORGANIC CHEMICAL INDUSTRIES 
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FIGURE 4-18 

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

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

All 
Plants 

Plastics 
Onl I w/oxidation 

Not 
I 

Plastics Onlz 
w/o oxidation No Grau I 

BOD -0.19 
(0.04) 

-0.19 
(N. S.) 

-0.49 
.oo 

0.01 
(N.S.) 

0.06 

(N. S.) 

TSS -0.13 
(N. S.) 

-0.18 
(N.S.) 

-0.35 
(N.S.) 

-0.08 
(N.S.) 

0.12 

(N. S.) 

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

a) N.S. - Not significantly different from zero (P>.05) 
b) <.Ol - Significantly different from zero (P<.Ol) 
c) Actual probability (.Ol<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, halogenati~n 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, hydrocarbons,c4
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 very 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 is 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. 	 !he 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 OCPS 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 
osmosis, 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. In 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. In 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 :SOD and TSS are consistent across 
all initial subcategories. It is 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 data 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: 

1. Sludge production 
2. Air pollution derived from wastewater generation and treatment 
3.· Energy consumption due to wastewater generation and treatment 
4. Noise from wastewater treatment 

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 fol lows: 

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 I 

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

Esterificat ion 

Hydroacetylation 

Hydration 

Alkoxylation 

Hydrolysis 

Carbonyl at ion 

Hydrogenation 

Neutralization 


Subcategory 4 - Other Discharges 

All OCPS discharges not included ~n 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 liere selected for evaluation 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

5oil and grease (06G). Nonconventional pollutant parameters selected are 
chemical oxygen demand (COD) and total organic carbon (TOC). 

CONVENTIONAL POLLUTANT PARAMETERS 

5-day Biochemical Oxygen Demand (BOD~ 

The 5-day Biochemical Oxygen Demand (BOD ) test traditionally has been
5used 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 nitrogen compounds, a111It1onia and nitrites 
that are oxidized by specific bacteria; and chemically oxidizable mater­
ials such as ferrous compounds, sulfides, sulfite, and similar reduced­
state inorganics that will react with dissolved oxygen or that are 
metabolized by bacteria. 

The BOD of a wastewater is a 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 grolith 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 B00 (5-day BOD) test is widely used to estimate the oxygen demand 
5of 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 liaste on a receiving water body. ­

The BOD test measures the weight. of dissolved .oxygen utilized by micro­
oi:ganisms as they oxidize or transform the gross mixture of chemical 
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compounds in the waste.....ater. 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

5only 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 insol­
uble toxic metal compounds. The organic fraction includes such mater­
ials as grease, oils, 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 
often 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 1ight 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, if 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. 

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 nwnber 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 the1 

pH increases. 

Waters with a pH below 6.0 corrode waterworks structures, 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, hut 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 ~ange) can cause upsets in the treatment system with 
a resultant decrease in treatment efficiency. 

Oil and Grease (0 & G) 

Oil and grease analyses do not actually measure the quantity of a spe­
cific substance, but measure groups of substances Whose common charac­
teristic 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 O&G determination is not necessarily free floating. 
It may be actually in solution but still extractable from water by the 
solvent.[5-3] 

Oils 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. Oil 
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. Oil 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. Oil 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 O&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 
SOD test. The COD test is sometimes used to estimate the total oxygen
(ul~imate rather than 5-day SOD) 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 components that may exert a biological 
oxygen demand and may affect public health. It is a useful analytical 
tool for pollution control activities. Most pollutants measured by the 
SOD test will be measured by the COD test. In addition, pollutants

5res1stant 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 ox id at ion 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 estimating the 
total organic carbon in a wastestream. 
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When testing for TOC, the organic carbon in a sample is converted to 
carbon dioxide (C0 ) by catalytic combusion or by wet chemical oxida­

2tion. The co formed can be measured directly by an infrared detector
2 or it can be converted to methane (CHq) and measured by a flame ioniza­

tion detector. The amount of co2 or CH4 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.[S-5) 
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SECTION VI. 


WATER USE AND WASTEWATER CHARACTERIZATION 


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
t ion media. The use of water as a media for certain chemical processes 
becomes a major high strength wastewater source after the primary reac­
t ion has been completed and the final product has been separated from 
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 react ion 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 into solution. 
Later, recoverable solvents are separated and reused while unwanted 
volat-ile 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
wnes 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 adjusted 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 
DillECT DISCllARGEllS ONLY 

PLASTICS NOT PLASTICS NOT PLASTICS 

ONLY TYPE I w/ TYPE I w/o NOT PLASTICS 
NOTOX lDATION OXIDATION 

TYPE I 

------------------------------·---------------------------------------------------­
EFF 	 EFF EFF UF 

FLO\\ F l.O'.~ FL();\ FLO·~ 

MGO r:co fo'·GO 1:.c.o 
------------------------------·-----------------·----------------------------------­

I-' ------------------------------·-----------------·----------------------------------­
0 

°' 	 MAX 11.1ur.1 10.700 29.000 32.100 40.000 

r.IEAN I. 357 2' 7 7 1 2.1164 3.346 

MINIMUl.I 0.034 0.000 0.020 0.007 

MEO I AN 0.612 '. 0 10 0.852 0.950 

NUlllOE R OF 
0 BS ERV AT 1ON S 74 	 GJ 34 35 



TABLE 6-2 

INFLUENT AND 
ZERO 

EFFLUENT FLOWS FOR PROPOSED SUDCATEGORIES 
DISCllAl{GE/ ALTERNATIVE DISPOSAL ONLY 

PLASTICS 
ONLY 

NOT PLASTICS 
TYPE I w/ 

OXIDATION 

NOT PLASTICS 
TYPE I w/o 
OXIDATION 

NOT PLASTICS 
NOT 

TYPE I 

I-' 
0 
-.J 

----­ -----­ -- -­-~·-- ---­ -----­ -------~---- - - -­ -­ .--­ -­ ---­ -­ -- -­ - - ~-- --­ --­ --­ - ----­ -
INF(l) EF F I NF (1) EF r \NF (1) EFF INF(l) EF F 

FLO'.~ FLOW FLO'.'/ F LOI~ F LO~I FLOW FLOW FLO'·" 
l.IGD t.lGD 1.:co r.lGD 1.:co f0'GD ~IGD MGD 

MAX !MUI~ 10.700 !; • 329 4.030 2.600 

l.IEAN 0.530 1. 009 0.475 0.500 

MINIMUM 0.000 0.000 o.ooo 0.001 

t.IEOIAN 0.012 0. 2 7 I 0. 152 0 .118 

NUl.IBE R OF 
OBSERVAT lONS 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 CHARACTERlZATION 

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

l, Biochemical Oxygen Demand (BOD) 
2. Suspended Solids (TSS) 
3. pH 
4. Chemical Oxygen Demand (COD) 
5. Total Organic Carbon (TOC) 
6. Oil and Grease (O&G) 

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 plane. 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 system, 
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 is 
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 constituents 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 is 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 lowered. 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 characteristics 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 O&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 ~ome parameter by the mean flow will not correspond to 
the median pounds for that parameter. 
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------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------

TABLE 6-3 
RAW WASTEWATER CllARACTEllIS'i'ICS - PLJ\ST res ONLY Sl'9CJ\TEl.ORY 

DIRECT DISCllJ\RGEHS ONLY 

----------------·--------------------------------------------------------------------------------------­
...... INF IN~ INF )NF 1l'f F 111 r INF INF lllf' INF' 
...... uOO 80l) TSS T<;S cco cc 1 rec 70( OSG oeG0 

MG/L L8/0AY l/oG/L LB/0.\Y l\1G IL LLl/D.\Y MC./L LO/u•\Y ;,'.G/ L LB/OAY 

MAXIMUM 3520.0 25262.0 209H.0 IGOB2.3 1)3JB.O 51392.G 2751. 0 5560.8 24 2. 0 2355.7 

MEl\N 506.2 3693.4 394.4 22G3.0 1101. 6 0315.9 70?.4 1720.7 0 2. 3 7 '0. 0 

Ml N llAur.t 2.G 13.0 5.0 1. 5 ')7. 0 G0.5 9.0 13. 0 23.0 i2.9 

MEDIAN 349.0 1905.8 80.0 803.3 857.0 '\809.5 362.0 949.9 32.0 207.3 

NUMBtn OF 
49 49 42 <12 ll5 B B ii IIOBS ER VAT IONS 	 '15 

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



--------------------------------------------------------------------------------------------------------

------------------------------------------------------------------------------------------------------

TABLE 6-4 

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

I NF I 'J F I 'J F I ~I f' I 'J F I '· f' I •ff I 0\ F I NF llH 

noo OOu T5S 1 s·; r:oo C•D roe TOC 06G O&G 
r.~G/ L LO/OAY MG/L Ln/01\Y ;:ct L Lli/.Jr,y ~."G/ L LO/OAY r.:G/L lO/OAY 

--------------------------------------------------------------·---------------------------------------­...... 
...... 
...... 

1,tf\Xlt.IUM 12542.0 4 I ·1 ii. 0 1055.0 J'i 1. 1 18~·19. 0 (j 1 7J. 1 19JO.O 201. 0 


l.tEAN 4110.7 '232. 3 31.,. 7 105. (j 5J03.'I 20G0.4 923.0 02.3 


1:11NJMUl.I 380.0 '11. 7 0.3 1 . 7 40.0 G.O 31. 0 16.8 


l.IEOIAN 1370.0 327.6 237.0 29. 1 1422.0 1I07, 4 eoo.o :16. (j 


NUl.tOE R OF 
0 BS ERV AT I ON S 6 6 5 5 5 5 J J 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 I WITH OXIDATION SURCATE<;ORY 


DIRECT DISCHARGERS ONLY 


1l~F p;F I rff l,.. F I'-: F I ~~ F INF INF INF (Nf 

llOO BOO 1 ~s rc;s COD coo roe roe O&G Oe.G 
MG/L Lfl/OAY MG/L Lti/C'i\Y r11C IL LO/DAY MC/L LB/DAY ~:G/ L LO/DAY 

..... ------------------------------------------------------------------~------------------------------------..... 
N 	

17. 4 351. 8WIXIMUl.1 59Gl.O 2119714.3 111 l 0. 0 3<1195.2 21170.C 20270G.2 3202.0 115196.9 


l.1EAN 170:;>. 1 25975.2 1\41. G 3~Jtl9.0 44111.G 40JG'.).9 836.11 211792.7 
 11. II I 00. I 

0.0 'l2. 1 

r.1EOIAN 103G. 5 13289.5 72.0 G72.9 3302.5 I 971'1.5 §13.0 13334.0 16. 0 1116. II 

Nt;r.l)EA OF 
09SEAVATIONS 42 112 21 21 311 34 21 21 l J 

l.llNll.IUM 43.0 939.7 9.0 19.0 53.0 11\09. 6 20.0 119. 9 

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



--------------------------------------------------------------------------------------------------------

--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

TAHLE 6-6 

RAW WASTEWATER CHARACTERISTICS ­
NOT PLASTICS TYPE I WITH OXIDATION SUBCATEGORY 

ZERO DISCHARGE/ALTERNATIVE DISPOSAL ONLY 

Ir-. F I II F llff 1t1r I "i F Ir-; r I~! F (NF INF 11-ir 
noo 000 TSS rss coo coo TOC !(IC OGG OlG 
t.'G/L LO/Df.Y MG/L LO/DAY ~1G .' L LU/DAY ~·.r:, IL Lil/DAY :.1G/ L LB/DAY 

r.1A1. tr.1ur.1 5:.155'1,0 37'1100.5 ·15~1. 0 79')'1. 6 G70S5.0 59/650.7 11006.0 201820.6 5J9.0 5829.8 

r.1E/IN 14532.4 715:.10.6 207.7 4150. 1 2G'1111. 'I I 1173115. G 5711E.O 05417.3 539.0 5829.0 

lollNIMUM '150.0 25GG.9 61. 0 G59.0 9GC'. 0 7.::. 7C.. 0 282.0 2 \ 8013. 1 5B.O 5829.0 
...... 
...... 

w MEDI AN 602<1. 0 20550.7 103.0 :l79G.O 2371\4.0 7'1623. 0 59'19.5 56~"17. 2 ~J9.0 5029.B 


NUMOER 	 Of 
OOSERVATIONS 7 7 3 3 9 9 4 4 

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



TARLE 6-7 


NOT 
RAW WASTEWATER CHARACTERISTICS -

PLASTICS TYPE I WITHOUT OXIDATION SUBCATEGORY 

DIRECT DISCHARGERS ONLY 

------------------------------------------------------------------------------------------------------­
I NF 
000 
t.1G/ L 

I "IF 
ll09 

LU/DAY 

INF 
T'.; S 
r.1G/L 

lfJF 

TSS 
LU/DAY 

I NF 

coo 
r~G IL 

I ri F 
COG 

LO/DAY 

I ti F 
TOC 
r.1G/ L 

I "IF 

TOC 
LO/DAY 

INF 

08G 
MG/l 

I rt F 

O,•.G 
Ltl/DAY 

------------------------------------~------------------··-----------------------------------------------
------------------------------------------------------------------------------------------------------­

r-' 
r-' 
~ 

1.1 A.'( J IAIJ:•I 

~1£,\N 

MINll.1Ut.I 

t.1(0 I AN 

2725.0 

783.6 

9.0 

467.0 

30913.U 

9384.2 

6.0 

562'1.3 

26GG.O 

4 79. 7 

1. 0 

170.0 

1G92S.5 

2624,7 

0.7 

59'1.0 

371176.0 

'1702.5 

23.0 

1022.0 

7, '1'10. 0 

11902. 2 

10.6 

6139.0 

5226.0 

9110.0 

EG.O 

'.l72.0 

31009.9 

6343.8 

342. I 

2109. 1 

570.0 

335.0 

I 7. 0 

418.0 

5CJ 1 . 2 

365.11 

94.0 

410. 2 

llU~'.OE R OF 
0 D S E R VA T l ON S 21 21 13 13 15 15 11 11 3 J 

Note: Each set of 
subsets may 

observations represents a separate data subset. Calculations which 
not be meaningful. (See last paragraph oage 109.) 

combine 
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-------------------------------------------------------------------------------------------------------

TARLE 6-8 

RAW WASTEWATER CHARACTERISTTCS ­
NOT PLASTICS TYPE I WITHOUT OXIDATION SURCATEGORY 

ZERO DISCHARGE/ALTERNATIVE DISPOSAL ONLY 

INF INF INF I r1r. ( IJ F I ~Ir 1t1F I ~i F I NF I NF 

900 000 TSS ; 5 5 c[I') coo TO( TOC O.!G Of.G 

MG/L LO/DAY r,•c; L Lll/DAY ~'GIL LO/CAY MG/ L LO/DAY MG/L LO/DAY 

------------·---------------------------------------------------------··--------------------------------­

r.l,\X IMUt.I 30'111. 0 7597.0 2G7.0 7 J~;. :e 1195G. O 2~1 UG'l. 1 JG-1. 0 G63.2 

~IEAN 1019.0 2'110. 11 10G.J J'H. 2 JG00.5 07213.6 213. 0 523. I 

MINl~1ur.1 47.0 29.7 32.0 02." I 4. 0 9.9 IJO.O 411. 0 
...... 
...... 
\J1 f.IEOIAN 495.0 1007.1 63.0 375.G 1211. 0 251ti.6 I 75. 0 495.0 

NUW3En OF 
OBSERVATIONS 4 4 4 4 4 J 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.) 



TABLE 6-9 


RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS NOT TYPE I SUBCATEGORY 

DIRECT DISCHARGERS ONLY 

------------------------------------------------------------------------------------------------------­
INF 
UOD 
MG/L 

INF 
000 

LO/OAY 

I·"' 0 

lSS 
IOG/L 

l"F 
TSS 

l 'J /Llfl Y 

1 ·" r 
cco 
,·.:._~ .' L 

I Ill' 
CGO 

LAi'J:i.Y 

I 'II' 
TCC 
1.1G/ L 

INF 
roe 

LB/OAY 

INF 
OSG 
r.IG/ L 

I 14' 

O&G 
LB/Of\Y 

-------------------------------------------------------------------------------------------------------­
------------------------------------------------------------------------------------------------------­
MAXIMUM 

MEAN 

1743.0 

42'. 7 

5990'1.0 

9035.<l 

12GG.O 

456.5 

3G<l<l0. ll 

73U3.6 

5•190. 0 

IG:JJ.5 

66653.0 

15229. <l 

11155. 0 

376.6 

G•l56J. 2 

10759.9 

<120. 0 

235.0 

1)900.0 

3606.9 

I-' 
I-' 
0\ 

r.llNll.IUM 

f.IEOIAN 

NUJ.IB(R OF 
OBSEnVAT IONS 

95.0 

310.0 

11 

1135 ·" 

3083.9 

'' 

17.0 

1JI]. 0 

1 J 

14.9 

1723.4 

12 

2 I il. 0 

5~0.0 

13 

223. 7 

5899. 1 

13 

J5.0 

1O'l. 5 

8 

72.0 

1992.7 

8 

50.0 

235.0 

2 

225.' 

3606.9 

2 

Note: Each set of 
subsets may 

observations represents a separate data 
not be meaningful. (See last paragraph 

subset. Calculations which 
page 109.) 

combine 



TABLE 6-10 

RAW WASTEWATER CHARACTERISTICS -
NOT PLASTICS NOT TYPE I SUBCATEGORY 

ZERO DISCHARGE/ALTERNATIVE DISPOSAL 

------------------------------------------------------~------------------------------------------------
I NF INF I Nr- I ~I F (rJ F Ir; F (tlF INF (rJF I fl F 
000 uoo TSS : s s coo (QJ roe roe 0.SG Of.G 
r.lG/ L LO/DAY r.1G/1. LU/DAY r.1G/ L LU/DAY r,;G/ L LO/DAY l·'G/ L LB/DAY 

------------------------------------------------------·-----------------------------------------------­------------------------------------------------------------------------------------------------------­

I-' 
I-' ...... 

r.1Ax tr.1u1;, 

MEAM 

Ml'~ !MUM 

I '139. 0 

63 I. 0 

193.0 

s1;4G. 0 

1997.5 

167.0 

33170.0 

10230.3 

81. 0 

1030'13.3 

46790.1 

70. I 

2787J..O 

9'JOU.0 

5·16. 0 

151'1'142. 1 

37921. 0 

4 7J. 4 

9592.0 

4076.5 

161. 0 

I I CJ 7 . I 

660.2 

139.3 

2BG.O 

:IBG. 0 

286.0 

6106.8 

6186.B 

6186.8 

l.~EO I AN 

NUM9ER OF 
OBSEl'IVAT IONS 

261. 0 

J 

179.6 

3 

3031. 0 

4 

1639.5 

4 

2956.0 

5 

2607.0 

5 

4876.5 

2 

660.2 

2 

206.0 6186.8 

Note: Each set of 
subsets may 

observations represents a separate data subset. Calculations which 
not be meaningful. (See last paFagraph page 109.) 

combine 



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 is either disposed of on plant property or transferred 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 inhibitory or not amenable to EOP 
treatment schemes. 
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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 environmental 
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 so, 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 Cless 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 industrial 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 contaminated 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 designed 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 ­
m~ntally 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 1s 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 
downstream. 

- 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 {I) 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. 

. [7-1]
Table 7-2 was taken from a recently publ1shed study 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. Hydroxide 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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TABLE 7-2 


COMPANIES REPORTED TO HAVE EXPERIENCE WITH FULL-SCALE [ 7- 5 J 


Company 

Alkcolac 

Allied Chemical 

Amerada Hess 

American Aniline 

American Color and 

American Cyanamid 

Atlantic Richfieldc 

Atlantic Richfield/ 
Polymers, Inc. 

BASF Wyandotte 

Beckman Instrument Co. 

Borden, Inc. 

cBritish PetroleLan Corp. 

C. M. Masland 

Ciba Geigy 

GRANULAR ACTIVATED CARBON 


Chemical 

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 

SYSTEMS 

Principal Product 

Surface active agents 

Creosote oils, tars, 
pitches 

Fo~aldehyde 

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 resLne 

Refinery products 

Textiles 

Pesticides 
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TABLE 7-2 (Continued) 

Crompton and Knowles Corp. Gibraltar, PA 

Diamond Shamrock Houston, TX 

Dow Chemical Gales Ferry, CT 
Plaquemine, LA 
Midland, Ml 

Du Pont Beaumont , TX 
Richmond, Va 
Belle, WV 

EPA Emergency Response Unit Mobile Unit 

Fike Chemical Nitro, WV 

First Chemical Corp. 	 Pascagoula, MS 

FMC 	 Baltimore, HD 
So. Charleston, WV 
Nitro, WV 
Middleport, NY 
Bayport, TX 

General Electric 	 Pittsfield, MA d 
Fort Edwards, NY 
Selkirk, NY 

Georgia Pacific 	 Conway, NC 

Hardewicke chemical 	 Elgin, SC 

Hercules, Inc. 	 Hattiesburg, MS 

Hooker Hahnville, LA 

Houston Chem. Div. of PPC Beaumont , TX 

ICI Americas Goldsboro, NC 

Iowa Army Ammunition Plant Burlington, IA 

Joliet Anny Ammunition Plt Joliet, IL 

Kansas Army Ammunition Plt Parsons, KS 

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 resiris 

Plastics and resins 

Phenolic resins 

Specialty organic 
chemicals 

Terpen oils, 
hydrocarbon resins 

Ethylene glycol, 
ethylene dibromide 

Pesticide research 

Explosives 

Explosives 

Explosives 
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Liquified Coal Development 
Corp. 

Lone Star Army Ammunition 
Plant 

Louisiana 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 ~artinsville, 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 

Tuscaloosa, AL 

Cleveland, OH 

Anchracene-derived 
solvents 

Explosives 

Explosives 

Tank truck washing 

Organic chemicals 

lsocyanates, 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 

126 



TABLE 7-2 (Continued) 

Rhodia (Rhone-Poulenc) Freeport, TXc 
Portland, OR 

Rocky Mountain Arsenal Denver, CO 

Rogers Corporation Manchester, CT 

SCA Chemical Waste Services Lewiston, NY 

Schenectady Chemical Schenectady, NY 

Sherwin Williams Co. Chicago, IL 

dStauffer Chemical 	 Bucks, AL 

Lemoyne, AL 

Richmond, CA 

Dominguez, CA 

San Jose, CA 

Delaware City, DE 

Louisville, KY 

Geismar, LAd 

Henderson, WV 

Skaneateles Falls,NY 

Galliopolis Ferry,WV 

. WYdGreen R1ver, 

Stepan Chemical Fieldsboro, NJ 

Stephen-Leedom Carpet Southhampton, PA 

Tooele Army Ammunition Plt Tooele, UT 

TRA Irving, TX 

Union Carbide 	 Hahnville 'dLAd 
Ponce, PR 
Greenville, SCd 
Woodbine, GA 

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 
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TABLE 7-2 (Continued) 

Velvet Textile Co. 

Vicksburg Chemical 

Yorktown Naval Weapons Sta. 

Unidentified (l)c 

Unidentified (2) 

Unidentified (3) 

Unidentified (4) 

Unidentified (5) 

Unidentified (6) 

Unidentified (7) 

Unidentified (8) 

Unidentified {9) 

Unidentified (10) 

Unidentified (11) 

Unidentified (12) 

Unidentified (13) 

ba 	Location not given in data 
Information incomplete. 
Unit known to be shut down.

d 

Blackstone, VA 

Vicksburg, MS 

Yorktown, VA 

source. 

Textiles 

Toxaphene, methyl 
parathion 

Explosives 

Pesticides 

Organic chemcials 

Explosives 

Chlorobenzene, 
dichlorobenzene 

'foxaphne, DNBP, 
cyanazine 

Dalpon 

2,4-D, 2,4-DB, MCPA 

Parachloronitrobenzene, 
terrazole 

Dicofol 

Trifluralin, 
isopropanol, 
ethalfluralin 

DEET, piperonyl 
butoxide, thanite 

Carbofuran 

Atrazine 

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

e 

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 is 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 extract ion (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
t ion is a common process operation, it is normally applied as an in­
plant treatment to utilize the highest available concentrat-ion gradient. 

No data were available for LLE. 

Oxidation 

Oxidation as a treatment practice 1s accomplished by either wet or 
chemical oxidation. Wet oxidation is a coI1I11Jon 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 liquor. 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. Al though 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 co 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, different 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 co 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. Equalization is 
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. 
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However, 124 plants included equalization as ·a part of their total 
treatment system. 

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 
agents is based on cost, availability, ease of use, reaction by­
products, reaction rates, and quantities of sludge formed. 

Nine plants in the 291 plant Summary Data Base reported using neutral­
ization as their principal treatment method. In 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 io the Summary Data Base, eight employ clarification as the 
principal component of their treatment system. Performance data for 
these plants is presented i.n Table 7-4. In addition, 94 other plants 
use some form of clarification 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 (either 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 floe 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 - Flot at ion is used to remove oi 1 s 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 context 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 Treasment 

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 biologically 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. Facultat ive 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 oxygen 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 sys­
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

5centrations even though influent BOD5 concentrations may be significant­
ly different. This is illustrated by Figures 7-1 and 7-2. These fig­
ures were prepared by plotting the lognormal frequency distribution of 
plants achieving various effluent BODS 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 9S percent BOD removal or which achieved effluent

5BOD5 concentrations of 50 mg/l or less. Prior to graphing, the data was 
sorted by influent BOD concentration into the four ranges shown in the

5figure. The minimum, ma-ximum, 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 ­5teria 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

5 range over two orders of magnitude. For OCPS plants producing products 
other than Plastics Only, median effluent BODS concentrations range from 
10 to 20 mg/l for influent BOD concentrations up co 1000 mg/l, and a 
median effluent BOD of 44 mg/? for influents greater than 1000 mg/l. 
The higher median etfluent obtained for influents greater than 1000 mg/l 
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/ 1. 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 minimwn 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 coM:entration. Waste 
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equalization is typically used pr1or 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 ~hich 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)
x 9.. k20°c~ 

where: = kinetic rate at temgerature T {°C)~ K = kinetic rate at 20( C)20o 
8 = 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 
9, a dimensionless coefficient.* A value of 0 equal to 1.00 would imply 
that the reaction kinetics are unaffected by changes in temperature. As 
the value of 9 increases above 1.0 the reaction becomes increasingly 
sensitive to changes in operating temperature. The value of 0 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 microorganism ratios 
are maintained. Lower F/M ratios than those shown in Figure 7-3 can be 
used to obtain even higher BOD removals. Increasing MI.SS 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- 4 1 developed linear and time series models relating 
effluent BODS to influent BODS, 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 activated-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 spec i fie 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 Ml.SS 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. In 
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 pl?nt 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 is 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 region 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 
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TABLE 7-7 


DEGREE-DAYS VS. EFFLUENT QUALITY 

SPEARMAN CORRELATION COEFFICIENTS FOR EFFLUENTS 

Coefficient 

Data Set BOD COD TSS 

PLASTICS ONLY -0.13 0.10 0.04 

ORGANICS ONLY -0.04 -0.03 -0.10 

PLASTICS AND ORGANICS 0.07 0.12 -0.21 

ALL PLANTS -0.06 0.03 -0.11 
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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 mitigating temperature aspects are discussed later in this 
chapter. 

Aerated Lagoons 

Aerated lagoons are stabilization basins to which air is 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 carbo·n 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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OBSERYAI !OHS 1 1 ] 1 I 


a 	 lliese data are from plants that use this technology as the principal component 
of tl1eir ~as:cwster treatnent systen. 
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TABLE 7-9 

•~~··L~ LAOOLN1 ~LA>l•Ci OhLY 
il 

"UMl[ll Of STllf&MS ll[POHTIHG THl5 TfCH~OLODy AS H•JOA W&STCWATfH TR[lTMfNTI I 

··---·----·-------·-----·-----------------------------~------------·------·--·------··--·------------·--·fff 100 BOD IOD TIS TSS TIS cnD COD COD n'a 0•9 au 
PLOW INf .. INf [,, • INf [,, .. JNf ff, 'f,,

Hftll M91L MDIL llfD HllL !'OIL Afp MOIL MOIL RlD MOIL MOIL ACD 

·----·----·--·----------------------------·--------·--·-·---·------··-------··-------·--·------------·-·· ••••••••••••••••••••••••••••••••••••••••••••··~·••••P•••e••••••••••••••••••n•••••••••••••••••••••••••••••, 

MAXIMUM lo9!0 ••T,o 16,0 tD,4 6U,O Jl 0 0 !JI .o U4o0 . u.o"·' 
MfAH lolll no.a n.1 ••.a ••J,o 1•1t l51oO ...., .''·' "·' '·• 
MINIMUM OoU1 ..., 1,a ..·' 6U,o 11.0 119,0 Jo,o '°•' • 1.1"·' 
MfDIA" o.... 11•.a 19.o ..., .u.o 1s.o JU,o au.s •"·' "·' '·' 
HUMllf 11 or 
OUfRVAT ID"I I J J I I I I 0 I 0' ...... 

°' 
~ 

lER•T[D LACOON, PLASTICS ONLY 
a 

NUMBER Of STH[lMS R[PORTINC THIS T[CH~OLQCY AS MAJOR •A5T[•ATER TRE&T"EliTI I 

TDC TDC TDC PHf~OL PHENOL PHlNOL NH]lj NH]N .... l .. CR CR CR 
JNF Hr I 1~r Hr 1 ,.., lff l JNr Er' 
"C/L MG/L R[O HC/L HG/L RED HC/L "GIL RED MG/L HO/L R[O• 

--········------------------------·-····-···------------------------------------------------------------­----------------·-···-···-----------···········-·-··-··-·········-·····--------------------····--------·-
MUlllUH 	 0,1 o.• 
MEAli 	 0.1 o,• 

MINll4UM 	 0.1 o,• 

MEOIAli 	 0,1 o,• 

NUMBER Of 
O!SERVATIONS 0 0 0 0 

a 	 Thcac Cata arc frort" p~ar"'".n that: unc th!o ~,·chr.o:orv an the principal component 
o! :.licir ...:;i'.;rrYacc-r ~rcalr.icr. ... ay:J~1-·r:i. 



TABLE 7-10 
•t••TtD •••uo"h' NOT 'L••TJC~ l!Yt• I ' Cl 

"u•ec• o• ITA[AMI R[PO•TINO TMll T~C~hc•• oay ., MAJOR W•IT[WAT[M TR[lTM[NTI ' 

~·-•••-••••-•••••••••-•••••••••••••••••••••·-••••••••••••••••••••••••T•••••••~•••••••••••••••••••••••••••• 

Hr 100 1'00 100 TU TU ns coo coo coo O&O Olt
• • • o•e

•,LOii ,.., tr• IN• err IN• H• ,.., ,,, 
MQO l'OIL ""IL RlD MOIL MOIL Rlp MDIL MIL R[D MOIL MD/L R(D 

·----·----·-~--------------·------------------------·--·-----·------·----------------··--·------------·"·· ·----·-------·----·--------·--------------·---------·--·-----·------·----------------·····------------·-·· 
MUI HUH JlolDD 1n,o l'loD •••• 668.,D ,n,o 61,1 11111 11u.a •••• . ••• 
HUN '•llD ,,.,, U,J 11,1 .,.... Ulo• p ,! 9l,.,D ..,.. ..., . t,a 

MINIMUll DoDDI 1n.o ?,a n .. o ra.a us,o 11.1 1,a"·' '"·' un,a • 
l<CDUN I •DIO !Uoa •1.0 n.• TJ,,D u,o n.• Trn,1 l!l,a ..., • ••• 
NUMl(R or 
onr~VAT IONI , J I s' • • •' ' ' 

..... AfRlT[D l••~OONo NOT PLASTICS (IYP[ I & CJ 
~ a
"'-J NUM8[R O' STR[AMS RfPORTIHC 1H13 TECHH( ..OCY AS MAJOR •l3l[WlT[R TAEATMENll 

··-··-·-·-------------····-······----------------------------------···-··-··········--·------------····-·· TDC IOC me PH[~( .. PHENOL PH[NOL NHlN NHJN NMJN CR CA cA 
INF Ur l INF Hr l (N; HF l INF err I 
M~ll HO/L R[O MC1L MC/L R[O MC/L MD/L Rf D MC/L MO/L Aro 

MUI HUN 51l,O 64,0 ee, 1 ~n• ,, : 1,4 n,1 1•,o 125,a eo,5 0,1 1,1 51,• 

N[All 288,] 'I•, 1 •a,• 70•.:> 0,7 n,T 15,5 11,0 .,,] 0,1 D,I 5Q,• 

M!N!NUN 20,0 15,a 25,D us,.: o,a n,1 12,a 1,1 so.a 0,1 a,I SQ,• 

"f0UN J]l,a •1,a eo,7 10•. ::t 0,7 ..., U,5 1,e ~s.1 O,o D,l 51,• 

NU•B[~ O' 

08SERYATIONS J J J C? z I ii! I l I s 


* I Type I w/oxidation 
a Thes~ data are from plants that \IS£~ this technology as the principal, component of th<>ir 

"'•a::;~c'"'·a~cr ~rr.ntm0~t ay~tr.m. 
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TABLE 7-11 

•L"a,._..i '-"'""'"""• ,,..,, r._A~i,C~ ()Ire. I ,._wl C)'4 

NUM8[A Of STRll~I R(PORTINC 1HJS TlCH~OLOCY AS MAJOR" ••IT[•Al[R TRCATH[NTI a 

(H BOD "OD IOD TSI TU TU coo COD coo D&a D&GD"HO• JNf lff I JNf [,, I INf Cf f I INf H' I 
M'O H'1l H"l •co MCIL A[O HCIL HCIL •co MOIL MQIL llf O""L 

HUIMUH J 0 .00 llJT,O 10,0 •e.o 2•1•,o •2,• U, T 550,0 J54,0 ••• s 570,0 llZ,O eo.• 
l'UN 1,281 llJ,O >7,1 •J,11 IJ90,J JI ,o l•l,J 12,0 570,0 U,5 10.•"·' z1u.1 

MINll4UM O,OJO •41 ,o 11,0 IT,• ,..., IJ,O IT,• uo,o 10.0 ••,1 570,0 1,0 eo.• 
M[DJAN o.uz •55,t JO,O •5.• Zo,5 91,T IOJ,5 .o.o ez.• 510,0 5•.5 eo.•"'·' 
NUHl[A 0, 

08S(AVA 1 ION9 J J J J J J I 2 


I-" 
~ 
00 l(R1TlD LACOON, NOT PLASTICS ITTPE I NOT c>* 

NU~SEA 0' S1R(A14S REPOHTING THIS TECHNOLOCT 11 l'lJOAa••STE•ATER TREATHENTI 

···---·-----·-·-····----------·-·-·-···-----·---·-···------------------------------------------------·--· TDC TUC TDC PH(~OL PM(NOL PHCNOL NHlN NHlN NHlN CR CR CR 
INF CH l I NF HF I INF Hf I IN, [,, I 
14CIL P<G/L RED HCIL MC/L RED t<C/L MC/L RED MC/l HG/~ RED 

P<AllHUM Z05b,O u.o . 2,5 1•,o 99,Z 1,e 1.• Z2,Z . 0.1 

MEAN 205b,O l Q. 0 . 2,5 7,0 n.z 1,8 I,• ll,Z . 0,1 

MJN!HUH 205b,O I•. o. . 2.5 o,o '9,2 1,e 1.• zz.z . 0,1 

l'EDIAN l05b,O u,o . 2.5 1,0 n.z 1,e u.z . 0.1 

NUH8[A Of 
08S(RVll JONS I I 0 I z I I I I 0 I 0 

a 	 :fic5c c!ata arc fr or u:.Jr.~·:.; ~·h.1::. u!:c ~hi!:: ~Pchr.o!o~v il.G rhc :-irinctoal conpo'1cnt 0f 
r-:.,("lT \JciS(('\t.'clter I C(';i~lllCi\L :;y:..itC'n. 

:":·?c l ".M 1 --: Px :.c,... : · c- -. 



• •••• 

•••• 
•••• 

TABLE 7-12 

AfRAl[D LAGOON, NOT PLASTICS INOT TTP( II 
a 

NUMB[ll 0' ST~[••S ~[PORTING TMIS f[CMNDLOOy AS M&JOA wa5T[•AT[K fR[lTMrNTI • 

,,,-----·----·----------------·--------------·--------·--·------------·---------·-------·--·------------·-·· 1100 1100 1100 us TSS ns coo coo coo o&o O&O 0&8 
'LOW IN' fr' [,, IN' JN, [,, 8• I"' • 	 •MOD MOIL "OIL A[D MOIL MOIL A[D MOIL MOIL MO MOIL llf D "' "Oii. 

-----·------------·---~----·-----------------------·----·---·------·------·--·-----------------------·-·· -----·---------------------·-----------------------·--·-----·------·-----------------·--·------------·--· ,,,, 	 ••••"lllMUM ltotoO ,,,o Ut,o ti,• 131,0 U6,0 1069,0 u,o•"·'..., 	 ...,"UN To669 	 86,D U6,0 HI.>"·• 	 • ••••"·' "·' "·' ...,MINJMU" 0.001 ,,,o 1,0 ti,• ,.,o !,O '·' IH 0 D •o,o 

•[OJAN &,otD u,o ti,• u.o l!loO "·' !66,D 19,D ..., • &6,D''·• 
NU•8[11 0, 
09S[AYATJON9 9 I , I I J I I , I D I 0 

...... 
""\D 

AERATED LlCOON, NOT PLASTICS (NOT TYPE JI 

NU"B[ll or OTR[&MS R[PORIJNC IHJS l[CHNOl.OCy AS M&Juii' ••STE"•TER 1REA1MENT1 • 

··----------···--------·----------·---·----------------·---------··-···-------····--··-·----·-···-·-·---·!De roe lOc PM[NOL PM[NOI. PM[HOL H"JN NMJH NM)N cR CA CA 
I Hf lff I INF Hf I JHF [FF I I•' Hr I 
MC/l MG/I. RED MG/l MG/I. RED MC/I. MG/L RED MG/I. MG/L RCD 

----------------··-----···------------···------------------------·----------------------------------·--·­-----------------------····--·--·----··----------------------------------·---------------····---------·--
MhJMUM 502,0 I Sl,O f],5 23•5,0 10,0 .... 8,o zu,o 50,0 . O,I 

M[AN 201,7 •1,0 5•,) 21'5,D 10,0 o,o lll,O 5o,o . o,I 

MlhJMUM 35,0 l•,O 5o,o 21'5,0 IO,D 8,1 3,7 58,0 . 0,1 

"EDUN f)ll.O H.O 5o,l lH5,0 10,0 qv.• a.a 121,1 50,0 . 0,1 

NU•BER or 
08SlRVAT JONS ) ) I I I I l) 	 l 0 I 0 

a 	 :11csc d:it.:i a:e ~roe: p:.," .. 9 that use ~.h!s tc>c~mo!ogy a::. the pr!r.cipa! cor.rponcnt of 
th,.i r l·;t~ ~~~a ::er trcatncnt ~y3tcra. 



• • 

TABLE 7-13 

~,,.u .. 1C L.••"·n.:.i.,, ;..LL ~A.,,jf ~•"("""• 

HUMl[R Of SIRf&MS R[PONTING T"IS l(CH~O•OLY &S "&JOK •lSl(•&l[R TRCATNCHTI 5 

--·····-------------·--··-···---------···-------·-----------·-·--····-·--------------------------------·· [H 800 BUO 100 TU Tu TU COD coo coo U&li 0&5 
fLO• INf Hf l l~f CH l I Hf I I[,, o"

H' 
"CU MG/L l<GIL •co MCIL NGIL •co NG/L NGIL •co Nli/L R£D'"' Hli/L 

------------------·--------------------·--------------------------------------·-------------------------· -----------------------------------------····--------------------------·······--------------------------­
M&UMUll J. UO 11.0 •1.0 11.s . JJ •• . . 151 0 0 . . 1.0 

"£IN 1,419 Jl,O 11 •• ea.s .... . . i••.s . . e.o 

Ml Nl'<UOI 0.155 7,0 11.s . 	 •,o . . n,1 . ."·' 	 '·' 
N£DJAN 1,soo IO,O . .... . . ,..,, . . 1.0"·' "·' 
NUM8£R Of 
OBS[RVA TIONS 5 I s I 0 ' 0 0 l 0 I 

...... 
\JI 
0 A(ROBIC LAGOON, ALL •ASTE STREAMS 

a 
N~~BER or STA[AMS REPORTING THIS TECHNOLOGY AS MAJOR •ASIE•ATCR TRE&TMENTI 5 

----------------------··--··--··-··---···-·-·-----------------·-····------------------------------------· IOC TUC IOc PH[~UL PHENOL PHENOL NHJN NHJN NHlN CR CR CR 
l~f [ft I INF Hf I INF trF l INF HF I 
NG/L MG/L RED MG/l HG/L R£0 MC/L l<G/L RlD MC/L MG/L RED 

-··------------··-·----··--------··-·--·-······-·--------·--------··-·--------------------------·-·-----­
------------------------------·-------------·······-----------------·-·---------------------·-···-··----­
M&l INUN ..., 111.0 71 ,l . 	 o,• . . o,• . 0,1 0,1 55 0 1 

NElN ••• o ll 5 11,l . 	 O,• . . o,• . 0,1 o, I 55,I 

0,1 o,• 0,1 o,o 55,1 

0 

l<l~IMUPI ••• o 1q.o 71, 2 . . . . 
N[OIAN ,,.o H.5 11.l . O,q . . o.~ . '.I o.o 5, •• 

NU,.8[R Of 
OBSCRYA I JONS •I l I 0 l a 	 t 0 I ] 

n ~1c~~ i~~a nrr !ron p!nn:c ~l~n: u~c ~~~c ~cch~o:ory ac t~r orincioa: comnonrnt of 
t~~ir ~••t~Vlt~r trrat~cnt ~vstc~. 



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 is not necessary because gasification and the 
inlet-outlet flow pattern provide adequate mixing. Anaerobic lagoons 
are sometimes used to digest the waste sludge fr01D an activated sludge 
plant. Anaerobic lagoons as a principal wastewater treatment technology 
are used at two plants in the 291 plant Swmnary 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 to the 
biological reactor. Aeration provides the necessary oxygen for aerobic 
biodegradation and mixing to maintain the biological solids in 
suspension. 

Activated sludge process modifications commonly in use include conven­
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 104 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 surmnary 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 cont actors. While the 
physical structures differ, the biological process is essentially the 
same in 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 classified by hydraulic or organic loading as "low 
rate" or "high rate." 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 
ANA[ROoiC, ALL •A,IE •IREAMI 

a 
NUHBlR O' ITNEANS AE,OHllNG IHjl T[CH~OLO&y Al MAJOR oAITloAICR IRlATN[NTI l 

[H BOO BUO 100 IU UI cuo coo coo u"PLO• lH I lH I INf [ff I 
..GO '"' Mc/L M&IL MC/L MG/L MC/L R[O 11'1L 

'" 
"&IL Rco I"' •co 	 '"' 

MAOHU" ll,208 '10,0 ll,O '1,1 . ••.o . z1n,o 147,0 •J,J 

M[&lt B,2l5 ••4·' l0,5 •5,, . ••.a . 1Ill ,O 87,5 10,l 

"illlHUll -.no ]19,0 ••.o ••• o . . 5J,a 21,a '1,l 

"EDJU 1,U5 ....~ l0,5 •5,9 . .... . llll,O 17.5 10.z 

NUM8[A 0, 

DBSERWAI 10N3 l l l I l l l 0
' 

...... 
UI 
N 

•••£•oe1c, ALL ••II[ llR[AMI 
a 

NU"8[R 0, ITAEA~S R[PURTJNG THIB IECHNDLDGT AS MAJOR •ASTE•AT(R JREAlM(Hll l 

!UC roe TOt PH[NOL PHENOL PHENOL NH}N NH)N NH}N CR 
.~, ..,[ff I INF (ff I INf lff I 
MG/L MC/L ALO MC/L MC/L AED MC/L NG/L RED MG/L 

M&llNUM U5,0 T•.o e•,4 
MEAN •11,5 51.a IJ,.T 

MJNJMUM lll,O ll,O le, I 

MEDIAN •11.5 51,0 l],7 

NUMH(A Of 
D83(RVAIJONI l l l 0 a 0 0 0 a 0 

a 	 These data are from plantsthat use this trchnology as the principal 
their ~a5:.cwa:cr trcatncPt sysccn. 

O&Go" 
I[ff 

MG/L RfD 

0 

CR CR 
[ff I 
MG/L RED 

component of 



TABLE 7-15 

4CTIV41(0 5LU0G[, ALL ••~I( Sl~(AMJ 

NU~8[R D' Sl"(AMS R(POMllNG l"IS ICC"ND~O'T AS MAJof ••Sl(•Al[R TRCAIMCNTI 107 

·------------------------------------------------------------------------------------------------------·· [H BUD dDD BOD rn '" TIS COD CUD COD O•G o" o"rLO• INF lH I JNr Hf I IN' lH I JN, Hf •M'D "''L M'/L Aro ""L M"L RcD '"IL ""L •co NGIL ll"L A[D 

-----·-···----------------------------------------------------------------------------------------------­----------------------------------------------------------·-·-·-----------------------------------------· 
NlllNUM 40.100 , ••••• 110,0 ••.1 •llo.o u1.1 ..•.r 1Zt76 llGOO •e,J zu.o 10,0 ... 1 

MClN l,•U IZl6,6 '7,1 .,.. 511,• 6',I o,s loeo,e 15•.z •1.1 se,1 10.• 9•,J 

MJl<INUM o,ooa .... l.o O,'S 11.1 110,0 16.o 18,1 1•.o o.• ll,•'·' -z11.~ 
14fDUN 1.010 1s1.1 l•.o •s.• 116.0 15.0 u.• iu•.o 1u.o ...~ zs.o •• o u.• 
NUM8[R DY ,, 	 •OR5[RVA! JONS 1!7 n l!I H 5• " n n 10 1 17 

...... 
V1 
w 4CTIVATCO SLUDCC, ALL •ASTE STRC4"S 

8 

NU•H[R or SIR[A"' R[PORTING THIS TtCHNDLDGT ., HAJOR WASTfWAl[R TR[AT"£NTI 107 

····------------------·····--····------------······------·--·--·--··-----------------------------------·· IOC IUC !DC PHENOL P"ENOL PHENOL NHJN NHJN NHJN CR CR CR 
JNf [Ff I I•' (ff I INF (ff I IN' err • 
"C/l "'IL RED 14C/L "'IL RED HC/l HC/L AlD "'IL "GIL RED 

----------------------------------------------------------·-·---------------------------------------··--­----------------------------------------···-----------------------····-·-·--------····------------------­
HAIJHUH 'Sll6,0 695,0 111.0 i.,o 100,0 3'0,0 Zll,O •1.• Z,J 10.0 91,Z''·' 
M[AH IOl5,8 lllol eo.r 145.• Z,l qz,z 75,l ll,1 10.• 0,6 o,• -eo.1 

HJ NJ HUH •T 9 0 7,o h,'S O,I o,o 61,5 o,e o,• -1•1,• o,o o,o •Ill• 

QQ,J l1o0 0,1 0.1HEDJU 505.~ u,o IQ•• 1•.J 0,1 10.0 ••• 	 n.• 
NU•HCA or 

ll 11D&~[AVA I JONS l• l• ZI II 18 18 u .. 12 

a 	 These data are from plants that use this .technology as the principal component of 
~heir L:a:otc~·aLl.'l" trca~mcnt !ay!atcr.1. 

II 
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TABLE 7-16 

""'"' o • '_,.. .. _ ............ o ._ ... I • .: .. ;;,,,._, 


Nu"B(R o• ST•lAMS A(,ONTINO THIS llC~Nr.L.OOY Ai HaJOAw&Sl[WAT[H TAlATHfNll 41 

·----·-·-··-··--------·-··-·-----------------------··-------·--·---··-------~--------·--·-------·----·-·· [,, 100 BOO 800 ns TSS TU coo COD coo n,. 0'0 11'0 
,LO• IN• [,, • I"' [,, • I"' (,, • ,,,IN' ' 

MOO HllL HOIL aro Hiil MOIL •co MOIL MOIL RlD llCllL MOIL •rD 

----------·-------·--------·---------·----·-·------------·---·------··-·---·-··-------·--·------------·-·· 
·----·------------·----------------·-·----·-·-----·-··-·-·---·------··--------·------··--·------------·-·· 
~ll lllUN 10.100 Hro,o u,o 11•,o .... 4]]1,0 uo,o 91,1 zu.o 10,0 U,1"·? '"'· t 
MUN 1.u1 •I•·• u,1 ••·> IOJ,.L •••• u,1 uoz.1 1u,1 .... IOl•O 11,9 
lllNIHUll o.oi. 1•.o J,o 11.1 u,.1) y,o ..,,, zio,o ]6,0 ..., "·' u.o 1.1 .... 
MlOIAN Oolll no,o 10,1 .... 101.11 ]0,0 66,0 uo,o 11,0 u,o .... ...,'•' 
NUMA[• 0, 

onrA~AT IOHI 60 l9 JS l ! JI 
 JI Jl l• II ·> J ...... 

,. • 
lJ1 
~ 

ACllYATEO ULUOC(, PLlSllCS ONLl 
a 

NU~H[R O, SIA[AMJ A(PORllN' T"U HC"tHllLOCl AS MAJOR ~UHoTER lREATMENTI IO 

·-·············-----·-····-······-·······--·~---··--------·--·-··-····-·······--····-···-----·-··········· 
10C 10( 10( P"E ·'l:JL PHENOL Pt<£NOL NHJN NHJN NHJH CR CR CR 
l~F £ff l l•f HF l IN' Eff l INt Hr I 
MG/l MCIL REC MC1·~ MG1L N£0 Mt/L MG/l RED HC/L MC1L R[D 

-·····--------------------------------···--·-···-·--·--·--·-···----------···-----·······-------··········· --------------····----·-·······-··--······-·············-·········--······················-·--············· 
MAX I HUN 2151,0 ••.o ~l~ , 0 o,, 100,0 ••.o 10',0 19,. l,O o.J '1,l"·' 
MEAN I IDJ,• o,z ..., ?I 4. 0,1 ..., l•,5 ll,1 ·l1,0 O,• 0,1 5J,5 

MINIMUM 290,0 15,0 041 o,o •1,5 l,O 0,4 •JO,• 0,1 o,o •S0,0 

MEDIAN u~a,o o., •o,J 0 .1 o,o •z,1 e,o 6,0 z5,o o.z 0,0 11,1 

NUH8(R or 
08J[RVAllOHS 10 I• I 1' ' ' 

a These data arc f1om plantsthat use this tPchnology as the principal component of 
:heir '.Ja~··.·Jo-ttPr trf"atacnt &ys :cm. 
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TABLE 7-17 


·~·•"•·i1.. ... •.>1..1..v..,~1 ...... i , ... :.rac4 ,;r·;.; 'ca 


hUMl[ll 0' ITOlAM' lllPO•TJND THIS Tlt""0L00T AS HAJOO 
~ 

WAITl•AT[M TOlATH[NTI 41 


,,,·----·----·----·------------·-------------·-----·--·--·-·--·····---··-----·-··--------------------------­100 100 100 us TU '59 coo coo coo OU Oll Olt 
'LOii JN, [,, I,., [,, ,,,IN' IN' 

"00 l<DIL MG/L lllD MOIL MOIL •rp' l<llL MOIL oto MOIL HDIL "' •ID 
-----·----·--·---------------------·------·--------·--·-·----------··---------------··--·---------------~ -----·-----------------------------·------·------·-··---·----------··--------·--------------------------· 
MAIJMUll UoOOO HU eD Ue6 4110,D..... !l'•' ''·' •zz•,e •01•.o ..., , , .. 11.• 
MUii u,o Ul,I .... ,,,, ''·' ,,.,, ''"·' ••.o "·' •ur,• ..... 11 ••"·' '·• 
MllllMUM DeDDI in.a •.a .,.. 11.0 •,o .111,• su.e ,,,a 11.1 u.o a.• .... 
M[DIAN lolU UHol u.o u.o 1n,1 .... JI el .., ....''·' •••• ''•' u11.e 
NUl<R[ll 0, 
OUCllVATJO"I .. ,. •I ,. u JI ..u H I" 

..... 
\J1 
\J1 

ACTIVATEO SLUOCC1 NOT PLA3TICI (TYPE I l Cl* 
a 

NUHB[A O' 31NEAM3 R[PORTINC THJ3 TECHNOLOCT A3 MAJOA WA3TE•ATCR TAEATMENTI ez 

········-·----------·-···-······-··--------------------------------·-----------·----------------·-------­TOC TOC Toe PHINOL PHENOL PHENOL N")N NH]" NHJN CA CR CR 
INF [ff I INf rrr I JNf Hf I ,., tr' I 
MCIL HCIL REI) HC/L HC/L R[O HCIL MC/L R[O M'll l<DIL A[D 

····--·--------··········-··--···-·-····------------------------------·--·--------------------···-······· 
------------------------------·····-----·-----------------------------------------------------------·-··· 
MUI MUM 1202,0 .,,,o 74';0 H,o 100,0 )90,0 zu.o •1.1 Z,J o,, IO,O''·' 
l<EAN 105•.• 15•·• 11.• Z••,7 •••• l)f ,I 11&,• n.1 0,1 o.z zz.•'·' 
MINI MUN 2b8,0 2J,O )6,5 o,o 10,0 z.• I ,I -u,o 0.1 o,o -u,7 

1<£DIAN 11•.o ..., 121 o\ 0,2 '7, J 53,D 1•.o )),I O,J o.z s•,1"·' 
NU•B[A 0, 

OB3ERVATION3 II I II I 11
' '" ' 

Thesr data are from plants that use this technology as 
their WHJfrwat~r trratMcnt oynt~n. 

" the principal component of 

A :-yo-:- l w' OxJ ~at .n., 

I 
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TABLE 7-18 

A~i:w-.,J J~~o,t, H~i f~·~ •• ~d li1·~ • ··~• 'J t 

NU"~[R Of Sl"EANS RlfOAJIN' lHll llCH~OLO'Y Al MIJOR 
~ 

•ASIC•AllR JA[llM[Nll I' 

Hf 1100 BOO BOO ua ISS TU coo coo coo OLIO OLDD"'
no• I Hf [ff 1 JNf [ff I ,., Eff I ,., (ff I 

14CO MC/L RrD MCIL MC/L •co NC/L MC/L RCD llC/L llC/l •ro""l 
...,l<lllNUll 4,)10 l1l,,O no.o •1.1 710,0 .,1,0 n.o Jl47' II ooo 17,0 15.0 )5,J 

"UN l,5JJ llU,1 112,2 U5,2 lh,I 41,2 eeeJ,4 1111,, 12,5 17 ,0 u.o )5,]•o.~ 

MjNjMUll O,OlO ••.o 11,0 To,• IH,O 11,0 ..., JJl,o 40,0 17,o 11.0 JS,J 

l<CDIAN l,IOO IOIS,'5 ll,O •2.1 111.1 71,0 40,I 144',0 357,S 17,0 1],0 )5,J"·' 
NU,.8(A Of 
085[RYATIOHS 15 10 IJ IO s II ' 1 1 I ii• 

...... 
VI 
Cl' 

ACTIYAl[O SLUOCC, NOi PLASTICS (TYPC I NOT Cl 
a 

NU"8[R Of SIACANS R(POAllNG IHJS TCC•NOLOCY 13 MAJOH •AST[•Al(R TMCATMCNTI 15 

·····-··-----------------·-······-·----·-··--·-········--·--·---------------------------------------·--·· 10[ TO[ TDC PH[~OL P•[NOL PH[NOL NH1N tr.HJ~ NHJN cR CR CR 
INf [ff l I Nf [ff l l•f Hf l INf Hf I 
HC/l HC/L •co MG/l HG/l RED MG/l MG/l RED MG/l MC/l RED 

···------------------------------------------------------------------------------------------···--·--·-·· --·--------··············--······-·-----·---··--·-···---·-···-······-······-·--········--··-············· 
"All MUM ~u•. o ~01,0 97,5 1e.o 1, 0 '9•.1 2H,o eo,o 9],8 . o,• 

"CIN 11•4,I 131,5 eo,4 IQ•] o,7 •5,e IJ2,5 28,2 1', 1 . 0,4 

"INIMUH bl ,o 1.0 "8· Cl 10,7 O,Z n.• 32,0 1,e •5,J . o,• 

HCO llN 411,0 7',0 19,1 14,l o,a 95,e UZ.5 15,5 79,7 . o,a 

NUMBER Of 
089ERVATIOHS 1 1 z J z l Q z 0• 

Type I 'tJ/o O>.ic!i1t i o:; 
.:--; ·.·.-. r-:­a 7hcsc c1.1::1 arc r roro plar.t~ that U'iC ·~ ·.• - ~; ~r:c'.~ 0~(1.._... oi:: - . ':" '1 T : ... :. : '"I;)~ :." ~,o .... ~"·: nf !" •...... ~ -;­

~rea:r~~: system. 
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TABLE 7-19 

ICTIVITCO !LUOOCo NOT 'L•ITICI l~OT TT'l II 
A 

NUl<I[• or !TA[I"~ A[,OATIHO TMIS f[CM~OLOOy IS M&JOA VllT[WAT[M T~[&fM[NTI ID 

[,, BOO ~on poo T5!··---·------------------·----------------------------------··----------------·-----------------------·-·· Tl! TIS coo coo tOD aunow ,.., OU OUf"' • J~r [,, I I"' [,, I Hr I"OD "OIL t<OIL A[O MOIL MOIL •[o MOIL MOIL ACD• "OIL l<llL "' •co 
-----·------------·--------·------------------·--·----·-----·------·---------·----------·------------·--· ·----·----·--·----·----------------·---------------··-------·-------------·-··---·------·------------·--· 
l'llll<UM •a, aoo 'JZOoO n,o n,o U••.o 101.0 '7,J , .... o •u,a ••.o •011 :!110 U1? 
"CAN JZJ,f l!,6 uT.o 41,1 1'9ol 111"·' 110•·> •o•• H1T ''"' "·' 
1<1 .. lllUll D1U'J ur.o J,a tl1S IT 1D 11.0 •f0.6 111.0 n,o "·' 

ShO .., ..., 
l'fOUH l1U9 Ja,o u,1,,.I. 

H1T111.0 1•,o u,, ur,o 11111 1111 
"U"l[ll 0, "'' ·~· 
OU[AVATIONI II I s I l J' ' • • 

...... 
V1 
-..J 

ACTIVlltD SLUOCE, NOT PLASTICS (NOT TTPC II 
a 

NUMBER or STR[AHS R[PONTING THIS l[(HNOLOCT AS MAJOA ••STE•lllA TMElTHC .. TI IO 

·······-------·-----·------------------·------------------------···------········---------·-·--·-·····-·­IUC IOC !Ot PHE~OL PH[NOL PHENOL NH)N •HJ.. NHJN CR CA CR 
INF [ff l INF [ff l l•F [ff I IN' [ff I 
MC/L MCIL RED l'CIL MCIL RED HCIL MCIL RED HG/L MGIL A[D 

-----------------------···--------------------------------------------·-··--·····-----------------------­
------------------------·-·----------------------------------------·-·····--·---------------------------­
"ll I MUM l•Q,O •t,o . 1.0 o,z &5,• •4,I z.s 0 0 ? 10.0 •o,!i 

l'[IN 1e•.!I 0' • 0 . z.z 0,1 •5,, H,Z zz,1 -s,1 0,3 z.1 .J... o 

l'!hlMUM ps,o 01,0 . O,) o,o •5.o 0,1 o.• •ll,5 o,o o,o -uz• 

~[OUN llG,5 •1.0 . lol Doi •s,• n.z z.z -s.1 o,z 0,1 50,0 

hU"H[A OF 
ll83[RVA I JOH' l I 0 z 5 l z 3 z J 5 J 

a '!11P.~e <!.:Ha arr frllm p].1~ts !.hat t:se r.his t!:>::-hnology as the pri~cioal conponcr: of their 
wactcwa~cr ~rea~m~n~ ~ystcn. 
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TABLE 7-20 
J-'urf' X'Jff·n A1·t tv,1tcd Sl1uJ)•C 

llL ~•~i~ w•~i•~' 
a 

NUMl[R ur SINll"S •t•OMllNG '"II llCH•ULO~T ., ··~oA ••ITl••TlA TM[&T•CNTI J 

,,, 	
•

(ff BUD BUD 100 IU UI COD coo COD OIG Ol' o"HO• INF lH I INF (ff I INF fH I IN, fH 
"GD "'1L Aro "'IL "'1L Af 0 MGIL RfD M'1L "GIL IfO""L 	 "''L 

MAllMUM 7,IU ••1,0 h,D •1.z lOll,G 11,0 3'5,D 105,0 e5,z 

"flN ),UD l70,D 18, 7 •a.• I Jl,D l5,0 .-,1 Jll,5 11,D JS,1 

"JNJMUll o,•5o 111,0 l),D 11,0 ,... ll,O H,, JOD,O Sl,1 65,D 

M[OUN J,JU lOD,D 11.1 ee, 1 IJI ,o zs,o U,J Jll,5 71,D 1s.1 

NUMBfA O' 

UMSlAVAJJONS J J J ) l l l l l l 0 0 
 • 

...... Purr O•ygen Actlvarrd SludgPV1 
CXl ALL •&Sl( DTA[lMS 

R 

NUMBfA or STA[•"' N[PO~TIN' 1"1' T[CH,ULOGT ., ... JOA ••Sll••TlR TAE&T•lNTI J 

·------············-·--------------------···----------·······-·--------····--·-····-·-------·--------···· ICIC IOC IOC PHl•U• PHENOL PM[NOL NH)N hHJN NHJN CA CA CN 
INF fff I 1.r [Ff I IHF [Ff I INF f,, I 
MG/L MG/L AlD MG/l HG/l RED HG/L HG/L RlD HG/l' HG/L RED 

••••r•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

---------------------··-···--------------------··----------------------------------------------------·--· 
MUI HUM 75,0 lb,O .,,l e,J 0,4 ••.o 
ll[AN 75,~ lo,o 5,1 0,2·~. l 
llP•JHU" 75,0 l•,O •5,l 2,D o,o "··· ·~·' 
HE DUN 75,0 l•.o •s.J s.1 O,l •••• 
NU~H[R OF 
OB5(R~ATJONS l l l 0 0 0 0 0 0 

~ 	 ~c!:ic C.a~:i arc from pi.antu~ha:: U!.>l' ::hio -:c.·chnoJogy as the principal component of 
:hc!r ~as:c~a:cr t1ca~rcn: ~ystca. 



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 o~ r~ugh-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. Ali 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 
addi~ion 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 consist 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 biological 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 
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TABLE 7-21 

...... ....~ • ''-"• 111 .. ~ 

8 

ljUMl[R 0' STRlA"S R[PORTIN' THll lltH~u.o,, •• ••JO• ••Sll•AllR TN(AIM(NTI ) 

···---------------------·-------------------------------------·-----------------------------------------­[H 800 BllD 800 TU !SS TU coo coo too u&' O&GO"
HO• INF [H l"F HF 1.., CH l"f (rf 

"GD ""L •CIL R(O' ""L M'1L Rco' ""L ""L RCD ' llGIL MOIL RlO ' 
----------------------------------·---··----------------------------------------------------------------­---------------------------------·------------------------------------------------------------------·--·-
NAllMUM ),570 111.0 11,0 •5,l IU5,I 55,0 •s.• 10•,o 250,0 n.• 
•CAN 1,UI JIO,O Z•,o •o.o UT,5 >•.o 16.I 1021, 1 IU,O 79,1 

"INIMUll O,UJ 110,0 n,o e,,, JO,O as.o ,.,, llO,O u,o 70,0 

MfDUll 1.200 zu.o z4,o •••• tjlJ,5 J4,0 a,1 .,... 11•.• 79,• 

NUM8[R 0' 

08SERV4llDN3 ) ) ) ) l l i ) ) ) 0 0
• 

I-' 
a­
0 

TAJCMLIN~ 'ILIER, ALL ••31E SlREAHS 
a 

"UMBER or STA[AHS HEPONTING THIS lteHNOLOGJ 15 MAJOR •ASTl•ATlR TREAIHENTI ) 

··--------·--··--·--·-------------·---------····-···-----··--------··----···---------------------------·· rue roe roe PHENOL PHENOL PM[NUL NHlN NHJN NHJN CR tR tR 
INr (Ff l INf Eff I INF HF l l"f H' I 
"'IL Hi;/L RED ><G/L M~/l RED "'IL MG/L RED MG/l HG/l R[D 

HlllMUM . . . . . . J,O 1,0 ...1 

M[AN . . . . . },0 1,0 ..., 
Hl~l''U" . . . . . . l,O 1,0 ••• 1 

MEDIAN . . . . . . },0 1,0 ..., 
NU~BER Of 
08SERVAllDNS 0 0 0 0 0 0 I I I 0 0 0 

a 	 These- data n:-c f'!'"on. !l~tir.t:; that U'><' thi9 tc::!inolo~y a::; t!lc pr!.nc1pa! conooncnt of 
t:1c!.r wa!>tC'watcr trcatncnt ::;y:;tcc. 
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TABLE 7-22 

k.,,11ro,•••• ii~ .... _. • ._,,~ (l.J,,•~l~"'t "'-'- """~•L "''"L"""",t 
a 

N0•8[R O' SIRlAMS R[PQNTING THIS TECHNOLOGY AS MAJOR •ASJ[•AT[R TNEAIM[NTI • 

---··-·--------------------------------------------------------------------------------------------····-· [FF BUO BUD BOD TU 153 !SS CUD coo COD u" O&Go"HO• INf EH I JN' [Ff I I NF HF I INF ,,r I 
~GO "'1L "GIL R[D llGIL MGIL A[D M'1L R[D M'1L llGIL RCD""L 

--------------------------------------------------------------------------------------------------------· ·------------------------·------·-·-----·---------------------------------------------------------------­
MUJMUM l,l•O llOO,O H,o •5,1 IJ,O 15.0 OIJh,O ue.o •z, 1 . z.J 
•£•~ o.•o• IJ•,o J0,5 Bo,4 l•,J 18,• ••,o 1),5 . z,J·~·.•"·' 
MJNIMUOI o,a5• ,. ,o •.o 41,0 zo.o 15,0 U.l 97,0 15,0 JJ,2 . z,> 
M[OJAN o. e 11 1e1.s n.o •z,5 H.5 Jo.o .... OJ,O ...5 es,• . z,J 

~U•BfR D, 
...... 0BslRVATl0NS l J l 0 I 
0\ 

• • • • • • • • 
...... 

ROIAllN' BIOLOGICAL CONIACl0R 0 ALL •&~TE SJA[&MS 
a 

kUM8[A Of 31R(AM' R[PONllNC IHJS lECHNOLOCT AS MAJOM •ASTE•AlER TMEATMENTI 

···-····-····---------------·----------·-···--·-------------·-----···--------------------·-··-----------· IOC TUC Ille PHENOL P"lNOL PHENO~ N•lN NH)N CR CR CA""l~ 
[Ff I J 14f [Ff l lhf lFF I IN, l 

MGIL "'IL RED MC/L MC/L RED MC/L MC/L RED MG/L MG/L RED 
I" H' 

···-······-----------------------------------------------·--·-------------------------------------------­--------------------------------------------------------------·-----------------------------------------· 
MUI MUM 100,0 11.0 2C>,O . . . . 2•,o . 0,1 0,1 .... 
MEAN 100.0 11.0 l•,O . . . . 2•,o . 0,1 0,1 .... 
l<JNIMUM 100,0 Yl,O Z•,O . . . . 2•,o . 0.1 o.o .... 
ME DUN 100.0 11.0 l9,0 . . . . z•,o . 0,1 0,1 .... 
NUMBER 0, 
0B3[RV&ll0NS I I I 0 0 0 0 I 0 I z 

a Thc!;C' data .:JTl' fron. p:ants ~hat u3e th!~ tcchnoloRY as thr principal component of their 
\JBO ~<'WA :er :.rcat:"L'n:. ::ys:cm. 



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 treatment, it is also 
used for tertiary treatment. · 

An aspect of granular carbon carbon columns that is currently receiving 
attention is 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 is 
summarized in Table 7-23. 

Filtration - Filtration may be employed to polish an existing biological 
effluent, to prepare )"astewater 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 Osmosis/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 t~o 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 
surface. 

Ultr3filtration is 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 is 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. In fact, of the 146 plants employing biological 
treatment in the Summary Data Base, 58 use a form of treatment after 
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TABLE 7-23 

. ,,, ...................... ,;. .. 
NU•BCA OF ''"l•~S RlPO•llNG l"IJ 1£CH•U~0't AS MAJOAa••,Tl•AllA TR[l1M[N11 7 

-·----·--·----·-·-----------------·---···-------------------------··----·-----·-··········--······--··-·· CH BOD BUD IUD 1'5 us us COD CUD COD u" o" o"HO• INF CH l INF LF' l IN, lfF l IN, HF I 
"GO "'1L "'1L A[D H'1L "'/L A[O HG/L HC/L Af 0 "~/L ..,/L llCD 

-------------------------------------------------·------------------------------------------------------­--------------------------------·-·-------------·-------·-·····----······-------------------------------· 
"UllCUl4 O,JJ4 171J,O 112.e 55,7 &•7,0 l1,o ''•' •55.,0 IJl&,O u.o . 1.5 

M[AN O,lll 127J,O 20..2 · 50,. •H,o ll,O si.• 2bo•.o •u,e 75,0 1,1. 
MIHllCUll o.oa• 10),0 e.o 51,Z ••.o ~.J lB•,O •e.o Jo.• 1.0"•O . 
"E DUN 0.121 1211.0 JS,O 5'.• •n.o ,,,5 51,0 zqa.o 111.0 hoZ . '·' 
~u•ecR OF 
OBSEAVlllONS I z z l J J 0 z 0 

...... 
0\ 
w 

ACTIVATED CAA80'< 0 ALL WAH[ 31R[l~S 

NU~BEA Of SIRE••S R[PORTINC THIS l[CHNOLoC• ., ~•JoR1 NAS1[•A1EN lR[lTM[Nll 1 

-------·--·--------------------------------------------------------------·--------------------------·-·-· tOC IUC !UC PHlNOL PHlNOL PHENOL "HlH ~HlN NHJN CA CA CA 
l•f [ff l INF [Ff l INf HF l INF H, I 
"GIL •C1L RlD MC/L "'IL AED MC/L MC/L RED MC/L MG/L RED 

-----------------------------------------------------------··-----------------·······-------------------­
--------------------·---------------------------------------------------·-------------------------------­
MUJMUM I u~'i, 0 115. 0 18,4 I 7J,O 2,Z .,... . . . . o.o 

M[lM TH,5 111.0 Te •. • 121.0 1,0 .... o . . . . o,o 

MINIMUM •2.0 21,0 78,• ee,o 0,2 n,, . . . . o,o 

MEDIAN 773,5 ,2,s 1e.• 120,0 o,. ,,,1 . . . . o,o 

NUMB[A or 
DBS[ AVA I JONI l I ) l l 0 0 0 0 I 0' 

.:i ~·-.c~(' ~.,~..1 arc ,.rc7"' o·:.1;;· , ,,;i_ 1 .. ;,... ::~lj;, rc~.:~-1.0:u~" ?.:; ~~~-::- nrinri~al comoonc""lt of r'1rir 

Y~~·~wa:cr ·re~t~~r. ~ys~~m. 



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 pr act ices, 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 is unfortunately 
uncommon in OCPS planes. Many OCPS planes produce a variety of prod­
ucts, often on a campaign basis, using proaiction 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
duct ion 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 biotreatmenc 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 soi 1 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 environment. Natural or 
mechanically induced evaporation may be used to reduce waste 
temperatures. 
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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 common 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 is 
most commonly accomplished by adding additional modules. When the up­
grading is done to increase treatment system capacity, it is commonly 
done by adding modules similar to those already installed, i.e., addi­
tional aeration 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 mu~ti-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 sludge by the addition of two clarifiers and 
additional aeration basin capacity. Solids handling equipment and an 
aerobic solids disgestor were also added. Change in operating perform­
ance was as follows: 

Before After 
Upgrade Upgrade 

Effluent BOD 316 mg/t 28 mg/l 

Effluent TSS 63 mg/l 74 mg/l 


Plant 292 - This plant was upgraded in late 1977. The existing acti ­
vated sludge system was upgraded by adding multi-media filters followed 
by granular 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 rog/1 12 mg/I 

Effluent TSS 56 mg/l 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 is 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 c lsrificat ion, 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 
Upgrade U_egrade 

Effluent BOD 510 mg/l 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 
Upgrade Upgrade 

Effluent BOD 46 mg/l 3 mg/l 

Effluent TSS 91 mg/I 24 mg/l 


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. In 
1977, additional blower (aeration) capacity was added. 

Before After 
Upgrade Upgrade 

Effluent BOD 12 mg/l 3 mg/I 

Effluent TSS 83 mg/l 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 
Upgrade Upgrade 

Effluent 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. In 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, 
and improvements to the sludge handling 

the addition of another 
facilities. 

secondary clarifier 

Before 
Upgrade 

After 
Upgrade 

Effluent BOD 
Effluent TSS 

255 mg/l 
No Data 

66 mg/I 
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/l 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. In 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 
quality effluents, 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 nutrients are 
brought together. Although an activated sludge system and rotating bio­
logical cont actor 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 concen­5tration. This is illustrated by Table 7-24 which presents summary per­
fonuance 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, biological 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. 

168 



----- ­ __ .. ---- ­ - - _.. -----­
..._., 
:! 
""' "'_,_
-; .. 

ao-aoc>... .... 
,...o-v~-.,,. ... ... 
..... 
r" 
:::>" z 
xx ..--z-Z•cO 
- c ........ z. 111 z 

f 

' oo•o­
• .. . . •O

• .... o ...... _ 

~ .. . .... ,.. 
' ... 

.. x '.... I 

""' ' ....•.. '_,_ 
' x" z_,., 
' ::>:::>.. ' JC x .. 
' --z-Z•CO•• -c WW 

' JC r rxz 

.._., 

., r.... 
""'.._, _ 
........ 

0 0"" W'IC)... .... 
•o-oo... .. .,,. 

"' ...• •l[ r z:::> " x r ..--z-Z•CO 
-cww 
:I: %1XZ 

----- ­----- ­ -~ ----- ­-- _.. ----- ­ -------- ­-------- ­

-4" 
N 

I 
...... 

i:zl 
...:i 

~ 
H 

.. 
z 
0 -., .. 

ll"' ... ­
- Z'.. ... 
... u 
.. z 

0 
;u 
u­_,, 
.., ... 
0 ;>_, _, 
o ...-........ 

... 
0 
0.. 

0 o .... o.,, 

~•a,...,..,.._ 
"'_..,.....,. _ . .._,_ . . ... x l[... :::>" z 

-o " :i: .. 
o~ --z­z z Jo( <C 0 

-~ww 
J< l[ x 1Z 

-- ­ ----- ­-- ­ -- ­.. ooao­.. .... 
ftU .. o o IC 

~-
.......... 

-o 
:z _,_ .. .... r :i:... :::> " z-,_ x :i: .. 
O>­ --z­z- z .. 0 

--c....i..J 
ll x l[ xz 

----- ­-- ­ ------· .. !t OW'! 0 0. '"' ' ...... .oo-­

' u ... . 
' -o '" ' -::
' ., .. 
' .. .._,_ . . 
' .. .. :i:... " :> z- .. 1% .. 

o­ --z­z.­ z ... 0 _, ........ 
l[ 1 x "z 

o.'"!~~· 
..., ... "" 0

.,. __ 
_.,. ..... ... • • •t: .. 

l[ :i: 
z""-o x" .. 

oz --z­z !:!~ 
z. z J: x z 
----- ­----- ­.. 
0 ON 0"""... 
... . .. ·­. ...... .- O""' G z u : -o-l'lil 

0 -­-o .... _ " . ..... .. .... :z a: _,_ . .. ... 
o­ ... ' l[ 1 

z ... .:> " ~... ... -.. ' 1 1 .... u o- ' --z­
0 Z' 

,,_ z. <C 0 
;:, 0 -•w...,,
;: u 

...1 ... x ll z•- -----­
0 z ----- ­... ... 
- :::> 

.. 0000­.. .... •••• Q 

> ... ...... • ., .0 0 ... u ... "' ... -o .. 
u -::.. ,,. .... 

0 .. .0 _,_ .... .. 1 1 
z... ;> "-.. .. r .. 

o­ --r­
"' - z • .. 0 

--c ........ 

" 1 1 1 z 

... 
u 
0 
:::>.: .. 
oz 
WO--.. ­> .. 
-:r 
u Z'.. ... 

u.. ,, 
oo 
z .... -­., " 1 ... 

... "-.........-., ...... 
-'"' .. 0 
uo_., 
u 
0 .... 
0 

I• ~~"!C:'°I.. I .,. ""0 
u- . ... .... 

"'_., ....... ...... . ._,_ • . ... ..x r z' :::> :::> 
-o .x x .. 
0::: .--z­z ."' • .. o.­ •WW 

ll llJ: 1 z..----- ­- -­ ----- ­.. I 
oo•V"•... . ........ ..• 0., C> 

~- : ..... ­
-o . 
"'z.. .._,_ •· ..... ... . 1 r z... .""_,_ I :i: ll .. 
o- I --z­z­ ' Z•cO 

' -•w.I-' 

' l[ xi :i: "'• ----- ­- -- ­ -­ -- ­... 0 OG Oc;J'. ... ., ... ,..._ O"' ... "' ...... -o "'-::.. ...._, _ ..... " :i: ... :::> :> z-.. :r 1 .. 
o­ --z­z.­ "' x .. 0 

- • W'"-'

" 1 1 ll z c 
----- ­- -- ----- ­
0 O• 0,... 

'"'.. """~ C> Q ..... 
., __ 

z 
0.. .... ..... 

x :r .... :::> :> z.. x :i: .... --z­..... z ~ .. 0.. -· '""'"" 
"" % 

1Z 

----- ­----- ­
0 .. ­:r .. 

.. ~CL 
0 :>­
0 ...OZ'........... 

"'"' 0 
u--- ----- ­

----- ­- _.. ----- ­. 
OOCIW\e>.

• ... ...... ' ""'., .... 0 
..... ' 

,,, __ 
z . 
0 ', 

' ' .....• x " z-.:::>:::> 

" ' • , ... .--z­..... ' Z•CO.. ' - • w.J...,.J: 1 1 s z 
- -~ ----- ­- -- ----- ­z 

0 

--­Z• 

"''"'"'0,, _ 

0 ........ ..... .., 
"'"' 0 

u- -- ----- ­

----- ­- -­ ----- ­
00...,0111"1. .. ·­.. :a~"' 0 ..... .. """ z 

0 
., 
u ..... 

x x- :::> :> :r.. " II. .... --z­.... !:~~.. 
x 1..1 J: :r 

- -­ - - ­----- ­Z' 
0 -­z .. 

"''"'"0 ;> -
0 jZ' 
"'~ ~ ....... 

... L• 
0 
u- -­ ----- ­

0 
c ­
" ~ "' ~"",,, _ 
"" " -~ 0 

" 0 0 ..... ..... 
;) ;) 

"' " " " "" t:1-­

... «.. 

169 




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 BOD5 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 fol low 
ing installation. However, due to the absence of interstage monitoring 
data, th'is 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 biological5treatment "7ith 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 biological5systems in the industry is not considered Co represent the best level of 
treatment which could be achieved. While some 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 betteF plants from those operating less efficiently. 

Table 7-28 presents a summary of the BOD percent removals for biological 
systems in the Surmnary Data Base. The median for all systems ( 108 
streams) is 95.2% BOD removal. The medians for all subcacgories 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, 95% BOD removal has been determined to represent well operated 
systems. 

It is also recognized that use of the 95% removal criteria eliminates 
some plants which achieve lower effluent BOD concentrations, but by5virtue of having very low influent BOD5 concentrations, do not achieve 
95% removal. In addition, there are well 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 95% Boo reduction or which achieved an effluent

5BODS concentration of 50 mg/l or less. The resulting frequency distri ­
bution of plants as a function of effluent BOD concentration and the

5 swmnary statistics are presented in Table 7-30. A second analysis was 
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TARLE 7-26 

BIOLOGICAL SYSTfHS WITH POLISHING 
8005 EFFLUENT CONl:fNTRATIONS 

lllJ(l5 11 NOT PLASTil:S II NOT PLASTil:S NOT PLA!lTil:S I ALI. WASTE 
I £HI UfNT I I Pl.AST ICS ClNL Y I TYPf. I AND C* I I TYPE I NOT C ** I NOT TYPE: I I SHi£~Hf· , 
l:ONr.ENTRATIONll----------------- ­ 1------------------11------------------ 1------------------ I·--·--------------- ­

( <=HG/l. ) I I CUH flffO I ru" x ruH FR£01 CUH z llC:Ul1 FRFIH l:llH J f:IJH fRF.:lll l:llH J C:ll" FR[ll 1 CUl1 Z 
-·----------- --	 -------- ­-------- --·---·---­ --·------ --------­

20 9 t.4.3 5 33.3 (l (l. (l 3 42.9 H 43.t. 
lO 10 71,4 6 40.0 0 o.o 6 05.7 22 56.4 
40 13 9:?..9 7 46. 7 1 3~.:J 6 05.7 27 69.2 
50 14 100.0 8 53.J ?. 7 1 (l0, 0 31 79. 5

"'·. 7100 	 14 100.0 \3 At.. 7 2 7 l 00. 0 lt. 92.l
"''. 7200 14 100.0 15 100.0 3 1(l(l, (l 7 100.0 39 100.0 

~ I JOO 14 100.0 1 '5 100.0 l 100.0 7 100,() 39 100.0 ...... 
N 

I 	 400 14 100.0 1~ 100.0 3 I (l(l • (l 7 100. 0 39 100.0 
:100 14 100.0 l :I 100.0 l 100.0 7 100.0 39 100.0 
600 14 100.0 1~ 100.0 3 1 O<l • 0 7 1()(). 0 39 100.0 
700 14 100.0 t '5 100.0 l 100.0 7 100.0 39 100.0 
BOO 14 100.0 I~ 100.0 3 I O(l, () 7 I 00, 0 39 100.0 

··- -·--- ---- - - -· - - -- -- ---·--·-- ··- ------------ ­ ---·--------·-··--------·-­
SUl1HARY STATISTICS 

11 111NI111Jl1= 6.0 11 11IN1111111• 10.0 11 11lNI111Jl1= 37.0 11 HINll1UH= J,0 11 HINIHUl1= 1.0 
11 HAX I HllHc 4~.o 11 HAX I Hll11"' 104.0 11 HA>: l HllH~ 1 t.R ,() 11 "l':X I Hll"= 42.0 11 ti AX J 1111"= 168.0 
11 Hf AN = l I) • ., 11 Hf.AN 41J. '5 11 H[AN = :14. () 11 "fAH c 19. l 11 Hf:AN c 1'5.l" 
11 HEDIAN • 10.0 11 HflllAN c so.o 11 11£1'11/IN ~ 47.0 11 HH•lAll = 22. () 11 HJ:l'IIAN "' 23.0 
11 N 14 11 H = 1~ 11 N l 11 N = 7 11 N 39" 	 "' "' 
11 i I 11 	 11 11 

----------------···------------·--·--·-··---·------·--------·----------------­

* Type I w/Oxidation 

** Type I w/o/Oxidation 




TABLE 7-27 

~IOLO~ICAl. SY~TFHG IJITH HHF 
BOOS crrL.U[NT CONCENTRATIONS 

0005 II NOT PLAnTir.s I NOT Pt.A:;Tlr.!i * I HOT Pl A!HIC:; I Al.L IJA".iTE 
I rFFLUENT II Pl.ASTICS ONl.Y I TYPf I AND c* I TYPF J NOT r* I NOT TYPF. I I ~Tr.:fAHf. 

ICONC~NTRATlONll--------- 1---·· ---- --------- I·-----------·---·-·- I-------····---------- 1------------------ ­
1 ( <=HG/L ) llCUH FRrOI ruH x 1ruH FRfO rllH X r11H rr.:rn1 r.llH X 1r.t1H rRFOI r.tJH % 1r.llH FRF'lll f,tJH % 
-- ---·-------- -------- --------- -------- --------- -------- -------·---- -·· ·- ·----1 ·- - ------- --------- -------- ­

20 2 b6.7 ~.o.o 0 o.o I JOO,O ~ ~o.o 

:rn 2 66.7 '2 :;o.o 1 ~().0 1 too.o 6 60.0 
40 3 100.0 2 so.o I !\O,O 100.0 7 70.0 
')O l too.o :;! c;o.o 1 !50.0 't too.o 7 70.0 

100 3 100.0 3 7!\.0 100.0 I 100.0 'i' 90.0 
200 l 100.0 4 too.o ':! 100.0 1 100.0 to 100.0 
300 3 100.0 4 100.0 2 100.0 1 100.0 10 100.0 
400 3 100.0 4 100.0 :! 100.0 1 too.o 10 lOO.o 

...... 
-.J 	 500 3 100.0 4 100.0 2 loo·.o I 100.0 10 100.0 
w 	 600 3 100.0 4 100.0 2 100.0 l 100.0 10 100.0 

700 3 too.o 4 too.o 2 100.0 1 too.o to 100.0 
800 3 100.0 4 100.0 2 ·100.0 1 100,0 10 100.0 

-----------------·------- -------­

SUHHARY 5TATJ5TJCS 

11 HJNJHUH= J,O 11 HJNJHIJH• 17..0 11 HI NI HUH: ?.6.0 11 HlNJ HUH= 17 .o II HlNIHllH= ~.o 

11 HAXIHllH• 17.0 11 ~IAX IHlJHc to~.o 11 HAXlHUH= AO.O 11 HAXIHllH= 17.0 11 HAXlHllH= 103.0 
11 HE'AN 15.3 11 Hf AN s1.s 11 HFAN ~3.0 11 Hr AN .. 17.0 11 Hl:AN .. 37.5"' 	 " 
11 HfDIAN = 	 6.0 11 Hf.DIAN = 4~.s 11 HEDIAN = 53.0 11 HF.DIAN • 17.0 11 H[JllAN c 72. ~ 
11 N = 3 11 N 4 11 N = :! 11 N = t 11 N " 10 
11 11 11 	 11 11 

--------------·-·--·-·--------­

* Type I w/Oxidation 

** Type I w/o/Oxidation 




-------------------------------------------------------------------------------------------------------------------

TABLE 7-28 

blOLUGJCAL SYSTEMS 
ol>OI!) I> H( .... UVAL 

·----------------------------------------------------- ----------------------------------------------·------------­HOD!I I I "'01 t'LASTJCS I NUT t'L .. s11cs II l'.OT l'L•SlJC5 II .-LL ..asn,__________________
I unut:."'T I P1.ASTJC~ ONLY I TYPE I ANO C* I TYl'E 1 ,.UT C ** 11 ,.UT TYPE I II SlAfAP'S 
IC0t<Ct.l\TllA1JON l•••••••••••••••·•~ll••••••••••••••••••ll•••••••P•••••••-••I·-----------------· I c•~:i;/L I ICUM FMEUI CUM I ICllM f"Mt.UI l(UM f14FUI CUP' I I I CUtl Fk[U I CU'4 S I l('UM f"l<[QI CUH SI cu.- " 

-------- ••••r••••·------------ ·------- --------- -------- --------- -------- --------- -------- --------­40 0 010 0 010 0 o.o 0 D1D 0 D1D 
rto 1 Z1J 1 Z16 0 010 0 010 l 119 
60 1 ;tol 1 Z16 0 o.o 0 010 ~ 119,TO 1 l•l l s.1 0 010 0 010 z.a 
80 l '1 I (l J '1 I '1 1 ~.v 0 o.o T 615 
90 II JI! I ti 6 1~1• T 411 Z I l Jo I ll 2014 
._l I 0 l31l 10 21!),6 8 6711 J 3313 31 281T 
94 19 13 3313 11 b• 11 l JJ.J 46 4206 ..... "" ·l....., I ._6 z~ ~1.1.1 20 ~113 ll 70 ... 6 6boT bl 5813 

.t- I 98 36 b)1 '1 l1 b9oi!' lb 9•11 9 1001(1 &II 8 l 15 
100 •3 l 01'1 (I J9 10010 l'1 1U010 9 I oo I (l l 011 ion,o 

P•••••••••••-••••••••••••••••••••••••••••-•••••••••••••••••••••- •••••••••••••••••••••••••••••••••••••••••••••••••­

S~~M4MT STAlJSllCS 

11 "'J~p-u... Alo II 11 .. It.. J .. OM11 • 7 ,!> 11 Mlllol t.Ur-• 10,8 11 "'lfl;JMUMll t!& .1 11 "'l.,.ll"Ul'11 •110 
11 l"A,. J '°IJ"I• 9Y17 11 ,.AJ.J MU"'!I Y9.to 11 ~·AJ Jt'UI"• Y&oO 11 1<4Jl"li"'• 9710 II MAJlll'\U,.• 99oT 
11 Mt A Ill • vz.s 11 .. t.At. 'IZo 7 11 ..E•N • .,, 110 11 M[Allo • 94o2 11 "EAN • 9ii!15• 
11 l"EOI •"' 11 9•1'7 11 l"EOloA"' • 9517 11 .. EDIA111 • 9Z10 11 "Elli Ar. • 9514 11 "EUIA"' • 9~1z 

11 ... • 4J II N J9 11 ... • 17 11 ... 9 II N • IDB 
11 II " 11 11 " 

------------------------------------------------------------------------------------~-------------------------·---· 

* Type I w/Oxidation 

** Type I w/o/Oxidation 




----------------------------------

TABLE 7-29 

BIOLOGICAL SYSTEMS 

8005 EFFLUENT CONCENTRATIONS 


~ REMOVAL >~ YSX 


·-----·~-----·----- ------------------ ---·--·-·-······-- ·-------------····-· 8005 11 NUT PLA8TJC8 NOT PLAllTICS NOT PLASTICS All lfASTE 
I EFFLUENT 11 PLASTICS ONLY TYP[ I AND C * TYPE NUT C** NOT TYPE l STREAMS 
I CONCENTRATION I I•••••••• ••••·•·•• ----·--· ------·-- -------- --------- ···----- ··-·----- ··------ ----···--1I ( OMC/L , I I CUM FHEO CUM X CUM FREQ CUM I CUM FRECI CUM I CU14 FREQ CUM I CUM FREQ CUM I ,________ --------­ ·------- ---·--·-· -------- --------- ··------ -·------- -------- ----·-···------------- 7'). 0 4 Z720 I 15 b 2b •I 2 H.J bb.1 119 .1 

JO I lb 60,0 11 117. 8 4 bb.7 b ioo.o 37 e.7.l 
QO I 11 65,o llJ b9 0 1J II bb,1 b 100.0 II] 111. i 
50 I 1'1 qr,. 0 11 71.9 5 llJ .1 b loo.o 117 8').5 

100 I 20 100.0 21 11 I. l b 100.0 b loo.o 5J 9b.4 
200 I 20 100,0 ;>J 100 0 0 b 100.0 b loo.o 55 loo.o 
JOO I 20 100,0 2J 100,0 b 100,0 b 100.0 55 100.0 
QOO I c!O 100.0 21 100.0 b loo.o b loo.o 55 100.0 
500 I 20 100,0 23 100,0 b 100,0 b 100.0 55 100.0 
bOO I zo 100,0 i?J 100,0 b 100.0 0 100.0 55 loo.o 

..... . 700 I 20 100,u i?J ioo.o b 100,0 I b 100.0 55 100.0 

...... 
V1 

I 1100 I 20 100,0 2l 100,0 b 100,0 I 0 100.0 55 100.0 

---------·---------------------·-·····----·-----------------------------------------·----------··-----···-----~--
~UMMAHY STAll9TlC8 

----·-------------------------------------------··--------------·--·-------~-----------·--------·-·----------------II MINIMUM• J,o 11 MINIMUM• 11. 0 II MINIMUM• D,O 11 MINIMUM• 5.o II MINIMUMI 1.0 
II MAXIMUM• 52.0 11 MAXIMUM• 154.0 11 MUIMUIO s2.o II MO I MUM• z11.o II MAXIMUM• 154.0 
11 MEAN • 111.e 11 MEAN • Ill, l 11 HEAN • J,11. J 11 MEAN • 111.0 II "1EAN I zci.s 
11 MEDIAN • q. ':i 11 MEDIAN • n.o II MEDIAN • 25.5 II MEDIAN • l i!. 0 II MEDIAN I 21.0 
II N • l.O 11 N 2l 11 N • b II N • 6 II N • 55a 

11 11 II 11 1 l 

---·--------·---·-------------------·-·---------~--------·------·-··---·------·--··-···--~--------·---···-·······-· 

* Type I w/oxidation 

** Type I w/o/oxidation 




TABLE 7-30 

810LOGICAL SYSTEMS 

8005 EFFLUENT CONCENTRATIONS 


X REMOVAL >• 951 ON Ef ~LUENT HUD cs 50 MGIL 


-----·------- --··-------·-----··--·~----·---·-·--···- ----------------·­ ----·-·····------- -·--------·······-·­800'5 I NUT PUST ICS NUT PLASTICS NOT PLU J ICS ALL "ASTE 
ff'FLUENT I PLASTICS ONLY TYPE I Ario c * TYPE I NOT C** NOT TYPE I STREAMS 

CONCENTRATION, ________ ,_________
( 1-------- -------·· ··--··---·--~----- -----··· -----~--- ·--·---- ·--·----­ICUM CUM CUM CUM CUM CUM fAEQI CUM<•MG/L FREQ I CUM fREQI X CUM FREQ X l'REQ CUM X ··------·------·--1I,________ --------­ -------- --------- -------- ··------­-------------20 I JS b8,b 12 I Jb 0 II 1 •11. 8 8 57.l --------bl --------­511 .11 

30 I 110 78,11 17 I 51.s IZ 75. 0 11 •z.• Bl 71.9 
110 I llb Q0,2 211 I 12.1 Ill 87.5 I] 92.9 97 85.1 
50 I 50 9A,o 27 I 81,8 15 9.J, 8 111 100.0 l Ob •1.0 

100 I 51 IUO,O H I 9J.9 lb 100.0 Ill 100.0 llZ 96.2 
200 I 51 100.0 JJ I 100.0 lb 100.0 l 11 too.o 1111 100,0 
JOO I SI l 0 0, I) JJ I 100.0 lb 100.0 111 100,0 1111 100.0 
1100 I 51 I 0 O 1 ll Jl I ioo.o lb 100.0 111 100.0 1111 100.0 

...... I '500 I 51 100,0 33 I 100,0 lb 100,0 14 100.0 114 1011.0 
".J 

I bOO I 51 l 00. \) JJ I 100.0 lb 100.0 14 100.0 1111 1ou 0 0°' 700 I 51 I OU 1 0 )l I 100.0 I b 100.0 111 100.0 I Iii 1011. 0 
800 I SI 100,0 JJ I 100.0 I fl 100.0 111 100.0 1111 1ou,G 

··-·--------·-----------------·······-·-··-··------~---------·--···------···-····-·········-··-·-··----····---··--
SUMMAllY :SU TISTIC8 

---·----------------------···--··---·-----·--------·---------·--·-··--··-··-···-·-·-········-·--····-·-··········-· 11 MINIMUM• 1.0 11 MJNJMUl'lll fl. 0 II MJNJMUM• q,o II MJNIM~M• 1.0 II MJNJHUMI J,O 
11 MOJMUM• 52,0 11 MAXIMUM• 1511,0 11 MAXIMUM• 82,0 II MAXIMUM• 112.0 II '4AXIMUM• 1511.0 
II MEAN • 11,'I 11 MEAN • H,2 11 MEAN II 2'),Q 11 MEAN • 17. J II MEAN I lll,5 
11 MElllAN • 12.0 11 M(OIAN • JO,O II MEDIAN • 211. 5 11 MEOUN • 15,5 II MEDIAN • 18,o 
11 N • St 11 N • H II N • I b 11 N • 111 11 N • l l 11 
II 11 II 11 11 

-------------·--------------------------------·-·····-----·-···-·-------·----------·-····-··-·-····----·······-··-· 

* 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/I or less. The re­

5sults of this analysis are presented in Table 7-31. 

In reviewing the data, it appeared chat 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 BODS 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 BODS 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 eftluent 
BOD would be 26 mg/l for high flow and 36 mg/l for low flow plants.5 

It was previously shown that biological plants fol lowed by additional 
unit processes do not achieve significantly lower effluent BOD concen­

5trations 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 
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TABLE 7-32 

IHCILClr.Ir.AI 5YST[HS 

TS~ rrr1urNT rONCFNTRATIONS 


BOD %R[l1!1VAI ):~:\% OR fFFLLIF.NT llOIJ <":lOHB/I. 


TSS I I I I NOT PLASTlr.S 11 NOT PLA5Tir.S I I NOT Pl.ASTir.S ALL WA5TF.: 
FFFLLIENT II PIASTICS ONl.Y I I TYPf I ANJl C I I TYPE 1 NOT C I I WOT TYPF.: J STRFAl1S 

COHCF:NTRATIONll------------------ I ··-·-·-·----···----·---·--I I··--·-·--··---·----- ---I I-·-·-· ­
( <=11G/l > llCLIH F~FOI CUH % Clll1 FRfO I Cll11 % I I CUl1 FREO I C:llH % I I f.1111 FRF.:fl I r.1111 % r.1111 FRF.:R r.1111 % 

- -·- ----- ----- -------- -----·--·----­-------- --------- -----·--- ---------- ---------- --------­
20 J9 39.6 J J 0. 7 4 3:r,. 3 4 7.A,/. :1(1 :;_>9,4 
lO 29 60.4 6 21.4 5 41.7 7 50.0 47 4,r, .1 
40 34 70.8 JO 35,7 7 ~A.3 10 71.4 "1 59,9 
50 :l.S 75.0 12 "1?..9 7 7:1.0 1t 78.11 118 6 .... 7 

100 46 9~.8 7. J 75.0 11 91. 7 1 :l 92.9 9J fl9.7. 
?00 'IA 100.0 ;>R 100.0 12 100.0 14 100.0 102 100.0 
300 4R JOO.O :?fl JOO,O 12 100.0 14 Joo. (I 102 100. (I 
400 411 100. o 7.6 100.0 12 100.0 14 100.0 107. 100.0 
500 411 100.0 ~a 100.0 12 J (1(1. (I t4 J 00' (I 10:? 1(1(1,0 
1,00 411 100.0 :-a 100.0 12 11)0. o 14 100.0 102 100.0 
700 411 100.0 ?B 100.0 12 l (1(1. 0 ~., J (1(1 • (I 107. 1 (10, 0 
BOO 4f) loo.o :>a 100.0 l :! 100.0 14 l 00. 0 102 100.0 

--·- -- --- ----- ·-. 

...... SUl111ARY ~TATl~TTCS 
00 
0 

11 111Nl11Ul1= 4.0 11 HJNll111H= 9.0 11 HlNlHIJl1: 1~.o 11 111Nll1Ul1= ;>,(I 11 Hlfl1IHIJH= ;>.O I 
11 11AXTl11111= 1:>7.0 11 11AXl111Jl1= 1R9,0 11 11fl:<l111111= \O,r,. o 11 HAX l 111111• 10 l. 0 11 11AX lH1111= \09.0 I 
11 11EAN = ~ .... J 11 11FAN = 71. J 11 HF:flN = 4(1, r. 11 11F:Afl1 :l/,. 4 11 11F.:AN = ...... ~ I 
11 11FOIAN = ;'4.S 11 11FOIAN = .n.c; 11 HFOlAN ·' ~4.~ 11 111'1)1AN :10.~ 11 HF.DIAN = Jl.O 
11 N K 4El 11 N .. ;>B 11 N = J7. 11 N 14 11 N = 107. 
11 11 11 11 11 

------ --- ···-···------- ------------­

* Type I w/Oxidation

** Type I w/o/Oxidation 


http:fFFLLIF.NT
http:IHCILClr.Ir.AI


TABLE 7-33 

!<IOI nr.ICAI f.YSTrHf. WlTH r·o1 Jst:INr. 
TSS H FUIFNT r.ONr.F.NH<AT IONS 

BOD Xl\EHnVAL >•95X OR fFFIUENT E<On <=50116/L 

TSS I I NOT r·l.ASTlCS I NOT f'I n:;rrr.:; I NIJT f'I l'lST IC:S All LIASTI:: 

I rrFL UENT I F'I ASTlfS ClNl.Y I TYPE I ANJl C I TYf·F I NOT r. I NOT TYFT J f.TF'\FAHS 
I CONf.FNTRAT TON 1--····---- ------ -- .. - -- I· ·-·------- - -- I -- ..... .. - I -- - - ...... - ----···· --- 1-------- -------- ­
I ( <=HG/I ) ICUl1 FRfO rl111 x ruH FRfCll rllH X I fllH fl'\ Fil f.1111 x r.IJH Fl\FO f.IJl1 % I C:IJl1 FRrn r.IJH X 
- --·-· --- ------- I----- --- ---------- --------- --------- 1-------- -------- -------- ---------- -------- -------- ­

20 I 5 3!l.5 2 ?~.o I 0 o.o ;;> 2R, (, 9 30.0 
10 I t I) 7,<,. 9 l 17,S I 0 1),1) 4 S7,l 17 "),<,, 7 

40 I 11 fl4 .6 4 :;o.o I 1 ~o.o f, R~.7 73.~'=' ,,, . 5 
100 I ll l 00. 0 ll 100. o I 2 100. I) 7 ll)O, 0 :30 100.0 
200 I 13 100.0 B 100.0 I ;;> , (10 .o 7 100.0 30 100.0 
100 I 11 100.0 R 100.0 I ~ 11)1). 0 7 100.0 10 100, I) 
400 I 13 100.0 fl 100.0 I ;' I C•O. 0 7 100.0 30 100.0 
500 I 11 100.0 R 100.0 I 2 101) .o 7 IOI), 0 10 100.0 
600 I 13 100.0 fl I OC•, 0 I ;' 1(1(1,0 7 100.0 30 100.0 
700 I '1 tno.o R 100.0 I :' t 00. 0 7 100.0 10 100.0 
BOO I 13 100.0 B I 0(1, (1 I ::> I OC• ,O 7 100.0 ~o 100.0 

50 I 12 97,3 :; I I :c.o.o {. RS.7 ;;>'! r.o.o 

SUHHAl\Y STAll~Tlf.S ...... 
CD 
...... -- - ----- - - - --- -- - -- ---- -- - -- - - - - - - --- --- - - - -- - - - - - - - -- - - - - -- - .. ·- .. - - ·----····- ····----- ··-- ··-- ·-- ..... - .. - - --- - . ·-- --­

11 HlNTl11Jl1= 'i'.O 11 ltlNTHIJlt= 9.0 11 11TNYHIJH~ 3\.0 11 ltHITHllH= ?..O 11 HINTltUlt= 2.0 
11 ltAXlltUH= 71-.0 11 ltAX J 111Jlt= ~~. . o 11 ltAXTHIJH= /,;;>,O 11 HAXJHIJH= ~~.o 11 HAXJHIJH= 95.0 
11 HEAN = ;>6. 3 11 HFAN = 49.~ 11 HEAN = "If.. ~ 11 HEAN = 27.7 11 HF:AN = ~4.;t 

11 NEf1IAN = ~3.0 11 HrlHAN = 4;>, 0 11 11:::D tAN = '\,t,. ~ 11 HrnTAN :'l>,O 11 ltF:OtAN = :!fl.~ 

11 N = 13 11 N : 8 11 N : 2 11 N : 7 11 N = ~o 

11 11 11 11 11 

* Type I w/Oxidation

** Type I w/o/Oxidation 




TABLE 7-34 

110ln~ICAI SY~TFl1~ WITH 11Nf 
TSS [fFLUFNT rnNrrNT~ATIONS 

BOD XR[l1C1VAL >·9~% OR EFFLUENT ~on <~5011~/L 

TSS II NOT PLASTIC:S II NOT Pl.ASTIC:~ tlOT PLASTICS At.L WASTF. 
I F.FFLUENT I Pl ASTICS ONLY I I TYPE I AN[I C TYrr I NOT r NOT TYF'F I STRFAHS 
ICClNr.FNTRATION 1------------------11------------------ I -- - - -- .. - - ·-···· ­
I ( (cl1IJll_ ) CllH FRI:() I l'.:1111 % I I <:UH FRF.() I Clll1 % I <:1111 FRF.ll I Cll11 % I C:ll11 FRED r.1111 x I l'.:llH fRF.DI t:llH % 

--- ..... - -· --------- -------- ------. - I - - --·--- ­
0 0, I) 1 11)0. 0 I l 37.5 

0 o.o 1 100,0 I 6 7~.~ 


0 o.o 1 100.0 I 6 7:;,o 

1 100.0 1 100.0 I 7 r,7,:; 

1 100.0 l 100.0 I fl 100.0 

1 100.0 1 100.0 I 8 too. o 

1 100.0 1 JOO,O I c _100.0 

1 100. I) 1 100. 0 I 1:1 100.0 

1 100.0 1 100.0 I A 100.0 

1 100. o 1 too. o I 0 100.0 

1 1(10. 0 l I (I0,0 I r. 100.0 

1 100.0 1 too.o I 1:1 100.0 


------- - - - - - - - - - - ---· . - ----· -------- ----- ---- - --- -- ­

I-' SUl111ARY STATTSTTCS 
00 
N ·- .. - .. -· .... ­ ·····-·--·--·---­

11 11TNil11111= 11:1. 0 11 11INTl11111= 19.0 11 11 IN T11llM= ~ ll. () 11 HT !IT 111111= t2.0 11 HINl11lll1~' 12.0 
11 11AXIl1Ul1= :?4.0 11 HAXJHllH= 74.0 11 HAXIHllH~ '1R,O 11 HAXJHllH= 1;>.0 11 Hl\XlHIJHa 74.0 
11 HEAN = 21.3 11 MF.AN = 40.7 11 Hf.AN '!R.O 11 HFl'\N = i:;i.o 11 HFAN = JO,B 
11 HF:nIAN = ~~.o 11 HF.nIAN = :?9.0 11 H:':(IIAN '18. 0 11 11f:riil'IN = 12.0 11 MEDIAN = ;?l.O 
11 N = 3 11 N = J 11 N l 11 N = l 11 N = B 
11 11 11 11 : I 

----------------------------------------------------------· ..... --- - - - - - - - - - - - - - . - - ...... -·-···· ------- --- - -------- ­

* Type I w/Oxidation

** Type I w/o/Oxidation 
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TABLE 'f-35 

~IOLO~JrAI ~YSlEHS UITH Al:TlVftTFP r.n~fiON 

lSS [FFLUFNT CPNl:FNTRATIONS 
~QD X~F:HQVAL >•?~X OR F:FFLIJF:NT fiOD <•~011~/l 

--- -----··----- ··-··---····- ... ····-· -- --- ------- -··-----· ---· ---··----- ---------- -·--··-·-·-- -·-····--····-··- ----------·---------­
TSS 	 NOT f'l.A'il Jr.:; I NOT Pl.l\5TIC:5 I NOT f'LA!iTIC:S Al.l UA5TE 

I HF LUC: NT f'IASTIC!' ONIY TYf'F I AN!• r.* I TYl'E I Nl'IT r: ** I NOT TYPF: I STRf.llHS 
ICONCC:NH\ATION -------------·-----	 1-------- --------- I - -··-··- ··- ····-· ··--- ­--------· ---------	 ------··-----------1 
I ( ~·HG/l I CUH FRFO C:llH X CUH FRfO C:llH X !:llH FRFO CUl1 X n111 rRrn r.1111 x r.llH FRFOI r.1111 x 

-----··---	 ·----·- --­··--- ·--­ ------·-- --------- -----·--- --------- --------- -------- --------­
:?O 0 o.o 0 . 0 (1,0 0 . 0 (1,0 
30 0 o.o 0 . 0 o.o 0 . 0 o.o 
40 0 o.o 0 . 0 o.o 0 . 0 o.o 
~o 0 o.o 0 . l 100,0 0 . l 50.0 

100 l 100.0 0 . I 100.0 0 . 2 100.0 
'-00 l 1no.o 0 . I 100.0 0 . :? 100.0 
JOO l 100.0 0 . 1 100.0 0 . ;I 101'1.0 ...... 

OJ I 	 400 l 100.0 0 . I 100.0 II . :? 100.0 
500 1 100.0 0 . I 100.0 0 . 100.0w 	 . 
AOO l 100,0 0 . I 100.0 0 . ' 100.0 
700 1 100.0 0 . I 100.0 0 . ' "} 100.0 
BOO I 100.0 0 . l 100.0 0 . :? 100.0 

SUl111ARY !iTATt5TtCS 

11 H ttl I 111111• 76.0 11 11IN1111111• 11 11IN1111111= -41).0 11 11TNIHIJl1• 11 HI NI Hll11c -41!.0 
11 11AXIl1lll1• 76.0 11 11AX1111JH• . 11 11AXIHUl1• 48.0 11 l1f1Y. l l1IJH• . 11 11AXJHIJH• u •. o 
11 ltEAN . 7~.o 11 ltF:AN . . 11 11F:AN .. 48.0 11 11(/\N . 11 Hf.AN . 6'2.0 
11 HFriJAN • 76.0 11 Hf.DIAN a . 11 Hrl•lAN • 41:1. 0 11 Hr:f• 1 ftN • . 11 11rr•JAN • t."}.0 
11 ti . 1 11 N . 0 11 ~ 1 11 N 0 11 N . 2c " 
11 11 11 	 11 11 

--------------------------------------------------------------------------------··---------------------------------­
* Type I w/ oxidation 


** Type I w/o oxidation 




system can achieve. Simply stated, this level is the m1n1mum 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 SO 
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 first 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 plane 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 after 
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 
performance). 

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 III 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 sampling site to mixing points for stormwater runoff, un­
treated process water and cooling water, as well as modifications to the 
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FIGURE 7-5 
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BOD 

Plant Stream 

l AOl 
1 A02 
3 AOl 
9 AOl 

292 AOl 
15 AOl 
18 AOl 

293 AOl 
27 AOl 
28 AOl 
42 AOl 
44 AOl 
45 AOl 
53 AOl 
60 AOl 
61 AOl 
73 AOl 
75 AOl 
89 AOl 
90 AOl 
96 AOl 

106 AOl 
109 AOl 
110 AOl 
111 AOl 
113 AOl 
118 AOl 
120 AOl 
124 AOl 
126 AOl 
138 AOl 
146 AOl 
170 AOl 
175 AOl 
176 AOl 
220 AOl 
229 AOl 
234 AOl 
236 AOl 
245 AOl 
268 AOl 
269 AOl 
274 AOl 
281 AOl 

TABLE 7-36 

SUMMARY OF PLANT SCREENING 

~ Begin Date Data Gap End Date 

I 01/02/75 09 /29 /76 
III 01/01/75 10/76 - 05/79 07/30/79 
III 01/04/77 09/76 - 12/76 05/29/80 
I 01/15/75 09/22/76 
I 01/01/78 12/29/78 
I 01/01/78 05/31/80 
II 07/02/75 09/20/76 
I 01/03/75 09/24/76 
III 04/04/78 05/78 - 08/78 08/21/80 
II 09/03/75 09/30/76 
II 01/17/79 07/17/80 
I 01/01/79 05/30/80 
II 01/02/79 06/26/80 
I 01/02/75 09/30/76 
II 01/01/78 04/30/80 
I 01/03/75 09/30/76 
II 05/02/75 06/25/76 
I 08/02/74 05/31/76 
II 05/01/74 09/30/76 
I 01/02/75 09/30/76 
I 01/01/75 09/27/76 
I 01/07/75 10/31/76 
I 05/01/74 09/30/76 
II 01/03/75 09/30/76 
I 01/04 /77 12/29/77 
I 01/01/78 12/31/79 
I 01/01/79 12/31/79 
I 04/01/76 09/29/76 
II 01/01/75 09/28/76 
I 01/02/75 09/30/76 
I 01/05/79 12/30/79 
III 01/02/75 10/76 - 04/79 07/31/79 
II 06/04/78 05/29/80 
II 01/03/78 07/11/80 
I 08/01/78 10/31/78 
II 01/02/75 09/24/76 
I 09/01/74 09/30/76 
I 01/03/78 12/27 /79 
III 05/01/78 03/79 - 05/79 06/25/80 
I 05/21/77 04/29/80 
II 01/01/79 07/31/80 
II 01/04/75 09/29/76 
I 01/01/75 06/30/80 
I 07 /02/78 06/29/80 
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TSS 

Plant Stream 

1 A02 
3 AOl 
9 AOl 

292 AOl 
18 AOl 

293 AOl 
27 AOl 
28 AOl 
44 AOl 
45 AOl 
53 AOl 
73 AOl 
89 AOl 
90 AOl 
96 AOl 

109 AOl 
110 AOl 
111 AOl 
113 AOl 
120 AOl 
123 AOl 
124 AOl 
126 AOl 
138 AOl 
146 AOl 
176 AOl 
220 AOl 
229 AOl 
236 AOl 
245 AOl 
274 AOl 
294 AOl 

TABLE 7-36 (Continued) 

SUMMARY OF PLANT SCREENING 

'.!rf! Begin Date Data Gap End Date 

III 01/01/75 10/76 - 05/79 07 /31/79 
II 01/01/77 05/29/80 
I 01/ 15/75 09/22/76 
I 01/01/78 12/30/78 
II 07/02/75 09 /29 /76 
I 01/03/75 09/24/76 
III 04/04/78 04/79 - 05/80 05/27/80 
II 09 /02/75 09/30/76 
II 01/01/79 05/30/80 
I 01/01/79 06/30/80 
II 01/02/75 07/11/76 
II 05/05/75 06/25/76 
I 05/06/74 09/30/76 
I 01/01/75 09/30/76 
I 01/07 /75 09/29/76 
I 06/ 18/74 07/26/74 
I 01/02/75 09/28/76 
I 01/01/77 12/31/77 
I 04/01/79 06/30/79 
I 04/01/76 09/29 /76 
I 06/01/75 09/30/76 
I 01/01/75 09/28/76 
I 01/02/75 09/30/76 
I 01/01/70 12/31/79 
III 01/01/75 10/76 - 04/79 07/31/79 
I 08/01/78 10/31/78 
I 01/03/75 09/27 /76 
I 09/01/74 09/30/76 
I 06/01/78 06/29/80 
I 06/21/77 04/29/80 
III 01/01/75 09/76 - 05/78 06/30/80 
I 01/01/79 12/31/79 
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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 95% BOD removal or 
an effluent of SO mg/l BOD. 

Based on the engineering and statistical analyses, 17 of the SO 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 variability. 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 t~rms of the variabi(ity 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 9Sth 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), 9Sth percentile (P0.95), daily variability factor 
(VF(l)) and 30 day variability factor (VF{30)). 

The variability factors were summarized separately for t~o 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

5 
levels achieved by 

Plastics Only plants relative to the rest of the OCPS 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 


PLANT 

1 

3 

9 

292 

15 

18 

293 

20 

24 

27 

28 

42 

44 

45 

53 

60 

>95%R 

or 


<SO mg/l 


yes 

yes 

yes 

yes 

yes 

no 

yes 

no 

yes 

yes 

yes 

no 

EXCLUDED 

FROM 


ANALYSIS 


yes 


yes 

no 

yes 

no 

yes 

yes 

yes 

yes 

no 

yes 

yes 

no 

no 

yes 

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 upset~ fnd bypasses continuously; 
poor operation, 0 system modification dur­
ing ds.ta 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 solids control (66% 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 avfrjge 
loadings, resulting in poor performance 0 

and subsequent upgrade of system after data 
period. 

BOD only 
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PLANT 

61 

72 

73 

74 

75 

87 

89 

90 

96 

103 

106 

109 

llO 

111 

113 

118 

120 

>95%R 

or 


<SO mg/l 


no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

EXCLUDED 

FROM 


ANALYSIS 


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 


· l (o) f · l · ·Poor per f ormance p ant; i. tratlon uni.t 
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 70% BOD load dur­

ing period of record. 


No effluent data on BOD, COD or TSS 


Effluent sample point do1mstream of point 

where stormwater and cooling water are mixed 
with contaminated wastewater. 


Sample point is dovnstream of nonbiotreated 

effluent dilution, BOD and TSS data 

unavailable. 


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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PLANT 

123 

124 

126 

138 

146 

170 

175 

176 

220 

234 

236 

245 

268 

269 

274 

294 

281 

>95%R 

or 


<so mg/l 


yes 

yes 

no 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

yes 

no 

no 

yes 

EXCLUDED 

FROM 


ANALYSIS 


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, data 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 Ls 
sanitary flow. 

Poor 
(o)

performance is due to poor sol ids 
control, especially for plant with sand 
filtration. 

None 

(o) 
Poor performance LS 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 

Effluent BOD Effluent TSS 

Plant N x P0.99 P0.95 VF(l) VF(JO)* N x P0.99 P0.95 VF(l) VF(JO) 

9 24 5.84 17.88 - 3.06 - 24 29.72 97 .58 - 3.28 


44 261 8.97 29.51 11.84 3.29 1.32 260 11.58 80.50 19.76 6.95 1. 71 


45 156 3.07 10.67 4.28 3.47 1.39 364 18.95 124.62 30.87 6.57 1.63 

...... 
w '° 96 105 2.31 7.86 - 3.41 - I 66 12.34 45.26 16.05 3.67 1.30 


111 157 6 .19 18.38 9.25 2.97 1.49 I 347 10.42 54.12 14.84 5 .19 1.42 

I 


126 249 6.05 23.70 10.23 3.92 1.69 I 253 23.28 78.35 31.10 3.37 1.34 

I 


AVG 3.35 1.47 I AVG 4.84 1.48 


* Where there was insufficient data to estimate day-to-day correlation, no VF(30) value is given. 



-- --

TABLE 7-39 

ESTIMATES OF VARIABILITY FACTORS "NOT PLASTICS ONLY" 	 PLANTS 

Effluent BOD 	 I Effluent TSS 
I 
I 

Plant N x P0.99 P0.95 VF(l) VF(30)* 	 I N x P0.99 P0.95 VF(l) VF(30) 
I 
I 

15 363 16.88 63.55 22.80 3. 77 l. 35 

26 160 17.55 68.26 26.69 3.89 1.52 I 158 21.86 76.32 28.99 3.49 1.33 
I 

110 247 5.91 21.82 8.37 3.69 1.42 I 218 10.09 45.33 14.37 4.49 1.42 
I 

113 332 17.47 75.06 28.95 4.30 1.66 I 91 22.41 100. 27 31.22 4.48 1.39 
I 

..... 118 365 12.17 61.34 25.25 5.04 2.07 
\0 

"" 170 103 33.90 145.75 74.51 4.30 2.20 

175 36i 39.09 181.49 69.66 4.64 l. 78 
I 

220 55 55.13 291. 35 - 5.28 - I 149 94.09 441. 22 - 4.69 
I 

234 157 11.58 41.60 16.74 3.59 1.45 
I 

236 162 32.19 93.17 39.75 2.89 1. 23 I 362 59. 72 159.29 72 .55 2.67 1.21 
I 

281 205 8.44 26.73 11.62 3.17 1.38 	 I 

I 


AVG 4.05 1.61 I 	 AVG 3.95 1.34 

*Where there was insufficient 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 conceivable 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 SuOimary 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 Hauling 

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 impact on the envirornnent 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 
Swmnary 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 ur.ilization of offsite treat­
ment usually is economically oriented and governed by the accessibility 
of suitable treatment facilities willing ta treat the wastes (usually on 
a tall basis). Sometimes adjacent plants find it more faasible 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 is 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 
wat.er and thereby concentrate the organic content to render it more 
suitable for incineration or disposal to landfill. This technology is 
normally used as in-plant treatment or pretreatment for incineration or 
landfill. 

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 is the amount of energy required. 

Only two OCPS plants, both exclusively plastics, reported evaporation as 
their principal disposal method. 

lmpoundment 

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 is generally feasible if precipitation, tempera­
ture, hunidity and wind velocity combine co cause a net loss of liquid 
in the pond. If 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 
a great potential for contamination of the shallow aquifer from percola­
tion, impoundment ponds are frequently lined or sealed co avoid percola­
tion and thereby make the basins into evaporation ponds. Solids which 
accumrnulate over a period of time in these sealed ponds will eventually 
require removal. Land area required for impoundment is a major factor 
limiting 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, if 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 1n 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 1 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 Construction 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 speci fie costs applicable to this study requires 
adaptation of many of the factors in the program from their default val­
ues for municipal systems to values more appropriate to chemical indus­
trial wastewater and te industrial plant situations. Table 8-1 summar­
i.zes the quantitativl! 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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reaction rate coefficient of 5.0 days-l is used to represent organic 
chemical wastewater. In 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 manpower 
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 treated 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 
stage 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 ~pplication 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/I (LTM). For industrial wascewaters, 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/l (LTM) unless flocculancs or other settling 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, O&G, TOC, etc.) 
are reported as noted in Tables 8-2 and 8-3; 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 is to determine the flow and other parameter 
variability, and design on a basis of an 80 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. Built into 
the evaluation is a long range corporate objective 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 insens1t1ve to changes in target effluent BOD 
concentrations when the influent concentration is less than 500 mg/l. 
This phenomenon is created by the fact that the CAPDET model introduces 
a second equation for aeration detention time calculation at the 500 
mg/l influent concentration and selects the larger value of the two. 

The formula used for the detention time calculations when the influent 
BOD concentration is greater than 500 mg/l is: 

t = (1-S /S ) I (S /S k x ) (1) 
e o e o v 

Where: 

t detention time, hours 

s ,. effluent BOD concentration, mg/I
e 

s influent BOD concentration, mg/I
0 

k = reaction rate constant l/mg hr 

Xv • mixed liquor volatile suspended so1ids, 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 


TE~PERATURE 18.0 oc 

SUSPENDED SOLIDS 200 mg/l 

VOLATILE SOLIDS 60 % of SS 

SETTLEABLE SOLIDS 15 m~l 

RODS 250 mg/l 

SBOD 75 mg/l 

COD 500 mg/l 

SCOD 400 mg/l 

pH 7.6 

CATIONS 160 mg/l 

ANIONS 160 mg/l 

P0
4 

18 mg/l 

TKN 45 mg/l 

NH) 25 mg/l 

N02 0 mg/1 

N0
3 0 mg/l 

OIL AND GREASE 80 mg/l 
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TABLE 8-3 

WASTE CHARACTERISTIC Rf.HOVAL llEfAULT 
VALUES FOR CAPDF.T PROCESSES 

WASTE CHARACTERISTIC REMOVALS 

PROCESS BOD
5 

-­
TSS COD 

OIL 6o 
GREASE TKN PllOS Nlll 

SETTLEABLE 
SOLIDS 

Dissolved Air 
Flotation 

30% 80% 30% - 10% 

N 
0 
l:'­

Primary 
Clarification 

Activated 
Sludge 

32% 

USER INPUT 
INFLUENT 
AND EHLUENT 

58% 

USER INPUT 
TO SECOt>DARY 
CLARIFIER 

40% 

I. S x BODEFF 

-

0 

5% 

30% 

5% 

30% SET 
EQUAL 
TO TKN 

0 

Aerated 
Lagoon 

USER ltiPUT 
INFLUENT 
AND EFFLUENT 

USER Il>PUT 
TO SECOl\DARY 
CLARIFIER 

ASSUME SAME AS ASL 

Multi Hedia 
Filtration 

SET EFFLUEt\T 
EQUAL TO 

BODSOLUBLE 

60% SET EFFLUENT 
EQUAL TO 

CODSOLUBLE 

0 PASS ON 
THROUGH 

PASS ON 
THROUGH 

PASS 
THROUGH 

0 

INFLUENT INFLUENT 



t - (24 s ) I (X (F/M)) 	 (2)
0 	 v 

Where: 

t = detention time, hours 

S = influent BOD concentration, mg/l
0 

X = mixed liquor volatile suspended solids, mg/I
v 

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
strate 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 is 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 
concentration. 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 
(LTM). 

ESTIMATING DISCRETE UNIT COSTS 

Engineering cost estimates are presented for the fol lowing wastewater 
treatment processes: 

1. Dissolved air flotation 
2. Clarification 
3. Activated sludge 
4. Aerated lagoon 
5. Multimedia filtration 

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 8-4 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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lA!lili &-4-CDST s;.; IV\RY, FLOTATION 

Umt 

1nstal1 ed 
Equ1rrncnt 

Cost 
s 

/lm:irt. 
Cost 
S/YR 

Oper. 
!Jlbor 

Cose 
S/YR 

i"'i.:;int. 
L;,.:ior 

Cost 
S/YR 

Power 
Cost 
$/YR 

$0.04/KWH 

~·.aLenal 

Cost 
S/YR 

01".!r.lical 
Cost 
$/YR 

Pl 'Lot 
~ 
Cose 
$/YR 

Flotation 283,767 29' 114 6,664 1,259 7,841 2,887 -0­ 18,651 

Total 288, 767 29,114 6,664 1,259 7,841 2,887 -0­ 18,651 

N 
0 
-..J 

TOTAL co~s~~{;-IION COST $ 

Dii\!"':Cl 

Ins ta i i.cd Er1uijT11Cnt 
Contractor Otl & Profit 

7ocai u1rect 

-,-- ~-..--
~ I • ..J ll 0 .,:,.\,,,£, 

288,767 
63,528 

352,295 

WTAI. O'J-1 COST $/YR 

Pi.a~.t 05.M Cost 
L.10oratory Cost 
Achninistration 

Total 

18,651 
12,500 
~ 

32, 339 

EQlil\'AiD.'T A,\,·,;uAJ... COST 

$Uo,889/YR 

PlA\7 iJ::SIGl\ P.ASIS 

FLOW 4 .0 ~r:;u 
INr JSS 200 r.g/1 
EIT TSS 40 1rg/l 

$tr: 

~ ..11\ci 

~usc. ~on Con~truction 
/l/E ues;gn Fee 
~ns.>ect1011 
lecn;1ical Costs 
Ad;nin/Legal 
Cont111gcncies 

1,000 (O.l acres) 
17.614 
3~,733 (9.01% Const. Cost) 
7,045 
7 ,045 
7 ,045 

40,5i.3 

Total Indirect i.11,995 

Total Direct and Indirect 464,290 



'ii\1li£ 8-5-COST S1..Vi;u\Y, CLAJUF~CATlOO (S£D.J-:.'N1ATION) 

i.r.st:ilied o,)er. M.unt. Plant 
i~Loij»,nenc fc;ort. L3h0t· wbor Power M1lerial Cnonical WI 

lhit Cost Cost Cost Cost Cost Cost Cost Cost 
$ $/YR $/YR $/YR $/YR $/YR $/YR $/YR 

$0.04/KWH 

Prim Ci.a 202,253 18,579 4. 288 1,532 346 2,022 -0- 8, 188 

Total 202.253 i8,579 4,288 1,532 346 2,022 -0- 8, 188 

N IU1AL CQ;-..Slr'i.X::-,·;ot-.; CDST $ TO'i-~_J:QS:r:_ ~/YR EQVIVAillrr Al\1'<~ CDST $/YR 
0 
00 $60, 100/YR 

DIRr.CT Pi.ant QC,M Cost 8, 188 
I.1boratory Cost 12,500 

Ins~al ied C:q.n;Tr.e,1t 2112. 253 Aarniniscrati.on 873 
Con;:i-ac;:or Oil & t'rnfit 44 ,t.95 Pi_ANT u":.SIQi BASIS

Tolal 21,561 
Tot;il Direct 246, 11.a 

fl.0\.1 4. 0 !-GD 
Ii'iF TSS 200 rre/lltwi.ili:CT 
EFF TSS 80 rrg/ 1 

1.~md 2,000 (0.2 acre) 

Mi sr.. t:Di1 Construction 12,337 

Alf. Lles;.r;n Fee 21. ,055 (9.75% Const. Cost) 

Ins;:;eclion .... 931. 

!ecimicai Costs 4,934 

Aclrr.in/Lcgal I... 9)l 

Contingencies _2ii' 375 


Total Indirect 81,569 

Total Direct 0. Inoirf'ct 378,317 

http:Aarniniscrati.on


TAili.L 8- 6 CXlS! SU:·l',\RY ·"Ci'iVATr:D S°Lu°XE 

rn~c.;i. i.ecl O~er. Y1c11nt 
l::c1u 11•ncnt A;ort. L.1l>or Labor Power 

U1it C<'St Cost Cost Cost Cost 
$ $/YR $/YR $/YR $/YR 

$0.04/KWH 

?rim Cia 107,816 9,904 2, 546 i' 206 299 
ru,;;:iing 97,868 9,926 3, 200 2,170 2,679 
S Sec Ci 145,37l1 i 3, 354 3, 184 i,458 309 
Crr.ip liix l,L.JO,JJ7 168,006 Jl1,06J 17,526 321,666 
Grav ·,·nc 61, 984 5,694 7, 7/l/l 1, 534 247 
ilry Beds 152, 994 17,970 19,216 7' 958 -0­
Jloul & Lf 81 ,1.02 36, 706 1, 771 -0- -0­

N Total 2,072,777 261,563 66, 271 31,855 325,855 
0 

'° 
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Instalieo Ec;uipmcnt 2,072, 777 Administration ~ 
Contractor Oil &. Profit _l,~6.._0iO 

Total L.72,427 
Total Direct 2,528,787 

li\DIRECT 

I..md 9,485 (.95 acre) 

Misc. ilon Construction 126,43') 

Alf. ;:>csign Fee 169,82/ (6.77~ Const. Cost) 

Inspection 50,)7) 

Technicai Costs 50,575 

Ad;:iin/i.egai. 50' )75 

Cont Logencies 390,809 


Total i:nriirect 848, 285 

Total D1rect & Indirect 3,377,072 

Material 
Cost 
$/YR 
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23,050 

Pl;.:1t 
Chemical ~ 

Cost Cost 
$/YR $/YR 
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$875,296/YR 

PI.AN! DESiri-l BASIS 

Ii'<'F BOD 1000 rrg/l 
EFF BOD 30 mg/l 
f1..0,.I l M:;D 

EFF TSS 50 rrg/l 



TABLE 8- 7-CXJST SLM'AAY ,/~PJl1f.D lAGOON 

Unit 

Insuilled 
F.qui ;~nen~ 

Cost 
s 

A;rort. 
Cost 
S/YR 

Oper. 
Labor 
Cose 
S/YR 

M,1int. 
Labor 
Cost 
S/YR 

Pen.er 
Cost 
$/YR 

$0.04/KWH 

Material 
Cost 
S/YR 

ChP.mical 
Cost 
S/YR 

Pi.1nt 
W1 
Cost 
$/YR 

Prim Trmt 
/\er Lago 
L Pnn Cl 
Tl.lo St L 
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Grav Tnc 
Dry Beds 
lloul bi Lf 

170,064 
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107,817 
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107,817 
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31, 646 
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'· ,395 

10,638 
30,847 

13,915 
3,965 
2,546 

-0­
2,5116 
1,596 

11,181 
1,030 

5,71.l 
587 

l, 202. 
16. ~29 
1,202 
l, 11.0 
4,616 

-0­

1,859 
42,888 

300 
-0­
300 
210 
-0­
-0­

4,251 
3,099 
1,078 
1,824 
1,078 

478 
815 

11,234 

-0­
-0­
-0­
-0­
-0­
-0­
-0­
-0­

25, 766 
50,539 

5,126 
17,953 

5, 126 
),424 

16,612 
12,264 

N 
...... 
0 

Total 1,360,458 178,838 

I07AL CONSTRUCTIO.'l CDST $ 

36,779 30,617 45,551 

1UiAL 0&1 COST $/YR 

23,857 -0­ 136,810 

EQUIVAUNI' AN'<UA.L CXJST $/Yil.. 

DIRECT 

Inscai. i.ed ECjtti.;xnent 
Contractor OH bi Profit 

Total Direct 

l, 360,L.58 
299,301 

1,659, 759 

Plant ~'1 Cost 
L<;"uor.1tory Cost 
/\ul\J.n1stranon 

Total 

136,810 
28, 649 
28 ,414 

193,873 

$467,705 

PIAN! DESIGN BASIS 

It-<DiRECT 

l.;md 
Misc. Non Construction 
A/E Design Fee 
Insj)ect ion 
Teclmical Costs 
Admin/Legal 
Conti..ngencies 

22,000 (2.2 acres) 
82,988 

117,157 (7.06% Const. 
33. 195 
33. 195 
33, 195 

190,871 

Cost) 

Total Indirect 512,60i. 

Total Direct &Indirect 2,172,360 



TADlE 8-8-C.OST S~11ARY ,HlfwUtDIA ril..7MTION 

I.kl it 

Installed 
Equip1rent 

Cost 
$ 

/\rrort. 
Cost 
$/YR 

Oper. 
Labor 

Cost 
$/YR 

Ma int. 
Labor 
Cost 
$/YR 

Power 
Cost 
$/YR 

Filtrati 
Punping 

345,396 
142, 710 

40,570 
15,254 

1,292 
3,825 

605 
2,202 

1, 264 
10,684 

Total 1,88, 107 55. 824 5, 117 2,808 11, 948 

N 
f-' 
f-' 

IDrAl. CD~STRUQION OJST $ 10!AL Cl61-1 OJST $/YR 

DIRECT 

Installed ECjUipT.ent 
Contractor OH &Profit 

Total Direct 

l,!'.)8, 107 
i07,373 

595,490 

Plant 06.M Cost 
Laboratory Cost 
Administration 

Total 

30,910 
24. 936 
17,458 

73,304 

:...and 
Misc. l\m Construction 
11/E ~s;gn Fee 
Insµection 
Teclmica~ Costs 
Admin/Legal 
Contingencies 

ll,261 
29' 774 
1.g, 106 
11,909 
11,909 
i.1,909 
68,481 

(8. 08% Const. Cost) 

Total Indirect 196,349 

Total Direct &Indirect 791, 839 

Plnt 
Material Cnemical 06.M 

Cost Cost Cost 
$/YR $/YR $/YR 

10,040 -0­ 13,201 
998 -0­ 17,709 

11,039 -0­ J0,910 

EQUIVALENI' ANi\'liAL OJST $/YR 

$164, 561/YR 

P;.,\l\,' D~SIGN OASIS 

1:;-. .. r- o;ss 1,0 reg/ 1 
Err TSS 16 mg/l 
AVG Fi..D./ 4.0 a;o 



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 unit process design. 
Discrete unit cost curves for all treatment processes evaluated are in 
Appendix F. 

Dissolved Air Flotation 

In wastewater treatment, dissolved air flotation (OAF) 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 pressur1z1ng 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 pr act ice, the 
reduction of suspended solids ranges from 70 to 95 percent with inc i­
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 Elow curves 
presents costs with and witho

from 
ut ch

dissolved air flotation. Figure 
emical addition. 

8-2 

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 


Unit Processes 

Activated Sludge Units 
Complete Hix 
Contact Stabilization 
Extended Aeration 
High Rate 
Plug Flow 

Air Flotation 

Aerated Lagoon 

Chemical Feed Systems 
(Service life cannot 
be changed) 

Drying Beds 

Equalization 

Filtration 

Gravity Thickening 

Sludge Hauling and 
Land Filling 

Lagoon 

Microscreening 

Replacement 
Schedule 

Key word Cost Item (years) 

COMP LE Mechanical Aerator (RSSA) 20 

CONTAC Diffuser (RSPD) 30 

EXTEND Swing Arm Diffuser (RSPH) 30 

HIGH R Pump (RSPS) 25 

PLUG F Structural (RSST) 40 


AIR FL 	 Air Flotation Unit (RSFS) 30 

Structural (RSST) 40 


AERATE 	 Mechanical Aerator (RSSA) 15 

Liner (RSLL) 15 

Structural (RSST) 40 


None 	 Alum System 40 

Iron Salts System 40 

Lime System 40 

Polymer System 40 


DRYING 	 4-in. Pipe (RSCP) 20 

6-in. Pipe (RSCP) 20 

8-in. Pipe (RSCP) 20 

Structural (RSST) 40 


EQUAL! 	 Floating Aerator (RSSA) 15 

Liner (RSLL) 15 

Structural (RSSTj 40 


FILTRA 	 Filter Unit (RSSF) 20 

Pump (RSPS) 25 

Package Filter Unit (RSSF) 20 

Structural (RSST) 40 


GRAVIT 	 Thickener (RSTS) 40 

Structural (RSSt) 40 


HAULIN 	 Vehicle (RSSV) 6 

Structural (RSST) 40 


LAGOON 	 Steel Pipe (RSSP) 20 

Butterfly Valve (RSSV) 20 

Liner (RSLL) 15 

Structural (RSST) 40. 


MICROS 	 Microscreen (RSSM) 15 

Structural (RSST) 40 
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TABLE 8-9 (Continued) 

Unit Processes 

Primary Clarification 
Primary 
Two-Stage Lime 

Pumping 

Secondary Clarificatioo 
General 
Activated Sludge 
Denitrification 
Nitrification 
Oxidation Ditch 
Pure Oxygen 
Trickling Filter 

Key word 

PRIMAR 
L PRIM 

PUMP IN 

CLARIF 
A SECO 
D SECO 
N SECO 
0 SECO 
P SECO 
T SECO 

Replacement 
Schedule 

Cost Item (years) 

Mechanism (RSMS) 40 
Structural (RSST) 40 

Pump (RSPS) 25 
Structural (RSST) 40 

Mechanism (RSMS) 40 

Structural (RSST) 40 
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No Chemicals 

- - - - - - With Chemicals 

F"LOW (MILLION GAL/DAY) 

FIGURE 8-2 - CAPITAL, OPERATING AND A.~~AL COSTS 
DISSOLVED AIR FLCTATION 
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and thereby reduce the load on the biological 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 l 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 units following biological treatment systems 
represented in ·the summary data base achieve an effluent TSS concentra­

· tion of about 35 to 60 mg/I (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. Thi:s 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 is 
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 al 1 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 QAVG. 
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FIGURE 8-4- ACTIVATED SLUDGE PROCESS CONSIDERED FOR COST ESTIMATION 

http:PRIMA.RY


Where: 

(ECF)t excess capacity factor for tank volwne of aerator 

= average daily wastewater flow MGD 

(ECF)t is never less than 1.1 

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 (+15 percent), it is reason­
able to limit the general use of these costs to a minimum effluent 
target of 10 mg/I. 

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
iety of effluent BOD concentrations and a fixed influent concentration. 
An example cost swmnary sheet used to plot one set of data points is 
presented in Table 8-6. 

Aerated Lagoons 

Aerated 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/l and 33 mg/l, respectively. 

Figure 8-8 shows the aerated lagoon system process diagram used for cost 
estimation. Table 8-7 sho"1ls 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 filtration 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 fi leering 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 sol ids to about 5 to 19 mg/l (LTH). 
Multimedia filtration has been shown to reduce TSS levels by 55 to 99 
percent in various cases. [8-5] In add it ion 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 sp-ace 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 sol ids 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 Amount 

Excavation (3,000 min) 1. 20 $/yd
3 346 yd 3 

Earth Prep (3,000 min) 
Liner 0.54 $/ft2 3900 ft

2 

Subtotal 

Miscellaneous (15% of subtotal) 
Subtotal 

Engineering (15%)(5,000 min) 

Contingencies (15%) 

Total Installed Cost 


Land (2X pond) 10,000$/acre 0.18 acre 
TOTAL CAPITAL COST 

Operating Cost 

Maintenance (10%) 
Sludge Disposal 7,600 $/yr MGD 
Total Operating Cost 

TOTAL ANNUAL COST 
12.5% T.C.C. & T.O.C. 

Total Cost($) 

3,000 
3,000 
2,100 
8,100 

ld!2. 
9,315 

5,000 
1,400 

15. 715 

1,800 
17 '5 LS 

L,750 
530 

2,280 

4,470 
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TABLE 8-10 (Continued) 

COST SUMMARY, POLISHING PONDS 

Plant: 97 
Flow: 0.86 MGD 
Subcategory: NOT PLASTICS/NOT TYPE I 

Item Unit Cost Amount 

Excavation 1.20 $/yd 3 4258 yd 3 

Earth Prep 2
Liner 0.54 $/ft 2 34225 ft

Subtotal 

Miscellaneous (15% of subtotal) 
Subtotal 

Engineering (15%)(5,000 min) 

Contingencies (15%) 

Total Installed Cost 


Land (2X pond) 10,000$/acre 1. 6 acre 
TOTAL CAPITAL COST 

Operating Cost 

Maintenance (10%) 
Sludge Disposal 7,600 S/yr MGD 
Total Operating Cost 

TOTAL ANNUAL COST 
12.5% T.C.C. & T.O.C. 

Total Cost($) 

5,100 
5,100 

18,480 
28,680 

4 300 
3~ 

S,000 
4,950 

42,930 

16,000 
58,930 

5,900 
6,540 

12,440 

19,800 
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TABLE 8-10 (Continued) 

COST SUMMARY, POLISHING PONDS 

Plant: 171 
Flow: 1.44 MGD 
Subcategory: NOT PLASTICS/TYPE I W/0 OXIDATION 

Item Unit Cost Amount 

3 3Excavation 1.20 $/yd 7130 yd
Earth Prep 2 ft 2Liner 0.54 $/ft 55225 

Subtotal 

Miscellaneous {15% of subtotal) 
Subtotal 

Engineering (15%)(5,000 min) 

Contingencies (15%) 

Total Installed Cost 


Land (2X pond) 10,000$/acre 2.6 acre 
TOTAL CAPITAL COST 

Operating Cost 

Maintenance (10%) 
Sludge Disposal 7,600 $/yr MGD 
Total Operating Cost 

TOTAL ANNUAL COST 
12.5% T.C.C. & T.O.C. 

Total Cost($) 

8,560 
8,560 

29,820 
46,940 

3.0~0 
5 • 

8,100 
8, 100 

70, 180 

26,000 
96' 180 

9,620 
10,940 
20,560 

32,600 

232 




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 Total Cost($) 

Excavation 1.20 $/yd3 25100 yd3 30,120 
Earth Prep 
Liner 0.54 $/ft2 180625 ft 2 

30,120 
97,540 

Subtotal 157,780 

Miscellaneous (15% of subtotal) 23,670 
Subtotal l81,450 

Engineering (15%)(5,000 min) 27,200 
Contingencies (15%) 27,200 
Total In~talled Cost 235,850 

Land (2X pond) 10,000$/acre 8.4 acre 84,000 
TOTAL CAPITAL COST 319,850 

Operating Cost 

Maintenance (10%) 31,985 
Sludge Disposal 7,600 $/yr MGD 38,530 
Total Operating Cost 70,515 

TOTAL ANNUAL COST 110 ,500 
12.5% T.C.C. & T.O.C. 
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TABLE 8-11 

COMPARISON OF POLISHING POND AND MULTIMEDIA FILTER COSTS 

MULTIMEDIA FILTRATION 

Plant Capital Cost Operating Cost Annual Cost 

9 240,000 

60 900,000 

97 520,000 

171 600,000 

9 17,515 

60 319,850 

97 58,930 

171 96J180 

22.000 52,000 

80,000 190,000 

42,000 100,000 

50,000 120,000 

POLISHING PONDS 

2,280 4,470 

70,515 110 ,500 

12,440 19,800 

20,560 32,600 
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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 costs. 

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. 

Al though 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 
b~low 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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TADl.E 8-12-~CNOI ViOJU< O'.l!·2AIUSGNS 

% Difference 
Plant No., Treacnent Type, Reported CAPDr:."T Difference C.OfT\)ared to 

'and Design Para~e:ers Costs C.Osts {CAPD~r - Reeorted) Reeorced C.Ost 

CAPDET IS 
0146 

ASL@ 0.8 M'.:D Capital.,$ 2,421,000 2,300,000 -121,000 5% lOIJ 
BOD INF 720 rrg/l Operating,$/YR 376,800 310,000 - 66,800 18"1. lOl..I 
BOD EFf' 20 ~l Eq. Annual, $/YR 661,600 580,000 - 81,600 12% low 

042 
ASL (l 0 .13 ~CD C.:ipital,$ 1,082,000 900,000 -182,000 l 7'/. lOl..I

!'..:> 
w 	 BOD INF 6,000 rrg/l Operau.ng, $/YR 190,000 140,000 - 50,000 26% low 

BOD Ef"F 380 rrg/l Eq. Annual,$/YR 317,000 260,000 - 57,000 187. low°' 
'178 

ASL @ 3. 5 ~x:;n Llipiral,$ 7,960,000 8,000,000 + L.0,000 0.5% high 
IJOD INF 1,000 rrg/l Oj)craLine. $/YR 837,000 1,200,000 +363,000 4J'/. high 
BOD EFF 50 rrg/l Er.. Annual. $/YR 1, 778, 000 2.11.0.000 +362,000 20'l. high 

Perroleun Refinery 
1'5L@ 2.2 MGD 
!:\OD INP Dt. rrc11 Installed Equipnenc 
OOD Eff 12 rrg/l Costs Only, S 630,000 868,000 +238,000 38% high 

OAR@ 2.2 ~(.'!) 	 l~scalled Equii:-rent 
Costs Only, $ 190,000 155,000 - 35,000 18% low 

!}\F without Cheni.cal Installed Equiprrent 
Feed @ 2. 2 ~t;D Costs Only, $ 155,000 205,000 + 50,000 32"/. high 

http:Operau.ng


defined as 15 mg/l (LTM). This represents the median value obtained by 
the "Not Type I" 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/I (LTM), 
which represents the level generally achievable using conventional clar­
ification. 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/l 	 Applied to 

I 	 (50/50) All Plants 
II 	 (30/30) All Plants 

III 	 (20/20) All Plants 
I Va 	 ( 10/20) Plastics Plants 
I Vb 	 (15/20) Not Plastics Plants 

For the plant-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 8-14. This 
example provides a reference for the following discussion. 

The treatment alternatives considered for this plant-by-plant analysis 
include clarification, dissolved air flotation, activated sludge, aera­
te~ 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 sy~tems 
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 concentrations 
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 
(LIM). 

4. 	For plants requiring the addition of biological systems, the 
solids leaving the proposed secondary clarifiers are assumed to 
meet 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 SO 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 co 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. 

S. 	 For each target, 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 treatment 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: 

I. 	For plants with TSS concentrations greate~ 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 rog/l (LTM). For 
Target I, additional sol ids 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 Ill 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, multi ­
media filtration or microscreening is necessary. 

2. 	 For plants wich 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 II and 
III 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 ass1.U11ed 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 obtained from the graphs through a simple extrapolation of the 
curve. 

The accuracy of the extension for the plant with a flow of 40 MGD is 
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 plane-by-plant analysis, as illustrated 
in Table 8-14, are defined as follows: 

1. ASL refers to activated sludge 
2. ALA refers to aerated lagoons 
3. CLAR refers to clarification 
4. DAF refers to dissolved air flotation 
5. MMF refers to multimedia filtration 
6. MICRO refers to microscreening 

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 i.n 
Table 8-15 and 8-16. 

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 II, $28,963,000 per year for Target III and $33,131,000 
per year for Target IV, 

BPT COST ESTI!1ATES 

A second 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 (I) 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 is 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 
(II) 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 fi 1ters 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. 

241 




-------

..... "" v"I 
0 
u 

0 

~ 

;'.) 
I 

"" ...._, 
CD
q: 
I­

I 

~]

HI 
'r~ 
t< 

~I 

~I 

~:~ ~ ~~ g~~g~ ~~~~ ~~~~g0 

-~=o~o=~a~;~~io;~~~~=o~~~~~ 
~ 

...--~ ­cQ­
~u::. 

.....­
-;; E 
~ ­
~~ 

V> t ­

; =~1 

.. ~ ~~l-
c 

=~~. w 

­-o­~u= 
0 

~~-
~ c::I
uU 

...~ ­- .. 
- t ~-
~. 

..,,'1 ...= 

<'. 
• 0

o::" 

.. .. .... ., .. .,.. .... 0 0 0 00 
cu QO 00 0 0.. .. OQ 

~ a oo oa oo ~o~ o c o 
:o~oao~~o~~o~~ooo~~~~o~o~o~. . 

-••--~~o----o-.~~A---o-~-o-
- - ,... _.,. rt ~• ., • .,,.. -"' .,,.. .,,.. .Q <..c> • - - • 0- '1' O - - - - ro .,. 

242 




Sugguted 
Plant I Treiltmcnt 

l l1Kl" 

18 HMF 

16 ALA/r.'.P 

21 No Treat 

28 ASl./l'ro" 

35 No Treat 

36 ASl./HXP 

50 t!MF 

52 No Treat 

5) HMF 

57 !'.MF 

59 Ml".1 

60 .!'.'tF 

62 AS!./ti>f.F 

64 No Treat 

76 M.'IF 

80 No Treat 

85 HMF 

94 HMF 

97 HMY 

102 HM1 

110 Ho Treat 

112 ASL/MMP' 

113 ASL/Ml1P' 

114 HMY 

120 ~f 

127 ASL/MIU' 

TARC!T IV (15/20) 

Capi tel 
Costs 

($) 

470,000 

82.5,COO 

5,1350,000 

0 

2,640,000 

0 

840,000 

320,000 

0 

675,000 

720,000 

600,000 

900,COO 

1,750,COO 

0 

2,S00,000 

0 

340,000 

),000,000 

520,000 

700,000 

0 

l,430,000 

7,300,000 

850,000 

2,500,000 

1,960,000 

Operating 
Costs 
($/;i:r~ 

40,000 

75,000 

537,000 

o 

283,000 

0 

78, 000 

30,000 

0 

60,000 

65,000 

50,000 

80,000 

168,000 

0 

165,000 

0 

32,000 

250,000 

42,000 

62,000 

0 

136,000 

780,000 

77,000 

1.50,000 

174,000 

Annual 
Costa 
($/2'.r~ 

95,000 

170,0CO 

1,270,000 

0 

605,000 

0 

195,000 

72,000 

0 

135,000 

150,000 

120,000 

190,000 

375,000 

0 

490,000 

0 

75,000 

850,000 

100,000 

140,000 

0 

307 ,000 

1,550,000 

170,000 

450,000 

420,000 
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TABLE 8-15 {cont), NON-PLASTICS 
I 

':'Anr.li' 1 mmi ':"An('.:cTTfm7l I J.lHlF.'l'iTTIDrD'I 

Pl1nl 

"'"· 
Sv;yuhd 
T'rffttmfnl 

C•?ll•I 
Cot11 

111 

Op•" llnr 
Co\IJ 

~ 

Annu1l 
Co.st' 
~ 

Su~gulrd 
Tru lmfnl 

Ce pl I el 
Cotl• 

!.!! 

Oprro 1lnr 
Cotti 

~ 

Annual 
Coslt 

~ 

6unriled 
T'Tcalmtnl 

; 

C1pil1I 
Co,11 

!.!! 

Op<ro llnr 
Cou1 

~ 

Annu1I 
C01u 

~ 

Ill 
llD 

1'10 TO EAT 
~O TllEAT 

D 
D 

D 
D 

D 
0 

•IMP 
1'10 T0£AT 

610,0DD 
0 

Bl, ODO 
D 

I ID ,ODO 
D 

MMP 
NO TR£AT 

110,DDO 
0 

11, DOD 
D 

110, ODO 
0 

N 
.I:'­.,.. 

Ill... 
l<I 
160 
111 
111 
Ill 
i IG 
IAI 
11' 
lll 
lli 
llO 
ll l 
17' 
lll 
lll 
llV 
1'1 
116 
711 
lCl 
761 
110 
l! I 

11~1. 

NO TneAT 
•O TREAT 
/ISi. 
N•J TneAT 
1151. 
•O TOEAT 
•0 71/CllT 
N() Tl/EAT 
•OT//EAT 
llSI, 
CLAR 
OM 
AS/, 
Cl.AR 
CLAR 
ASl. 
NO TneAT 
NO TnF.AT 
NO T/l~AT 
ASL 
NO 7RUT 
NO Tl/EAT 
NO TnEAT 
CLi\R 

100,00 
D 
D 

180,000 
0 

1.roo,000 
0 
D 
D 
D 
l!D, DCO 
II, OCD 
11, 000 

8'0,DDO 
100,000 
llO, ODO 
!DD,000 
0 
0 
0 
'10,000 
0 
0 
0 
111,000 

ID~.000 

D 
D 

IC ,ODD. ·o 
lDC ,ODO 

c 
•C 
0 
D 

o, oco 
16, ~~o 
1~, c~o 

11 c, o~o 
11, 000 
l;. coo 

110. 000 
0 
0 
0 

90 ,DOD 
0 
0 
0 

11.000 

Ill ,000 
D 
0 

111,0DO 
0 

10~.000 

D 
D 
D 
D 

iOl, 000 
ll, OlO 
2i, ace 

llO, COD 

''. oco 
to. ooo 

190,000 
0 
0 
0 

l /C ,ODO 
D 
0 
0 

40, ODO 

ASL/MM F 
MMr 

"'' rl\Si./MMF 
"!Mf 
ASL/MM r 
NO TnF11T 
•O Tll t:AT 
"tMf 
•OTO EAT 
ASL/MMF 
,.',Mf" 
'-IMF 
ASL/MMf 
M•I f 
MMI' 
/ISL/MM F 
MMr 
NO ·rnr.i\T 
MMI' 
llSL/MMP 
MMP 
NO TR UT 
NO TO EAT 
MMr 

I°, 710, DOD 
HD,000 
tDO,DDD 

I, I ID, DOD 
000,DOO 

l, 1 OD, DOD 
0 
D 

1<0,DDD 
0 
161,000 
ll0.000 
l\O, 000 

1,710,000 
HO.ODD 
110, ODD 

I, 1lO ,000 
I GI, 000 
0 
210. 000 

1, llO, 000 
lOI, 000 
c 
0 
l&O ,ODO 

I' 11 UOO 
<l, 000 
ID, COD 

111, DOD 
10, DOD 

ltl, ODD 
D 
D 

Cl, DOD 
D 

60, DOD 
70. coo 
ll, 000 

10, DOD 
<D, ODD 
lU, DOD 

l<G, ODO 
ir.,noo 

0 
20 ,ODO 

179. 000 
11, ODO 

0 
0 

44, ODO 

l 11, DOD 
100.000 
110. 010 
lt0,00) 
170, OJD 
6<0,0DD 

0 
D 

100,DOD 
0 

l<I ,DOD 
41. 000 
IG, ODD 

lOC,000 
I 10. 000 
I GO, ODO 
111,000 
JI ,ODO 
0 
64 ,ODO 

JOI, 000 
41, DOD 
0 
0 

110,000 

llSL/MMP 
MMP 
MMlo' 
AS~/MMP 
MMr 
/ISL/MM P 
NO TlleAT 
1'10 TneAT 
•1'1F 
MMP 
ASl,/MMF 
f.1MF 
MMI' 
llSl./MMP 

"" rMMP 
ASL/MMP 
,,,, p 

MMP 
'1Mf 
ASL/MMP 
/IS/,/MMP 
MMP 
NO TRfi\T 
MMF 

I ,•0,000 
140,000 
OOD, ODD 

I, I ID, DID 
600,000 

l,IDD,ODD 
0 
0 
l<O, 000 
110 ,DOD 
IOI, OCO 
llO, COO 
710, ODD 

l,<ID,OCO 
'tO, DOD 
110,000 

I, 110, DCD 
161,000 
111, OGO 
210. oco 

I, llO, CCC 
601, DJO 
tlO, ODO 
0 
HO,DOO 

111,000 
o.c~u 

H,000 
111,000 
H,000 

lDI, 000 
D 
D 

ll, DOD 
11,DCO 
60, roo 
:o. 000 
ll, ODO 

1ll, ODO 
4~, OO'l 
10, DOD 

116. 000 
16. coo 
11, CJD 
H,00~ 

IH.~JO 

11. 000 
ll, 000 

0 
44, ODO 

lll, ODO 
I DO, DlD 
111, ODD 
HJ,000 
I ;o, 000 
,,, • 000 

D 
0 

I OJ, ODO 
II, :CD 

'" ,o:o
4J, ODO 
16, COD 

lH,DDD 
l 10, DJO 
1!0, DOO 
ll;. coo 
ll, OJJ 

110, CJD 
,. ,r:io 

llO, ~ro 
1<1, OJO 
1lO, OJO 

0 
110, ODD 



Suggcs ted 
Treatr.:ent 

Plant I 

128 HMP 

130 No Treat 

138 ASL/MKF 

144 HMP 

145 HKP 

160 ASL/HMF 

171 M!'IF 

178 ASL/HMF 

183 No Treat 

180 No Treat 

186 MHl' 

216 MMF 

218 ASL/tt!'l."l:F 

219 HMF 

220 Hl'IF 

222 ASL/~F 

22& MMF 

228 Hl'!F 

231 ASL/HMF 

239 t'.?'IF 

247 HlfF 

25& Ml1F 

277 ASL/MMF 

263 ASL/HMJ' 

264 HHF 

270 No Treat 

271 l'C'iF 

lAXGET IY (15/20) 

Capital 
Costs 

($2 

650,000 

0 

1,44),000 

540,000 

600,000 

1,180,000 

600,000 

3, 100,000 

0 

0 

540, 000 

250,COO 

565,000 

230,000 

250,000 

1,450,000 

560,000 

750,000 

1,270,0CO 

165,000 

725 ,000 

270,000 

1,330,000 

605,000 

630,000 

0 

560,000 

Ope rating ·Annual 
Costs Cons 
($/y_r) ($/'f.r) 

68,000 150,000 

0 0 

l >l ,000 335,000 

42,000 100,000 

50,000 120,000 

118,000 260,000 

50,000 120,000 

303,000 720,000 

0 0 

0 0 

4 2 ,000 100,0CO 

24,COO 55,_000 

60,000 141,000 

20,000 48,C:JO 

25,000 56,000 

152,000 346,000 

46,000 110,000 

70,COO 160,000 

156,000 332,000 

16,000 35,000 

65,000 150,000 

26,000 64 ,000 

!29,000 320,000 

57,000 146,000 

53,000 130,000 

0 0 

44,000 110,000 
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Suggested 
Trea.~ment 

Plant , 
269 liM.P 

272 MMF 

275 ASl./MliF 

15 ~iMF 

20 ASl/t!KF 

42 ASL/H.'lf 

61 ASL/MMF 

84 ASL/t'J'tF 

103 No Treat 

118 No Trea: 

170 MMl' 

175 HMF 

177 No Treat 

234 No Treat 

TARGET lV (15/20) 

Capltal 
Cost& 

(S) 

eoo.ooo 

800,000 

eoo.ooo 

670,000 


740, ODO 


810,000 


2,220,000 


3,900,000 


0 


0 


700,000 

520,0CO 

0 

0 

Operat1n& Annual 
Coat• Coat& 
($/:z:r) ( $ /:z:r) 

7.5,000 170,000 

75,000 170,000 

84,000 195,000 

60,000 1)5,000 

74,000 180,000 

75,000 185,000 

230,000 495,000 

420,000 890,000 

0 0 

0 0 

84,000 145,000 

44,000 98,000 

0 0 

0 0 
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TARGET lV (15/20) 

Plant ' Treatment Capital $ Ope rat 1onal $ Annual $ 

8 ASL/MJ1F 740,000 75,000 179,000 

)l HMF 550,000 44,000 108,000 

32 ASL/H:MF 620,000 61,000 148,000 

49 HMF 540,000 42 ,000 100,000, 
Hix I & II 

63 ASL/t'»'tf 4,200,000 449,o·oo 960,000 

66 C'..AR/HMF 810,000 66,000 159,000 

81 ASL/MMF 1,220,000 126,000 285,000 

86 ASL/1".:.'IF 1,660,000 167,000 370,000 

88 ASL/MMF l,150,000 120,000 260,000 

92 No Treat 0 0 0 

98 ASL/Ml"..F 650,000 56,000 130,000 

117 No Treat 0 0 0 

119 MMF b25,DO:J 52,0CO 140,000 

121 No Treat 0 0 0 

122 XMF 650,COO 56,000 130,000 

151 MMF 700,000 64,000 148,000 

153 ASL/HM.I' l,045,CCO 104,000 245,000 

158 ASL/t'.'IF 700,000 73,000 170,000 

159 MM.F 460,0CO 39. 000 90,000 

164 ASL/MMF 1,060,000 106,000 250,000 

176 Hl'IF 560,000 44,000 110, 000 

182 ASL/MMF 1,250,000 122,000 280,000 

187 ASL/MM!' 2,325,000 222,000 540,000 

192 t1l{f 250,000 25,000 60,000 

249 




TABLE 8-15 (cont), NON-PLASTICS 

i'AnCET I M110I TA nc_n II [l07lOJ tAncET 111 mm> 
Plant .... !!urruled 

Trtftlmcnl 
Cap Ila I 
Co1U 
Ill 

Oprrallnr 
Co111 
(I/yr) 

Annu1J 
Cost• 
(l/yrl 

SL1fvu•rd 
Trralmrnl 

Capllal 
Co1t1 

(I) 

Oprnlln1 
CoslJ 
lltrrl 

Annu.1 
Coils 
lltrrl 

Sur1r11ed 
,._.utmrnt 

Copll1l 
CoJIJ 

(I) 

Opru1lnr 
Cot!• 
(l/rrl 

Annu1J 
C..111 
lllrrl 

N 
\J1 
0 

.,, 
I 91 
JOI 
lOl 
101 
)06 
101 
llO 
lll 
ll6 
lU 
HI 
l<! 
ll! 

6. 11 
Hl 

• )('I' 

• lst 
n1 
111 

ASL 
1<0 TnEAT 
ASL 
ASL 
CLAR 
CL/\R 
NOTllEAT 
ASL 
ASL 
CL4R 
1<0 TREAT 
ASL 
NO Tn e4T 
NOTllt:AT 
ASL 
ASL 
ASL 
NO TfleAT 
NO TflfAT 
ASL 
NO Tflf:4T 

no,ooo 
0 
00,000 
110, 030 

10. 000 
ll0,000 
0 
100,000 

l,l00.000 
ll0,000 
0 

J,J00,000 
0 
0 

110,000 
I 10 ,000 
.. 0 ,000 
0 
0 

I, I 00' 000 
_o__ 

110,000 
0 

11,000 
10,000 
11',000 
ll ,000 

0 
ll, 060 

210,000 
ll, 000 

0 
llO ,000 

0 
0 

SI ,000 
!8,000 
•• ,000 

0 
0 

110.000 
0 

!lO, 000 
0 

110 ,ooo 
I lO, 000 

11, COO 
t<,000 
0 

110 ,ODO 
S60,000 

c1 ,ooo 
0 

190. 000 
c 
0 

l lC ,000 
I JO ,000 
101 ,000 

0 
0 

110. 000 
0 

ASL/MM P 
MMP 
ASl./MMf 
/\SL/MMP 
MMP 
,., .,, r 
,_,Ml' 
AS I.JM MP 
i\SL/MMP 
MMF 
NO Tf\[AT 
ASL/M '-~ P 
NOT Tllf.AT 
ASL/'I" P 
ASL/•:Mf 
ASL/r.!Mf 
ASL/MMr 
NO Tll cAT 
NO TRll\T 
ASLWMF 
NO TllE/\T 

I, lll, 000 
I, 010, 000 

111,000 
1&0,COO 
160,C~O 

BIO, 000 
400, 000 

l, OIC, OCO 
3, 100. 000 

BOO, 000 
0 

1,911,000 
0 
110. 000 
111, 000 
111, 000 
011. 000 
0 
0 

l,~80,000 

0 

111,000 
11, 000 
11, 000 
71, 000 
11,0JO 
11. :co 
lr. ,!CO 

IC< ,COO 
llO, COO 
11, coo 

0 
111,000 

0 
19, ODO 
8 I, 000 
I I ,COO 
61. 000 

0 
0 

J!D,000 
0 

103. 000 
710,000 
119. oco 
I Pl, 000 

l<.OCO 
l7C,000 
!I, ODO 

l •6. coo 
'10,0CO 
170,000 

410 I 000 

I JS, 000 
Ill. 000 
111, coo 
141 ,000 

0 
0 

110 ,000 
0 

ASl,/MMP 
MMP 
ASl,/MMP 
i\SL/MMP 
MMt' 
MMf 
•: "p 
ASl./M MP 
ASL/MMP 
MMt' 
NO TnEAT 
ASL/'1 '1 P 
N01RF.AT 
ASL/MMP 
ASL/•I MP 
ASL/MM F 
/\SL/MMP 
MMP 
NO Tf\EAT 
ALA/MMP 
NOTllEAT 

J,IH,000 
1,010,000 

1 JO ,000 
790,0CO 
ILO,COO 
!10, coo 
·~o. coo 

1,010,COO 
l,lC0,000 

R00,000 
0 

l,lll,000 
0 
110 ,000 
I 11, 000 
I 11, 000 
611,COO 
ll0,000 
0 

l,110,000 
_o__ 

171,000 
11, 000 
I l, 000 
7D. coo 
11, 003 
11, 000 
l!. 000 

IOI, 000 
310,000 
lS, 000 

0 
111,000 

0 
l9. 000 
ll, 000 
ll, 000 
II, 000 
H,000 

0 
)10. 000 

0 

Hl, 000 
710,000 
I; l, 030 
191, o:.o 
l4. 030 

110, C03 
11,C30 

14',000 
110. coo 
110,000 

0 
410. 000 

0 
1ll,000 
I94, 000 
191,000 
111,000 
61, 000 
0 

140,000 
0 

TOTALS ll,lll,000 I, 97J ,000 4,1!9,000 l:. ,483 ,000 l, 807 ,000 I, 010, 00 JI, ll0,000 l,111,000 I, 110,000 

'll<SUPPICleHT TSS DAT4. 



TARC£T IV (15/20) 

Plant I Treat cent Capital $ Operational s Annual $ 

193 ASL/HMl' 1,535,000 171,000 373,000 

195 MMl' 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 HMl' 160,000 15,000 34,000 

206 ASL/MMF 2,100,000 250,000 510,000 

208 HMF 400,000 3&. 000 85,000 

230 ASL/HMF 1,050,000 104,000 246,000 

235 ASL/HMF 3,2oa,ooo 350,000 750,000 

2l6 ASL/KMF 2,000,000 230,000 490,000 

245 No Treat 0 0 0 

248 ASt/HMF l,925,000 181,000 410,000 

249 No Treat 0 0 0 

258 AS:.../HMF 550,000 59,000 136,000 

6 AS!./MMF 815,000 83,000 194,000 

81 ASL/r.MF 815,000 83,000 194,000 

163 ASL/t'.."J1 615,000 61,000 147,000 

204 MHF 270,000 2b,OOO 62 ,000 

259 No Treat 0 0 0 

2&8 At.A/!1MY 3,880,000 350,000 840,000 

281 HMF 540,000 42,500 100. 000 

TOTALS 44, 170,000 4,401,500 10,013 ,000 
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TARGET IVA (10/:.10) 

Pl.int I Tceata>ent Capital $ Operational $ Annual $ 

2 MXF 61.0,000 54,00Q 127,000 

3 AS!./IW' 990,000 99,000 2)),000 

9 MXY 240,000 22,000 52,000 

10 No Treat 0 0 0 

17 AS!./M."ti' 680,000 67,000 160,000 

19 No Treat 0 0 0 

27 AS!./!".".f S,400,000 680,000 1,400,000 

29 HMP 1,250,000 95,000 245,000 

34 ASL/!111F 450,000 49,000 115 ,000 

39 No Treat 0 0 0 

44 Hl".F 470,000 40,000 92,000 

45 M:'..F 650,000 56,000 130,000 

54 !'.:11 280,000 28,000 68,000 

65 ASL/HM!' 3,40C,OOO 410,000 830,000 

73 No Treat 0 0 0 

77 No Treat 0 0 0 

89 ASl./r!!1F 1,300,000 HO,CCO 300,COO 

90 So Treat 0 0 0 

91 !111l' 650,000 56,000 130,000 

en K!iF" 260,0:JO 2b,OOO 60,000 

96 No Treat 0 0 0 

100 ~o Treat 0 0 0 

104 MMF 600, 000 50,000 120,000 
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TA:RCET ::VA ClC/20) 

Plant I Treatment Capital $ Ope rat ional S Annual $ 

105 MKF 340,000 32,000 n.ooo 

107 ASl./HMF 1,600,000 17S,OOO )70,000 

109 HMF 600,000 50,000 120,000 

111 No Treat 0 0 0 

124 ASL/KMF 1,070,000 108,000 248,000 

125 ASL/HMF l,210,000 118,000 270,000 

126 HMF 360,000 34,000 80,000 

132 ASL 640,000 bb,000 155,000 

146 HXF 360,000 34,000 80,000 

147 HMF 330,CCO 31,000 73,000 

150 AS'.../M.'IF 1,300,000 126. 000 285,000 

152 No Treat 0 0 0 

157 MMl' 600,000 46,000 110 ,000 

174 No Treat 0 0 0 

179 MMl' 420,000 38,000 85,000 
Mix I 6o lI 

184 MMI' 560,000 ~6. 000 110,000 

189 ASL/Hl".1 1,020,000 102 ,000 235,000 

194 No Treat 0 0 0 

196 No Treat a 0 0 

202 ASL 540,000 58,000 13>,000 

210 No Treat 0 0 0 

217 AS!. 420,000 4t.,OOO 107,000 
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TARt;ET IVA (10/20) 

Plant ·(reatment Capital $ Operational $ Ann11al $ 

223 AS!. 480,000 40,000 94,000 

224 AS!./!1Ml" 470,000 52,000 120,000 

229 No Treat 0 0 0 

24b. ASL/MHP' 1,190,000 121,000 275,000 

254 HMl' 510,COO 41,000 96,000 

262 ASL/MM!' 660,000 68, 000 160,000 

273 AS!./MMF 200,000 230,000 480,000 

277 l1l'.l' 675,000 60,000 135,000 

287 No Treat 0 0 0 

n AS!./MMF 730,000 75,000 175,000 

lOb No Treat 0 0 0 

233 AS1./1'1MP 830,000 85 ,000 190,000 

TOTALS lb, 17 5,000 3,752,000 8,325,000 
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TABLE 8-17 

POTENTIAL BPT EFFLUENT LIMITATIONS 

BPT (I) 

Subcategory BOD mg/l 

Plastics 14.5 

Not Plastics -Type I with Oxidation 

High Flow 26.0 
Low Flow 36.0 

Not Plastics Type I w/o Oxidation 24.5 

Not Plastics NOT Type I 17.0 

BPT (II) 

Subcate&orr BOD ms/l 

Plastics 14. 5 

Not Plastics - Type I with Oxiation 

High Flow 26.0 
Low Flow 36.0 

Not Plastics Type I w/o Oxidation 24.5 

Not Plastics NOT Type I 17.0 

TSS mg/l 

24 

62 
89 

34.5 

29 

TSS ms/l 

23 

42 
42 

27 

26 
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TABLE 8-18 


PLANT-BY-PLANT COST ESTIMATES 


SUBCATEGORY: PLASTICS ONLY 

BPT (I) I BPT (II) 
Suggested Capital Operating Annual I Suggested Capital Operating Annual 

Plant # Treatment Cost ($) Cost($/yr) Cost($/yr) I 
I 

Treatment Cost($/yr) ~ost ($I yr_~ _Cost_($ [yr) 

2 
3 

No Treat. 
ASL/MMF 

0 
990,000 

0 
99,000 

0 
233,000 

I 
I 

MMF 
ASL/MMF 

640,000 
990,000 

54,000 
99,000 

127,000 
233,000 

9 MMF 240,000 22,000 52,000 I MMF 240,000 22,000 52,000 
10 No Treat. 0 0 0 I No Treat. 0 0 0 
17 ASL/MMF 680,000 67,000 160,000 I ASL/MMF 680,000 67,000 160,000 
19 No Treat. 0 0 0 I No Treat. 0 0 0 
29 MMF 1,250,000 95,000 245 ,000 I MMF 1,250,000 95,000 245,000 
39 No Treat. 0 0 0 I No Treat. 0 0 0 
45 No Treat. 0 0 0 I No Treat. 0 0 0 

N 
V1 

54 ASL/MMF 880,000 88,000 218,000 I ASL/MMF 880,000 88,000 218,000 
\0 73 No Treat. 0 0 0 I No Treat. 0 0 0 

77 No Treat. 0 0 0 I No Treat. 0 0 0 
90 No Treat. 0 0 0 I No Treat. 0 0 0 
91 MMF 650,000 56,000 130,000 I MMF 650,000 56,000 130,000 
93 MMF 260,000 26,000 60,000 I MMF 260,000 26,000 60,000 
96 No Treat. 0 0 0 I No Treat. 0 0 0 

100 No Treat. 0 0 0 I No Treat. 0 0 0 
104 MMF 600,000 50,000 120,000 I MMF 600,000 50,000 120,000 
105 
109 

MMF 
MMF 

340,000 
600,000 

32,000 
50,000 

75,000 
120,000 

I 
I 

MMF 
MMF 

340,000 
600,000 

32,000 
50,000 

75,000 
120,000 

111 No Treat. 0 0 0 I No Treat. 0 0 0 
124 ASL/MMF 1,070,000 108 ,000 248,000 I ASL/MMF 1,070,000 108,000 248,000 
125 
126 
146 

ASL/MMF 
MMF 

No Treat. 

1,210,000 
360,000 

0 

118 ,000 
34,000 

0 

270,000 
80,000 

0 

I 
I 
I 

ASL/MMF 
MMF 

No Treat. 

1,210,000 
360,000 

0 

118,000 
34,000 

0 

270,000 
80,000 

0 
14 7 MMF 330,000 31,000 73,000 I MMF 330,000 31,000 73 ,000 
150 
152 

ASL/MMF 
No Treat. 

1,300,000 
0 

126,000 
0 

285,000 
0 

I 
I 

ASL/MMF 
No Treat. 

1,300,000 
0 

126,000 
0 

285,000 
0 

157 MMF 600,000 46,000 110 ,000 I MMF 600,000 46,000 110,000 



TABLE 8-18 (Continued) 


PLANT-BY-PLANT COST ESTIMATES 

SUBCATEGORY: PLASTICS ONLY 

BPT (I) BPT (II) 
Suggested Capital Operating Annual Suggested Capital Operating Annual 

Plant :ft Treatment Cost ( $) Cost($/yr) Cost($ I 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 I MMF 675,000 60,000 135 ,000 
287 No Treat. 0 0 0 I No Treat. 0 0 0 

N 
CJ' 27 MMF 1,750,000 120,000 300,000 I ASL/MMF 7,150,000 800,000 1,700,000 
0 34 ASL/MMF 690,000 64,000 165,000 I ASL/MMF 690,000 64,000 165,000 

44 No Treat. 0 0 0 I No Treat. 0 0 0 
52 No Treat. 0 0 0 I No Treat. 0 0 0 
65 MMF 1,250,000 95,000 245,000 I MMF 1,250,000 95,000 245,000 
75 ASL/MMF 1,120,000 110 ,000 255,000 I ASL/MMF 1,120,000 110 ,000 255,000 
89 ASL/MMF 1,925,000 192,000 420,000 I ASL/MMF 1,925,000 192 ,000 420,000 

107 ASL/MMF 1,900,000 237,000 510,000 I ASL/MMF 1,900,000 237,000 510,000 
119 No Treat. 0 0 0 I MMF 125,000 52,000 140,000 
134 MMF 320,000 31,000 71,000 I ASL/MMF 960,000 97,000 226,000 
192 MMF 250,000 25,000 60,000 I ASL/MMF 750,000 78,000 190,000 
202 MMF 290,000 26,000 60,000 I 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 I MMF 480,000 40,000 94,000 
224 ASL/MMF 720,000 75,000 172,000 I ASL/MMF 720,000 75,000 172,000 
233 ASL/MMF 980,000 119 ,000 280,000 I ASL/MMF 980,000 119 ,000 280,000 
254 No Treat. 0 0 0 I MMF 510 ,000 4 7 ,000 96,000 
262 ASL/MMF 1,000,000 100,000 235,000 I ASL/MMF 1,000,000 100,000 235,000 
273 ASL/MMF 2,775,000 300,000 640,000 I ASL/MMF 2 '775 ,000 300,000 640,000 



TABLE 8-18 (Continued) 

PLANT-BY-PLANT COST ESTIMATES 
SUBCATEGORY: TYPE I W/ OXIDATION - HIGH FLOW 

BPT (I) BPT (II) 
Suggested Capital Op~rating Annual Suggested Capital Operating Annual 

Plant 4~ Treatment Cost ($) Cost($/yr) Cost($/yr) Treatment Cost( $/yr) Cost($/yr) Cost($/yr) 

20 ASL 500,000 52 ,000 130,000 ASL/MMF 740,000 74,000 180 ,000 
31 CLR 185,000 18,000 40,000 MMF 550,000 44,000 108,000 
36 ASL 600,000 58,000 145 ,000 ASL/MMF 840,000 78,000 195,000 
49 No Treat. 0 0 0 No Treat. 0 0 0 
57 MMF 720,000 65,000 150,000 MMF 720,000 65 ,000 150,000 
60 MMF 900,000 80,000 190,000 MMF 900,000 80,000 190,000 
61 ASL 1,550,000 170,000 360,000 ASL/MMF 2,220,000 230,000 495,000 
62 ASL 1,150,000 120,000 260,000 ASL/MMF 1,750,000 168,000 375,000 
63 ASL 3, 100,000 360,000 740,000 ASL/MMF 4,200,000 449,000 960,000 
76 No Treat. 0 0 0 No Treat. 0 0 0 

N 
0­

80 
84 

No Treat. 
ASL 

0 
2,850,000 

0 
335,000 

0 
680,000 

No Treat. 
ASL/MMF 

0 
3,900,000 

0 
420,000 

0 
890,000 

98 ASL 1,400,000 150,000 330,000 ASL/MMF 2,050,000 206,000 460,000 
102 No Treat. 0 0 0 No Treat. 0 0 0 
103 No Treat. 0 0 0 No Treat. 0 0 0 
110 No Treat. 0 0 0 No Treat. 0 0 0 
112 ASL 930,000 95,000 210,000 ASL/MMF 1,430,000 136 ,000 307,000 
113 No Treat. 0 0 0 No Treat. 0 0 0 
114 No Treat. 0 0 0 MMF 850,000 77 ,000 170,000 
127 ASL 1,400,000 130,000 310,000 ASL/MMF 1,960,000 174,000 420,000 
175 MMF 520,000 44,000 98,000 MMF 520,000 44,000 98,000 
176 MMF 560,000 44,000 110 ,000 MMF 560,000 44,000 110,000 
187 ASL 1,700,000 170,000 420,000 ASL/MMF 2,325,000 222,000 540,000 
193 ASL 1,200,000 140,000 300,000 ASL/MMF 1,535,000 171,000 373 ,000 
195 No Treat. 0 0 0 No. Treat. 0 0 0 
216 No Treat. 0 0 0 No Treat. 0 0 0 
220 ASL 450,000 55,000 120,000 ASL/MMF 700,000 80,000 176,000 
222 ASL 1,100,000 120,000 270,000 ASL/MMF 1,450,000 152,000 346,000 
228 ASL 1,900,000 220,000 450,000 ASL/MMF 2,650,000 290,000 610,000 
234 No Treat. 0 0 0 No Treat. 0 0 0 



TABLE 8-18 (Continued) 


PLANT-BY-PLANT COST ESTIMATES 

SUBCATEGORY: TYPE I W/ OXIDATION - HIGH FLOW 

BPT (I) BPT (II) 
Suggested Capital Operating Annual Suggested Capital Operating Annual 

Plant II Treatment Cost ($) Cost( $/lr) Cost( $/lr) Treatment CostC$/lr) Cost($/lr) CostC$/lr) 

235 ASL 2,300,000 270,000 560,000 ASL/HHF 3,200,000 350,000 750,000 
248 ASL 1,300,000 130 ,000 290,000 ASL/HHF 1,925,000 181 ,000 410 ,000 
249 No Treat. 0 0 0 No Treat. 0 0 0 
257 ASL 870,000 90,000 210,000 ASL/HHF 1,330,000 129,000 302,000 
272 CLR 340,000 22,000 62,000 HHF 800,000 75,000 170,000 
88 ASL 1,150,000 120,000 260,000 ASL/HHF 1,740,000 167 ,000 375,000 

158 ASL 700,000 73,000 170,000 ASL/MMF 1,070,000 107,000 250,000 
206 MMF 850,000 75,000 170 ,000 MMF 850,000 75,000 170,000 
236 HMF 800,000 75,000 170,000 MMF 800,000 75,000 170 ,000 

N SUBCATEGORY: TYPE I W/ OXIDATION - LOW FLOW 
0\ 
N 

42 ASL 490,000 54,000 125,000 I ASL/HMF 720 ,000 73 ,000 170,000 
so No Treat. 0 0 0 I MMF 320,000 30,000 72,000 
81 ASL 750,000 88,000 190,000 I ASL/HHF 1,090,000 120,000 265,000 
81 ASL 510,000 56,000 130,000 I ASL/HMF 765,000 81,000 188,000 
81 (total 2 streams) 

1,260,000 144,000 320,000 I 1,855,000 201,000 453,000 
138 ASL 800,000 105 ,000 230,000 I ASL/HMF 1,220 ,000 141,000 315,000 
160 ASL 760,000 80,000 175,000 I ASL/HHF 1,180,000 118,000 260,000 
163 ASL 410,000 44,000 107,000 I ASL/HMF 615,000 61,000 147,000 
177 No Treat. 0 0 0 I No Treat. 0 0 0 
188 No Treat. 0 0 0 I No Treat. 0 0 0 
218 ASL 380,000 43,000 103,000 I ASL/HMF 565,000 60,000 141,000 
219 CLR 55,000 16,000 22,000 I MMF 230,000 20,000 48,000 
239 No Treat. 0 0 0 I No Treat. 0 0 0 
268 ASL 2,200,000 320,000 580,000 I ASL/MMF 2,880,000 380,000 720,000 
271 CLR 185,000 18,000 40,000 I MMF 560,000 44,000 110 ,000 



TABLE 8-18 (Continued) 


PLANT-BY-PLANT COST ESTIMATES 

SUBCATEGORY: Type I w/o Oxidation 

BPT (I) BPT (II) 
Suggested Capital Operating Annual Suggested Capital Operating Annual 

Plant it Treatment Cost ( $) Cost($/yr) Cost($/yr) Treatment Cosd$/~r) Cost($/~r) Cost($/~r) 

1 ASL/MMF 1,330,000 178,000 295,000 ASL/MMF 1,330,000 178,000 295,000 
15 No Treat. 0 0 0 No Treat. 0 0 0 
16 ALA/MMF 5,850,000 537,000 1,270,000 ALA/MMF s,aso,ooo 537,000 1,270,000 
28 MMF 740,000 68,000 155,000 MMF 740,000 68,000 155,000 
32 ASL/MMF 620,000 61,000 148,000 ASL/MMF 620,000 61,000 148,000 
35 No Treat. 0 0 0 No Treat. 0 0 0 
SJ MMF 675,000 60,000 135 ,000 MMF 675,000 60,000 135 ,000 
64 No Treat. 0 0 0 No Treat. 0 0 0 
as MMF 340,000 32,000 75,000 MMF 340,000 32,000 75,000 

117 No Treat. 0 0 0 No Treat. 0 0 0 
N 

"' 
118 No Treat. 0 0 0 No Treat. 0 0 0 

w 128 No Treat. 0 0 0 MMF 650,000 68,000 150,000 
130 No Treat. 0 0 0 No Treat. 0 0 0 
164 ASL/MMF 1,060,000 106,000 750,000 ASL/MMF 1,060,000 106,000 750,000 
171 MMF 600,000 50,000 120,000 MMF 600,000 50,000 120,000 
170 MMF 700,000 64,000 145,000 MMF 700,000 64,000 145,000 
178 ASL/MMF 3'100 ,000 303,000 720,000 I ASL/MMF 3,100,000 303,000 720,000 
183 No Treat. 0 0 0 I No Treat. 0 0 0 
201 ASL/'MMF 710,000 83,000 173,000 I ASL/MMF 710,000 83,000 173,000 
203 ASL/MMF 790,000 79,000 197 ,000 I ASL/MMF 790,000 79,000 197,000 
204 No Treat. 0 0 0 I No Treat. 0 0 0 
230 ASL/MMF 1,050,000 104,000 246,000 I ASL/MMF 1,050,000 104,000 246,000 
256 No Treat. 0 0 0 I MMF 270,000 26,000 64,000 
259 No Treat. 0 0 0 I No Treat. 0 0 0 
263 MMF 205,000 17,000 41,000 I MMF 205,000 17,000 41,000 
264 No Treat. 0 0 0 I No Treat. 0 0 0 
269 ASL/MMF 2,900,000 315,000 670,000 I ASL/MMF 2,900,000 315,000 670,000 
275 ASL/MMF 800,000 84,000 195,000 I ASL/MMF 800,000 84,000 195,000 
159 . No Treat. 0 0 0 I No Treat. 0 0 0 
281 No Treat. 0 0 0 I No Treat. 0 0 0 



TABLE 8-18 (Continued) 


PLANT-BY-PLANT COST ESTIMATES 

SUBCATEGORY: NOT TYPE I 

BPT (I) BPT (II) 
Suggested Capital Operating Annual Suggested Capital Operating Annual 

Plant # Treatment Cost ($) Cost( $/~r) Cost( $/~r) Treatment Cosd$/~r) Cost($/~r) Cost($/~r) 

6 ASL/MMF 815,000 83,000 194,000 ASL/MHF 815,000 83,000 194,000 
8 ASL/MMF 890,000 90,000 208,000 ASL/MMF 890,000 90,000 208,000 

18 No Treat. 0 0 0 No Treat. 0 0 0 
21 No Treat. 0 0 0 No Treat. 0 0 0 
59 MMF 600,000 50,000 120,000 MMF 600,000 50,000 120,000 
66 MMF 810,000 66,000 159,000 MMF 810,000 66,000 159,000 
86 ASL/MHF 1,660,000 167,000 370,000 ASL/MMF 1,660,000 167,000 370,000 
92 No Treat. 0 0 0 No Treat. 0 0 0 
94 MMF 5,000,000 250,000 850,000 MHF 5,000,000 250,000 850,000 

N 

°' 
97 

120 
HMF 

No Treat. 
520,000 

0 
42,000 

0 
100,000 

0 
MMF 
MHF 

520,000 
2,500,000 

42,000 
150,000 

10,000 
450,000 

~ 121 No Treat. 0 0 0 No Treat. 0 0 0 
122 MHF 650,000 56,000 130,000 ASL/MHF 1,700,000 166 ,000 370,000 
144 MHF 540,000 42,000 100,000 ASL/MMF 1,020,000 94,000 220,000 
145 ASL/MMF 1,800,000 180,000 400,000 ASL/MMF 1,800,000 180,000 400,000 
153 ASL/MMF 1,045,000 104,000 245,000 ASL/HMF 1,045,000 104,000 245,000 
182 ASL/MMF 1,250,000 122,000 280,000 ASL/MMF 1,250,000 122,000 280,000 
186 No Treat. 0 0 0 No Treat. 0 0 0 
205 MMF 160,000 15,000 34,000 MHF 160,000 15,000 34,000 
208 MHF 400,000 36,000 85,000 ASL/MHF 830,000 81,000 195,000 
226 MMF 560,000 46,000 110,000 MMF 560,000 46,000 110,000 
231 ASL/MMF 1,270,000 156,000 332,000 ASL/MHF 1,270,000 156,000 332,000 
245 No Treat. 0 0 0 No Treat. 0 0 0 
247 No Treat. 0 0 0 No Treat. 0 0 0 
258 ASL/MMF 550,000 59,000 136 ,000 ASL/MHF 550,000 59,000 136 ,000 
270 No Treat. 0 0 0 No Treat. 0 0 0 
151 MHF 700,000 64,000 148,000 MHF 700,000 64,000 148,000 



Capital 
Cost ($) 

PLASTICS 33,045,000 

TYPE 	 I W/ OXID. 

-High Flow 31,025,000 
-Low Flow 6,540,000 

TYPE I W/O OXID. 21,470,000 

N NOT TYPE I 19,220,000°'ln 

TOTAL 111,300,000 

TABLE 8-19 

TOTAL COSTS, PLANT-BY-PLANT ANALYSIS 

BPT (I) 
Operating 

Cost ($/Yr) 
Annual 

Cost ($/Yr)--­
I 
I 
I 

Capital 
Cost ($) 

BPT (II) 
Operating 

Cost ($/Yr) 
Annual 

Cost ($/Yr) 

3 ,215 ,000 7,388,000 I 41,875,000 4,265,000 9,665,000 

3,281,000 
824,000 

2, 141,000 

1,628,000 

7,205,000 
1,702,000 

5,335,000 

4,001,000 

I 
I 
I 
I 
I 
I 
I 
I 

43,565,000 
10, 145 ,000 

22,390,000 

23,680,000 

4,363,000 
1,128,000 

2,235,006 

1,985,000 

9,682,000 
2,436,000 

5,549,000 

4,921,000 

11,089 ,000 25,631,000 I 141,290,000 13,950,000 32,253,000 



TABLE 8-20 

PERCENTAGE OF PLANTS REQUIRING ADDITIONAL TR
FOR BPT (I) 

EATMENT 

Subcategory 
No Additional 

Treatment ASL/MMF ?-IMF ASL CLAR 

Plastics Only 38 29 33 0 0 

Not Plastics 
W/ Oxidation 

- rype I 

-High Flow 
-Low Flow 

31 
31 

0 
0 

15 
0 

49 
54 

s 
15 

Not Plastics -Type I 
W/O Oxidation 47 30 20 0 0 

Not Plastics NOT Type I 33 30 37 0 0 

37. require ALA/MMF (Not Plastics - Type I W/O Oxidation) 

TABLE 8-21 

PERCENTAGE OF PLANTS REQUIRING ADDITIONAL TREATMENT 
FOR BPT (I I) 

No Additional 
Subcate~or:z: Treatment ASL/MMF MMF ASL CLAR 

Plastics Only 31 36 33 0 0 

Not Plastics - Type I 
W/Oxidation 

-High Flow 28 49 23 0 0 
-Low Flow 23 54 23 0 0 

Not Plastics -Type I 
W/O Oxidation 40 30 27 0 0 

Not Plastics NOT Type I 30 40 30 0 0 

3% require ALA/MMF (Not Plastics - Type I W/O Oxidation) 
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TABLE 8-22 

PERCENTAGE OF ANNUAL COSTS BY SUBCATEGORY 

Subcategory BPT (I) BPT (II) 

PLASTICS 
58 Plants 

(35% of data base) 29 30 

NOT PLASTICS - TYPE I W/ OXIDATION 

-High Flow 
39 Plants 

(23% of data base) 28 30 

-Low Flow 
13 Plants 

(8% of data base) 7 8 

NOT PLASTICS - TYPE 1 W/O OXIDATION 
30 Plants 

(18% of data base) 21 17 

NOT PLASTICS - NOT TYPE I 
27 Plants 

(16% of data base) 15 15 

167 Total Plants (100%) 100% 100% 
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CAPDET REPRODUCIBILITY 

Following completion of the cost estimates used to prepare this report, 
an attempt was made to verify the reproducibility of the CAPDET program. 
In conducting this evaluation it was determined that the CAPDET program 
had been revised since the original cost analyses. Neither the EPA nor 
the Corps of Engineers has available documentation of the earlier ver­
sion of CAPDET from which the costs were generated. 

To determine the extent of the revisions, a set of activated sludge sys­
tem costs were run using input values identical to those used in an ear­
1 ier run for which printo.uts were available. The technologies designed 
and costed included primary clarification, complete mix activated sludge 
(with secondary clarifier), gravity thickening, sludge drying and con­
tract hauling. 

Both series of runs using the old and revised CAPDET showed identical 
designs and costs for primary and secondary clarifier, gravity thick­
ener, drying beds and similar costs for hauling. However, the designs 
and costs for the complete mix activated sludge system were different. 
Comparing a 1000 mg/l BOD influent at 0.2 MGD and a 20 mg/I (LTH) 
effluent target, the sizing of the reactor by the revised version was 
larger, but cost less. A 4.86 MG vessel with costs of $1.07 million for 
the revised CAPDET versus 3.69 MG vessel costing Sl.31 million for the 
older version. 

FURTHER CHANGES TO CAPDET 

Following this analysis some further rev1s1ons were made to CAPDET. The 
major difference in the design of OCPS industry wastewater treatment 
:.ystems, compared with domestic or sanitary wastewater treatment sys­
tems, is the slower rate at which biological oxidation reactions pro­
ceed. Typically, the kinetic rate for the BOD degradation of OCPS 
wastewater is one-half to one-fifth the rate for domestic wastewater. 
In addition, the influent BOD concentration for a domestic wastewater 
treatment system usually falls within a relatively narrow range, typi­
cally from 200 to 350 mg/l. Influent BOD concentrations for OCPS indus­
try treatment systems can range from less than one hundred to several 
thousand mg/l. On this basis, the kinetic model used by CAPDET was mod­
ified as shown in Table 8-1. As an alternative to the use of this mod­
el, the necessary programming changes were made to incorporate a kinetic 
model specifically intended for industrial wastewater. 

Research, provided by Gloyna, Grau, and any others in the industrial 
waste field has found the Grau kinetic model more closely simulates ac­
tual biochemical removal or organics.[8-8] Union Carbide has completed 
extensive study on the use of Grau kinetics to model its chemical 
plants. The resulting conclusion is that BOD removal has been determin­
ed to be first order as a function of soluble BOD and volatile solids 
but inversely proportionate to the influent soluble BOD concentration. 
The work is described in an article by Cyron T. Lawson, et al. in 
"Comments on Selected Aspects of Activated Sludge Treatment Tuchnology 
Based on Recent Union Carbide Experience". 
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The use of soluble, rather than total, influent BOD concentrations re­
presents a constraint when applying the Grau model to develop industry­
wide treatment costs. Very few plants in the OCPS data base reported 
soluble influent BOD characteristics. To apply the Grau model to plants 
which reported only tot.al influent BOD data, some relationship between 
total and soluble BOD would have to be assumed. Errors in this assump­
tion may offset the benefits of using a more accurate kinetic modeling 
technique. 

NON WATER QUALITY ASPECTS 

The use of wastewater treatment systems to alleviate water pollution 
problems may result in adv~rse impacts in other environmental areas. 
Elements of other environmental concerns that must be considered 
include: 

1. Air pollution 
2. Solid waste generation 
3. -RCRA considerations 
4. Noise pollution 
5. Energy requirements 

Air Pollution 

If solvents or other volatile hydrocarbons are subjected to an evapor­
ative process (such as an evaporation pond) where vapor condensation is 
impractical, volatile materials will be lost to the atmosphere. Vola­
tile materials can be lost to a lesser extent. through aeration, dis­
solved air flotation and other treatment operations. The extent of the 
pollution potential depends on the nature and concentration of the vol­
atile components and on the weather conditions at the site of disposal 
or treatment, as well as the treatment technology itself. 

Landfilling is a fairly common method of disposing of settled solids, 
floating oil.s and biological sludges. If the landfill is not properly 
designed an~ maintained, volatile components in the nonwater wastes can 
evaporate and contribute to air pollution. 

Incineration is another commonly employed method for the disposal of 
nonaqueous wastes. Improperly designed or operated incinerators can 
discharge particulates, hydrocarbons or noxious gases to the atmosphere. 
Most of these emissions can be controlled by the use of scrubbers. 
These scrubbers will, however, create an additional source of contam­
inated wastewater. 

Solid Waste Generation 

Solid wastes, for the purposes of this report, include the solids and 
skimmings produced by the treatment technologies involved in the pri ­
mary, secondary and tertiary end-of-pipe treatment of the OCPS indus­
try's wastewater. 

The solids include such materials as grit and solids from primary clar­
ifiers, sludges and skimmings generated by the various separation tech­
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nologies, biological sludge from biological treatment plants, spent 
activated carbon and residues from incineration. Most of the above sol­
ids generated cannot be quantified without a specific on-site evalua­
tion; either by the individual plant records, if available, or by a 
study to determine the quantity of solid waste generated. 

The major quantity of solid waste generated, however, is the excess bio­
logical sludge. This material can be approximtely quantified because, 
in biological treatment, the excess sludge is directly related to the 
BOD removed. CAPDET used 0.73 pounds of sludge generated per pound of 
BOD removed. Figure 8-14 shows the sludge production as a function of 
the change in BOD concentration. 

RCRA Considerations 

Processing operations and treatment facilities in OCPS plants generate 
solid and liquid wastes which in some cases may be classified as "haz­
ardous wastes" by the definition and characteristics outlined in Section 
3001 of the Resource Conservation and Recovery Act (RCRA). Storage, 
transport, treatment and disposal methods for these wastes are regulated 
by RCRA interim status standards. 

OCPS hazardous waste generators using contract removal, offsite disposal 
and sal.es must comply .with the transportation guidelines for hazardous 
waste. The guidelines include standards for manifest, labels, contain­
ers, marking and placarding of wastes before removal. The receiver of 
the wastes would then be responsible for meeting treatment, storage and 
disposal requirements. 

Onsite treatment of hazardous waste by OCPS generators does not have to 
comply with transportation guidelines for hazardous wastes. They must, 
however, meet standards for treatment, storage and disposal of these 
wastes (RCRA Section 3004) and must obtain a permit (RCRA Section 2005). 
OCPS generators treating onsite include EOP systems and zero discharge 
performers using deep wells, incineration followed by scrubbing, evapor­
ation ponds and land disposal. 

Noise Generation 

None of the alternate t~chnologies presented in this report are judged 
to be generators of excessive noise levels. Most industrial installa­
tions, including the OCPS plants, do generate a background noise level 
which, if excessive, must be accommodated under OSHA regulations. Fur­
thermore, practically all machinery of recent manufacture is constructed 
or installed to comply with OSHA noise level requirements. 

None of the technologies proposed, nor the equipment associated with the 
technologies, are unique or radically different from other industrial 
machinery in respect to noise generation. 

On this basis it is judged that noise pollution does not pose a poten­
tial problem with the implementation of the suggested technologies. 
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Energy Requirements 

Due to the importance of today's need for energy conservation and the 
inceasing costs arising from energy shortages, energy usage must be 
considered before implementing treatment technologies. 

In-plant technologies may require high energy consumptions. Activated 
carbon adsorption requires a large energy utilization (3,000 BTU/lb of 
carbon) to regenerate.spent carbon.[8-9] Membrane technologies require 
energy for use in producing pressure to force liquid wastes through the 
film. Steam stripping utilizes energy to produce and move the steam. 
Wet oxidation requires large energy amounts for generating high pres­
sures and for fueling the operation to promote extreme temperatures un­
less the organic content of the wastewater is hi.gh enough to sustain 
auto-oxidation. 

Energy requirem5nts for EOP treatments using aerators range from 0.6 to 
1.15 hp/1000 ft .[8-10] Energy requirements for complete 3mix activated 
sludge calculated for an average value of 0.88 hp/1000 ft are shown in 
Figure 8-15 as a function of flow and residence time. These costs also 
include pumping requirements in addition to aeration and mixing. The 
residence time can be obtained from Figure 8-1 discussed previously. 
Other energy requirements are needed for clarifier operation, some types 
of filtration requiring pressure, dissolved air flotation and activated 
carbon regeneration. Ultimate treatment of sludge, residues, scums and 
liquid wastes by incineration would require additional energy. Figures 
8-16 through 8-18 list the energy requirements utilized by CAPDET for 
clarification, dissolved air flotatation and multimedia filtration. 

Energy requirements for zero discharge treatment, except incineration, 
are mainly for pumping liquids or for operating and transporting vehi­
cles. Recycling may require additional energy to return the recycled 
wastes to the process. Incineration would rely on energy to heat and 
oxidize wastes. Energy used to maintain evaporation process equipment 
must also be considered. 
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SECTION IX. 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF 

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE 


GENERAL 


The effluent limitations which were required to be achieved by July 1, 
1977, are based on the degree of effluent reduction attainable through 
the application of the best practicable control technology currently 
available (BPT). The best practicable control technology currently 
available generally is based upon the average of the best existing per­
fonnance, in tenns of treated effluent discharged, by plants of various 
sizes, ages, and unit processes within an industry or subcategory~ 

Where existing performance is uniformly inadequate, BPT may be trans_., 
ferred from a different subcategory or category. Limitations based on 
transfer technology must be supported by a conclusion that the technol­
ogy is, indeed, transferable and a reasonable prediction that it will be 
capable of achieving the prescribed effluent limits (see Tanners' 
Council of America v. Train, 540 F. 2d 1188 (4th Cir. 1976)). While 
best practicable control technology currently available focuses on end­
of-pipe treatment technology rather than process changes or internal 
controls, it can include process changes or internal controls when the 
changes or controls are normal practice with an industry. 

BPT considers the total cost of the application of technology in rela­
tion to the effluent reduction benefits to be achieved from the technol­
ogies. The cost/benefit inquiry for BPT is a limited balancing, which 
does not require the Agency to quantify benefits in monetary terms (see, 
e.g., American Iron and St:eel v. EPA, 526 F 2d 1027 Ord Cir. 1975)). 
In balancing costs in relation to effluent reduction benefits, EPA con­
siders the volume and nature of existing discharges, the volume and na­
ture of discharges expected after application of BPT, the general envi­
rorunental effects of the pollutants, and the costs and economic impacts 
of the requir~d pollution control level. The Act does not require or 
permit consideration of water quality problems attributable to partic­
ular point sources or industries, or water quality improvements in par­
ticular water bodies (see Weyerhaeuser Company v. Castle, 11 ERC 2149 
(D.C. Cir. 1978)). 

REGULATED POLLUTANTS 

Pollutants proposed for regulation under BPT are BOD5 , TSS and pH. 

IDENTIFICATION OF THE BEST PRACTICABLE CONTROL TECHNOLOGY 

In determining the best practicable control technology, biological 
treatment has been evaluated as the principal treatment practice within 
the OCPS industry. Of the 185 plants for which treatment system infor­
mation is available, 146 use some form of biological treatment. Al­
though nonbiological treatment systems are often used to produce high 
quality effluents, only biological treatment has been sufficiently ap­
plied t:o be considered across the broad spectrum of the OCPS industry. 
On this basis, biological treatment, in general, may be considered the 
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best technology for treatment of OCPS wastewaters and is, therefore, 
chosen as best practicable control technology. 

RATIONALE FOR SELECTION OF THE BEST PRACTICABLE CONTROL TECHNOLOGY 

Use of biological treatment as the best practicable control technology 
will produce high quality effluents as shown in Section VII. Evalua­
tions to determine if the addition of tertiary treatment processes such 
as polishing ponds, filtration, carbon adsorption. etc., would improve 
effluent quality indicated that plants with tertiary processes do not 
achieve lower effluent BODS concentrations than plant:s utilizing only 
biological systems. This apparent contradiction may have resulted from 
the fact that, because the data base is limited to performance data for 
entire treatment systems, performance data are not available for indi­
vidual unit treatment processes. This tends to mask the effect of 
plants which install additional end-of-pipe treatment technologies to 
compensate for poorly designed or poorly operated existing treatment 
systems. Therefore, it was determined that the evaluation of levels of 
performance by the treatment technology utilized by OCPS plants was not 
appropriate. 

Of the 141 plants in the Summary· Data Base which employ biological 
treatment and have effluent BODS data, only 6S plants, or 46%, comply 
with applicable BOD effluent limitations, while the remaining 785plants, or 55%, were not in compliance. In addition, of the 129 plants 
in the Summary Data Base which employ biological treatment and have ef­
fluent TSS data, only 60 plants, or 47%, comply with applicable TSS ef­
fluent limitations, while the remaining 69 plants, or 53%, were not in 
compliance. This is an indication that, while biological treatment has 
been demonstrated to achieve low effluent concentrations, the median 
values obtained for all biological systems in the industry are not con­
sidered to be representative of the average level of treatment which can 
be achieved. While some plants in the data base are well designed and 
operated to the maximum potential, others are operating at less than op­
timum performance. In order to segregate good performers from bad per­
formers, it was necessary to develop a test to distinguish the better 
plants from those operating less efficiently. 

The first test used to define the well operated plants was to consider 
only those plants which achieved BOD5 removals equal to or greater than 
95%. As presented in Section VII, plants which meet this test criteria 
achieve lower median values than do all plants with biological systems. 
However, it was also recognized that use of the 9S% removal criteria 
eliminates some plants which achieve lower effluent BODS concentrations, 
but by virtue of having very low influent BODS concentrations, do not 
achieve 9S% removal. 

In an attempt to address this potential inconsistency, a new segment was 
evaluated which included all plants which achieved 95% BODS reduction or 
which achieved a final effluent BODS concentration of less than or equal 
to 50 mg/l. This also allowed the inclusion of effluent BODS data which 
had no corresponding influent value. 
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In addition, while reviewing the data for this segment, it appeared that 
well operated plants in the Not Plastics Only-Type I with Oxidation sub­
category had a wide range of effluent values. Subsequent investigations 
showed that this effect appeared to be related to the efficiency of wa­
ter use by plants in this subcategory. Water use efficiency was defined 
as a plant's daily water usage divided by its daily production level. 
As described in detail in Section VII, a further analysis showed this 
effect to be limited to those plants in the first quartrile of water 
use. This included plants with water use less than or equal to 0.2 gal­
lons per pound of product. This suggested that the Not Plastics Only ­
Type I with Oxidation subcategory be further divided into low water use 
(less than 0.2 gallons per pound) and high water use (greater than 0.2 
gallons per pound) subcategories. When this was done, the resulting 
l~ng term median final effluent BOD and T.ss concentrations for plants 
with at least 95% BOD5 removal or SO 5mg/l final effluent BODS concentra­
tions were 26 mg/l ana 62 mg/l for high water use facilities and 36 mg/l 
and 89 mg/l for low water use facilities. 

After the calculation of long term median effluent concentration for 
each proposed subcategory, EPA grouped for analysis all plants which 
performed better than the subcategory long term median and all plants 
which performed worse. This analysis was performed to determine if 
certain plant characteristics would cause plants to perform better or 
worse than the subcategory long term median. The results showed that 
both groups have similar mixes and numbers of generic processes, similar 
ranges in the number of specific product processes, similar raw waste 
concentration distributions, similar contributions from secondary pro­
duct ion of non-OCPS products and geographical mix (as a measure of 
temperature effects). Therefore, it can be concluded that different 
types of plants were not improperly combined within a subcategory. 

The implementation of additional end-of-pipe treatment technologies can 
require additional land. In addition, spatial relationships and the 
physical characteristics of available land can affect construction 
costs. However, as detailed in Section VIII, the cost of land acquisi ­
tion has been included in cost estimates, where appropriate. In addi­
tion, the impact of plant-by-plant variations has been lessened by cost­
ing least land intensive options available (i.e., activated sludge ver­
sus ·aerated lagoons). 

BPT EFFLUENT LIMITATIONS 

BPT effluent limitations are presented in Table 9-1. 

METHODOLOGY USED FOR DEVELOPMENT OF BPT EFFLUENT LIMITATIONS 

Biological tre~tment has been identified as the best practicable control 
technology currently available for each of the four proposed subcategor­
ies. The long term median BPT final effluent BODS and TSS concentra­
tions were calculated for each subcategory by using the performance. of 
plants which attain 95% BODS reduction or a final effluent BOD concen­5tration less than or equal to SO mg/l. In addition, after a review of 
data and information submitted by the industry, it was determined that 
four plants which met the above BOD criteria had installed more advanced 
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TABLE 9.:.1 


BPT EFFLUENT LIMITATIONS 

(mg/l or ppm) 


LONG TERM MEDIAN MAXIMUM 30-DAY MAXIMUM DAILY 

SUBCATEGORY BODS TSS BODS TSS BOD5 TSS 

Plastics Only 14.S 24 22 36 49 117 

Oxidation 

0 High Water Use 26 62 42 84 106 246 
0 Low Water Use 36 89 58 120 146 JS3 

Type I 24.S 34.S 40 47 100 137 

Other Discharges t7 29 28 39 69 llS 

pH - All subcategories - Within a range of 6.0 to 9.0 at all times 
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wastewater treatment technology in order to meet permit conditions based 
on water quality standards. It was determined that the performance of 
these four plants (three plants in the Plastics Only subcategory and one 
plant in the Other Discharges subcategory) was not representative of 
this technology-based regulation and therefore, were removed from the 
calculation of effluent limitations. Remaining plants were determined 
to achieve the best existing performance. 

Maximum 30-day and daily maximum effluent limitations were determined by 
multiplying long-term median effluent concentrations by appropriate var­
iability factors which were calculated through statistical analysis of 
long term BOD and TSS d·ai ly data. This statistical analysis is de­5scribed tn detail in Section VII. 

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

Summary Data Base 

The total cost (1979 dollars) of attainment of BPT effluent limitations 
for the 130 direct discharging plants in the Summary Data Base which do 
not meet these limitations has been estimated to be about 111.30 million 
dollars in capital cost with associated total annual cost of about 25.63 
million dollars per year. 

Conventional pollutant removals from current discharge loadings associ­
ated with Summary Data Base plants have been estimated to be about 9.79 
million kg/yr (21.58 million lbs/yr) of BODS and 14.S9 million kg/yr 
(32.17 million lbs/yr) of TSS. These removals represent a cost per 
pound of BOD and TSS removed of about $0.48/lb. of BOD and TSS removed. 
Percent removals of BOD and TSS from current raw waste loads are esti ­
mated to be about 94.8 percent and 74.6 percent, respectively. Table 
9-2 presents the annual pounds removed figures for each proposed sub­
category. 

Total Industr_y 

The total cost of attainment of BPT effluent limitations for all direct 
discharging plants in the OCPS industry has been projected to be about 
316 million dollars in capital costs with associated total annual costs 
of about 105 million dollars per year. These projections were made for 
use in the Economic Impact Analysis (EIA) and are documented in the EIA 
document. 

As discussed in previous sections of this document, many different est ­
imates have been made on the number of plants in the OCPS industry. 
Estimates range from about 1200 plants to as many ~s 2100 plants. Due 
to the many estimates of the number of direct discharging plants in the 
OCPS industry, a direct projection of the Summary Data Base to the en­
tire industry was not possible and a general analysis was utilized to 
project the conventional pollutant removals to the entire OCPS industry. 
Weighted averages of current BODS and TSS concentrations and current 
flows for each subcategory were utilized to calculate current total 
industry BOD and TSS loadings. Using the same weighted average for cur­
rent flows, total industry BOD and TSS loadings were calculated using 
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TABLE 9-2 


EFFLUENT REDUCTION BENEFITS AND NON WATER QUALITY IMPACTS 

FOR SUMMARY DATA BASE PLANTS 


IN EACH OF THE PROPOSED SUBCATEGORIES 


Million lbs/yr Energy Additional 
Removed Requirements Solid Waste 

BOD TSS (Barrels/ir) (Tons/ir) 

PLASTICS ONLY 1. 75 6.01 29,455 3,311 

OXIDATION 

0 High Water Use 6.50 4.34 84' 137 3,307 
0 Low Water Use 2. 72 0.65 6, 771 800 

TYPE I 9.68 11.09 24, 188 7,239 

OTHER DISCHARGERS 0.93 10.08 12,444 5,203 

TOTALS 21. 58 32.17 156,995 19,860 
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the proposed effluent limitations. The difference in these two total 
industry loadings was used as the total BOD and TSS removals from cur­
rent discharge levels. A summary of this case study is shown in Table 
9-3. As can be seen in Table 9-3, conventional pollutant removals from 
current discharge levels based on attainment of BPT effluent limitations 
have been projected to be about 67.59 million kg/yr (149 million pounds) 
of BOD and 46.27 million kg/yr (102 million pounds) of TSS. These re­
movals represent a cost per pound of BOD and TSS removed of about 
$0.42/lb. of BOD and TSS removed. Percent removals of BOD and TSS from 
current raw waste loads are similar to those for the Stmnary Data Base. 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Non-water quality environmental impacts have also been considered in 
Section VIII. The impacts associated with attainment of BPT effluent 
limitations by Summary Data Base plants are discussed below. Non-water 
quality impacts based on total industry attainment of the BPT effluent 
Imitations are not discussed below due to difficulties associated with 
projecting Summary Data Base impacts. However, general conclusions on 
impacts can be drawn from the Summary Data Base statistics. 

ENERGY 

Attainment of BPT will require the use of the equivalent of approximate­
ly 32.69 million liters (157 thousand barrels) of residual fuel oil per 
year for Summary Data Base plants. Table 9-2 presents a breakdoWTI of 
the energy requirement by subcategory. 

SOLID WASTE 

Attainment of BPT will result in an additional 18.02 thousand kkg/yr 
(19,860 tons/yr) of wastewater treatment solids for plants in the Sum­
mary Data Base. Table 9-2 presents the amount of additional solids gen­
erated by subcategory. 

AIR AND NOISE 

Attainment of BPT will have no measurable impact on air or noise 
pollution. 
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TABLE 9-3 

CASE STUDY FOR ESTIMATING TOTAL INDUSTRY 

DIRECT DISCHARGE LOADINGS FOR 


BODS AND TSS 


3million lbs/year

Mean raw waste
1 945 3,153.9 

Current leffluent 63 208.3 

2
BPT effluent 18 

-, ~ 
59.5 I 

148.8 

TSS 

1Mean raw waste 427 l ,401. 7 

1Current effluent 63 208.3 
-I A 102.5 

2BPT effluent 32 105.8 I 

1 
mean of all plants in Summary Data Base 

2 median value of all biological systems with Bon
5 

removal ~ 95% or 
effluent BOD5 ~ 50 mg/l 

3 based on 330 operating days per year, 2.31 MGD per plant, and 520 
direct discharge plants 

284 



SECTION X 


EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF 

BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY 


EFFLUENT LIMITATIONS GUIDELINES 


GENERAL 


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

BCT is not an additional limitation, but replaces BAT for the control of 
conventional pollutants. In addition to other factors specified in Section 
304(b)(4)(b), the Act requires that BCT limitations be assessed in light of 
a two-part "cost-reasonableness" test. EPA published a methodology for 
determining BCT on August 29, 1979 (44 FR 50732). In American Pa~er 
Institute v. EPA, 660 F. 2nd 954 (4th Cir. 1981), EPA was ordered to revise 
the cost test-. ­

The court held that EPA must apply a two-part test. The first test com­
pares the cost for private industry to reduce its conventional pollutants 
with the costs for Publicly Owned Treatment Works to attain similar reduc­
tions in their discharge of these pollutants. The second test examines the 
cost-effectiveness of additional industrial treatment beyond BPT. EPA must 
find that limitations are "reasonable" under both tests before establishing 
them as BCT. In no case may BCT be less stringent than BPT. 

In response to the court order, EPA has proposed a revised BCT cost­
reasonableness test at 47 FR 49176 (October 29, 1982). The proposed test 
provides that BCT is cost-reasonable if: ( 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. 

REGULATED POLLUTANTS 

Pollutants proposed for regulation under BCT are BOD5 , TSS and pH. 

IDENTIFICATION OF THE BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY 

The Agency has considered an incremental technology level of conventional 
pollutant control beyond BPT. The technology, additional solids control 
such as polishing ponds and filtration, is already practiced by approxi­
mately one third of the plants in the industry. 

BCT EFFLUENT LIMITATIONS 

,BCT effluent limitations are presented in Table 10-l. 
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TABLE 10-1 

BCT EFFLUENT LIMITATIONS 
(mg/l or ppm) 

LONG TERM MEDIAN MAXIMUM 30-DAY MAXIMUM DAILY 

SUBCATEGORY BODS TSS BODS TSS BOD5 TSS 

Plastics Only 14.5 24 22 36 49 117 

Oxidation 

o High Water Use 26 62 42 84 106 246 
o Low Water Use 36 89 58 120 146 353 

Type I 24.5 34.5 40 47 100 137 

Other Discharges 17 29 28 39 69 115 
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RATIONALE FOR THE SELECTION OF BEST CONVENTIONAL POLLUTANT CONTROL 
TECHNOLOGY 

The Agency performed the first part of the BCT "cost-reasonableness" test 
which compares the cost for private industry to reduce conventional pollu­
tants with the costs for Publicly Owned Treatment Works to attain similar 
reductions in their discharge of conventional pollutants. To perform this 
first test, EPA calculated the incremental conventional pollutant removals 
beyond BPT and the incremental costs associated with the installation of 
the BCT technology. Based on this information, cost per pound of BOD and 
TSS.removed ratios were calculated for each of the four BPT subcategories. 
The results of this analysis are presented in Table 10-2. 

All the incremental costs per pound ratios were found to fail this first 
part of the BCT "cost-reasonableness" test ($0.33 per pound in 1979 
dollars). 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 sub­
categories. 

METHODOLOGY USED FOR DEVELOPMENT OF BCT EFFLUENT LIMITATIONS 

The methodology used for development of BCT effluent limitations is the 
same as that used in the development of BPT effluent limitations since BCT 
effluent limitacions are equal to the BPT effluent limitations. For a de­
tailed description of this methodology, refer to Section IX of this 
document. 

COST OF APPLICATION AND EFFLUE~T REDUCTION BENEFITS 

There are no incremental costs or effluent reduction benefits associated 
with the attainment of BCT effluent imitations since BCT effluent limita­
tions are equal to the BPT effluent limitations. For detailed information 
on the costs and effluent reduction benefits associated with the BPT efflu­
ent limitations, refer to Section IX of this document. 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Incremental non-water quality environmental impacts are associated with the 
attainment of BCT effluent limitations since BCT effluent limitations are 
equal to the BPT effluent limitations. For detailed information on the 
non-water quality impacts associated with the BPT effluent limitations, 
refer to Section IX. 

287 



TABLE 10-2 


BCT "COST-REASONABLENESS" TEST RESULTS 


Subcat;egory 

PLASTICS ONLY 

OXIDATION 

o High Water Use 
o Low Water Use 

TYPE I 

OTHER DISCHARGES 

Incremental BOD 
and TSS Removed 

(pounds/ year) 

161 ,600 

2,199,000 

414,000 


461,000 

604,286 

Incremental 

Cost 


(1979 $/yr.) 


2 ,277 ,000 

2 ,477 ,000 
734,000 

214,000 

920,000 

Cose Per Pound of 

BOD and TSS Removed


5( 1979 $/yr.) 

$14.09/lb. 

$ 1.13/lb. 
$ 1.77/lb. 

$ 0.46/lb.· 

$ L.52/lb. 
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SECTION XI 


NEW SOURCE PERFORMANCE STANDARDS 


GENERAL 


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. 

REGULATED POLLUTANTS 

Conventional Pollutants 

Conventional pollutants proposed for regulation under NSPS are the same as 
for BPT: BOD

5 
, TSS and pH. 

IDENTIFICATION OF THE TECHNOLOGY BASIS OF NSPS 

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 
~SPS 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. 

NEW SOURCE PERFOR~NCE STANDARDS 

New source performance standards for conventional pollutants are presented 
in Table 11-1. 

RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS FOR NSPS 

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. 

METHODOLOGY USED FOR DEVELOPMENT OF NSPS EFFLUENT LIMITATIONS 

The methodology used for the development of NSPS effluent limitations is 
the same as that used for the development of BPT effluent limitations. For· 
detailed information on the methodology used to develop the BPT effluent 
limitations, refer to Section IX of this document. 
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TABLE 11-1 


NSPS EFFLUENT LIMITATIONS 

(mg/l or ppm) 


LONG TERM MEDIAN MAXIMUM 30-DAY 


SUBCATEGORY BODS TSS BODS TSS 


Plastics Only 14.5 24 22 36 


Oxidation 

o High Water Use 26 62 42 84 

o Low Water Use 36 89 58 120 


Type I 24.5 34.5 40 47 


Other Discharges 17 29 28 39 


pH - All Subcategories - Within a range of 6.0 to 9.0 

MAXIMUM DAILY 


BODS TSS 


49 117 


106 246 

146 353 


100 137 


69 llS 


at all times 
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COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

There are no incremental costs or effluent reduction benefits associated 
with the attairunent of NSPS since NSPS effluent limitations are equal to 
the BPT effluent limitations. For detailed information on the costs and 
effluent reduction benefits associated with the attainment of BPT effluent 
limitations, refer to Section IX of this document. 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

No incremental non-water quality environmental impacts are associated with 
attainment of NSPS since NSPS effluent imitations are equal to the BPT ef­
fluent limitations. For detailed information on the non-water quality im­
pacts associated with the attainment of BPT effluent lmitations, refer to 
Section IX of this document. 
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APPENDIX A 


GENERIC PROCESS roDES WITH FREQUENCY OF OCCURRENCE 




• 
• 

• 
• 

• 

• 

• 

• 
• 

• 
• 
• 

;J:> 
I 

PP.COD[ 

0005•01 
0005•0! 
000'5•03 
0005•90 
0010•90 
OOlZ•Ol 
OOlOeO! 
00l0•06 
0030.01 
OOTO•OO 
0010•0I 
0010.0• 
0010•0!1 
00'1'0•01 
0010•08 
0010•09 
0010•12 
0010.ll 
0010•1• 
0010•1!5 
0010•1• 
0015•00 
oon.99 
0080.01 
ooeo.or 
0090•01 
0090•03 
0090-08 
0090•11 
0100•01 
0110-01 
0110•02 
OlZO•Ol 
11130•01 
0130-01! 
01)0 .. 03 
010•01 
01'50•01 
0153.. 01 
0155•01 
0155•0Z 
01'55•03 
0155•06 

GEN.CODE 

01 
01 
01 
l 
1 
z 
c 
c 

•
JI 

c 
c 
0 
l 
u 
0 
01 
[ 

l 
c.. 3 

u 
Q 

Q 

c 
Jl 
c 
c 
l 
K 
N 
c 
JZ 
[ 
M 
C 
! 
Dl 
OJ 
Ol 
01 
~1 

fA[OU[NCY 0' OCCURRENCE 'OA [ACM PRODUCT PAOCfSS * 
DIA 7[AO UNI( PP.:,T[XT 

6 	 IRS A[SINl[MULSION POLYM[AlllTION •
1 	 IRS RESIN/MASS POLY~EAIZITJON•
l 	 18! AESINISUSPENSIUN POLyM[AllATION 
3 	 IRS A[S!NIF1NfSMINO PPOC[SS 
• • 	 A8S/SAN/,INl5MING PA0Cf5S 
1 	 AC[NAPHTM[N[/9Y•PAOOUCT O' PROPANE PYROLYSIS•
1 2 	 ACETALDEHYOElo•IDATION or [THYL'-NE WITM CUCLZ CATALYST• 
I 	 ACETALOEMYOEIAY•PAOOUCT O' ACAOL[IN RY PROPYLENE OXID•
1 	 ACETILD!MYOEICATALYTIC O[MYOAOO[NITION O' [TMINOL• 

ACETIC ACJO/ 

2 ACETIC AC!OIC&T&LYTJC O•IOATJON O' &UTAN[ 


1 l ACETIC ICIO/OllOATION 0, ACETILnEHYD[
•z ACETIC 	 ACIOICAABONYLITION D' METHANOL ~ITM CO &ND Hf• 
ACETIC ICID/8Y•PAODUCT O' P•A~JNOPM[NOL BY ACID CLV 

• • 	 ACETIC ACIOIBY•PRODUCT 0, DIATRIZOIC ACID 
• • 	 ACETIC ACIDITAANSESTERl'ICATIDNwMfTMYLICETATf~'OAMICACID 


ACETIC ICIOIAY•PROOUCT POLYVINYL ,OAMll 

1
• 

• •
• 	

AC[T!C &ClD/8Y•PPODUCT 0, POLYVINYL ALCOMDL(HYOADLYSIS or PDLYVINLf ICfTAT[J
AC!TIC &CIOIA(COVEAY 	 'ROM POLYOL PAOC!SS 
AC!TIC &CIOIR[COV[AY 	 'ROM SUL'IT[ PULP WAST[WAT[A 

1 I 	 ACETIC &CJD/COPAOOUCT O' TPI IY OllOIT 0' ICET&LD!HYO[• 
AC[TJc ACID S&LTS/ &C[TIC ACID • M[TAL O•ID[ OA MYoRO•ID! 


1 1 IC[TJC ACID SILTS ITOTALll ACETIC ACID • M[TAL OXID[ IHYDROllD!J
• 
2 1 	 IC!TIC ANMYORIO!ITH[AM&L CRICKING 0, &CETrc ACID•l 1 ACETIC IN~YDAIO[/,ROM AC!TIC IY ACID K!T!N[ PAOCISS 

6 ICETDN!ICUM[N[ P[AOXIOATION ANO ICIO Cl!AVAG[

• •

• 
&CfTONEIO[MYOAOG[NATION 0, ISOPAnPANOl 


• J • 	 ACETON[/y&POA.PHASE OXIDATION D' PUTAN[/PAOPAN[ 
• ICETDNE/8YPAOOUCT or HZ02 IY OllOATION 0, ISOPAOPANOL 

• • ICEfO~E CY&NOMYOAIN/AlN 0, IC!TON[ WITH MYDADCYINJC ACID 

1 • e ICETONITAJLEI NH3 • ACETIC ICIOtDEMYOAATION 0' AC[TAMID[ 

e 1 • AC[TONJTAJL[IAY•PRDDUCT 0, ACAYLONITA!L! AT AMMOXID&TION 0, PPOPYL[N[ 

I • • IC[TOPM[NONE/AY•PAOOUCT PMENOL BY CUM[~[ P[AOX1DAT10N AND ACyO CL!AVAG[ 

3 • • &CETYL[NE/PIATIAL OllOATION 0, M[TMIN[ 

• • o &CETYL[Nf/FAOH C&LCJUM CAPBJD[ 

] 1 e &C[fYL[Nf/BY•PAODUCT 0, BY PAOPIN[ PYROLYSIS 

f • e ACA0L£1N/OXIDATION 0, PAOPYL[N[ 

1 • • ACAYLAHID!ICAT&LYTIC HYDRATION 0, ACRYLONITAILE 

4 l e &CAYLIC LATEX/EMULSION POLYM[AllATJON 

l l e ACRYLIC AESINS/[MULSION POLyH[RllATION 

l 1 e &CPYLIC AESINS/SUSP[NSION POLYM[AIZATJON 

5 ] e ACRYLIC AfSINSISOLUTION POLYM[AJZATION 

l 2 e ACRYLIC AES!NSIAULK POLYMERIZATION 


*Note: Frequency.counts reflect only the Summary Data Base which includes 195 Direct Dischargers, 
94 Zero Dischargers and 2 unknowns. Product/Processes without freouency counts are from 
indirect dischargers. 	 · 



• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 

• • 
• • 

• • 
• • 

• • 

• • 
• • 

• • 

• • 
• • 
• • 

• • 

• • 
• • 
• • 

,A[OU[NCy 0, occuRAENC[ roA [ACM PAOOuCT PROC[SS 

PP_CODE 

01!1!1•10 
015!1•11 
015!1•1• 
0\5!1•99 
0156•01 
0156•02 
Ol60•0l 
0160•0. 
Ol60•RO 
o l 65.. o l 
Ol61J•U 
0165•05 
0165 .. 06 
0165•07 
01615•09 
0165•10 
0165•11 
Ol6!1•1Z 
016!1•13 

J:> 01.,S•l• 
I Ol65•11J 

N 0170•00 
0110-01 
01?5•01 
01?6•01 
0117•01 
0119•01 
0180•01 
01eo•o2 
OlBO•OJ 
01110•80 
0185•01 
0185•03 
0185•04 
018~•1)5 

0186•0\ 
0189•1)0 
0189•01 
0191•01 
0192•01 
0192 .. nJ 
Ol9l•Ol 
019'!1•01 

A[N_CODE 

01 
01 
01 
Dl 
01 
01 
0 
c 
c 
0 
0 
0 
0 
G 
G 
0 
G 
0 
0 
0 
0

•N 
I 
8 
0 
~ 
c 
( 

c 
c 
B 
l8 
IC 
19 
5 
01 
01 
12 
r1 
K 
l 
11 

nlA l[AO UNK PP.TE•T 

l 	 • ACRYLIC RESINS/BULK POLYM[PIZATION TO CAST SH[[T•
l ACRYLIC RESINS/E~ULSIO~ OR SOLUTION P0LYM 0 TO COATINOS 

l ACRYLIC R[SJNS/POLYACRYLAMJO[ 8¥ SOLUTION POLyM[RtZATION 

l ACRYLIC A[SJNS/PPOCESS JN A[VJ£W 

z ACRYLIC 'IHERIR5• POLYACAYLONITPIL!l/SUSP POLY•WET SPJNN 

z ACRYLIC 'IBER 18!11 POLYACAYLONITAJL[ISUSP POLY•OAY SPJNN 

l ACDYLJC ACJDl,ROM AC£TYL[N£1CAABON MONOXIDE ANO WATER 

l ACRYLIC ACJO/OXJnATION 0' 6CR0L[IN 

l l ACRYLIC ACID/OXIDATION 0' PROPYLENE VJA ACAOL!tN
•
l 	 2 ACAVLtC ACID E5l[RS/ACRYL1C ACID [Sl[RI' 0' MISC ALCOHOL•
l 	 I ACDYLJC ACID !ST'-A5/MYnROXY ALKYL ACRYLATE BY ACRYLIC AL• 
l ACRYLIC ACID EST!AS/ETML l•CYANO ACALATE 'ROM 'OPMALOeET 

l I • ACRYLIC ACID ESTfAS/M[THL Z•CYANO ACALATf rROM rORMALO,[ 

I ACRYLIC ACID [5T[AS/ALLYL l•CYANO ACALAT! 'POM rOR~AL~•[ 


1 ACPYLIC ACID ESTERS/N•BUTYL ACAYLATE•ACRY ACJD+N•RUTANOL 

z I ACRYLIC ACID EST[RS/[TMYL ACAYLATf•ACRY ACIO • ETHANOL
• 
1 	 I ACAYLJC ACID [ST~AS/[TMYLM,XYL ACRYLAT[•ACAY ACJD•FTMM[X•
1 ACRYLIC ACID ESTEAS/ISOBUTYL ACAYLAT[•ACAY ACID•ISOAUTAN 

1 ACRYLIC ACID [5T[RS/[T~YL ACRYLAT[•MO~trl[D A[PP[ PAOcrs 


ACRYLJC ACID EST[R!/MVTMY ACPYLAT[•MOOJ,l[O R!PP[ PAOC!S
l 	 • •
1 	 I • ACRYLIC ACJO ESTERS/8UTYL ACAYLAT[•MOOJrJ[O RCPP[ PPOC!S 


l I ACRYLONITAIL!'/
•
l 	 1 ACAYLON1TP1Lr1PAOPYL[N[ AMMO•IDATJON•
1 	 I AOtPIC ACID10lll•!'TMVLM[XYLl[5T[A/[5T[AJ'tC 0, AOfPtC ACI 

l ADIPIC ACJOeOJ•ISOD[CYL £5TER/FSTEAl'ICATJON 0, ADIPIC • 

l I AOIPlC ACl0101•TRIOECYL ESTER/£ST£Al'lCAT10N 0' AOIPIC A
•
I 1 I AOJPIC ACID £ST[A5/[ST[R'ICATION or ADIPIC ACID 


1 AOlPIC ACID/OXIDATION 0' CYCLOH[•ANOL 

I I ADJPIC ACIO/OEPOLYM[RJZATION 0' NYLON 6
•z ADIPIC ACID/OXIDATION 0, CYCLOM[IANOLIOM[ Ml• 

I AOJPJC ACID/ OXIDATION O' CYCLDM[lAN[ VIA OL/ON[ 

I l AOIPONJTRILE/CMLORJNATfON • CYANATTON or BUTADJ[N[
• AOJPONITRILE/ DIRECT MyOAOCyANATION 0' BUTAOI[N[1 	 • • 

l ADJPONITRILE/AMMONOLYSJS 0, AOJPJC ACl01D£MYOA1TJON 0, OIAMIO[ 
I ADJPONITAILE/ELECTROMYOAOOIM!AIZATJON 0, ACPYLONITAJL[ 
1 lLKO•Y ALIClNOLS/ ALICOlY ALKANOLS 'ROM ALKYLENE O•JOF AN 

l ALKYD RESINS/ 

5 15 1 ALKYO RESJN/CONOENSATJON POLYM£RilATJON 

2 ALKYL •ENZrN[Sl&LKYLATION or 8[NZ[N[ ~ITH ALPHA•Ol[FJNS
I • 

1 ALKYL AMINES/MYOROGENATION or rATTY NITRILE 

l ALKYL AMINES/AMINATJ~N 0' ALCOHOLS 

1 ALKYL AMJNfS/C•ll•Cl9 'ROM 0L£'1N ~ HCN ~ H2 

1 	 I • ALKYL PH[NOLS/NONyL•OCTYL ALKYLATION 0, PM,NOL 
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• 
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• 
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PP.COD[ 

01•5•02 
0100•01 
OlOO.Ol 
OZlO•Ol 
0230.0l 
02l5•0S 
oz•o.01 
0300-0l 
0300•04 
0320•01 
0310•99 
0315•01 
OJ'J0•99 
OJ'J8'"00 
0358•01 
OJ'J8•99 
0360.0J 
0)80•00 
0380•01 

):> OJIO•Ol 
I 03110•04w 

OJAO•OB 
03110•09 
0)80•11 
OJBO•ll 
0380•13 
OJ8l•Ol 
04]0.0l 
h4!1•01 
0495..99 
05]0•01 
0550.99 
0554•01 
0560•01 
0515•01 
0590•01 
O'J90•0l 
0590•0'J 
0592•01 
0592•02 
0592•0] 
059l•04 
Ot.00•99 

U"',.CODE 

11 
l 
[ .. 

5 
l 
G 
'Ii! 
'l 
11 

"z 
c, 

l 
G 
c 
M 

u 
z 
M 

c 
2 
l 
u 
0 
2 
c 
M 

8 

"T 
zo 
A 
8 
15 
JZ 
15 ,,2 

'J 
(l 

FA[OUENCY OF OCCUAA[NC[ FOR EACM PRODUCT PROC!S9 ' ] 

DIA ZEAO UNk PP_T[lT 

z ALKY~ PM!NOLS/Mtx[D ALMYLATION O' PM[NOL 

l ALLYL ALCOMOL/AEDOl 0, ACAOLEIN ANO S!C•BUTaNOLIA[DUCTION BY ALUMINUM AUTOXID!I
I•
l ALLYL ALCOMOLIHYODOLYSIS OF ALLYL CMLOAID! 

l ALLYL CMLODIO[/CHLOAINATION 0, PROPYLENE 


AMtNO[TMYL[THANOLAMIN[/RlN OF [TMYL[N!DIAMIN[ • [TM 1011D
• PwAMINOPM["'OL/A!OUCTION OF NITR08[Nl[N[•ACJO R[AAAANG[•l AMYL AC!TAT£SIA•N OF ACETIC AC10 & AMYL ALCOHOLS 

I ANILIN[/llY•PRODUCT OF P•AMINOPM[NOL
• ANILIN[/NJTAOAENZ[N[ HYDROGENATION• ANISJDJN[/H[TMVLATION ANO REDUCTION 

ANJSIOJN[/PROC!SS UNDER A[Yt[W 

1 ANTMAICfNE/COAL TaA OISTJLLATtON 

1 ANTHRAOUINONE/ OllOATION OF ANTHRAC[N[
• 

ASPJATN/G[NrRAL 

ASPJAIN/aCETYLATJON OF SALICYLIC ACID
•

l ASPIA1N/AC[TYLATION OF SALICYLIC ACIDI•
l 8[Nl1LDEMYD£/0110ATION OF TOLU[N[ 

1 8[N7[N£/ STEAM PYROLYSIS OF LPO
•
J 8[N7[N[/MYOROO[AL~YLIZATION OF TOLU[N[ AND/OR •YL[N!•l 8£NlENE/OJST o, 8Tl EXTRACT.CAT, Q£FOAMAT[ 


8£N7£NE/OISTo O' ATI EITRACT•COAL TAR LtOMT OIL 

l R[Nl£N[/BY•PROOUCT 0, PMENOLwMFO AY CUM£N[ OXIDATION CA!COV[A[D RA~ MAT[AIALI 


l BEN7EN£/015T OF BTI [lTPACT•PYROLYSIS OASOLIN£
••1 8£Nl£N[/RY•PROOUCT OF SILICON[ MANUFACTURE•
1 8EN7ENE/~Y•PPOOUCT 0, STYRENE 8Y !THVLAENZ O[HVOAOG[NATI 

l ~£NZEN£/8Y•PAOOUCT 0' ACRYLATE MANU,ACTUR£ IA~PP[J 


1 9Tl•8£Nl£N[1TOLU[N£1lYL[N[IMll!Dl/PYAnLYSIS G&SOLIN! 'AO 

1 8ENZOIC ACIO/OJIOATJON or TOLUENE
•
l 9£N70•t•PY~EN£ l~Y•PROOUCT O' ACETYL[N[ M,GI I ST[AM PYROLYSIS 

1 8£NlOYL PERO•IO[/ 8£NZOVL CHLORIDE • SODIUM P[ROXID! 

1 • 8£NZYL CHLORIOE/CMLOA]NATION OF TOLUENE 
I BIPH[NYL/A£Nl£NE PASSED TMRU HOT TUBE•
1 8IS•l2•CMLOROISnPROPYLI [TH£R/BY•PDCT PAOPY 01 CMLOAOHyD 

4 8ISPM[N0L•AIC0NO[NSATION 0, ACETONE ~ITM PHENOL
•
1 HAOMOFORM/ACETONE • SODIUM MYPOAROMJT[ IHALO,OAH A[ACTIONI•11 z AUTAOl[N[ ll1ll/EIT1DISTe 0' C•4 PyROLYZAT[S•1 l 8UTAD1ENEl11ll/8Y O[HYD.oF NwRUTANE AND•OA AU•
• • BUTA01£NE ICO~OOUCT OF ETHYLENE ~y PYROLYSIS llTTO•O!ll I AV E•TAACTIV[ OISTILLATION 
z 8UTAN[/ NATURAL GIS 8Y•PAODUCT 

l BUTAN[/8YPROOUCT 0, 8UTADIENE NANUFACTUA[•
1 IUTAN[ IALL '0RM5)/NAPHTHA CATALYTIC REFORMING 


HUTIN[ CALL '0RMSl/AE'INEAY BYePROOUCT 

z 1 N•~UTYLACETIT[/ 8UTAN0L • AC[TJC ANHYORIDE 


http:O[HYD.oF


,AEOU[NCY 0, OCCURRENCE FOR [ACH PRODUCT PROCESS • 

'.)> .,.I 

PP.CODE 

O..O•Ol 
06•0•02 
0640•05 
0650.0l 
0660e99 
0110.01 
OTlOeOl 
OU0•99 
OJJ0.99 
0150.0l 
0160•01 
0160•02 
0180•99 
01195•00 
01115..06 
0?85•0? 
0111!1•09 
0790.99 
oun.01 
0810•02 
08lO•OJ 
0810•0• 
08lO•OS 
08lh0l 
081!1•00 
Ofll5•99 
081 ..0l 
OlllO.Ol 
0120.03 
08ll•Ol 
011,Zl•O l 
08l••Ol 
Ol'll5•01 
0840•99 
OH0.01 
0890-99 
09ll•Ol 
09JO•Dl 
09l0.0l 
09JO•Ol 
09J0•0• 
0949•01 
0950•99 

OEN.COD[ 

'1 
fl 
lZ 
ll 
ll 
'1 
15 
l !i 
I 
0 
c 
c 
6 
4 
z 
z 
c 
l 
8 
8 
8 
8 

" 01 
E 
4 
G 
u 
Dl 
G 
G 
L 
G 
8 

•
8 

y " 

8 
IS 
e 
IS 

L 

OJA 

l 
6 
l 
l 
l 

' 
l 

•
•
l 
l 
I 

l 

•
l 
l 
I 
l 

•I 
l 
•
• 
I 

J 
5 
5 
l 
l 
l 
l 
•
2 
•
l 
J 
l 
I 

l 
l 

ZERO 

I 

l 

•
l 

• 
•
I 
I 

l 

• 
I 

•
• 
• 

I 

l 

UNK 

•• 

• 

•
• 

•
• 
• 

• 

• 
• 

• 

• 

•
• 

•
• 
• 

PP.TEXT 

N•RUTYL ALCOHOL/BY PRODUCT 0, ltl•BUTYL[N[ GLYCOL BY HYO 
N•9UTVL ALCOMOL/HYOAOOENATJON 0, N•BUTYAALOEHYDEt OXO PA 
N•8UTYL ALCOMOL/DJSTJLL&TJON 0' DILUTE AQUEOUS BUTANOL 
S[C•BUTYL ALCOHOLIJNOlAECT MYOAATJON 0, &UT[N[S 
T!ATeBUTYL ALCOHOL/,ROM JSDHUTYLEN[ 
ltl 9UTYLENE GLVCOLIMYnROGfNATION o, ACETALDOL 
AUTYLENES/BY EXTRACTIVE DISTILLATION O' C4 PVAOLYZATES 
BUTYLENES/ fAOM PYAOLYZAT[ BV EXTRACTIVE DISTILLATION 
T[AT•BUTYLPM[NOLI ALKYLATION 0' PH[NDL ~JTH JSOHUTVL[N[ 
NeBUTYRALD[MYOE/MYOMO,OAMYLATJON 0, PAOPYL[N[eO•n PROC!S 
N•8UTYRJC ACJ0/0110ATJON Of 8UTYRAL0[MYD! 
N•HUTYRJC &CJO/CO•PAOOUCT 0, BUTAN[ OXIDATION 
N•~UTyAONJTA1Lf/ IUTANOL • NMJt O[HYDAATJON 
C&PROLACTAH/ 
CAPAOLACTAM/,MOM PHENbL VIA CYCLOH!XANON[ OXJM[/ 
CAPAOL&CT&M/O[POLYMEAIZATJON NYLON 6 
CAPAOLACTAM/FAOM CYCLOM[lAN[ VIA CYCLOH[lANON[ AND 
CARSON DJSUL,10[/PAOCESS UNO[A R[VJ[• 
CAR~ON TETAACMLORJO[ICMLOHJNATION Of MfTMAN[ 

OXIM[ 

CAA~ON T[TAACHLORIO[/CMLOR, 0, M!THYL CMLOAlnf C'AOM HYOAOCHLOAINATION 
CAAHON TfTA&CHLOAIOE/CMLORINATION O' C&A~ON OISUL,ID! 
CAPBON TETAACHLOAIDEICn•PROOUCTION Of TfTAACMLOAOETHVL[N 
CARYON TETRACMLOAIO[/BY•PROOUCT O' PHOSG[NE M&NU,ACTUA! 
CA~BOXM[THYL CfLLULOSf/ETHEAl,ICATION o' CfLLULOS[ 
CASTOR OIL CINCLUUINO USPJ/ 
CASTON OJL CINCLUOINO USPI PAOC[SS UNO[A A[VJ[• 
CELLOPHANE/VISCOSE PROCESS 
CELLULOSE ACf.TATFS '16[AS/SPJNNING ,ROH ACETYLAT[O CELLU 
CELLULOSE AC[TAT[S AfSIN/AC[TYLATION O' CILLllLOS! 
CELLULOSE AC!TATEIBUTYAAT[S 
CELLULOSE ACETATES/PAOPIONAT!S/[!TERIFJCATN 0, CfLLULOS[ 
CELLULOSE NlTRAT[/NITAATJON O' CELLULOSE 
CELLULOSE SPONO[IVISCOS[ PROCESS 
CHLOROACETJC ACID/ CHLORINATION 0, ACETIC ACID 
CHLOAOAENZ[NE/CHLOMJNATION 0, BENZENE 
CMLOAO~ENZ[NE/ 
CHLOROOlrL~ONOMETHANE/HYDAO,LUOAINATJON 0, CMLOAO,OAM 
CMLOAO,ORH/CMLOAJNATION 0, HETHYLCHLOAJO[ ('ROM HYOROCHLOAJNATION 
CHLORO,OAHICMLOAJNATION 0, METHANE 
CHLOAO,OPM/BY•PRnoucT 0, CARHON TETRACHLOAJO[ PRODUCTION 
CHLOROFORM/ 8YePAOQUCT O' ACfTALn[MYD[ PAOOUCTION 
M•CHLORONJTAO~EN1EN£/CHLO~INATJON or NJTAO~[Nl[NE 
O•CMLORONJTROBENZENE/ NJTAATJON 0, CMLOAO~!NZENE 

0, M[THANOLI 

0, M[THANOLI 

http:OlllO.Ol
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PP_CODE G[N_COOE 

09~1·99 L 
0961•01 8 
09bl•OI 8 
099J•OO f> 
0993•01 f> 
099]•99 4 
0994•99 J 
0997-01 M 
099@1•99 J 
IOO'!i•Ol l 
100'1'•01 H 
lOlO•tll M 

lOZJ-01 z 
1030•01 l 
1060•01 1z 
1080•99 1 
1100•99 J,,1 llO•OZ 
1122•01 Fl 
lllO•Ol n::x:.. 

I l U'!!i•Ol c 
ln 	 ll 40•01 c 

1140•02 '2 
l UO•OJ c 
ll40•n4 Jl 
1170.99 DZ 
1111•01 1'!!i 
1nn.01 A 
lZl'!!i•Ol 8 
lZ16•01 8 
ll16•0l v 
lZZO.Ol B 
1Zl1•01 p 

plll'5•0Z 
UlhOO 8 
1144•01 8 
ll4••0l 8 
124••03 s 
ll5h0l 
l Z6'!!i•<l 1 "B 
ll7l•Ol e 
1181•99 zo 
llOO.Ol 5 

FREOU[NCY 0' OCCURRENCE FOR EACH PRODUCT PROCESS 

OlFI ZERO UNK PP_TEllT 

I • 	 P.CHLORONITRO~ENZ[N[/ NITRATION D, CHLORORfNZ[N[•
I 2•CMLOAOPHENOLICMLOAIN•TtON n' PMENOL 

I ••CMLOAOPM~NYL PHENYL [TMER/CHloR OF PM[NYL PMfNVL [TM[R 


CHOLINE CMLOAIOE/ [TMYL[N[ OXIDE • TA!METMVLAMJN[ • MCL 

I 	 CHOLINE CMLORIO[/ [THYL[N[ CMLOROMYORIN • TAJM[TMVL AMIN! 

CMOLJN! CHLORIDE/PROCESS UNDER A!VIEW 
CMROHIUMCTOTALl/PAOCESS UNn[R A[Vl!W 

I COAL TAR/COi< I NCJ 0, COIL 

I COPPER CTOTILl•PROCESS UNO!R REVIEW 

l I COIL TAR PRODUCTS CMISCel/COAL TAR DISTILLATION
• 

CREOSOTE/DIST, 0, COAL TaR LIGHT OIL 
n.cAESDL/AEFINING OF MIX[o CR[SOLS 


1 CRESOLSoMllEO/TAR ACID RECOVERY IND AE,INING 

1 CR!SVLlC acrn/TIA ACID R!COVERV RE,ININB 


l CU~[N[/ALKYLATtDN 0' B!Nl[N[ ~y PROPYLENE 

1 CVANOACETIC ACID/ CHLOROACETIC ACID • NICN 


CYANIJAIC ACIO/ M!IT UA[A 

2 CYCLOHEXIN[/MYOROGENATION 0, 8!Nl[N[ 

l CYCLOMEJIANE OJM!TMINOL/HYDAOO[NATION 0, D!N[TMYL TrRAPMT 


CYCLOHEXINOLIHVDRO~ENATION OF PH[NOL•OISTIL 

1 z CYCL0MExANOL/ON£1Ml•[nl/O•IDATION OF CCYCLOME•AN[
•

J . CYCLOMEXANONF./OXIDATJON 0, CYCLOME•ANf• 
CYCLOMEXANON[IMYOROOENITION OF PM[NOL•OISTtL 


1 CYCL0ME•ANONE/OXID 0' CVCLOMEXANE•OJSTJL•O[MYDAOO 0, OL 

1 CYCL0H[)AN0N[/0[MYOR0G!NITION 0, CYCLOHEIANOL 

1 CYCLOOCTAOJfN[/ OIMERIZATJON OF 8UTIOJENE INJCl(Lf CAT e I 

2 CVCLOP[NTIOJ[N[ D!M[A/[XTA DIST C5 PYAOLVZATES • OtM!Atr 

l OIACETONr ALCOHOL/ALDOL CONDENSATION 0' AC!TONf 

l MeOlr.MLOAORENZENE/CMLORINATJON 0' 8[NZEN£


• 	 ! O•OICMLOAORENl[N!/CMLORINATION O' AEN7[NE 
I O•DICMLOR08ENZ[N[/8V•PROoUCT 0' POLYMERIC MDI OR TnJ MANU,ACTURE 
3 P•DICMLOA0ff£NZENE/CHLORINATION O' A[Nl[N[ 

I OICMlOAODIFLUOROM[THIN[/MVOROFLuORJNATJON 0' CARBON T[TRICMLO 
I ltl OICHLORO£TMIN[/A[ICT OF MCL & VINYL CHLORIO! 
1 lol•TRINS•DICHLORO[TMYL!NE/ CHLORINATION OF ETMYL[N[ 

1n 1 le2•0ICHLORO!THAN[IOIRECT CMLOAINITION 0, !TMYL[N[•
l l1Z OICHLORO[TMAN[/ CHLORINATION O' [TMYL[N[ 
6 l1l•OJCMLOPO£TMANE/OXYCHLOAINATION OF [THVL(N[ 
1 OICMLOAONITROAENZENE/CMLOAINATION OF NJTAORENl[N[ 
1 le••~ICHLOAOPMENOL/CMLORINATJON 0, PH[NOL 
• • • 1eZ•OJCHLOAOPAOP!NE/8V•POCT OF ALLVL CMLORID[ MANU,ACTUA 
1 DICMLOAOPROPA~[/ BY PROOllCT CHLOROHYORJNATION OF PROPVL[N[
9 1 . 	 OIETHVLENE OLVCOL/COPAODUCT o~ [TMYL[N[ GLYCOL FROM rTMY 

~ 

CPMOSO[NATJON SDLV[NTI 



• • 

6 

PP_COO[ G[N_coor: 

l ]00•04 5 
llOO•O'J [ 

JJ6'J•OJ 6 
J440•99 oz 
lUZ•Ol 
J450•01 A " 
J46S•99 5 
J4?0•0J A 
J490•99 A 
1490•00 I( 

1490•99 I( 

1500•99 G 
JSJ0•99 J4 
J5JO•Ol 0 
J'JJO•Ol c 
J!l35•99 L 
1550•0J L 
1551•01 L 
1552•0J L 
1580•01 A 

):> J590•99 A 

I 

l6lO•OJ
°' 16JO•OZ ' [ 
J6ll•99 A 

1634•0 l A 
1635•99 M 

1641.99 L 
1650•01 zo 
J653•0J 21 
16"'!16•00 01 
1656•0J 01 
16"'ll6•0l Ol 
1656•03 Ol 
16"'!16•04 0 
1656•01 OJ 
16'56•08 01 
16'56•09 OJ 
1656•10 ll I 
J6'S9•01 M 

J6'l9•0Z l 
i.,59,.0J l 
1660•01 II 
1660.. 0l c 

DIA 

• 
•
1 
1 
z 

J 
1 
l 
1 
J 

'r 
J 

"1 
l 
l 

z• 

•
•
1 
1 
J 
l 

• 
J 
l 
1 

•
1 
1 

• 
J 

rAEOU[NCY 

ZfAO UNIC 

I 
•
1 
• 

• 

•

•
•
•
• 
• 
• 

•
• 

• 

l
• 
• 
3 
I 

• 

• 

•
l 
1 

OF occURA[NC[ ,OA [ACM PAOoUcT PAOcr:ss 

PP.TrXT 

Dl[THYL[N[ GLYCOL IA[,JNINO 0, DISTIL TAILSI I [THYLfN[ GLYCOL • r,o, 

D!fTHYL[NE GLYCOL/CO•PAOD O' HYOA~LYSJS •[THYL[Nf O•JDE 

Dl!THYL!NE TRIAMIN[/[THYL[N[ OIAMJN[ • [DC • NHJ 

OllSORUTYL[N[/PAOC[SS UNO[R A[Vl[W 

DllSOPAOPYL B[NZEN[/HY•PAOD O' CUM[N[ 

DIKfTEN[/OJM[AIZATJON O' IC[f[N[•AC[TIC ACID 

2•DIM[THYLAMIN0,THANOL/ [THOXYLATION Of DIM[THYLAMIN[ 

NoN•DIMfTHYLANILIN(/CATALYTIC CONn[NSATION 0, ANILIN[ 

DIMETHYL !TH[R/OEMYORATION 0' METHANOL 

N1N•OIM[fHYL'OAMAMtn[/ OJM[THYLAMI~[ • 'ORMALD[MYDE 

N1N•Ot~ETMYL,OANaMtor:1 Dl"ETMYLAMJNE • rODMfC ACID 

DIMETHYL SULFATE/ METHANOL • SUL'u•rc ACID 

M~THYL SULrlD[/ IC M[TMYL SULfAT[ •ICZ! 

DIMETHYL TEAEPHTHALATf/ESTEDlffCATION Of TPA•M[THANOL 

OIMETWYL TEA[PMTMALATE/OX10ATION 0, P•XYLFN'- M[TMYL [ST[ 

OJNITAOa[NZ[N[IMtOtPI/ NJTAATJO~ O' RENl[N[ 

OINITROTOLUfN[ IMIXEDl/NITAATION O' TOLUENE 

214 OfNTTAOTOLUEN[/NITAATION OF TOLU[N[ 

216 OINITROTOLU[N[/NITAATION OF TOLUENE 

OIPM[NYLAHIN[/CATALYTIC CONO[NSATION O' ANILIN[ 

OJPMENYL ETH[A /CHLOR08fNlENE • SODIUM PHENOLAT[ 

OJPRQPYLENE OLYCOL/AXN Of PROP, GLYCOL • PAOPY OXIDE 

OJPROPYL[NE OLYCOLICO•PROO OF HYOROLYSIS•PAOPYL[N[ OXJO[ 

2t2•DITMIOSIS8ENZOTHIAZ0L[/ OXIOATION O' 2•M!RCAPTOA£NZOTAIAZOLE 

OOOECYLGUANIDJN[ ACETATE/CONDENSATION Of nOD!CYLAMJNE ac 

OODECYLMEACAPTAN/ OODEC[N[ • H2S 

OY[S~OYE INT[R~[OIAT[S/VAT OYESt AZO DYES 

[PICHLOAOHYOAIN/fAOH ALLYL CHLOAIO[ VJA OICHLOROHYDAJN 

[POllOll[O EST[RStTOTAL/[POXlOATION or UN~ATUPAT[O ESTER 

EPOXY 
EPOXY 
EPOXY 
[POXY 
EPOXY 
EPOXY 
[POXY 
EPOXY 
[POXY
ETHANE/CAACKJNO OF NAPHTA 
ETHANE I NATURAL GAS RY•PROOUCT 
ETMAN[/AE'INERY BY•PAODUCT 
[THANOLIDIRECT HYDRATION 0, [TMYL[N[ 
[THANOL/CnPRODUCT OF RUTAN[ OllOATION 

A[SJNS/ EPICHLOROMYOAJN • RISPH[NOLA 
RfStNS/[PJCMLOROwVOAJN • AJSPM[NOL A 
RESINS/FROM POLYOLS • EPICMLOROMYDAIN 
AESJNS/[PICHLOAOMYOAIN ANO NOYOLAK A[SINS 
RESINS/[POXIOATION or POLYH[AS 
A!StNS/PURCMSO !POXYC!Pl•PISIA[SIN • ll!PH[NOL A 
AESINS/PUACMSD [PXY AESJNSoAISPMENDL ,,,ATTY aero 
RESINS/HOOIFl[O [POXY!STER 
AESJNS/PUACHAS[O ~POXYC[PJ•RISIAESIN•Dl!THANOLAHIN 

http:i.,59,.0J
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PP.COO[ G£N_con[ 

1661•01 IC 
l666w01 
1666•01 § ' 
1666•0] 5 
1670•01 Cl 
1670•02 c 
1610aOJ E 
1610•04 A 
1100•01 IC 
1110.0l 12 
1110•02 H 
111 O•OJ I 
l710•U z 
1no.01 u 
1110•01 p 
1'1'60•99 0 
I 110•01 H 
l '1"1'0•02 H 
1110•0] H 
1'1"1'0•04 H 

):> 1 l'l'O•O! 2 
I 1800•01....... K 


1110•99 B 
1830•01 ! 
1830•02 [ 
1920•99 0 
1930•01 A 
1930•02 s 
1930•99 5 
1940•99 0 
l9fl0•01 c 
1980•02 A 
1985•01 02 
l99'J•Ol c 
1995 .. oz c 
2000•01 •1010•99 14 
ZOJ5•01 oz 
1040•01 c 
1040•03 c 
2050•99 IC 
1060.0l c 
2060.02 J 

,R[OU[NCY 0' OCCURR[NC[ 'OR [ACH PAOOUCT PAOC!SS 

OJA ZERO UNI< PP_TEXT 

4 [THANOLAMIN[S/AMMINOLYSIS 0, [TMYL[N[ 0110[ 

I [TMOIYLAT[S/,AOM ALKYL[N[ 0110[ ANO ALKANOL 

l F.TMOIYLATEStCMJSCl/ALkYLPHfNOL•PH[NOL '[TMYL[N[ 0110[ 

2 1 [TMOIYLAT[S/ell•Cll•LINEAR ALCOHOLS ANn ETMYL[N[ OXIDE
•
1 2 [TMYL AC[TATE/EST[AJ' OF AC[TIC ACID WITH !THANOL•

1 ETMYL ACETATE/COPROOUCT 0, BUTANE OIJOATION 

!TMYL ACETATE/,ROM POLYVINYL AC[TAT[ ANO ETHANOL 


1 • [TMYL ACfTOAC£TAT[I AC£TALO[HY0[ COND[NSATfON
•
1 [TMYLAMJN[ /AMMONOLYSJS 0, [THANOL 

! £THYL8ENlEN[/8[Nl[N[ ALKYLATION 

J !THYL8ENZ£N[/5£PARATION ,ROM BTl [lTAACT 

l 1 ETMYLBENl[NE I ALkYLATION O' BENZ[N[ WITM !THYL[N[
•
l ETMYL9!NZEN[/OISTILLATION 'ADM COAL TAA 

l [TMYL CELLULOSEIC[LLULOS[ • ETHYL CHLOPJD[ 

1 ETHYL CHLOPIDE/HYDROCMLORINATJON O' [THYL[N[ 


ETMYLCYANOACETtT[/ [TH&NOL [9TER 0' CYAND&CETJC ACIDl • •
11 [TMYL[N[/PYAOLYSIS 0, £THAN(/PAOPAN[/8UTAN£/LPO 


5 l ETHYLENE/PYROLYSIS 0' NAPHTHA AND•OA OAS OIL 

2 • • ETMYL[NE/PYROLYSJS O' [THAN[ 
2 ETHYL[N[/PYROLYSJS O' NAPHTHAtPROPAN[t[TMAN[tBUTAN[ 

l !THYL[N[/,AACTIONATION 0, RE,IN(AY LIGHT [NOS 

z 1 ETHYLEN[ DIAMIN[/AMINATJON 0' !TMYL[N[ OICMLOAJD!
• 

[TMYLEN[ OIBROMIDE/ ETHYL[N[ • BAOMIN[W 

11 l [THYl[N[ OLYCOL/HYnROLYSIS O' [TMYL[NE OXIDE
• 

z I !TMYL[NE 6LYC0l/HYOAOLYSI9 0, [TMLENE OllDE•
1 • • [TMYL!N[ GLYCOL MONOETMYL !TMEA ACETATE r.TMANOL • [THYL!N! OXID! • 
• • • ETHYLENE GLYCOL HONOM[THYL ETHER/ METHANOL • [THYL[N[OXID[
1 ETMYL[N[ GLYCOL MONOM[TMYL [THER/[TMOXYLATION 0, &LCHOLS 
2 ETHYLENE GLYCOL MONOMETHYL [TH[R/ METHANOL • ETHYLENE 0110[ 
I • ETHYLENE OLYCOL MONOMETMYL ETHER ACETATE/ M[TMANOL • r.o•• ACETIC•

11 I ETHYLENE OIJDEIDJAECT OXIDATION 0, ETHYLEN[•
l '-TMYL[NE OXIDE/VIA [THYLENE CHLOROHYDRtN PROCESS 

8 1 POLYETHYLENE ' POLYVINYL ACETATE COPOLYMERS/ '\
•l • • z [TMYL MEXANOJC ACtn/OllDATTON Of le[THYLMEIALO!HYD[ ''ROH ALDOL 

!•!TMYLHEIANOJC ACJD/OXIOATION 0' Z•[THYLM[IALD[Myn[

• • • 2•ETMYL M[IANOLIALDOL CON0EN9ATION•HYDAOCI Of N•BUTALD[HY 

1 ~TMYL OATMOfOAHAT[I CHLOROfOAH • NAETM&NOLATE 

3 'LUOPOCARaON A!StN!/POLYMEAllATION 0, 'LUOAJNAT[O OL[,JNS 


ll 9 . FOAMALO[MYD[IO•IOATION 0, M[THANOL•SILVEA ~ATALYST., 9 'OAMALO[MYO[/OllOATION 0, H[THANOL•METAL OXtnE PAOC[SS• 
l 'OAMAMJO[/ ,ORMJC ACID • AMMONIA 


2 '0RHIC ACJD/AyePAOOUCT O' BUTAN[ OXIDATION 
. . . fQDMJC ACIO/R[COV[AY ,ROM SUL,IT! PULP waST[WAT[A 


AC[TIC ANHYD~ID[ 


ANHYnAJn[ 


CONO 0, N•AUTYAALOEHYO[I 



• • 
• • • 
• • • 
• • • 

• • 
• • 
• • 

• • • 

• • 
• • 

• • 
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• • 
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• • • 

• • 
• • 

• • • 
• • 

• • 
• • 
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• • 
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PP.COO[ 

IOTO•Ol 
Z080•00 
!080•0 l 
lOR0•99 
l090•0l 
1090•03 
Zl20•99 
l llfl•O l 
21•5•01 
ll•5•0l 
ZH!l•Ol 
Zl50•0l 
1165•01 
!165•02 
2165•03 
2166•99 
1110.99 
1110•99 
Zlll•Ol 

:z;. 2181•02 
I 1185•99 

co Zl90•99 
ZZOO•OI 
Hli!'•OI 
H15•99 
Hl••DI 
Zll5•99 
ll.0•99 
ll!IO•OI 
2l!IO•Ol 
ZZ!'IO•Ol 
Zl60•99 
Zl6S•Ol 
Zl6S•02 
226"•01 
2l70•0l 
2ZRO•Ol 
ZJn0•99 
Pli!'0•99 
Zlll•99 
lllO•OI 
ZJ•0•99 
l350•0Z 

GEN.COO[ 

l2 
Z• 
l• 
l 
u 
[ 

c 
H 
I 
A 

II 
I(,. 9 

[ 

A 
'1 
a 
H 
3 ,J 

c 
5 
J 
01 
A 
15 
'1 
A 
A 
0 
lS 
g 

oz 
0 
c 
0 
0 
I 
I 
c 
15 

,A[QU[NCY 0' OCCUAA[NC[ ,OA [ACH PRODUCT PAOC[SS 

DIA zr110 UNI( 111P;.nu 

l 	 ,UMAAJC ACIDlllOM!AIZATION O' MALEIC ACID 

GLUTAMIC ACIDt MONOSODIUM SALT/ 

OLUTAMJC ACIDe MONOSODIUM SALT/OLUTAMIC ACID • NAOH 

OLUTAMIC ACID• MONOSOOJUM SALT/NEUT or GLUT ACID BY NAOH 


l OLVCEAIN[ CSYNTM[TICl/HYDAOIYLATION O' ALLYL ALCOHOL 

z GLYC[AIN[ISYNl/MYOAOL or !PICMLOROHY VJA ALLYL CHLOAID[ 

z GLYOIAL/ OZONATJON 0' B!Nl[N[ 


HEPTANEIBTX SOLVENT [ITAACTJON AND ADSORPTION 

I 1 M~IACMLOAOB[NZ[N[ICHLOAJNATJON 0, 8FNl[N[
•
l I 	 HEXACHLOA08[NZ[N[/8Y PRODUCT or TETAACHLOAO[THYL!N[ CCHLORINATJON•
l H[IACMLOA08[Nl[N[/8Y•PAOOUCT O' CHLOAOSJLIN[S 

l HEIACMLOAOETHANEIETHIN[ CMLOAINITION 


l H[IAM~THYLENEDIAMIN[/IMHQNOLYSIS O' 1•6 HEIAN!DIOL 

l z M[IAMETMYLENEDJIHIN[IMYDAOGENATJON 0, ADIPONJTAILE
•
l 	 HEIAM[THYl[NfOIAMJN[ID[POLYM[AllATJON 0' NYLON 66 
1 HEXYL[NF GLYCOL/ ILDOL CINO[NSATJON O' AC[TON[ 


1 H[XAM,TMYLENE OLYCOLllt~•MEIANEnlOLll 


l M[IAM[fMYL[N[TETAAMINE I '0AMALO[MYO[ • NH3 

H[IANEIRTX SOLVENT EXTRACTION ANO ADIOAPTION 

MEIANE I AE,INERY BY•PAOOUCT 


l MYORAZINE SOLUTJONS/PAOC[SS UNO[A A[YJEW 

l z• •

• HYDROGEN CYANIC[ I PROCESS UNOER A[VJ(W 

l MVOROOUJNON[IOXJDATJON O' ANILINE VJA QUJNON! 

I HYOROIY!TMYL C!LLULOS!/[THOIYLATJON 0' ALKALI C[LLULOS[ 

l I • HYOAOlYLAMJN[/PROC[SS UNDER M!Vt[W 


HYOPOIYPAOPYL C!LlULOS[/£TM!AJrTCATJ0N 0, C!LLUL09[ 
I IMfNOOl•ACETIC ACJO/ NH3 • 'OAMAlDEHYOE • NACN 


l ISOaMYLfN[ I [XTAaCTIVE OTSTJLLATION or RT• AA,,INAT[ 

!I I ISOBUTANOLIMYDAOG O' ISOBUTYRALOEHYD!•OIO PAOCISS
•

l JSORUTANOL/,MOH JS0•8UTYAILO[HYOE ~y ALOOL CONO!NIATJON 

l JSOHUTANOLI CNUOE IS08UTANOL BY ALDOL CONDENSATION/ HYOA 

I l JSORUTYL ACETATEIJSOHUTANOL • ACETIC ANMYOPID!
I 


z I ISO~UTYLEN[/EXTAACT FROM c• PYAnLYZAT[
•l I 	 ISORUTYLEN!/DEMyOAATION 0' PuACHAS[O T!AT•BUTINOL•
I I 	 ISO~UTYLENE POLYMEASIPOLYM[RJZATJON OF JSOAUTYLEN[•
l 1 • ISOAUTYRALD[HYD(IMYOAO'OAMYLATION O' PAOPYL[NE•OIO PAOC[ 

1 JSO~UTYRJC ACID/ AIR OllDATJON OF JSOAUTYAALD~HYO[ 


1 JSODECINOLI CAR80NYLATION OF OL!FIN OLJOOMEAS • HZ 

1 l500CTYL ALCOHOLICIABONYLATJON OF OL[,IN OLIOOM(RS • H2 


ISOP£NTANEI DISTILLATION FROM CAIC5 HYOAOCAA80N MIX 

1 l50PM0R0Nf/CATALYT1C GAS PHAS[ RlN 0, ACETONE 

l ISOPHTHALIC ACJOI OXlnATJON 0' "-•YLENr 

2 ISOPAFNE/EITRACTIVE DIST C5 PYROLYZATE 


0, rnc1 

http:111P;.nu
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9 ,AEQU[NCY or OCCUAR!NC[ ,OR E•CH PRODUCT PROCESS 

PP..CODE. GEN_COOE 

ll60•01 1! 
ll60•0l '1 
2lbO•OJ ll 
2]10•99 G 
Z•15•99 J 
2azo.oo 12 
lAJO•Ol c 
lAJO•Ol c 
2Ul•Ol A 
2••2•99 3 
2Ule0l DI 
lASO•Ol A 
21~!•99 ,! 
2160•01 111 
2A10•0Z Cl 
zuo.01 G 
2•?0-04 G 
2110.os G 
2410•06 Cl 
2410-01 G)> 

I 2410•08 G 

'° 	 l!00-01 0 
2!00•0Z 0 
2500•0] '1 
2500•0A ,I,l500•06 
l!Oh01 DI 
2'500•09 c 
Z'500•10 z 
l'5Jlle00 6 
2'5J0•01 I( 

p 
255!•01 1• 
l'560•00 IA 
2'560.01 p 
2'60•nJ e 
2'560•05 c 
2620•01 a 
26l0.0Z a 
l620.0] c 
2UO•OI A 
l6Jl•!IO I 
l6l'5•01 v 

l545•01 

DIA ZERO UNIC PP.TEXT 

J 1 ISOPPOP•NOLIMYDAATIONS or PROPYL[N[• 
1 ISOPAOPANOL/CAT•LYTIC HYOROG[NATJON 0, AC!TON[ 

1 ISOPAOPANOLISOLVENT•WAT[R AZ[OTAOPJC DISTJLLATJON 


1 • ISOPAOPyL ACETATE/JSOPROPANOL • •CETIC ANHyORJO!
• 
L!AOITOTALl/PROC£SS UNDER R[VIF.W 
MALJC ACID/ HYORATJON or MAL!JC ACID 

] ~ALEIC ANMYDAID[/RENZ[N[ OXIDATION 
MALEIC ANHYDAIOE/BY•PAODUCT 0, PHTHALIC ANHYDRIDE RY o•r 

1 M[LAMINf/TRIM[Rl7ATION O' UREA 
M[LAMINE CRYSTAL/ COND[NSATJON or UA[A• ] 

• • 
MELAMINE R[SINS/POLYCONDFNSATION or MELAMINE WITH ,OAMAL 

1 M[SITYL OXIO[/O[MYORATION or OIACETON[ ALCOHOL ' • 
•
•

• • M[TANILIC ACID/ HYOROO[NATION 0, l•NITAORENZ!N[ SUL'ONIC•
l M[THACAYLIC ACIDl•CETON£ CYANOHYDAIN PAOCESS 
2 M(TMACPYLIC ACIO [ST£RS/8UTYLM!THICAYLIT[S•fST!RJ,IC O'M 
1 M[THACRYLIC ACID [ST!RSIETHYL M!TM•CRYLAT! BY H[TMACAT A 
1 M[TMACAYLIC ACID EST[RSl2•£THYL M[XYL M[TMACALTE 8Y M[A 
1 M[THACPYLIC ACID [STERS/HIOMER M[TMACAYLATfS BY METH ACI 
I • • M[TMACRYLIC ACIO ESTER/l•ACETOAC!TOXYETHL HfTM•CALT! rAM 
l M[TMACPYLIC ACID EST[A/M[TM•CRYLIC ACID !ST[At,CTN 0, NO 
l M[THACAYLIC ACID [STEASIAUTYL M[TMACAYLAT[ IY ACN & M[OL 
5 l M[fMAN0LIH 1 P1 SYNTM[SIS FROM NAT OAS VIA SYN GAS•l M[TH•NOLIL 1 P, SYTHESJS 'ROM NAT GAS VIA SYN OAS 


1 • METHANOL/MYOAOO[NITION O' C•ABON MONOllDE
•
1 	 M[TMANOL/MYOAOOENATJON O' BUTYN[DIOL 

H[THANOL/CITILYTIC HYDAOOENITION 0' AlO[HyD!S
1 M[TH1NOLIBY PRODUCT POLY[ST[A
I M[THINOL/BUTAN[ OXIDATION 

l 	 H[THANOLl~Y•PRODUCT O' ALkYLOLANIO[S 
M[THYL•HJN[S/ M[THINOL • AMMONIA 

3 M[TMYLAMtNESCTOTALllCONO[NSATION 0, M[THANOl AND AMMONIA 
I METHYL BROMID[IHYDROHALOOENATION O' METMANOL 
l M[TMVL CELLULOl[/C[llULOSE • M(THYL CMLOAID[ 

.,• 1 • M[TMYL CMLORtOEI PR08ABLY USED as SOLB[NT 
METHYL CMLDRIDE/MYDAOCHLOAINATION O' N[THANOL 

l • • M[TMY~ CMLOAIDE/CHLOAINATION 0, M[TMANE 
1 M[THYL CHLORIDE /BYPRODUCT O' [TMYL[NE OllD[ 1910•01 
3 2 METHYLENE CHLOAID!/CHLOAINATION 0' M[T HYLCMLOAIO[ C,ROM•
1 M(TMYL(N[ CMLOAIO[ICHLOAINATION 0' METHANE 

l MlTHYLENE CHLORIDE/ &Y•PAODUCT [THYEN[ oxrnE ltlO•OI 

I METHYLENE OIANJLIN!/R[•CTION 0' 'OAMALOEMYO[ •ANILINE 


• 4t4••METHYL[NEOI•NJLIN[/ (MDII ANILINE • 'DAMALD'-MYD[

l M[THYl[N[ DIPH[NYL DllSOCYANAT[/PHOSBENITION 0' MD• 


ACID 

HYDAOCHLORTNATION O' M[THANOll 

http:2'560.01
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PP.COO[ 

2640.01 
2640•06 
2640e0l 
26•0•0R 
26•5•99 
l650e99 
2660•01 
266'3e02 
1665•03 
2665•04 
l680e01 
2690•01 
Z690•0Z 
2691•01 
2691•01 
2691•11 
i69S•99 
2101.01 
2101•02 

I 2750-0 l _. 
2756•01 

'):> 

0 
l7ST•Ol 
Zl'TO.Ol 
2170•10 
219le00 
2791•9' 
2193•99 
21100.01 
2110!1•99 
282•·01 
2824•02 
282!ie00 
282!1•01 
21t25•02 
2825•0! 
2825•U 
zaz5,.05 
2825•08 
2825•09 
2825·10 
28213•11 
2825•22 
l825•90 

G(N_COO[ 

Jl 
c 
Jl 
Jl 
0 
A 

'l 
0 
0 
H 

G 
c 
JI 
01 
0 
01 
6 
z 
I 
0 
K 
K 

L 

L' 
•
L 
L 
c 
z 
z 
'01 
01 
01 
01 
01 
01 
01 
01 
01 
23 
23 

,R[OU[NCY 

DIR ZERO UNK 

2 
I 2 •
l I 

l •
l 

l 

l 

l 


• I 

• 
> I 

I 

l • • 

I •
l • z 
l I 

l 

•
l • 

•I 

•
• 

I •l • •
2 

• 
• 

I • 
~ z 
7 l • z l •

9 l 
 •
l • 
l • •
l •
l 

1 •
l l I 

O' OCCUAA[NCE ,OA EACH PRODUCT PROCESS 

P,.,;.TUT 

M[THYL !THYL K[TON[/DEHYDROGENATION 0, S[C•BUTANOL 

H[TMYL [TMYL KETONE/RY•PAODUCT 0' RUTAN! OXIDATION 

M[THYL [TMYL K[TON[/R[DO•tO' lCPOLEIN ~ S[CeRUTANOL 

M[THYL !TMYL KETONE/ OEHYOAOOENATION 0' SEC•~UTANOL 


M[THYL 'OAMATEI 'OPMALO[HYOE • CAUSTIC fCANNIZ&ROI 

METHYL l50RUTYL CAP8JNOL I ALDOL C1NOENSAT10N 0, AC[TON[ 

M[TMYL rsosUTYL K[TON[IHYDAOGENATJON 0, M[SITYL OXIDE 

M[THYL METHACRYLAT[/M[TMANOLYSJS O' ACETONE CYANOMYOAIN 

H[TMYL M[TMACRYLATE/M[TMACAYLIC ACID • METHANOL 

M[TMYL M[TMACRYLAT[/POLYM[lt CRACKING 

METHYL SALJCYLATE/EST[AJ,JCAT!ON O' SALICYLIC ACID 

AeM[TMYLSTYA[N[/~Y•PROO 0, AC[TON[,PH[NOL BY CUM[N[ OXID 

ALPMAeM[TMYL5TYREN!l"[HYOROO[NAT!ON 0, CUM[N[ 

MOOACRYLIC R[SfN/R[SIN•POLYACAYLONJTRILE ' COMONOM[A 

MODACAYLIC A[SIN/R[SfN•POLYACAYLONITqlL[ ' C0MON0M[lt 

MOOACRYllC RESIN/'l~[RePOLYACAYLONITqJL[ ' COMONOM[A 

Z•IMOAPM0LJNO•THIOl•A[NZOTMIAZ0L£/ MOAPHOLN[ • l•M[ACAPTOB[NlOTHIAlOL[ 

NAPHTHALENE/SEPARATION 'POM COAL TAR DISTILLATE 

NAPHTHAL[N[/OISTtLLATION ,ROM PYROLYSIS GAS 

N[OPENTANOIC ACIOl,ROM rsoeuTYL£NE VJ& o•o PROCESS AND o•tOATION 

P•NITAOANILIN[/AMMONOLYSIS O' PARA•NITROCHLOROA£NZENE 

P•NITPOANILIN[/AMMONOLYSIS 0' PAAA•NITROCMLOPOA[NZENE 

NITR08[NZ[lll[/NlTRATlON 0, BENZ!N[ 

NITR08ENlENE/ 

l•NITAOPM[NOL/ NITRATION 0, PHENOL 

!•NITAOPM[NOL/PAOCESS UNO[A R[VlEw 

P•NITROPM[NOL 'SOoJUM SALT/ NfTRATJON o, PHfNOL 

NJTROTOLUENE/NJTqATION OF TOLUENE 

N•NJTAOSOOIPH[NYLAMJN[/ OIPMENYLAMJN! • NITROUS OXJO[ 

NYLOlll SALTIAOIPIC ACID' HMOhAOllf.OUS SOLlJTIOlll 

NYLON SAlT/ADIPJC ACID ' HMOA•M[THINOL SOLUTION 

NYLON/ 

NYLON 6/A[SIN 8Y POLYCONDEN9ATJON FROM CAPAOLACTAM 

NYLON 61,IAER 8Y POLYCOND[NSATION ~AON caPAOLACTAM 

NYLON 66/AfSJN IY POLYCONO[NSATJON FPOM NYLON SALT 

NYLON 661,JB[A 9Y POLYCONO[NSATION ~ROM NYLON SALT 

NYLON 6ll/A[SJN• POLYCONO[NSATIOlll 'ROM MHOA ' CJSDIACIOS 

NYLON 6 & 66 COPOLY/POLYCOlllD O' NYLOlll SALT ' CAPAOLACTAM 

NYLON/Mf5CELLIN[OUS NYLON PAOOllCTS•AESJNS 

NYLON/NYLON FQRHALn[MYOE RESIN 

NYLON COATING SOLUTION/ 

NYLON 6 FIA[R/[XTPUSJON 

NYLON/NYLON FINISHING PROCESSES 


http:zaz5,.05
http:21100.01
http:Zl'TO.Ol


PP_COD[ 

Z831•01 
28Jl•02 
2831•05 
2831•01 
Z8ll•08 
2832•01 
1861•01 
Z86l•Ol 
2843•99 
2850.0l 
2853•01 
28,6•01 
2857-0l 
2858•01 
2859•01 
Z860•0l 
l862•01 
ZHJ•Ol 
2865•01

)::> 
I 	 2861•01 

2868•01 
Z8'PO•Ol 
U?l•Ol 
2nz..01 
H?l•Ol 
281••01 
2875•01 
l8?6•01 
2811•01 
2818•01 
2819•01 
2880•01 
Z8llll•01 
288••01 
2885•01 
2886•01 
Z90!•0l 
2910•02 
2910•03 
2910•05 
Z910•08 
2910•09 
2911>•10 

G[N-COOE 

0 
0 
0 
0 
0 
H 

" 8 
8 
A· 
J 
02 
c 
G 
G 
G 
G 
G 
G 
G 
G 
0 
G 
G 
G 
G 
G 
G 
G 
0 
G 
0 
Cl 
G 
G 
G 
Dl 
c 
c 
M 

c 
16 
16 

F'AEOUENC't O' OCCUAR[NCE 'OR EACH PRODUCT PAOC!:SS ll 

DIA l[AO UNI( PP_l[•T 

••
•
l 
•
•
l 
1 
•
l 

•
l 
l 
l 
2 
•
•
l 
2 
•
•
1 
l 
•
1 
l 
l 
l 
1 
l 
1 
•z 
•
l 
1 

u 
6 
1 
1 
l 
•
I 

• 
1 
1 
• 
l 
•
•
•
1 
• 
•
l 
•
2 
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

l4 
•
•
•
•
1 
• 

• 
•
•
• 
•
•
•
•
•
•
•
• 
•
•
•
•
•
•
•
•
•
•
•

.• 
•
•
•
•
•
•
•
•
•
•
•
• 
•
•
•
•
• 
•
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o•o ALDEHYOES•ALCOHOLS/HISC ALD[HYDES 
O•O ALO!MYOES•ALCOMOLS/AMYL ALCOHOL 
o•o AL0EH't0[5•ALCOHOLS/Cll•C11 ALC ,AOM ClO•C•Cll OL[,IN 
O•O AL0EHY0ESIALCOHOLS/NFOP[NTANOL 'ROH ISORUTYLENE 
O•O ALOEHYOES•ALCOMOLS/AMYL ALDEHYO[IMJXEnt 
OCTANEIRTX SOLVENT EXTRACTION ANO ADSORPTION 
P[NTACHLOAOR[Nlr.NE/~Y•PAOOUCT 0' Af.Nl[NE CHLOAJNATION 
P[NTACHLOAOPHENOLICHLOAINATION 0, PH'-NOL 
PENTACMLOROPMENOLI CHLORINATION 0' PM[NOL 
P[NTA[AYTHAITOLIALOOL CONn.or AC[TALn[HVOE ' ,OAMALD[HVD
P[NTANE/AE,INEAV BY•PAOOUCT 
PETROLEUM HYOAOCAABON AESJNS/,AO~ C5•C8 UNSATUAAT[S 
Pr.AACETIC ACIO/P[AOllOATION O' ACETALOEHYDE 
PHTHALIC ESTEA/PHTHALIC ACID A~O ALCOHOL EST[AJ,tCATJON 
RIS Z•ETHYLH[XYL PHTMALATE EST[A/2960 ' ALCOHOL ESTEAl'I 
RUTYLOCT'tL PMTHALATE !STEA/29~0 ' ALCOHOL ESTEAl,ICITtON 
CT•ClO PHTHILATE f.ST[A/29~0 ANO ALCOHOL E!TERl'ICATJON 
Cll•C14 PHTHALAT[ ESTEA/2960 & ALCOHOL ESTEAl'ICATlnN 
OtAUTYL PMTHALATE [STEA/2960 • ALCOHOL ESTERl'ICATION 
OI•OECYL PHTHILATE ESTEA/2960 ANO ALCOHOL F.STERI,IC&TION 
DI•N•HEl'tL PMTHALAT[ 'STEP/2960 AND ALCOHOL [STERl,ICATI 
Dl•JSOOECYL PMTHILITE EST'-R/2960 ' ALCOMOL ESTEAI,ICATln 
Dl•ISOOCTVL PHTHALAT[ ESTER1l960 ' ALCOHOL EST[RJ,ICATIO 
DIPMENYL PHTHILATE ESTERIPHENOL,PMTHALVL CHLORIDE ESTERI 
OI•TRID!CYL PHTHALAT[ EST,R/2960 ' ALCOMOL E!T[Rl'ICATJn 
N•HEPTYLNONYLUNOECYL PHTMALATE ESTEAIZ960 ' ALCOHOL ESTE 
N•M[lYL•2•[THYLHE•YLl!OOECYL PHTMILAT£ EST[A/2960 l ALC~ 
N•H[lYL .. 2•ETHYLMElVL PHATMALITE/1960 ' ALCOHOL !ST[Al,IC 
N•HEXVLH[PTyLNONYLUNO[CYL PHTHALIT[ ESTF.R/!960 ' ALCnHOL 
N•H[lYLOCTYLOf,CYL PHTMALAT[ [ST[All960 & ALCOHOL !ST[RI' 
~l•ED ALCOHOL PMTMALATE [ST[A/l9~n ' ALCOHOL ESTER,JCATI 
OCTVLO[CYL PHTHALAT[ fST[A/2960 ' ALCOHOL [STEAl,ICATION 
DI•[TMYL PHTHALATE ESTf.R/2960 AND ALCOHOL !ST!RI,ICATJON 
Ol•N•OCTYL PMTHALITE f.STER/2960 AND ALCOHOL !STEAl,JCITI 
OJMETHYL PHTHALITE [STfA/296~ AND ALCOHOL ESTEAl,ICATION 
8UTYLq[NZYL PHTIHALATE ESTER/!960 • 8UTANOL • ff[NZYL ICOAtDE 
PM[NOLIC A[SJNl/POLYCONO[NSITtON 0, Pw[NOL WJTM ,oA~~LO[MYn[ 
PH[NOL/CUM[N[ PEAOXJOITION ANn ACID CLEAVAGE 
PH[NOLIOXIOATION 0, TnLU[N[ 
PM[NOLIBENZfN[ 5UL,ONITtONtHVDAOLVStS 
PMENOLILIOUIO PHASE OXIDATION 0' ~[NZOIC ACID 
PMENOLITAA ACID R!COV[AY RE'INING 
PM[NOLIR[COVEAY ,ROM PYA0LY5IS O&SOLJN[ 
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PP.COO[ 

n10.. 12 
1910"13 
Z950•00 
2950.01 
Z9!U•Ol 
Z95l•OZ 
2960•01 
2960•02 
~9111•01 
!990•99 
2992•99 
29•6•01 
2996t00l 
H•6•05 
l996•99 
3000.99 
JOh•OO 
300h99 
3006•0! 

)> ]006•20 
I __. 	 ]006-21 

N 	 ]006•22 
J006-ll 
J006•l6 
l006•ZI 
3006•l9 
l0116•JO 
]006•31 
3006•JJ 
300b•J4 
J006•l5 
J006•JT 
3006•40 
]006•90 
3001>•99 
30118•01 
JOOH•Ol 
]008•04 
lOOtl•Oca 
l008•90 
3008•99 
3009•00 
3010•00 

orN.COOl 

4 
L 
J 

G" 
0 
c 

·C 
M 

01 
D2 
Dl 
DJ 
01 
01 
02 
v 
v 
J 
Dl 
Dl 
01 
01 
Dl 
01 
Dl 
01 
01 
01 
01 
n 
Ol 
01 
] 

01 
oz 
oz 
02 
02 
l 
oz 
Dl 
5 

,R[QU[NCY 0' OCCUAA!NC[ ,OA [ACH PRODUCT PAOC!S5 

Diii ZERO UNK PP_TEIT 

l PHENOL/RY•PAODUCT O' DIPH!NYL OXIDE 
J • P~ENOL/8Y•P•ooucT O' JSOCyANATES C'ROM NITOA[NZ[N[ ANO DINITROTOLU[N[• 

PHOSG[N[/ CHLOAJN[ • CAP80N WONOllOf 

6 PHOS0£N[/CHLOAJNATJON O' CARBON MONOllO[ 

l • • PHOSPHATE ESTHEAS/PHOSPHOAUS OXYCHLORJO[ ANO PM[NOLIALC 

l • PHOSPMAT[ [ST[AS /DJPM[NYLISOO!CYL • POCLl&PM[NOL,ISOD[C
•
I PHTMALIC ANHYORJO[/OIJDATJON O' NAPHTHALENE 

z PMTMALIC ANMYOAIO[/OXIOATJON O' O•XYL[Nf 


PITCH TAR RESIDU[/SEP,,ROM COAL TAA LIGMT OIL DJSTILLAT[ 

I POLYC[T&L A[SINSIPROC[SS UNO[R R[Vl[W 


POLY•ALPHAt0M[THYL STYA[N[/PAOC[SS UND[A A[Vl[W 

l POLYAHIO[S 'AOM ETHYL[N[ AMINES AND FATTY ACIDS 


NYLONS/,ROM ADJPIC ACJ010l[THYL[N[TAJAMJN[1[PJCHLOAOHYOA 
l POLYAMJO[S•ALSO 5[[ NYLONS/FROM OIBASYC ACID AND AMIN[S 
l POLYAMJO[S/ DICARBOIYLIC •CID • OIAMIN[

POLYSUTENESI SOLUTION P~YM[AIZATlnN 0, 8UTYL[N[S• l •
1 POLYCARAONAT[S/G[N[RAL 

I POLYCAA80NAT[S/PROC[5S UNO[A A[VI[~ 


POLVEST£R/,f8EA • M[LT SPtNNZNO ,ROM PUACHA5[0 A!91N 

I POLY[ST[R/R[SJN BY POLYCONO, 'ROM OMT ' le••CYCLOM[XANOL 

6 2 POLY[IT[A/RfSIN By P0LYCON0 1 ,ROM TPA & [THYL[N[ GLYCOL 

1 

• POLY[ST[A/AESZN BY POLYCONOo ,ROM P~THALIC AND ANMYDA 1., • •z POLY[STER/RESIN BY POLYCONDo ,AOM DMT & ITHYL[N[ GLYCOL•
J POLY[STERIAESIN 8Y P0LYCON 1 ,ROH TP& OR DMT ' [THYlOLYCt 

z POLYfST[A/AESIN BY P0LYC0N 1 'ROM DMT AND RUTAN[DIOL 

J l 1 POLYEST[A/AESIN By POLyCONOo ,ROM VARIOUS ACID ' •Le. 

1 POLYEST£R/,l8£A BY M[LT SPINNING ,ROM OMT &NO 11• 

4 POLYEST[P/,18[A BY M[LT SPINNING 'AOM TPA AND [THY OLYCL 


10 POLYEST[A/,IBEA 8Y MELT SPJNNJNG 'ROM OMT &NO [TMY GLYCL 

I POLYEST[A/,IBER BY M[LT SPINNINO 'ROM TPA OP OMT,[TMYGLY 

4 POLYESTEAl'l8EA By MELT SPINNING ,ROM PUACMAIEO RESIN 

l POLY[ST[A"lffEA 

1 POLYESTER/FILM 'ROH OMT AND lt• CYCLOM[XAN[ DIM!TMANOL 


POLYEST[A/FJNISMING PAOC[SS 

l POLYESTER/ 


9• 
• 
l 

•
• POLYETMYL(N[ R[SJNS/SOLUTJON POLYM[AtlATJONfMDPEI
• 

'5 POLY[TMYL[N[ R[SJN/SUSP[NSJON POLYM!PARTICLE 'OAHI (MOP[I 

15 J POLY[TMYLENE P[SINSIMIGH PR[SSUD[ POLYMF.RllATION CLOP[I
•

2 • • POLYETHYLENE RESINS/GAS PM&S,. POLYM[RtlaTJON CMOP[I 

l POLYETMYLENE/,INISHINO PAOC!SS 


POLYETMYLFN[/PROCESS UNDER AFYIEW 

l POLY[TMYL£N[ COPOLYM[RS/ 

l • POLYOXY[THYL[N[ QLYCOL/[THOlYLATION 0, !TMYL[N[ GLYCOL
• 

PRCUASOASI 



PP.COD[ GIN.COD[ 

lOlO•Ol 5 
3011•01 6 
JOll•Ol 01 
3015•01 A 
3015•02 
lOl5•1tO ' A 
lOZO•Ol n 
lOZO•Ol DZ 
lOZO•O• l 
lOZ0•05 Ol 
:uzo•ot or 
lOZ0•90 J,lOZ5•01 
l025•0Z 
JOJO•OZ Dl ' 
JOJO•OJ oz 
lOlO•O• or 
3030•06 or 
JOJ0•90 J 
3031•01 02 

)::. 
I JOJJ•H Dl __. 3036•00 01w 	 3036•01 01 

30J6•0Z l 
30•0•01 01 
3040•0] Dl 
J04Z•Ol [ 
304l•OR 01 
30•l•80 0 
304]•01 01 
300•03 Dl 
30•4•9• DI 
30•~·01 01 
J0•5•0Z Ol 
304~•03 01 
30•5•0• Ol 
3047•01 01 
3047•02 Ol 
30•7•03 Ol 
30•8•01 02 
3048•0Z oz 
3048•04 Dl 
3048•11 J 

'AEOUENCY 0' OCCURRENCE ,OR EACH PRODUCT PROCESS 13 

OIA Z[AO UNI( PP._TEXT 

z 
l 
z 
z 
1 
l 
l 
5 
•
l 
1 
••z 
5 
6

•
•
l 
•
l 
l 
! 

•
6 
l 
2 
l 
•1 
I 

l 
3 
•
l 
l 
1 
l 
1., 

16 
3 
I 

•
•
•
•
••
•1 
• 
•
•
•
•
•
•
l

•
•
•
l 
•
•

11 
l 
l 
I 

•
•
•l 
•
•
•l 
• 
I 

• 
•
•
• 
I 

•
• 

• 
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
••
• 
I 

•
•
•
•
• 
•
•
• 
•
•
• 
•
• 
•
•
••
•
•
•
•
•
• 

POLYETHYLENE OYCOL/ ETHYLENE OXIDE 
POLYET~YLENE POLYAMtN£5/[TMYLENE OtAMIN[ • CDC • NH3 
POLYM[AIC MlTHYL(N[ OIANILJN[/AEACTION O' A~IL ' 'OAMALM 
POLYMERIC ~ET~YL[NE OJPM[NYL OIJSOCYANATE/,AOM POLY M[TM 
POLYM[AJC M[TMYL!N[ OJPMENYL OIJSOCYANAT[/MfTMYL[N[ DIAN 
POLYM[AJC M[THYLfN[ OJPH[NYL OII50CyANAT[/AlN 0, ,OAM•AN 
POLYPROPYLENE /'JBEA 8Y M[LT SPINNINO 'AOM PUAC~AS A[SIN 
POLYPAOPYL[N[/AESIN BY SOLUTION POLYM!AIZATION 
POLYPPOPYLENE/POLYM[R EXTRUSION 
POLYPROPYLEN[/A[SIN BY SUSPENSION POLYM[AflATJON 
POLYPROPYLENE/OAS PHASE POLYMERIZATION 
POLYPAOPYL[NE/FJNISM1NO PAocrss 
POLYOlYPAOPYL[N[ OYCOL/ A[ACT 0, PROPYLENE OYCOL ' PAOPYL[N[ OXIDE 
POLYO~YPROPYLENE OLYCOL/PNOPOlYLATJON O' OLYC[AIN'­
POLYSTYRENE • COPOLVM[AS/SUSP POLYMERIZATION ••O AU8A[A 
POLYSTYRENE L COPOLYM[AS/MULK POLYM[AJZATJON WITH RU~8!A 
POLYSTYAfN[ • C~POLYM[RS/8ULK POLYM[AIZATION ••O AU88[A
POLYSTYRENE ANO COPOLYMERS/ 
POLYSTYRENE • COPOLYN[AS/,JNJSMJNG PROCESS 
POLYSTYArNEoEXPANO[O/POLYM[AIZATJON O' POLYSTYA[N[
POLY5UL,0N[ RESINSlrAOM SOOJUM AJSPM[NOLAT[ 
POLYUAETM&Nf AFSJNS/ POLYOLS • DllSOCYANATf 
POLYURETHANE PESJNS/ POLYOL • OltSOCYANAT[S 
POLYUA[TMAN[ DESJNS/COMPOUNDINO 
POLYVINYL ACETATE DESJNS/[MULSION POLYMERIZATION 
POLYVINYL ACETATE RESINS/SOLUTION POLYNEPtZATJON 
POLYVINYL ALCOMOL/HYnAoLYSIS O' POLYVINYL ACfT&TE 
POLYVINYL ALCOMOL/P[SIN•SOLUTJON POLVM tM[TM&NOLI 0, VJNYL &C[TAT[, 
POLYVINYL ALCOMOL/A[SJN•SOLN POLYMIM[THANOLIO' VJNYLAC£T 
POLYVINYLAC[T&TE•ACRyLJC COP0LyM£Rl/l&TEX•EMULSl0N POLyM 
POLYVINYL AUfYAAL/POLYVINYL ACETATE ANO IUTYR&LO[MYO[ 
POLYVINYL 8UTYRAL/PAOCESS UNO[A REVIEW 
POLYVINYL ACETATE ' PVC COPOLYMEAS/SUSP[N POLyM[AIZATION 
POLYVINYL ACETATE ~ PVC COPOLYM[DS/SOLIJTION POLYM[AJZATI 
POLYVINYL ACfTATE ' PVC COPOLYM[AS/EMULSJON POLYM[AIZATI 
POLYVINYL ACETAT[ ' PVC COPOLYMEAS/STAPL[ 'IA[R 'ROM A[S 
COPOLYMERS O' POLYVINYL ACETATE/EMULSION POLYM[AJZATION 
POLYVINYL ACETATE COPOLYM[AS/SOLPOLY ~T VIN PyAOLLYOINON 
COPOLYM[AS 0' POLYVINYL AC[TAT[/COPOLYM[A WITM [TMYL[N[ 
POLYVINYL CHLOAIOE/[MULSION POLYMEAJl&TION 
POLYVINYL CMLODIOEISUSPfNSION POLYM[AIZATION 
POLYVINYL CMLOAJOE/8ULK POLYM[PlZATl~N 
POLYVINYL CHLOHl~E/FJLM OR 'IBEA RY CAL[~O[AJNG 

HYOAOLYSJS 0, POLYM[A 



• • • 

• • • 
• • 

• • 

• • 

• • 

• • • 

• • • • • 
• • • 
• • • 

• • 

• • 
• • 

rREQUENCY 0' OCCUAR[NC! ,OR [ACH PRODUCT PAOC!SS u 

PP.COO! G[N_COO! DIA URO UNK PP.T!XT 

30.11•90 J 
3050•01 0 
J05Z•Ol oz 
3055•99 01 
3060•01 02 
J060•99 oz 
306]•01 J 
306l•OZ 
JOU•Ol ... ' J066•01 c 
3066•02 c 

··]OH•04 c 
J068•0l 8 
JOJOeOl ,1 
3090•02 H 
J090•06 H 
3090•08 l 
J090•11 M 
1100.01 zo 

:l> 
I 3110•01 20 __, 	 3110•02 zo 
~ 	 311l•O1 [ 

JlZO•OZ A 
3135•01 M 
lll~·Ol H 
3145•01 [ 
31'1'0.0l A 
3170•99 c 
J l'l'Z•O l 01 
31'1'2•02 01 
31l'!S•Ol B 
31'1''•02 [ 

Jl'l'~-OJ f 
311!;.u [ 
Jl7'•0! E 
31'1'5•06 E 
3181•01 z 
3Z00•9Ca 0 
3230•nl J2 
3Zl0•02 z 
Jll,•01 Ol 
JZJ6•01 01 
JZJ'l'•O 1 D2 

1 1 •1 • •
1 • •
• l •
I •• 

z 

1• 1

• •
•

• 2 
1 

• 
1 l •z 1 •

10 J •
5 1 •
1 
z • •
1 • •
1 • •
l 
J • •
J • •
• 1 •
1 • •
§ • • 
1 • ••
1 

• 
l 

•
•

J 

l 1 • 

l • •
1 

.,3 
2
• •

•
l 
s 1 •
1 
I • • 

POLYVINYL CHLORIO[/,INfSHING PAOC[IS 
PAOPJONIL0[HY0[/HYOAO,ORMYLATJON 0, !THYL[N[•OlO PROCESS 
POLYVINYL CHLORIO[ COPOLY~!RS/SUSP[NSION POLYM!RIZATfON 
POLYVINYL PYAROLIOON[/POLY•!RIZATJON 0' VJNYL PYRROLJOON[ 
POLYVINYLJO[N[ CHLOAJOE/!MULSJON POLYM!AIZATION 
POLYVJNYLJO[N[ CHLORIOES/PAOC[SS UNOfA R[Yl[W 
PAOPINE/AE,INEAY 8Y•PAODUCT 
PAOPINE/NITUAIL GAS 8Y•PAODUCT 
PROPAN[/8UTANE PYROLYSJS 
PAOPJONIC ACJD/AIA OXJOITION O' PROPIONALO!HYD! 
PAOPIONJC ACID/CO•PAOOUCT 0, 9UTIN[ OllD•TION 
PAOPIONIC ACID/8Y•PA00UCT O' NITAOPAAA,,INS 
NePROPYL ACETATE/REACTION Or ACETIC ACID ' NePAOPANOL 
N•PROPYL ILCOHOL/HYOAOO[NATJON 0, PAOPIONALD[HYD[•OlO PA 
PAOPVL[N[/PyROLYSIS OF ETHAN[/PAOPAN£/BUTAN[/LPG 
PROPYL[N[/PYAOLYSJS 0, NAPHTHA &NO OR oas OIL 
PAOPYLfN[/,RACTinNITION 0, R[,IN[AY LIGHT [NOS 
PAOPYL!N[/PYROLYSIS 0, NIPMTM&1PAOPAN[1[THIN[1BUTAN[ 
PROPYLENE CHLOROHYDAIN/INT!A~EOIAT[ JN CMLOAnHYOAIN PAOC 
PROPYLENE OICHLORIDE/CHLOROHY~AINITJON 0' ILLYL CHLORIDE 
PAOPYL!N[ OJCHLORI0[/9Y•POCT 0' PROPY 0110[ 8Y CMLOAOMYO 
PAOPYL[N[ OLYCOL/HYDROLYStS O' PPOPYL[N[ 01tor 
PAOPYL[N[ 0110£/fAOM PROPYLENE VII CMLOAOMYOAIN 
PYROLYSIS GISOLJN[/CAACKJNO [THAN[1PAOPIN[18UTAN[1LPG 
PyROLYSIS OASOLINE/CRACKING EtMAN[/PAOPAN[/BUTIN( AND NA 
PAYON/~ISCOS, PROcrss 
SALICYLIC ICIO/CIRBOIYLATION O' ORY SOOJUH PHENATE 
SALICYLIC ACIO/CIR~ONOIYLATtON 0, PM(NOLIT[ 
SIN A[SIN/SUSP[NSION POLYH[AIZATJON 
SAN RESIN/MISS POLVH[RJZITION 
SILICON[S/SILICON[ MONOH[ASCCHLOAOSILAN[SI CHLORINATION o, SILICON oro•roE 
SILICONES/SILICONE FLUIDS CHYDROLYSIS ANn CYCLIZATIONI 
SILICONES/SILICONE RESINS 
SILJCON[S/ SILICON[ RUA8ERS 
SILICON[S/!LISTOM[R PRODUCTION 
SJLICON[5/ SILICONE SPECIALTIES CGR[IS!10ISP[ASJON AOENT 
SODIUM SfNZOIT[/NEUTAALIZATTON O' ~[NfOIC ICID 
SODIUM 'OAM&TE/ 'OAMIC ACID • CAUSTIC 
STYA[N[/O[~YnAOGENITION o, [THYLeENZ[N[ 
STYPrNE/S[PIAATION 'ROH PYAOLSIS OISOLIN! 
STYAENE~AUTADIEN! A!SINI [HULSION P•OCESS 
STYP[N[ MALEIC ANHYDRIDE AESJNS/CDPOLYMEAtZATJON 0, ITYAEN,MAL 1 ANH 1 

STYA[N[•METMYL H[THACAYLATE COPOLYMERS/SUSPENSION PAOCES 

http:31'1'0.0l
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15 'AEOUENCY 	 0' OCCURAENC[ 'OR EACH PAOOUCT PROC'.SS 

PP.COD[ 

Jl51•0l 
ll60•99 
JZllO•Ol 
JlSO•OJ 
lZtU1•0l 
JZll?•Ol 
JZll8•01 
lZ•l•Ol 
lZ•5•01 
Jl95w02 
JZ95•o• 
JJOO•OI 
JJO?•Ol 
JJlD•Ol 
JllZ•Dl 
1315•9' 
3JZ5•01 
33l5•01 
3338•01

)::> 
I Jl49•0D _. 

JJ49•01ui 	
JlO•OZ 
Jl•••U 
JJ•9•0? 
JJ50•01 
Jl'il•OI 
JJ54•01 
JJ5S•Ol 
ll60•99 
JJIJ0•99 
]381•01 
JJ90•01 
JJ9Z•Ol 
JJ9l•OO 
ll•l•Dl 
3J9J•OZ 
JJ94•01 
JJ9S•Dl 
JJ95•DJ 
lJ95•0• 
]4110•01. 
3600.DZ 
J600•0l 

GCN.COD! OJA Z[A'() UNK 

M 	 • • •16 	 l 
c 	 fl • •
f 	 1 • •l'I 1 

e 1 


1
" e 	 1 •
• 

•
• 

s 

8 	 ' z 
• 

1 

• • 
• 

.. 
B 	 l 
6 	 1• • 
ll 
p 	 • • •l 

'1 l 

5 	 l • •5 	 • l •,
II 
H 	

• •I l •
! ] • •
l • • •Jl 	 l 
l 	 6 1,., 	 • 
'Z 	 I • •v 	 J • •v,, 	 • • • 
;;. 	 • • •

• 
'l 	 l • •8 	 l • • 

1 
1•

IJ 	

• 
• 

•
• 

I • •" 
A • • •" 
e 	

l • •
1 

8 	 l 
p 	 • •

l 
l 

"fl . . . 

PP_T[XT 

·suL,ANILIC ACIDISUL,ONATJON 0, ANILIN[ 
SUL,OLAN[I BUTANE • SUL,UA 
T[R[PHTMALIC ACID/CATALYTIC OXIDATION 0' PeXYL[N[ 
T[R[PMTMALIC ACIDIHYDROLYSJS 0, DIM[THYL T[R[PMTMALATE 
lll••TETAACMLOA08[Nl[N[/8Y•PR00UCT BENZENE CHLORINATION 
ll4,•T!TRACMLOR08[Nz[N[l8ywPAOOUCT ~EN7£N[ CHLORINATION 
lll5•T[TAACMLOM08ENl[N[IBY•PROOUCT ~[NZENE CHLOAJNATJON 
l1l1Z12•TETAACHLOA0f.THANE/CMLOAINATION 0, [TMYLEN[ 
T[TRACHLOAOETHYL£N[I OXYCHLOAJNATJON 0, MYOROCAABONS 
TETAICHLOAOETMVL[N[/CMLOAINATION 0, [DC ' OTH!A CMLOA MC 
TETAACHLOAO[THYL!N[/CHLOAINATJON O' MYOAOCaABONS 
T[TAACHLOROPMTHALJC ANMYDAJDEICHLORJNATN 0, PMTMALIC ANMYDAIO! 
T[TAA[TMYL[N[ P[NTAMIN[/[THYL!Nf OJAMJN[ • [OC • NMJ 
T[TAA[TMYL L[ADIALKYL HALIDE • SOOJUM•l[An ALLOY 
T[TAA,LUOAODJCHLOAOETMAN[IHYOPO'LUOAIN 0, T!TAACMLOAO[TMYL[N[ 
T!TAAHYORO,URANI HYDROGENATION 0, ~AL!IC ANHYOAJD[ 
TETPA[THYL[N[ 0LYCOLICOPOCT O' [THY GLYCOL 'AON [TMYLrN! 
TETAAETHYLENE OLYCOLl,AOM ETMYL[N! GLYCOL STILL BOTTOMS 
T!TAAM[THYL L!AOIALKYL HALJO! • SOOJUM•L[AO ALLOY 
TOLUENE/ STEAM PYROLYSIS O' LPG 
TOLUENE/DIST OF 9TX (XTAACT•CAT A!,ORMaT! 
TOLUENEIOJST, 0' ITX !XTAACT•COAL TA• LIGHT OIL 
TOLU[N[l8Y•PAODUCTO, !TYAF.NE MfO 
TOLUENE/DIST 0' BTX £XT•PYAOLVSJS GISOLJN[ 
2t4•TOLUENE OJAMJN[/CATALYTIC MYOAOO[NATl~N O' OlNtTROTOLU[N[
TOlllEN[ OIAMJN[ CMJXTUAEllCATALYTIC MYOAOO[NATION O' OtNJTPOTOLU[N[ 
214•TOLU[N[ OllSOCYANAT[IPMOSOENATN 0' Pt6eTOLU!N[ DIAMI 
TOLUENE OllSOCYlNlT[SCMIXTUA,llPMOSO[NATJON O' TOLUDIAMS 
TOLUE~[5UL,ONAMJ0f/ TOLU[N[ ~UL,ONYLCMLOAIO! •NHJ 
TOLUENESUL,ONYL CMLOAIDEI TOLUfN[ SUL'ONIC ICJD • CMLOROSUL'ONIC ACID 
TOLUJOIN[SICATILYTIC A[OUCTION 0, O•NITAOTOLUF.N[ 
TAICHLOAORENZEN[IRY•PAOOUCT O' AENl[N[ CMLOAINATION 
l1!1J•TAJCMLOR01JENZENEIBY•PROOUCT 0' A[NZENE CHLORJNATION 
ltZ14wTAICHLOPOBENZENE/ 
1.2.••TAJCHLOROR[NZE~EICMLOAINATION 0' l•••nJCMLOAOB[Nz, 
ll••TAJCHLOAORENZfN[IRYPROOUcT Of 8[N7[N[ CMLOAJNaTJON 
lJ§eTAICMLOA08ENZENE/AY•PA00UCT Of ~[NZ[N[ CHLORINATION 
ltl•l TPICHLOAO[TMAN[I CMLOAINATJO~ O' [TNYLEN[ OJCHLO•O 
l1ltl•TAJCHLOETMAN[/CHLORINATION OF [TMANf 
l11tl•TAJCMLOP0[THAN[IMYOAOCHLOAINATION 0, VJNyL CMLOAIO[ 
lt1tZ•T•lcHLO•O[TMAN[ICMLOAJNATJON 0, VINYL CHLOAJn[ 
l11tl•TPICHLOROETMAN[/CHLORINITION 0, [TMYLENE DICMLOAln 
lt1tl•TAJCMLOA0fTMAN[l8YPOCT 0 OF VINYL CMLOAJD[ MANUfACT 

http:PROC'.SS
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16 'A[QUENCY OF OCCUAA[NC[ ,OA [ACM PRODUCT PAOCfSS 

PP.COD! 

l•lO•OZ 
l•lO•OJ 
l•ll•Ol 
l•l5•0l 
l•lD•OI 
J46o•on 
l•60•0l 
l•60•02 
JUO•Ol 
JU5•01 
JU?•Ol 
l•IT•Ol 
l•88•00 
3500•99 
1501•00 
]501•01 
J503•99 
3506•00 

)> 3506•01 
I ...... 	 l510•0l 

l!il 0•03"' 	 3510•05 
J520•0l 
J520•80 
J'530•0Z 
3'540•01 
35•1•01 
l!•l•OJ 
J5•1•0A 
l!&l•Oll 
35&1•09 
3550.0l 
3560•01 
J5TO•Ol 
1570•02 
3570•05 
3580•01 
3587•00 
l58h99 
J600•99 
9601•00 
9601•01 
9603•00 

O[N.COD! 

s 
A 
p 

A 
p 

' 
~ 

[ 

5 
I< 
p 

A ' 

J 
D 
01 
n1 
oz 
n1 
G 
13 
Q 

A 
A 
A 

Dl 
11 
17 
H 
11 ,z 
2 
11 
11 
l 
H 
1111 
M 
l 
J 
] 
M 

OJA ZEAO UNK 	 PP.TElT 

TRJCHLORO[THYL[N[IO•YCMLOAJNATJON 0, HYDROCAAAONS 

2 TAJCHLOAO[TMYL[N[/CHLOA 0 0' [OC AND OTHER CMLORJNAT[O MC 


l TAlCHLORO,LUOROMETHANf/FLllOAtNATJON OF CARBON T[TRACHLOR 

l 2t•t6•TPICHLOPOPH[N0LICHLOAJNATtON 0, PHENOL 

l ltle2•TAJCHLORO•lt2eZ•TAJ,LUOAOfTHA~[/COPAOO O' JJIZ•Ol 

1 TAl[THYLENf OLYCOL/ETHYLENE GLYCOL • [ 1 0 1 


8 I TPJETHYL[N[ OLYCOL/COPR,O, [THYLEN[ GLYCOL ,AOM [TH o•o.
• TAl[THVLENE OLVCOL/COPAOO O' HynAOLYSIS•ETHYL[N[ 0110[ 
1 TAJ[THYLEN[ OLYCOL/,AOH [THYLfNf OLYCOL STILL POTTOMS 
l TAJ[THYL[NETETRAHJNE/AMJNATION 0, ETHYLENE DICHLORIDE 

l TPJ,LUOAOOICHLOAOETMAN[/HYOAO'LUOPINAT OF TETAACHLOAOETHYL[N[ 
1 TPJPROPYL[NE GLYCOLIAIN 0, PA~PY GLYCOL • PAOPY OIJO[ 
l • Ztlt••TAIMITHYL•ltl•P[NTANEDtOL/ ALDOL CONO[NSATION ISOAUTVRALO!HYO[• 

l UREA/ NHJ • COl 

UNSATURATED POLY[STfR RESINS/ 


] 12 UNSATURATED POLYESTER R!StN/A[ACT MALEJC/PHTMALIC/GLYCOL
•
l URETHANE PM[POLYMfAS/PAOC!SS UNOfA A[VJ[w 


UREA RESINS/GENERAL 

u zz UP[A P[SINS/POLYCONOENSATJON 0' UR[A WITH ,OAHALO[MYO[
• 

l 1 • VINYL ACETATEILtQUlD PHAS[ !THYL[N[ ' AC[TJC ACID 

l VINYL ACETATE/AC£TYL[N[ • ACETIC ACID 


1 2 VJNYL ACETATE/VAPOR PMAS[ Al 0, f TMVL[N[ ' ACETIC aero 

1 VINYL CHLORIDE/THERMAL CRAC~ING 0' [fHYL[N[ DICHLOAIOE 


l VJNYL CHLOAJO[/,AOM [lHYL[N[ VJA EOC AV CMLOA•OIY CHLOA 

VJNYLIOENE CMLORID[/0[HYOAOCMLOR 1 O' TAICMLOAO[TMAN[
' 1

•
• 

• 
•
• 	 VINYL TDLUEN[/POLYMERIZ&TJON•

l XVLEN!S•MJXEO/BOTTOllll BTI EXT•PVAOLYSIS OASOLIN[ 

z IYLENEStMIXEO/~OTTOM ~Tl EXTAACT•CAT AE,OAHAT[ 


XYL[N[5tMJX[0/80TTOM RT• [•TPACT•COAL TAR LIOMT Oil 

I 	 XYL[N[StMIX!O/MoPt••YLEN[S~•AOTTOMS rYLF.N[ ![PAAATION 


XYL[N[ltMil[O/CRUOE P••YL[N[ 9Y ISOMfAIZATION 0, ca•s 

MeXYL[N[ llMPUR[l/FAACTION&TION O' MJl!O XYL[N[~ 


J O••YLEN£/OJ5TILLATJON 'AOM 11111•£0 XYL[N[ 

l P•IYLENE/CRYSTALIZATJON ,ROM MIXEO IVLEN[ 

l P•XYLENE/JSOMEAJZAT•CRYSTALLIZAT 0, MJIEO •YL[N[S 

l MllEO XYLEN[S/ FRO~ ITI [XTAACT 


XYL[NOLtMI~EO/T&A ACJO AECOV[RY AND R[FININI 

I •YL£NESULF0NIC ACID• SODIUM SALT/ 

2 XYL[NESUL,ONIC ACIOt SOOJUM SALT/ IULFONATJON O' IYL[N[ 


ZJNCITOTALl/PROCfSS UNO[R AEVJ[W 

AMMONIUM CML~AIOE/ 

AMMONIUM 81CAR80NAT[/ 


l 	 CYCLOHE•YL MERCAPTAN/ OOOfC[NCN[ • HZS 
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PP_COD[ 

960-•00 
960•·01 
9601•00 
9608•01 
9611•00 
9615•00 
9616.00 
961,,•0l 
9619•00 
9619•01 
9619•02 
96lt•OJ 
9619•0­

·9619•H 
9626•00 

)> 9801•01 
_.I 91'01•02 
....... 9801•0. 

9801•01 
9801•06 
91101•09 
91101•11 
9l!Ol•U 
9l!Ol•ll 
9801•U 
9801•1§ 
9801•1• 
9801 .. 18 
9801•19 
9110l•Zl 
9801•lJ 
9llOl•H 
9801•2! 
91101•26 
9801•Z'P 

,A[QU[NCY 0' OCCUAAENC[ ,OR [ACM PRODUCT PROCESS 

OEN_COD[ OJA Z!RO UNK PP_T[lT 

DI • • nM • ,0. RAYON GAAn[I 
16 I 2t••DIM!THYL PHENOL/ [XTAACTIONt DISTILLATION O' Af'lllflAY•.. NeMrlAD[CYl M[ACAPTANI OlE,IN •HZS .. N•M[XYL M(ACAPTANI OL[,IN • MZS .. D•LIMON[Nf OJM[ACAPTAN/ OL[,IN • H25 
I 1 P•T[AT•OCTYL PH[NOLI •
01 POLYAMJD[ RESINS/ 
l PHOSPHORIC ACID/ 
l SOOJUM NJTAAT[/ 
l SOOIUM BICAAAONAT[/ 
l I • SOOJUM MYDAOSUL,10[/ 
l SODIUM SUVIO[/ 
( SOOJUM SUL,AT!IRFCOV[AY AS PART O' VISCOSE PROCESS 

SODIUM T[TPASUL,10[/J • • l(A[M8A/ 
H ACETVLENICS/ ST[AM PyAOLYSIS 
l 1 I AOPICULTUA[ CH[MJCALS/•.. l I • IAOMATJC CONCENTRATE/ STfAN PYROLYSIS 0, CRUD[ OIL CUTS1 
DI z ACPYLA~JO[ A[SINS/ 
0 l GLYCOLS• NIXED/ OL[,JN OLJOOH[AS t 0101 HYDROGENATION 
16 &AOM&TJC SOLVENTS/ 8TA [XTAACTION ,ROM PYROLYSIS GASOLINE 
6 1 ANTJOllJDAlllTSI 
l • • • ASPMALT/R[,IN[Ry PRODUCT 
z ALIPHATIC SOLV[NTS/ DISTILLATION ,ROM PYROLYSIS laSOLIN[ 

l ACCfl[AATOASCTAAD[ NAMftl M[ACAPTOB[NIOTMIA10Lfl• I ANTJOlONANTS/ 

01 ' I A([TAL AFSJN CCfLCONt/ 

s l MISC~LLAN[OUS ALKOJIYLAT!SI 


2 l ~JSC[LLANfOUS ANJOES/ ,ATTY ACJDS • ALKANOLAMfN[S• 
H 
I 1 

I 

•• •~Tl KNOCK BL[NOSI Lfan ALKYLSe fTHYl[N[ DJCHLORID[• 
aAOMATlc TAAi STfAM PYROLYSIS •rsJnU•LS 


M l AROMATIC DISTILLATES/ 8TI 

6 z AMJN[S /M!THA~OL • NMJ 


I • • 
J ALUMINUM ALKYLS/ 0Lf,IN • ALUMINUM t "YDROG[N

l . • • 
l l l AOH[SJV(S/ 

n 

IP[NT CR[IYLATlS 

O• LPI 
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18 FREQuENCy 0' OCCURRENCE FOR EACH PRODUCT PROCESS 

PP_CODE OEN.COO[ OJA ZEAO UNK PP_TEIT 

9flOl•l9 'Z 1 •
9801•.JO .. 1 
9801.Jl 9 •
980l•l• .. 
9801•3§ Dl 1 
980l•l6 
9801••0 .. 1 
980l••l .J I 
9fl01•U 6 l •9801 .. 41 .J 

9801•48 01 

9fl01•49 

9!IOl•!H 14 l 

9R01•5J 

9801•'!H '2 

980l•O. IZ l 

91101-0I , • • 
HOZ•ll , 1

• 
•
• 

•,
9802-U I 
~ 980Z•U ] 1 • ..... 	 980Z•14 , l 
co 	 9110l• 15 A 1 

980l•IT .J 
980l• lll G •
980Z•ll M I •
980l•ll M 1 
980l•ll M l •
9!10l•l4 DI 1•980le36 .. I 

980l•J7 A z 
 •
980l•J8 J I •980l•l9 F'Z 1 

9803•0l Cl I 
 •9ROl•U l • • 
98Dl•O~ 8 I 
9!.IOle06 A, • 1 

•
•

9ADl•l l 1 
9flOl•ll J I • •
9llo3•1• A 1 l 
980l•J5 I 
9~0]•16 "'0 1 

• 
•

9fl03•17 6 
980J•l8 , •

• 

MJSCe ALkAN[S/ 
ALK[NYL SUCCINJC ANHYDAIOESI 
ALKAT[ROEITRAOE NAMF)/ ETMOIYLATJON OF' ALKYL PHENOL 
A~ANTAOJN[ HY~AOCMLOAIOEI 
ALKYD MOLOJNG COMPOUND CTRAO[ NAM[)/ 
ALPHA 841 PRODUCTS ITRAO[ NAM!I/ 
AMI~ ALCOHOLS/ ALD~L CONO(NSATJON 0, ·NtTAOPAAA,FINS WJTH ,OAMALD!HYO[t A!OUCTJON 
ACAYLONJTAJLE CATALYST/ BISMUTH PHOIPHOMOLYBDATft S~eUZOT•SILJCA O[L 
ALKYLOLAMJOES/ FATTY ACIDS • ALKANOLAMINES 
ANTIBIOTICS/ 
ACETONE ,OAMALOfMYD! RESINS/ 
A001TJ~£S MJSC[LLAN!OUS/ 
ALKYL VINYL [THEAS/ ACETYLENE • ALCOHOL 
AM[I CTRAOE NAM[I/ 
ACETYL P•AMJNOPH[NDL fP.MYOAOIYAC[TANILIDfl I NITRATJONt MYOAOCl[NATION AC!TYLATION 0, PHENOL 
N•8UTYL FOAHC[LI SOLUTION OF ,OAHALOEHYO[ JN BUTANOL 
8UNK[A C FU[LI 
SAOM&CIL•DIUAON COMPLEX IH[ABtCtD!ll 
IROMACJLIH£A8JCJOEI/
8!NOMVLI 
B!NLATEI 
BlS•PAAA.AMINOCYCLOMEXYL•~ETMAN[/ ANILINE • FOAMALDEMYOlt HYDAOCl[NATION 
8ACITAACIN PRODUCTS/ 
BUTYL LACTATE/ ~UTANOL • LACTIC ACID 
N•8UTYL MEACAPTAN/ OL!,IN • M25 
SEC•BUTYL MtACAPTAN/ OLF.,IN • MlS 
T•8UTYL M(ACAPTAN/ OLEFIN • HZS 
BAR[I R[SJN IPOLY&CPYLONtTRtLE eaAAJ[A R[SJNI 
BUTYN[O(Ol/ ACETIYL[N[ • 'OAMALO(HVO[ 

It• 8UTANEOIOL/ CO~O£NSATION AC[TYL[N[ WITH FOAMALOEHYO[t 'OLLOW!O AY HYOAOG[NATION 

J•8UTYROLACTON[/ O!MYDAOCl[NATION 0, lt4•8UTANEDIOL (COPP!A CATI 
Z•9llTfNE•lt••OtOL/ MYOAOGENATJON OF BUTYN!OIOL 
C~LLULOS[ ~AS!D OACIANtC CCYTAELll CELLULOSE • ACETIC ANMYDAIDE 
CARBON 9LACK F[(OSTOC~/ OtSTILLATtON 'ROH PYROLYSIS GASOLI~! 
CMLnROeUTAOJ[N[/ CMLOAINATJON O[MYOAOcMLOAINATJON 0, "UTAOJEN[ 
l•ll•CMLOAOALLYLl•l•5t?•TRLAZA•ll•AlONlAA0AHANTAN! CMLORJO[I ltl•DICHLOROPAOP!N[1,DAMALO!HYD!•AMMONIA 
CLAY POLYMER/CLAY POLYM!A 
COATED FILM/
CMLOMQPA£N[/ O[HyOAOCMLOAINATJON 0, lt••DlCHLOAO BUT!NE•! 
CHLOA09UTAOl[N[/ CMLORJNITJON • O[HYOAOCHLORJNATION 0, ~UTADIENE 
CALCIUM FORMATE/ CO • LIM! 
CHOLJNE FEEO SUPPLEMENTS/ 
CYCLOSERIME 14 • AMINO • 3 • ISOXAZOLIDtNDN[I 

http:9801�.JO
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PP_COOE 

9BOJ.l9 
91!!03•U 
980J•Z5 
980l•Z6 
980Jd7 
9803•28 
980J•J9 
980J••l 
9803•45 
980J•46 
9803•53 
9804•0Z 
980••04 
9804•06 
9I04•08 
9804•10 
980.•ll 
9804•1 l 

p 9804•14 
I 9110.•15 

\D 9904•17 
9904•19 
9104•l0 
9804•ll 
980••ll 
9804•Z4 
9804•25 
9tl04•l7 
9804•l9 
9A04•l0 
980..ll 
980••36 
9804•47 
91904•48 
9804•49 
91904·52 
911104•'5] 
980•-~· 
9804•51 
91104•58 
91105•0] 
9A05•04 
9805•05 

O[N_COO[ 

•
B 
l 
l 
I 
IC,. 

15 
14 
0 
l 
6 
6 
4 
J 
l 
IC 
I 
6 
Q 

4 

1l 
G 
G 
ll 
0 
IC 
01 
M .. 

l4 

"' 9 
01 
M 

G 
6 
6 
u 
5 
6 
4 
6 

'R!OUENCY O' OCCUAA[NCf 'OR f ICM PRODUCT PROC[SS 

OIR lrRO UNI< PP_T[XT 

CHOLINE BICIRIONIT[/ CHOLIN[ • SOOIUM 8!ClABONAT[ 

l • CMLOAINATEO WIX/
•

2 COATINAS/• CALCIUM PROPIONATE/ 

CM[LITJNO IO[NTS/ [DTl • [THYL[NtDllMJN[ • ,OAMILD!HYO[ • NICN
• CLEANING COMPOUNDS/ YEO[TIBL[ OIL SUL,ONIT!lt [THOIYLIT[le QUITS• 
CROTON OIL ALCOHOL/ HyOROO[NATION O' CAOTONALO[HYO[• 
C•5 UNSATUAaTES/ 'ROM PYROLYZAT[ BY [XTRACTJV[ DISTILLATION• 
CH~MICAL COTTON/ CELLULOSE • ETMVL[N[ CHLOPOMYOAIN• 
CORPENT/ PENTIEAYTMR!TOL O[AIVATJYE 

COAL ASH/ 

OIAMINO OIPM[NYL M[TMAN[/ aNJLIN[ • 'OAMILD!MYO[ 

N1N10llSOPROPYL•l 8ENZOTHIAZOL[/011SOPROPYL AMIN[ • l•H[ACAPT08[NZOTMJAlOL[ 

DISTILLIT[1 LIOHTtN•BUTIN[ D[HYOAO./A[COVe
• 
DIESEL 'UELI•

1 	 DIURONITRAO[ NIHEI/ 
l 	 OIMETMYLACETAMJOE/ DIMETHYLIMJN[ • IC[TIC ICID 


DIMER ACIDS/ ,ROH PIN[ ROSIN 

DI AMINES/
•

1 DIETHYL ANILINE/ ANILINE • [TMANOL • MZS04 

l OICA/
• 

OIATAIZOIC ACIO/ 

l OIETHYL MALONAT[/ ETHANOL [ST[A O' MALONIC ACID
•1 	 DIMETHYL HlLONATE/ METHINOL PSTER O' MALONIC ACID• O[NATUA[O ALCOHOL/• 

DVEINO ASSISTANTS/ POLYESTERS• 
O[TEAOENTS ANO SCOURS/ VEGETABLE OIL SUL,ONAT[Se [TMOlYLIT!S, OUATS• 
DllLLVLPMTHALITE MOLDING COMPOUND/• N•OECYL M[ACIPTAN/ OLE'IN • HZS 
NeTAl•DECYL N[RCAPTAN/ OL[,IN • MIS•

1 DISOOIUMETHYLENEDIAMINETETAAACETITF./ N[UTAALllATION O' [OTA 

1 01r.HLOROOIPH[NYL IULrON[/SO] •TMJONYL CL • CMLnAOB[Nl[N[ 

1 Ol~ETHYLA!NZYL ALCOHOL/ ACID CLEAVAGE O' CUM[N[ MYOAOPEAOllD! 

1 OJCYANOOIAMINE A!SJN/ 

l 00DECVL8[Nl[N[ SUL,ONIC ACID SILTS/ IUL,ONATION 0, OODECVLBENZEN!
• 

OIBUTYLPH[NYL PHOSPMAT[/ 8UTANOL • PH(NOL • POCL3 
• Z•6•01ETHVL•N•CMETM0lYMETMYLl•Z•CMLOAOACETANILID~/ 


l16•0ltTHVLPM[NVL AZOMETHAN[/ 

OINO~[N[/ ,ROM T!APJN[N[ ev O[ALICyLATION
• 
DIETHANOL AMMONIUM LAUAYL SUL,AT[/ LAUAYLAMIN[ • [TMVL[N[ OlJO[ 
N•[TMVL INILIN[/ [TMINOL • ANILINE• 
l•[TMYL M[lYL CHLOAJOE/ 


z • MISCELLANEOUS ESTERS cPOSSJ9LY AOtPAT!SI I ADIPIC ACID • !•[THYLM!XINOL 
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PP-CODE 

ca80'!i•08 
980'!1•09 
980S•ll 
ca11o~·U 
980~•11 
980'!1•18 
9801J•l9 
980'!i•ll 
980'!1•29 
91105•31 
91105•36 
9806•01 
9806-0Z 
9806•03 
9806•04 
91106•0! 
91106•06 
9806•08 
9806•09 

)::> 9806•11 
I. 

98N••1Z
'" 9806•130 

9806•14 
9806•11J 
9806•11 
9806•19 
9807•01 
9801•02 
9801•04 
9801•06 
'801•07 
980'7•08 
9801•09 
U01•1l 
9807-U 
9808•0Z 
98U•O'!i 
98013•08 
98011•09 
9808•10 
91tns•ll 
9808•1Z 
980&•16 

O[lll_COO[ 

Dl 
l4 
01 
01 ... 
u 
A 

18 ' 

A 

,Dl 

•
l 
! 
Q 

l 
p 
01 
p, 

4 
nI 
01 
01 
l 
4 
l ,1 

J6 
Dl 
0 
02 

6 ' 

l 
1Z 
DZ 
r'll 
[ 
l 
G 

'A[QU!NCY O' OCCUAA[NC[ ,OR [ACM 'AOOUCT PAOC!SS 

DIA ZP:.AO IJNI< 	 PP_T!IT 

EAST090NDS CTRAD[ NAM!I/ POYSTYA!N[S ANO CP:LLULDSJCS CAOH[SJV[S• 
EfHYLENEDIAHIN[ • DlHYOROIOOID[/ HI • [TMYLENEOIAMJN[ 


1 ELASTOMER LAT[l/
•
1 EMULSION POLYM[ASI•

l [TMYL M[ACAPTANI OLE'IN • HZS 

l DleETMYL SUL'ID!I K [THYLSUL,ATE • MZS CAOI
• [THYL[NEDIAMlN[T[TAAAC!TlC ACID/ !THYL[N[OIAMJN[ • ,OAMALO[HYOE•
l 	 MONO!THYL GLYCOL ETH[A/ 


ETHYLENE CYANOHYDAlN/ IC!TALDEHYO! • HCN 

ETMYL[N[ UREA/ !TMYL[N[ OJAMJN[ • COZ
•z ALKYO,PH[NOLIC, POLYESTfA1 POLYUA!THAN! RESINS•

l 	 'UEL GAS Ml ANO CM4 IM,011 

'UEL ADOITIVES/ 

FLOUR ADDITIVES/I I •

l l 	 ,ATTY ACIDS & O!AJVATJV[SI HYDROLYSIS 0, GLYC[RIO[S•
1 'ATTY NlTAILES/ DEHYDRATION O' ''TTY AMIDES• 

NUMREA l 'UEL OIL/ 

'AEON CG[NEAALllHYDAO,LUOAINATION

FLEXTAL/ ALKYD RESINS 

'LUOAOCAR80N BLENDS/ H' • CHLORINATED M!THAN[
• 'URAlOLIDONE/ REDUCTION 0' NITRO,UAANTOIN• ,LOWCO FAMILY/ 

,URFUPIL PESIN CINC, ,UAANI/ 

,OAM P[SJNS CPOLYUA[TMAN[SI 


l • 'OME•COAI 

l 'UNGICIO[ AND INSECTICJD[I 


I I 

• 
9~N~AOL 100 [ITAACTIONI 
GfNr.ROL 1"5 FLAKING/•

l GLVCOLONITAJLEI ETHYLENE CHLOAOMYORIN • NACN 

l GASnLJN(/
•
1 GASOLINE RL£NO STOCKI ,ROM PYAOLYZAT! RY £XTAACTJV[ DISTILLATION 
l OANTAEZ AN/ POLYMEAJZATJON O' VINYL fTM[A ANO ACRVLONITRIL[•
l 	 OANTAEZ ESIEST[Rl,ICAT10N PROPAGYL ALCOHOL • ACID•
1 	 PnLYMfA GASOLINEl~Y•PROOUCT ISORUTYLENE•1 	 ovcnLSCMISCell ALCHOHOL• GLYCOL • fTMVL!N[ OllO[ 

MflAM[TMYLEN[OIAMJNE I 1•6 • MEXAN[OIOL • AMMONIA CNICKL[ CATel•
l 	 HVOPOG£N SUL,IOEI•l MYOROIYAC!TIC ACID/ CHLOROAC[TIC ACID • CAUSTIC 

l MYPOLONCTRAOE NIM[ll CHLOROSUL,ONAT[O POLY!THYL[N£ AUBB[A
I 

l 	 MYOAN CTRAO[ NAH[I/ 

MYOPOLVZEr'I V[O[TAALE PAOT[JN/
• MLP/ 

MYOAOIY ST!IAIC ACID AND DERIVATIVES/
• 

'DR POLVOLE'INSI 

• NACN 
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• 

• 

• 
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PP.CODE 

9808•11 
9808•11 
980tl•Z8 
980fJ•ll 
'1809e01 
911109•0) 
9809·0• 
91'09•01 
9809•11 
911109•19 
991 O•O l 
981 l•Ol 
981 l•OZ 
98ll•Ol 
9811•0. 
98lZ•U 
9812•05 
981 l•O'P 

)::> 9811•08 
I 

9811•09N 
9811•10 
98ll•U 
981Z•lJ 
98ll•U 
9811•1!1 
98ll•U 
9813•01 
981J•OZ 
9813•0• 
981J•05 
9813•06 
91'1J•07 
9813•08 
981Je09 
9"13•10 
9813•1 l 
9813•U 
98lJ•ll 
9111ll•U 
9813•16 
9813•20 
981J•lZ 
98ll•ll 

OEN_CODE 

J 

J 

H 
M 

A 

Dl 
J 
0 
v 
'1 

•
J 

J 
Dl 
Dl 
01 
l 
l 
l 
A 
l 
8 

•
8 

l 
Ol 
10 
0
z• 
l• 
A 
12 
l 
l 
J 
l 
A 
l 
J 
ll 1 
Dl 
0 
l• 

,A[OUENCY 0' OCCURRENCE ,OR [ACM PRODUCT PAOC!SS 

OJA ZERO UNK PP_T£•T 

l 	 MYOAOXYLAMMONIUM ACID 9UL,ATEI• 
z 

l MYDROXYLAMMONJUM SUL,AT[I 

LJ~HT HyOAOCARRONS/ 


1 MYOAOTAOPEI SUL,ONATION 0, ALKYL 8[NZ[N[S IALKY.M[THY1 [TMYL1JSOPAOPYLI 

ISOP~OPYL 	[THYTHIONO CARRAMAT[I ALP~A.M[THYL PAO~IONAMJOE • sonruM ETMYLM[ACATIOE•

1 	 tON EXCHANGE RESINS CPRO~AALY ACRYLIC A[SJNSI• ISOMERASEI 
l JSOPMTHALAT[ !STEA/[ST!Al,lCATION 


z Ml~CELLANEOUS 1SOCYANAT£S/ PHOSG~NTATION O' ANILIN!•'ORNALO!MYD[ D[RlV• 

l JSOBUTVAONITRlLE/ rROM ALPMAeMETHACRYLONJTRILE BY HYDROGENATION
• 

J[T FUF.L JP•4/• 
k[TON[ P[AOlJD! IDIACETON[ •LCOMOL PERo•ID[I I P!Ro•IOATION O' DIAC!TON! ALCOHOL 

KEROSENE/ 

K[TO'-'£ RESINS/
•

1 	 K[VLAA CARAMID R[llN ANO ,J8[Al/JSOPHTMALOYL CMLOAJOE • 1tl•DIANILIN[ ITYPICALI AN• 
LAMINATING RESINS/ CR[SYLIC ACIO•P~[NOL • 'ORMALOEMYDE 


l LINUAONCHERBICIOEI/
• LOROX/•
1 	 LACQllEACllEN[AALI/• 1 	 LAUROYL SAACOSINAT[ CJn PERCENT SODIUM SALTll SAACOSIN[ • LAURALDEMYD[ 


LUARtCANTS I OAOANJC PERJOXIO[S1 P[ROXYCAARONAT[St ETC
• 
LUP[RSOL ITAAD[ NAM[I I ORGANIC P[RJOXID[S1 P[ROIVCIAIONATES1 ETC 

LUP[RCO CTAAO[ NAM[I I ORGANIC P[AIOllD[S1 P[AOIYCARIONAT[S1 [TC 

LUPEAOI (TRAD[ NAMEI/ 

LIGHT OILS/ 

LAT[llUN~NOwN TYP[I/ POLYVINYLAC[TAT[ 

M[TMYL[TMYL K[TOXJME/M[TMYLETMYL KETONE • MYDAOIYLAMJN[ _(NMZOMl!•M2SQ4t
• 
"'AL[lC ACIO ESTERS/EST[AlrlCATJON• 
l•H[RCAPTOB[NZOTHJA70L[I ZINC SALT/ ZINC OXIDE • 2•M!ACAPTllNZOTHIAZOL[• 
l H[RCAPTO~[NZOTMIAZOL!1 SOOJUM !ALT/ CAUSTIC • z•M[ACtPTR[NZOTHIAZOL! 
Z12t M[TMYL[N[llSC6•T•RUTYL•4•[MTYLPH[NOLI/ 4e[TMYL•6•Te9UTYYLPM[NOL • ,ORMALO[MYD[ 

• 
• 	 METHYL FOAMC[LI SOLUTION 0, 'ORMALOEMYOE IN M[TMANOL 

..OTOR OASOLlN[/ 

l MIXED C4 COMPOUNDS/ DIStlLLATION ,ROM RTX AA,,INAT[ 

l MOTOR Mll II 

l MOTOR MJl/ 

l METHYL M[RCAPTAN/ M[THYL CHLORIDE • SODIOM MYOROSUL'IDE 

1 M[T~OMYLI
•1 	 MAN[R IFUNGICIDEI/•z 	 HOLOING COMPOUNDS/ CPOLYACAYLIC RESINSI• 
l 	 MISC.PLASTIC R[SINS1SMIP[S1CMEMlCALI• 
1 M[TMYL CYANOACETATF/ M[TMANOL ESTER 0, CYANOAC!TIC ACID 

l M[TMYL OATHOrORMAT[/ CHLOAO,ORM • NAM[TMANOLAT[ 


Zt 

AROMATIC NYLON 
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• 
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Cl 
p [ 
p N 

l ! 
0 0 
0 0 
[ [ 

9813•1• 6 
981l•l! oz 
981l•l6 z 
981J•lll G 
98ll•ir9 G 
981J•l0 .. 
981J•ll 
981l•J' "Cl 
981l••l Cl 
981J•U G 
9813••! 6 
till•.. A 
981J•U J 
9813••• .. 

)::. 981l•'O .. 
I 98U•Ol ..N 

N 98U•02 u 
91U•OJ A 
98lh06 Dl 
981••0? 02 
981••011 l 
981••11 L 
98h•U L 
981••1! Dl 
981••U l 
981••11 01 
981••11 oz 
981••1• I 
9BU•ll l 
98U•l2 y 
981hl• 
981••1! L "" 
981••16 I 

91l••ZT l 
98U•lll l 
98U•ll 14 

'~[OUENCY O' 0CCUAR[NC[ ,OA [ICM PRODUCT PROC!SS 

p 

p 


z 'i' 
D [ u [ 
I NIt •A 0 I( T 

MOAPHOLJN[ O!RIYATJV[5 D, NITRO ALCOHOLS/• MJCAOTH[N[ CPOWO[A[O PLOY[THYL[N[ AESINI 

M[THAN[/ 

CA5T01t OIL OIAIVATIY[I/ CflT[ltll
• 1 •

l TAIM£LLITATE ESTER/£ST[Rl,ICATION 

I N•METHYL ALYCJN[ CSIACOSIN[) I M[THYLAMIN! • ,ORMALO!HYDE • NaCN
•
l MAL[aNJlfD OJL/ OJL • MlLflC ANMYORJD! 

l T[XANOL BENZOAT[/ ESTfAl,ICATION 0, B[NZOIC ACID 
1 MfTHOXY[THYL CaAYAMAT[/ Z•M[THOXY[THINOL • CaAB•MOYL CHLOAJO[ CHCL•UA[AI 

l MALEATEO OILS/ MAL[IC ANHDRIOAIOE • OILS WITH HYDROXYL GROUPS 
N•M[THYL•2•PYAAOLJOON[/ 3•8UTYA0LACT0N[ • M[THYLAMJN[• 
METHYL IMYL ALCOHOL/ ALDOL CONDENSATION 0, ACETONE• METALLIC CaR80NYL5 CMISCel/ 

Z•2' M[THYL[N[9JSC6•T•AUTYL•P•CR£50Lll 


I • • METHOXY OIHYOAOPYAAN/ 
1 NITRILOTAtlC[TIT[/ NHJ • 'OAMALD[HYO[ • NaCN•1 NIPHTMa OXIDE OILS/ S~OIUM PH[NOLITE • CHLOAO~[Nl[N[ 

••NITRO•ORTMO•XYLENE OIETHYL k[TON[ 8L[NOI Ml• O' l PRODUCTS 
l• • 

• 
• 
• 

PARl,OAMALDfHYO[I POLYMEAIZATJON 0, ,OAMALO[HVOE CALDDL• ca~NIZAROI 
I NOAO[L ITAAO[ NAM[)l[THYL[N~ • PROPyLENE COPOLYM[AS 
l NYLON YaAN/,AOM PURCHl![O A[SJN 
I §•NITAOeOeTOLU[N[ SUL,ONIC ACID/ SUL,ONATtON O' TOLU[N[1 NITAATtON 
I l•NITAO•l•••OICMLOAOB,Nl[N[/ NITA&TION 0, O•DICHLOAOR!NZ[N[ 
l NAM[X llAA1111JO AESIN1rtBER AND SM[[TI/ ISOPHTHALOYL CHORIO[ • ltl•OIANILIN[ CTYPICALI 

NAO••?I 
l NYLON/OaCAON COSPUN 'IB[lt/COACAON POLY[ST!RI • 

N[OPA~N[/ ll•CMLOAD•ltl•IUTIOJ[N[I 

NJTDO &NO &MINO ALCOHOL/ ALDO C0NO[N5&TION 0, NITROP11t1,,INS WITH 'OAMALO[HYO[ 
'• •

• 
•
• 

NITRO,UAANTOIN/ leAMJNOHYOANTOJN!Ul,•Tf • IO·NJTAO,UAALO[Hyn[ OIACET T[ 
l l•NAPHTHYLN•METHYLCAA8AMIT[5[YIN I M[THYL IMJN[ • PMOSG[N[ • l•NAPHTHOL 
1 NONYL MrAcAPTIN/ ALPMA•OLE,!NS • H25 

NITAOPAAl''INS/ NITRATION 0' M[THIN[1 [THAN[t PAOPAN[ CHIGH TEMPt YAP PHA![I 
NJTAOALCOMOLS/ ALOOL CONO[NS&TION 0, NITAnP1AaF,INS WITH ,ORM&lO[HYn[• 
NUSOLl[•TAACTJON 'AOM SUL'IT! PULP MILL •ISTEW&T[A 

l NITDOO!N '[ATILIZfA SOLUTIONS/ 
P•NITAOPH[N[T~Lf./ P•NJTAOPM[NOLAT[ • [THYL CHLORIDE• 

zz 

AN AAOMATIC NYLON 



• 

• 

• 

• 
• 

• 

• 

• 

• 

• 

,A[OU!NCY 0' OCCUAR[NC[ ,OR [ICH PRODUCT PROCESS u 
PP_coor GEN.COO[ DIR l!AO UNI( PP:T!XT 

•e1••n G NONYL,CUMYL PM[NYL OJPH[NYL PHOSPMIT!/ ALKYL PM[NOLSe PH[NOL • POCLJ•
98l••lll l SOLVENT NIPMTHI/ DtSTJLL•TION FqOM COILTIP CONOENSIT[ 

981•h•J9 I. NtTAOCHLOR08ENZ(N[/ NITRATION 0' CMLOROAENZENE
•
981!'1•01 J l l"IJSC, REFINERY OILS/•
981'5•0Z 11 OCTYLITED DIPH[NYLIMIN!/ALKYLATION 

9815•03 OAOINIC PEROIJOEI 

911!'1·08 oz " • OL!FJNS MJ•ED/ [TMVL[N[ OLIOOM[RS ! 

'81!1•09 01 OXIWll[S/ R[SJOUES FAOM O•AlOLJOIN!S PRODUCTION 

981!1•10 J OXIZOLJOJN[S/ 

9815•1Z [ OCTADECAOJENOIC ACID MJI/
• 
9815•1• ... 1 T•OCTYL MfACIPTAN/ ALPHl•OL(,JNS • HZS 

9815•1'5 1 NeOCTYL "'EACIPTAN/ ILPHA•OLEFINS • HZS
"" • •
9815•16 l ~1sc. OPOINIC9/•9815•19 c • ORGANIC ACIDS CMll[DI/ O•IOATION 0, PAOPIONALD[MYD[ CONO!NSAT!S 

9811•!l 10 OllM[5 1 MJ9Co/ CARBONYL CMPO • HYOAIYL AMINE
•9816•01 01 1 POLY M(THYL[N[ DIPM[NYL OJJSOCYl~AT!ICPOLYM[RIC MDII•9816•0] oz r ATACTIC POLYPROPVL!N!/8YPAOnucT 0' JOZO•OJ 
9116•05 G P£ROIY [ST[AS CT~suTYL ESTERS 0, P[AAEN701C• P[AOCTANOICt P[AICETIC ACIDS 
9816•0? 6 POLYAMINES/ 

)::> 9816•08 l)l r POLYBUTIOJ[N[ A!SINS/• 
~ 9816•09 01 POLY8UTYL[N[ TEAEPMTMILAT[ CPATI/ 
w 9816•1 l u I POLYESTER YARN/ 

9816•13 , ' 
PJGM[NT[O ,INISH[I/ 

9816.. 14 , PARAF,INS/ 

9816.. l '5 D POLYrTHYL[N[ ,OAM/ 

9816•16 01 l POLYESTER IMIO[ CTMLI/ 

98l6•ZI J l POLYPROPVL[NE 'ILM/ 

98H1•lZ 02 P~LYELECTROLYTC/ POLYACRYLAMIDE 

9816•ll 6 1 PM[NYL OLYCIN[/ANILINF • CHLOAOAC[TIC ACID 

98l6•Z5 , • 

•
• 

PROTEIN GLUE/ 

9816•2' , • 

2
• • PAJNT•G[N(AIL/ 

9816•19 POLY(THYLENE OllDE/ 

9816•31 ' oz • •

• PICCOYAP A[SJN/ 

9816•36 Ol PJCCO &ton RESIN/ 

9816•3' oz PJCC0M[A/
•9tll 6•JI' 01 PHENOLIC MOLDING COMPOUND/ 

9816•42 02 POLY[TMYL(N[ XVL[N[ MJXTUA[/ 

9816•4) 02 • • POLY[THYLfN! TOLU(N[ MJITURrl 

9816•U ll 1 POLYOLS/ ALMOlyLATION O' FATTy ALCOHOLS, PAOPvLfNE GLyCOL AND OLVC£AOL 

9816•45 I PH[NYL[TMYLPH[NYL M[TMAN[/
,..9816••6 1 NePAOPYL M[ACAPTAN/ ALPHl•OLE'INS • MlS ...9816••? l J~PAOPYL M[ACAPTAN/ ALPHl•OLE'JNS • MlS 

9816•4A '1 1 • O•PH[NVL P~[NOL/ 'ROM 0J8[Nl0'UAAN 




• 
• 

• 

• 

• 

• 
• 

• 

• 

• 
• 

• 

• 

• 

• 

PP.COO[ 

9816•49 
9816 ... 50 
9816•51 
9816·'J• 
98l6•S6 
9&16 .. SA 
9816•69 
9816•71 
9816•1Z 
9816•7' 
9816•71 
9816•80 
9816•113 
9816•8? 
9816•93 
9816•9? 
9816•911 
9816•99 
981 hOl 

:i;:- 9818•01 
N 9811e02 
~ 9818•0!!1 

9818•06 
9818•0? 
9818•0(1 
9818•09 
9818•10 
98lhl 1 
9818•1• 
9818•1!1 
911111el6 
9818•1? 
98111•19 
9819-01 
9819•02 
9819•04 
9819•09 
9819•10 
9819ell 
9819•1• 
9819•15 
9819911 
9819•111 

GEN.COO[ 

,. 

l 
l 
l 
3 
5 
01 
5 
l 
G 
01 
l 
Ol 
IC 
6 
l 
l 
l 
6 
nz 
H 
... 
6 
l 
l>I 
l 
[ 

G 
t6 
Ol 

01 
01 
0 
l 
l 
5 
01 
M 

"' 4 
l• 
& 

,A[QUfNCY O' OCCUAA[NCE ,OR [ACH PRODUCT PROCESS 

DIA ZEAO UNI< PP_TE•T 

PENTASODIUM OIETHYL[NEDIAMJN[ PENTAAC[TAT[ I EOPA • CAUSTIC 
PHENOLIC COATED PAPERS/ 
POLYESTER COATED PAP[HSI• PLYWOOD OV[ALAYS/ 

PAP[R O[~[AALI
•

l 	 POLYETH[A/ PAOPOXYLATJON 0, PROPYLENE GLYCOL•
l POLY DIETHYL[NE GLYCOL ADJPATf IPOLY!9TERI 

l ETMO•YLAT[O PH[NOLS/PM[NOLS o [THYL[N[ O•IDE 
PENICILLIN/ 

l PLASTICllEAS IPATMALAT[St AOJPAT[S1 SEBACATESI I PHTHALIC ANMYD 1 • ALCOMOL•
2 	 POLYVINYL ,ORMAL/ 


PARATHIONS/
•
1 	 POLYETH[A POLYOL RESINS/ 
1 	 2•PYRAOLIOON[ll•BUTYROLACT0N[ • NHJ 


POLY•N !TRADE NAM[)/ OAGANO•UA!A POLYMER 

POLY[TMYLEN[ COMPOUNDS/COMPOUNDING
• PLASTIC COMPONENT/• 

1 	 PLAITJC AATTEAY SEPARATORS/• OUATERNAAY AMINES/ ALKYL CHLORIDE • ,ATTY AMINE•
1 RESIN PA/STILL BOTTOMS 'AOM STEAM PYROLYSIS O' N&PTMA/ GAS OIL 

l RESIN OIL !&ROMATICl/STfAM PYROLYSIS OF OAS OIL 

1 REACTIVE OISTJLLATEI ,AOM STREAM CAACKINO/
• 

RESINS SOLUTIONS/• 
ROSJ~S AND OEAIVATIV[S/ 

ROSIN O[AJVATIV[ A[SJNS/ 

•tADSOR8[A O''•OASES/• RICINOL(IC ACIDl,ROM CASTOR OIL BY HYOAOLYIJS 
AJCINOLEAT[S AND OERIYATJY[S/ AICINOL!IC ACID • ALCOHOL• AA,,INAT[I 9TI [ITAACT O' COAL TAA COWOENSAT[• 
AUA~[A REllNS(POLYURETHAN[ £LASTOM[RSI 

1 • •
l AU81fReCYCLIZ[O/ 

1 A[SJNS IO!N[RALI/ 

l SUR'&CTANTS/ SUL,OSUCCINIC ACID EST[AS • 9UCCINIC ACID • ALCOHOL • SODIUM
• 

SUL'AM[THAZIN!I COND[NSATION O' 5UL,AOUANJDJN£ AN~ ACETYLACET0N£ • SOOJUM•
I SOLVENT IL£NOS1 MISCELLANEOUS/ 

1 SOOIUM M[THYLAT[/M[TMANOL • SODIUM 

l SPANDfX '18£AS 115• SEOM[NT[O POLYUA[THAN[) I POLYOL • DllSOCYAN&T[S 

l SODIUM LAUAYL SUL,ATE/ SUL,ONATION 0' LAURYL ALCOHOL 

I SODIUM STYR[N[ SUL,0NAT£/ SUL,0NATJON O' STYRf.NE
•
1 	 SPECJILTV LUBAJCANTS/ 


SODIUM ~AOPIONAT[/ PROPIONIC ACJO • CAUST!C
•2 	 TE•TJL! 50,TENEAS/ UREA·• ,ORMALO[HYOE • ~LYOIAL 

l4 

BJSUL'IT! 
B!SUL'IT[ 

http:STYRf.NE


• 

• 

• 
• 

• 

• 

• 

• 

• 

• 
• 
• 
• 

• 

• 

• 

• 

• 

• 
• 
• 
• 
• 
• 

• 

• 
• 

PP_COD[ 

t1H9•19 
9819•2l 
9819•26 
9819•Z1 
91Jl9•2'8 
91!19 .. J5 
9819•36 
9819•)8 
9819•39 
9819••0 
t8l9••Z 
9Al9••3 
9819••5 
9820•0J 
98ZO•O• 
9820•05 
9820·06 

)> 9820•0? 
~ 982'0•08 
Ul 982'0•10 

98lO•Jl 
9820•12 
9820•13 
9820•1• 
9820•16 
911120•1? 
9820•18 
9820•19 
9820•20 
9820•26 
982'0•i!1 
9820•)0 
98ZO•l1 
91!2'0•)2 
98ZO•)J 
9A20•J• 
91!20•J5 
982'0•)6 
9820•)1 
911120•)9 
9820••5 
982'0•'1 
982'0·55 

B[N_COOl 

G 
G 
M 
1111 

"' J 

•
oz 
M 
z• 
oz 
J 
L 
c 
A 

A 
3 
M 

M 

J 
3 
3 
J 

•
J 

oz 
z 
l 
a 
u 
E 
J 
,1 
M,. 

,.A 

z•
•J 
G 
A 
T 

FR[OUENCY 0' OCCURAENC[ ,OA [ACH PAOOUCT PROCESS 	 2, 
DIA UAO Ulllk PP_T[•T 

Mf!C!LLAN[OU! ST!AAAT(S/ ST[AAIC ACIO • ALCOMOL 
IYNT~[TIC LUAAJCANTS/•

I 	 'ATTY !ST!A 5UL,ONAT[S/ SUL,ONATJON O' 'ATTY ACIDS•
1 	 LAUAYl SUL,ONAT[S/ SUL,ON&TION 0, nooECENE•
I 	 LINEAR ALKYLAT[ SUL,ONATE/ SIJL'ONATIOlll O' AlKYLB!NZ[N[S


SOLV!NT HAS[ COATINO/ ~ 


SYNTMETIC SPECIALTY POLYMERS (POLYSTYRENE,
• 
SOLUTIONS IMISCELLANEOUSI/• 
sootUM llN[aA ALKYL 8[NZ[N[ SUL,ONaT[/ SUL,ONaTION 0, ALKYLB[Nl[N[
SODIUM NJTROAfNZ[N[SUL,ONIC ACID/ 


I STYRO,OAM/ [XTAUO[O [lPANOfO POLY5TYAIN[ 

1 SPECIALITY PAP[RS/ 

l SURSTITUT[O PH[NOLS(MJSCel/NJTAATION 
•
1 TAIMELLITIC ANHYOAJO[/ OllOATION 0, PSEUDOCUM[N[ (lt2t4eTAtM!THYL B[Nl[N[I 
l TAIMF.THYLOLPAOP&N[/ N • 8UTYRALO[HYO! t 'OAMALO[MyO[ (ALOOlt CANNIZAAOI•
1 	 TAIOlaN[/ ,OAMALOEMYO[ TAJMEA•
I 	 T(TAAMI• (TRAO[ NAM[ll• 

2tlt,t6•T[TRACMLORO•••IM[THYL SUL,ONYll PVAI01N[/• 
ltlt5•fRJCHlOA0•4•1N•PROPYL SUL,ONYLJ PYAIDIN[I 


l T[fA&M!THYL THJUR&M MONOSULrtO[I
•
1 TMI~AMf JNS[CTICJD[tVULCANfl[AI/ 

l T[ARACll/
•
l TATIZllllE OIONEICONO[SATtON 0, UR[At O[HVOAOG[NATION 

1 T[TRAETMYL THIUA&H OISUL,10[/ 


THINN[AI 

l TYV[K ISPUNBONDED POLYOL[,JNll HO POLV£THYL!N[ !H[!T


T[AP[N[I 

I TOTAL OILS/
• 

TAfH[THYL0l£TMAN[/ PROPIONALDEMYO[ • 'OAMALD[MVO[ (AlDOLt CANNIZAADI 

TRIHETMOlYR[NZOJC ACJO/ TA19AOM0q[NZOIC ACID • DJM[TMYLSUL,AT[ 

TEO ~OTTOMS/
• 
TMJOPM!N[/ &UTAN[ • SUL,UA• 
T!TAAMYOROTMJOPH[NF.I 	 TM(OPH[N[ t MYOA00[N• N•T[TRAOfCVL HEACAPTAN/ AlPMAeOLErJN tHZS•

I T[TAASOOIUM [THYLEN[OIAMfN[ T[TAIAC[TIT[/ fOTa • CAUSTIC• 
1 TRISODIUM NlTAILOTA!ACtT&T!tMONOMYORATE/ NHJ t 'OAMALO[MYD[ t NACN• 
I TRISODIUM NfTAILOTAIAC!TAT! SOLUTION/ 

1 TRISODIUM NeHYROlY[TMYL[TMVL[N[OIAMlNI TRJAC[TAT[/
•
l T[TAASODJUM [THYLEN!DIAMJN[ TETAIAC!TAT!/ 
1 TRJAMINO CRYSTALS/ 


J TPl•OCTYL TRIHlLLITAT[/ !ST[Al,ICATION O' TA1M!LLITIC ANHYOAIOE 

l TRJCMlOROPAOP[N[/ CHLORINATION • 0[MYOAOCML0R1NATION 0, PROPYL!N[
• T[APM[NYLSI q[Nl[N[ THAU HOT TU~[ 



• 

• 

• 
• 

• 

• 

• 
• 

• 

• 

• 

• 

26 

PP_cOD[ G[N_COO[ 

9810•!16 DI 
98i!0-57 5 
9810•!18 H 
98l0•'9 5 
98l0•60 8 
98Z0•6Z '1 
98ll•OI 6 
91!1ll•U 
911Zh01 G' 
982l•OZ 01 
91ll•O• 
98ZhOT ' J 
98ll•08 [ 
98l2•09 J 
9822•11 Q 

98Z2•1l ol 
98Z3•01 Ol 
9Hl•OZ J 
98Zl•Ol J 

)::> 98Z3•05 4 
~ 98Zh01 
"' Hi!!l•Ol ' l 

9826•01 

98l6•0Z 
 ' l 
98Z6•0• 	 Z• 
98Z6•05 z• 
98l6•07 Z• 
HOl•Ol J 
9901"'0• J 
9901•05 J 
9901·01 J 
9901 ..09 J 
9901•09 II 
9901•10 J 
9902•0l J 
9903•02 J 
990J•OJ l 
9903•05 l 
9903•09 l 
9903•11 J 
9CaOl•l2 l 
990J•IJ J 
990l•U l 

'A!QUENCY O' OCCUAA[NC[ 'OA !ACM PRODUCT PROCESS 

,,_,,.,OJA UAO UNK 

T[AAT[ R[SINS/ POLV[ST[A• 
TAl[T~ANOL AMMONIUM LAURVL IUL,AT[I LAUAYL AMJN[ • !TMYL[N[ OllDE 
TAISOOJUM SUL'O SUCCINAT!I MAL!IC ANMyDAIO[ • SODIUM BJSUL'IT[
TAJ[TMaNOLAMfN[ LJN[AA ALKYL8[NZ[N[ 5UL,0NAT[/ [THOlYLATJON 
TAMOL ITAAOE NAM[I CPOSSIBLV EPOXJOtZEO SOYA DtLSI•

l 	 l1l1l16 T[TAAMYOAOSENZALO[MYO[I MYOAOO[NATJON O' BENZALOEHYO! 
URAN CTRAO[ NAM[I/ UA[A O[AJVATJV[ 
UA[THAN[ IMISCll ISOCYANATE • POLYOL 
VAZOCAZ09JSJSOSUTYq0NJTRIL£11 M[TWACAVLONJTAJL[ • HVDAAZIN!t D!HVOAOO!NATtON 
VARNISH A[SJN IAOSIN ANO ROSIN EST[ASI• 
VOPITtS CTRA"[ NAMEI CUA[TMAN[ PA£P0LYM[ASI• 
VULCANIZfD 'IBAEI•

I 	 VEOETABL[ OILS•O[N[AALI•
l PRINTING JNk VAANISH[S/ 

l • N•VINYL•Z•PYHAOLIOONE/ J•8UTVROLlCT0Nt • !TMANOLAMJN[, O[MYOAATION 
l Vt~YL•ACPYLIC SM[[TI 
• •• WAX EMULSIONS/ 'OAMULATID 'ADM CAPTIV! ,OANALD!HVO! • PH[NOLe UA[Ae [TC A[SINS 

l WAT[P~OAN[ COATlNG/ 

l wooD,LOUR/
• WATER A[P[LL[NTI 
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BPT Statistical Appendix 

DESCRIPTIVE STATISTICS 


Some 	 of the roore commonly employed descriptive statistics are defined as 

follows: 

{l) 	 N - number of valid observations used in a particular analysis (e.g., 
the total number of effluent samples at a particular plant for a parti ­
cular pollutant) 

N 
(2) 	 Mean - arithmetic average: X = t Xi/N 

i~l 

N 
1(3) 	 Variance - standard unbiased estimate: s2 = r (X. - X) 2 

N - 1 i=l l 

(The 	 standard deviation is S • ~. ) 

(4) 	 ~inimum - the scallest value in a set of N observations 

(5) 	 Maximum - the largest value in a set of N observations 

(6) 	 Ra~ge - the minimum subtracted from the maximum 

(7) 	 Median - the middle value in a set of N observations. If N is odd 
(N c 2k - 1 for some integer k), the median is the kth order statistic, 
C(k). If N is even (N = 2k), the median is 

l/2[C(k) + C{k + 1)]. 
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MOVING STATISTICAL MEASURES 

Over a year's data were available for some plants. The question of 

whether treatment system performance at those plants was consistent over 

time was investigated by examining moving statistical measures of perform­

ance. Let X1, ••. , XN denote the N daily observations available from a 

plant listed in the order they were obtained. Tilen the moving mean and 

variance on day t based on observations for the latest n < N days are 

defined as 

n 
= l r xt-i+l 

n i=l 

and 

l 
n 

- 2s2 = 
t r (Xt-i+l - Xt) ' 

(n-1) i=l 

where t ) n. 

If the distribution of X is lognormal (so loge(X) is normal with parameters µ 

and a2), then the 99th percentile of Xis 

pg9 = eµ + 2.3260 
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The moving estimate of P99 at time t based on the lognonnal model, therefore, 

Xt + 2.326St 
P99t • e 

with xt and s~ defined above. 

Moving esticates of the 99th percentiles of effluent concentrations were 

plotted over time for each plant to evaluate the consistency of its treatment 

performance (see Appendix D). Note that the moving 99th percentile will reflect 

changes in both average effluent levels (through Xt) and day-to-day effluent 

variation (through St). 

GOODKESS-OF-FIT TESTS 

The statistical model used to describe effluent data assumes that y • log(C) 

is normally distributed, where C is the daily effluent BOD or· TSS concentration. 

Goodness-of-fit tests for this model were run using the studentized range 

test based on the statistic 

U • R/S, 

with the range (R) and standard deviation (S) defined above. Critical values 

of the U-test are given in Biometrika Tables for Statisticians, Vol. 1, page 

200, for selected sample sizes (N). An upper tail test was used to guard 

against alternative distributions with heavier tails than the lognormal distri­

bution; the lognormal model would tend to underestimate the 99th percentile 

if such alternatives were appropriate. 

A significance level of a : 0.01 was employed in each test. Since there 

were a total of 28 data sets tested (17 for BOD and 11 for TSS), this choice 

of a ensured that the overall probability of rejecting the lognormal model, 

when it was appropriate, was reasonably small. 
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Table B-1 shows the results of the goodness-of-fit tests. The ~odel was 

rejected for only two out of twenty-eight data sets (BOD for plant 236 and 

TSS for plant 27). The impact on the 99th percentile estimate for the two 

rejected cases was evaluated by comparing model-based estimates with nonpara­

metric estimates; namely, the next to largest of the 162 BOD observations and 

the next to the largest of the 158 TSS observations. For BOD at plant 236, 

2the model gave P99 93 versus the nonparametric estimate of P99 = 70. For 

TSS at plant 27, the model gave P99 = 76 compared to the nonparametric esti­

mate of P99 = 80. In neither case was the lognorrnal estimate substantially 

lower than the nonparametric estimate. 

The goodness-of-fit of the lognormal model also was checked through a 

graphical procedure called a probability plot. Let X1 1 ••• , Xn denote then 

observed daily values of the parameter of interest (the BOD or TSS measure­

ments from a given plant). Denote the rth largest of the n values by X(r) , 

and define a corr-esponding score called the "probit" by 

Probit[X(r)] • ~- 1 [r/{n • l)J, 

where ~-1(·) is the inverse of the standard normal cumulative distribution 

function. The probit score is the normal deviation (z-value) equivalent to 

the value X(r)• Probit scores are useful because plots of X values versus 

corresponding probit scores tend to be straight lines when X is normally 

distributed; this fact is the basis for probability plots. rf x has a log­

normal distribution, a log-scale plot of X values versus probit scores tends 

to be a straight line. Daniel and Wood (1971) give simulated examples of 

probability plots to indicate the degree of random departure from a straight 

line to expect for different sample sizes when X is normally distributed. 

Probability plots for BOD and TSS are presented in Figures B-1 to B-28. 

Based on the results of the studentized range test and the probability 

plots, it was concluded that the lognormal distribution could be used to 

model the data. 
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TABLE B-1. GOODKESS-OF-FlT TESTS FOR BOD AND TSS 
LOGe OF DAILY DATA 

BOD TSS 
PLANT TYPE N u P* N u P* 

9 p 24 4.84 N.S. 24 3. 73 N.S. 
15 NP 363 6.97 N.S. 0 - ­
27 NP 160 5.77 N.S. 158 7.36 <0.01 
44 p 261 5.86 N.S. 260 6.00 N.S. 

p45 156 4.03 N.S. 364 3.86 N.S. 
96 p 105 3.96 N.S. 66 4.83 N.S. 

llO NP 247 4.73 N.S. 218 4. 70 N.S. 
111 p 157 4.36 N.S. 347 5.69 N.S. 
113 NP 332 5.77 N.S. 91 4.45 N.S. 
118 NP 365 4.52 N.S. 0 - ­
126 249 5.09 N.S. 253 5 .49 N.S.p 
170 !'.'P 103 3.21 N.S. 0 - ­
175 NP 361 4.98 N.S. 0 - ­
220 NP 55 3.92 N.S. 149 5.22 N.S. 
234 NP 157 5.71 N.S. 0 - ­
236 NP 162 7.28 <0.01 362 6.43 N.S. 
281 NP 203 5.22 N.S. 0 - ­

* Critical values for the studentized range test (upper tail, a ~ 0.01) are 

N u.99 

25 5.06 
50 5.77 
65 6.01 
90 6.27 

100 6.36 
150 6.64 
200 6.84 
500 7 .42 

N.S. =Not significant (U value below critical level). 

Reference: Biometrika Tables for Statisticians, Vol. 1, page 200. 
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VARIABILITY FACTORS 

Assuming that the distribution of the concentration c is lognormal, then 

y = log(c) is normally distributed with mean IJ and variance o2 (Aitchison 

and Brown, pages 8-9). Thus the 99th percentile on the natural log scale is 

Y0.99 • 1J + 2.326 a , 

and the 99th percentile on the concentration scale is 

c0.99 =exp(y0.99) = e µ + 2.326 o . (l) 

The mean and variance on the concentration scale are: 

1J + 1/2 o2 
Ile - e 

and 
2µ + a2 a2 

0'2 = e Ce - l).c 

Hence, the daily variability factor under the lognormal model is: 

co.99 2.326 a - 1/2 o2 
VF{l) • = e ( 2) 

Estimates of any of the above quantities are calculated by substituting the 

mean and variance of natural logs of the observations for IJ and a2, respectivety. 

To detennine the variability factor for 30-day averagP. concentrations, 

VF(30), it was necessary to take day-to-day correlation into account. Positive 

autocorrelation between concentrations measured on consecutive days roeans 

that such concentrations tend to be similar. The medians of plant-specific 

autocorrelations for one-day-apart concentrations were about 0.7 and 0.4 for 

BOD and TSS, respectively. An average of positively correlated concentration 

measurements is more variable than an average of independent concentrations. 
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A rigorous time series analysis to model the autocorrelation structure 

of each data set was not possible because of the rnany missing days' data in 

most data sets. Therefore, the correlation (p) between consecutive days' 

measurements (i.e., the lag-1 autocorrelation) was estimated for each plant 

using the available data. Then using the first-order autoregressive model 

co!IlI:lonly found to be appropriate in water pollution modeling, the mean and 

variance of an n-day average were approximated by: 

IJ + 1/2 o2 
Ile = e (3) 

and 

o2 = fn( p) (4)
c n 

with 

2 P (l - pn)fn(p) .. ~ 
1 ­ p n(l - p)~ 

It can be seen in (4) that o~ equals the variance of an average of 

n uncorrelated observations, a~/n, times a factor fn(p) that adjusts for 

the presence of autocorrelation. The correlation-adjustment factor is derived 

as fol~ows using the fact that the covariance between concentrations k days 

apart is pk o~ under the first-order autoregressive model. Since 

0 

c .. l I c ·, 
n . 1 li• 

n n 
a2 • 1 ! t cov(ci• cj)c 

j•l 
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n-1 
1 .. = [n o2 + 2 L (n - k) pk 02) 
n2 c 

k=l 
c 

02 n-1c- L!. r (n - k) pk - l]. 
n n k=O 

The expression in brackets reduces to fn(p) with the help of the sull"D"llation 

formula for arithmetico-geometric progressions: 

n-1 	 a - [a+ (n - l)r)q 0 

l: 	 (a + kr)qk • 

1 - q
k=O 

taking a g n, r • -1. and q p (Gradshteyn and Ryzhik, page 1). 

Finally, since c is approximately normally distributed by the Central 

Limit Theorem, the 95th percentile and variability factor of a 30-day average 

are approximately 

-c0.95 e µc + 1.645 ac 	 (5) 

and 

2 = 1 + l.64S[(e 0 - l)f30 (p)/30]1/2 (6) 

with µc and o~ defined by equations (3) and (4). Estimates of c0 . 95 or 

VF(30) are calculated by substituting estimates of µ, a2, and p into the 

forrnul as above. 
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SPEAR.."1>.N RANK CORRELATION TECHNIQUE 

Let (X1, Y1) 1 (X2,Y2) 1 ••• ,(Xn,Yn) be a bivariate random sample of size n. 

The rank of Xi, R(Xi) 1 as compared with the other X values, for i • 1,2, •.. ,u 

is the position of Xi as the X values are ordered from smallest to largest. 

Thus, if Xk is the smallest X value, R(Xk) = 1 and if X1 is the largest X 

value, R(X1) = n. Similarly the values for Y can be ranked for i • 1,2, ••. n. 

Once ranked, the data can be replaced with the rank pairs (R(X1),R(Y1)), (R(X2), 

R(Y2)), ..• ,(R(Xn),R(Y0 )). The Spearman rank correlation coefficient is cal­

culated as follows: 

n 
t R(Xi)R(Yi) - [l/2 (n + l)J 2 

i=l 
R • 

2 
n(n - 1) 

12 

Based on R the following hypothesis can be tested: 

R0 : The Xi and Yi are mutually independent (i.e., their correlation is zero) 

.Either (a) there is a tendency for the larger values of X to be paired 
with the larger values of Y, or (b) there is a tendency for the smaller 
values of X to be paired with the larger values of Y. 

By using influent or effluent concentrations for the X's and subcategoriza­

tion variables for the Y's, the above hypothesis becomes a statistical test 

for significant subcategorization factors. Throughout this chapter the term 

"null hypothesis" refers to the hypothesis H0 : the Xi and Yi are mutually 

independent. 

Aside from the fact that a rank correlation statistically tests whether 

two variables are independent, it also does not assume a linear relationship 
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between the variables. Consider Table B-2, where X and Y are tvo variables 

that exhibit a nonlinear relationship. The Pearson correlation coefficient, 

r, which assumes a linear relation between X and Y, is 0.6, where 

r .. ~ ex. - X)(y. - Y)/[ t (X· - X)2 t (y. - y)2Jl/2 
. l. l. . l • J 
l. J. J 

X = _!_ r X· 
n . l. 

l 

while the nonparametric Spearman Rank Correlation coefficient, R between R(X) 

and R(Y), is 1. Correlation coefficients are numbers which range between -1 

and +1. Values of ~l indicate perfect associations or correlations, while a 

value of zero indicates no relationship. 

For each of the rank correlation coefficients calculated, a graph has 

been attached which plots the rank pairs (R(Xi), R(Yi)). A least squares 

line has been superimposed on the plot of the rank pairs to indicate graphi­

cally the degree of correlation. Each graph is labeled with the appropriate 

industry subcategory (e.g., Plastics Only). 

At the bottom of each figure is the Spearman rank correlation coefficient, 

the sample size N, and the probability, p, that the null hypothesis, H0 , is 

true. Values of p of less than 0.05 indicate that a relationship exists, as 

specified in the alternative hypothesis, R1. For ease of interpretation, 

Figures B-29 through B-33 show the theoretical lines for a sample size of 50 

and Spearman rank correlations of -1, -0.5, O, 0.5, and 1, respectively. As 

can be seen from these graphs, correlations of -1 and -0.5 indicate that as 

R(Y) decreases, R(X) increases; a correlation of 0 indicates that no relation­

ship exists between R(X) and R(Y); and correlations of 0.5 and 1 indicate 
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TABLE B-2. AN EXA."1PLE OF VARIABLES WITH A NONLINEAR RELATIONSHIP 
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that as R(Y) increases, R(X) increases. It should be noted that the Spearman 

rank coefficient only indicates a dependent relationship bet~een R(X) and 

R(Y). Derivation of the functional relationship bet~een X and Y requires 

additional statistical techniques. 

TERRY-HOEFFDING TEST 

A cot!lll1on problem in statistics is the "t"'o-sample problem" in which two 

populations are coopared based on random sa~ples of observations from each. 

This is precisely the problem one faces Yhen trying to determine subcategories 

for a guideline: if two populations are different, then they represent differ­

ent subcategories. For example, a statistical test which shows that Plastic 

plants' influent BOD levels are different from those of Not Plastic plants 

demonstrates the need for separately analyzing Plastic and Not Plastic plants. 

In statistical terms, the problem is to test the null hypothesis that 

t~o population distributions have the same mean or median value of a property 

of interest. Random samples of sizes n1 and n2 are taken from the populations, 

a test statistic is computed from the sa~ple data, and the value of the test 

statistic is used to decide whether the null hypothesis of identical population 

distributions should be rejected. 

The most commonl~ used test for differences between population means is 

the two-sample Student's t test. Let Yi(i = l, ... ,n1) and zi(i s 1, ... 1 n2) 

represent the sample observations from the two populations. Then Student's t 

statistic is 

(7) 

where 
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is the pooled sample size, 

n1 
y = l I y· 

. 1n l i=l 

and 

are the sample means, and 

)-1( n1( -)2 n2( - -z)2)= (n-2 L yl - y + r z. 
i=l i=l l 

is the pooled sample variance. The observed value of the t statistic is 

compared to tabled critical values of the t distribution with n-2 degrees of 

freedom to determine whether to reject the null hypothesis of equal population 

means. 

The t test assumes that the population values are normally distributed 

with equal variances. When either of these assumptions fails to hold, conclu­

sions of the test may be invalidated. One problem that may result is that 

the null hypothesis may be rejected with higher probability than assumed when 

it actually is true (i.e., the probability of a Type l error (a) may exceed 

the nominal a-level). Another possible problem is that the t test may fail 

to detect existing population differences as well as it would if the assump­

tions held (i.e., its statistical power may be reduced). Either of these 

problems would have unfortunate consequences in subcategorization: false 

rejection of the null hypothesis could lead to unnecessary subcategories; 

failure to detect differences could result in failure to recognize needed 

subcategories. In order co avoid incorrect conclusions that could be caused 
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by failing to satisfy the assumptions behind the t test, a different test 

based on less restrictive assumptions was used. 

The Terry-Hoeffding test corresponds closely to the two-sample t test, 

but it assumes only that observations are dra'Wll random~y from two continuous 

population distributions. For large samples, the Terry-Hoeffding test can be 

thought of as a two-sample t test based on "normal scores" rather than on the 

original observations. That is, before performing the t test, one replaces 

the rth largest observation in the pooled sample of n observations with the 

expected value of the rth largest observation from a random sample of size n 

from a standard normal distribution (E(r, n)). For large n, it is convenient 

to approximate normal scores by 

E(r, n)~ ~- 1 [r/(n + 1)}, ( 8) 

since the inverse of the cumulative normal distribution function, ~-1(.), 

is readily available in computer systems. For small n, values of E(r, n) are 

tabled io nonparaoetric statistics books (e.g., Bradley, page 326). The intui­

tive idea of the Terry-Hoeffding test is that replacing original observations 

(which may not be normally distributed) with normal scores leads to a more 

robust test (one whose validity is not as limited by underlying assumptions). 

Because the sum of normal scores for the pooled· sample is zero, the t 

statistic based on nonnal scores simplifies to 

t =-v;::; S/ [ n!n2 ~ E(r,n)2 - 52) l/ 
2 

, (9) 
r•l 

where S is the sum of nonual scores for the sample vith fewer observations 

(Bradley, page 152). The observed value of t is compared to critical values 

of the t distribution with n-2 degrees of freedom (just like the classical. t 

test). A simpler approximation to this test for large samples is based on 

comparing 
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(10) 

to critical values of the standard normal distribution (the mathematical 

justification for this approximation is given in Kendall and Stuart). For 

small samples, the Terry-Hoeffding tesc compares observed values of S to 

tabled critical values. Bradley (pages 327-330) gives critical values of S 

for pooled sample sizes up to n • 20. 

The Terry-Hoeffding test has several advantages over the classical t 

test: 

• It is distribution-free; i.e., 
cerned that violations of distr
will affect the probability of 

one need 
ibutional 
a Type I 

not be con­
assumptions 

error. 

• Its large-sample power is bett
mality assumption holds (then, 
t in large sample power) 

er except 
it is equivalent 

when the no
to 

r­
the 

• 	 It is less sensitive to extreme observations (outliers) 
than the t. For example, the actual value of the largest 
observation in the pooled sample doesn't affect the Terry­
Hoeffding test, but can have a great impact on the classical 
t test. 

Kendall and Stuart (page 520) note that it is "difficult to make a case for 

the customary routine use of Student's test" in comparing two populations 

when the sample numbers are reasonably large. 

To illustrate the application of the Terry-Hoeffding test, the hypothe­

tical influent BOD data from Plastics and Not Plastics plants in Table B-3 

will be used. The table gives original observations and normal scores for 

ten Plastics plants and fourteen Not Plastics plants (the normal scores were 

calculated using fotTDula (8)). The null hypothesis is that Plastics and 

Not Plastics plants do not differ in median influent BOD. The sum of normal 

scores for plastics plants is 
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TABLE B-3. EX.~'1PLE OF 

RANK (r) BOD 

1 150 

2 170 

3 190 

4 210 

5 230 

6 250 

7 270 

8 320 

9 370 

10 420 

11 470 

12 520 

13 550 

14 590 

15 610 

16 630 

17 680 

18 730 

19 780 

20 800 

21 810 

22 870 

23 930 

24 990 

*P == Plastics 

NP ~ Not plastics 

SAMPLE DATA FOR THE TERRY-HOEFFDING TEST 


SOURCE* NORMAL SCORE (E(r,n)) 

p -1. 751 
p -1.405 
p -1.175 

p -o. 994 

p -0.842 
p -0.706 
p -0.583 

NP -0.468 

NP -0.358 

p -0.253 
p -0.151 

NP -0.050 

p 0.050 

NP 0.151 

NP 0. 253 

NP 0.358 

NP 0.468 

NP 0.583 

NP 0.706 

NP 0.842 

NP 0.994 

NP 1.175 

NP 1.405 

NP 1. 751 
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s - -7.81, 

so the test statistic based on fonnula (10) is 

T = -3.71. 

Since this is less than -1.96, the critical value for the normal distribution 

with a • 0.05 for a two-tailed ~est, we reject the null hypothesis at this a­

level. That is, we conclude that Plastics plants are different from Not 

Plastics plants in.the example. Note in Table B-3 that observed BOD values 

(and normal scores) for Plastics tend to be lower than values for Not Plastics. 
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APPENDIX D 

Rationale For Exclusion of Daily Data Base Plants 
From Variability Analysis 

Plant No. 1: The plant upgraded its treatment system significantly dur­
ing the first data period and since the second data collection period, 
and no data are available for the upgraded plant. The aerated lagoons 
were converted to activated sludge in 1980. In addition, the effluent 
daily data for both periods included unqualified cooling water dilution. 
Plant personnel expressed doubts as to available data's validity. 

Plant No. 3: The treatment system for this plant was upgraded signifi­
cantly during the data collection period. The aerated lagoons were 
replaced by activated sludge units after August 1976. In addition, the 
plant had operational problems from July 1978 to February 1980, includ­
ing clarifier shutdowns, clarifier floodings and difficulties with the 
equalizat~on basins, which make the data unrepresentative of a steady­
state operation. 

Plant No. 292: This plant is not considered representative of Organic 
Chemical Industry plants due to the inclusion of municipal effluent in 
i.ts influent. The municipal flow may be as much as 25 percent of the 
total influent, and therefore is considered a significant, and atypical, 
influent stream. 

Plant No. 18: During the data collection period, this plant underwent 
major expansion and modification. Screening, equalization, increased 
capacity, chlorination facilities and sludge handling facilities were 

. implemented in 1976. Available data are, therefore, not considered to 
be from ~ steady-state system. Al so, the effluent sample point is 
upstream of .the final clarifiers, and therefore not representative of 
actual plant performance. 

Plant No. 293: This plant is a poor performer (BOD removal 89%, 
effluent BOD 87 mg/l). Available information indicates poor solids con­
trol may be the cause of poor performance (TSS removal 66%). 

Plant 
plant. 

No. 20: No BOD, COD or TSS effluent data are available for this 

Plant No. 24: No BOD, COD, or TSS data are available for this plant. 

Plant No. 28: The treatment system of this plant does not conform to 
accepted engineering practice. In particular, the use of chlorination 
before trickling filters is noted as being extremely unusual, and not in 
accordance with accepted wastewater treatment methodology. 

Plant No. 42: The poor performance by this plant seems to be related to 
poor operational procedures. Flow is reported to be alternated between 
two equalization lagoons, with the switch between the two noted as a 
cause for high effluent BOD. Steady-state operation is also reported to 
be interrupted by periodic sludge wasting from the anaerobic lagoon. 
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The treatment train used at this plant (anaerobic lagoon followed by 
activated sludge) is unorthodox. Plant was zero discharge until 1978. 
The data period is therefore shortly after startup and may not represent 
steady-state operations. 

Plant No. 53: The treatment system for this plant has been upgraded and 
no data are available for the upgraded system. Plant had aerated 
lagoons, but they were inadequate for loadings received. The plant was 
converted to activated sludge in 1977 in order to improve solids control 
(effluent TSS 74 mg/l). 

Plant No. 60: This plant achieved poor treatment levels (BOD removal 
88%, effluent BOD 54 mg/l). 

Plant No. 61: This plant has upgraded its treatment system due to poor 
performance, and no data are available for the upgraded system. · In­
creased pretreatment, neutralization and dual media filters were added 
in 1977 in order to improve poor (BOD removal 79%, effluent BOD 81 mg/l) 
plant performance. (Available information indicates that insufficient 
air supply to aeration basins and poor solids control may have been re­
sponsible for the poor performance noted during the data period.) 

Plant No. 72: There are no continuous data for this plant available at 
present. 

Plant No. 73: This plant phased out a major production unit during col­
lection period, which resulted in an estimated 70 percent reduction in 
influent BOD load from 12/75 through 12/76. Thus, the available data 
are not for a system operating under steady state conditions. 

Plant No. 74: The data available for this plant are not representative 
of actual treatment system performance. The available effluent daily 
data include an unquantified stormwater stream. In addition, no BOD, 
TSS or COD data are available; only TOC and flow data were reported. 

Plant No. 75: The data available for this plant are not representative 
of actual treatment system performance. The available effluent daily 
data include an unqualified waste stream which consists of untreated 
boiler blowdovn, stormwater runoff and cooling water. No daily data are 
available for this stream. 

Plant No. 87: For this plant, the effluent sampling site was downstream 
from a mixing point of biological and nonbiological effluents (i.e., 
effluent is diluted). Also, no BOD or TSS data are available for this 
plant. 

Plant No. 89: The data available for this plant do not accurately 
represent actual treatment plant performance. The effluent daily data 
include an unquantified stream which consists of untreated process water 
and stormwater runoff. No daily data are available for this stream. 

Plant No. 90: The data available for this plant are not representative 
of actual treatment plant performance. Available effluent daily data 
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include an unquantified stream consisting of untreated cooling water. 
No daily data are available for the cooling water stream. 

Plant No. 103: No effluent BOD, COD or TSS data are available for this 
plant. 

Plant No. 106: Effluent data for this plant contain cooling water dilu­
tion. This data is therefore not representative of actual treatment 
plant performance. 

Plant No. 109: Data available for this plant are not representative of 
actual treatment plant performance. Effluent data contain dilution by 
an unqualified wastestream for which only estimated average BOD is 
reported. 

Plant No. 120: This plant treats petroleum refinery wastewater as well 
as organic chemical wastewater, and is therefore not representative of 
treatment plants in the OCPS data base. 

Plant No. 123: Data available for this plant are not representative of 
actual treatment plant performance. Available effluent data include 
stormwater dilution. 

Plant No. 124: The data avilable for this plant are not representative 
of actual treatment plant performance. The available effluent data 
include an unquantified stream consisting of untreated stormwater. No 
daily data are available for the stormwater stream. 

Plant No. 138: This plant achieved poor removals during the period for 
which data are available. (Effluent BOD 251 mg/l.) This appears to be 
caused by inadequate treatment system design. In particular, the lack 
of final clarification is noted. 

Plant No. 146: Data available for this plant are not representative of 
actual treatment plant performance. Available effluent data include 
stormwater dilution. 

Plant· No. 176: There are only three months of data available for this 
plane. 

Plant No. 245: This plant has been rejected due to the use of a 
nonbiological (air stripping) treatment system. 

Plant No. 268: This plant was found to have high effluent BOD (248 
mg/l) and BOD removal below 95% (93% BOD removal). 

Plant No. 269: The treatment system of the plant has been upgraded and 
no data are available for the upgraded system. Additions to the plant 
in 10/77 included primary settling, equalization, increased secondary 
clarification capacity and sludge handling modifications. Prior to 
these modifications plant performance was poor (BOD removal 83%, efflu­
ent BOD 66 mg/l). 
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Plant No. 274: A significant port ion of flow treated by this plant is 
sanitary wastewater. 

Plant No. 294: Plant performance (effluent TSS 95 mg/l) is poor con­
sidering the level of treatment technology employed (activated sludge 
followed by sand filtration). 
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APPENDIX E 


METHODOLOGY 

The basic calculation tool used to develop alternative engineering costs 
(with the exception of RBC costs) is the computer program, CAPDET (Com­
puter Assisted Procedure For The Design and Evaluation of Wastewater 
Treatment Facilities).[E-1] The CAPDET computer model was developed 
jointly by the Corps of Engineers Waterway Experiment Station, Vicks­
burg, Mississipi and the EPA Office of Water and Waste Management. 

The major purpose of the CAPDET model is to provide for the rapid de­
sign, cost estimating and ranking by cost -of wastewater treatment plant 
alternatives. The model can be applied to industrial wastewater treat­
ment system design, as well as Publicly Owned Treatment Works (POTWs), 
with modifications of selected computer program default values. 

The CAPDET model provides flexibility and accuracy while maintaining 
ease of operation. The algorithm contains default values applicable to 
all wastewater parameters. These default values enable complete waste­
water treatment design and costing by stipulating only average flow and 
a list of the treatment schemes to be considered. Any value in the 
CAPDET mode 1 (chemical data, cost data, unit ope rat ions parameters, 
etc.) can be varied, however, to reflect more current information, more 
localized cost data or specific waste treatment parameters applicable to 
industrial wastewater treatment. 

The CAPDET model is not designed to select and sequence unit operations 
into a treatment system. The user must input a series of up to 20 
"blocks" or waste treatment process functions into the model. Thus, the 
user inputs the basic treatment scheme to be costed into the model. 

In each treatment block, up to ten different treatment alternatives can 
be considered. For example, a block containing complete mix activated 
sludge could also contain conventional activated sludge, extended aera­
tion activated sludge, pure oxygen activated sludge and six other alter­
natives. The model will then design, estimate costs, and rank from 
cheapest to most expensive all possible combinations. Further, the 
model can also consider four separate treatment trains per run. 

Another characteristic of the CAPDET model is its ability to consider up 
to three modifications of each treatment process. The model contains 
the process treatment parameters necessary to solve the unit process 
equations, namely chemical default data for certain wastewaters and such 
typical physical criteria as removal efficiency, overflow rate and aver­
age temperature. The CAPDET model allows the user direct access to any 
of these parameters. In fact, the user can run three different versions 
of any treatment process as alternatives in the same block or in differ­
ent blocks. An example would be checking in one run the impact on ef­
fluent quality and plant costs of changing the overflow rate of a clari ­
fier. CAPDET, then, is able to consider many different alternative 
treatment schemes, including multiple variants on one unit process. 
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After the treatment process alternatives to be considered have been sel­
ected and input: into the model, each possible alternacive treatment: 
train is designed. The CAPDET model contains in its treatment catalog 
64 large facility (>.S MGD) and 23 small facility (<.S MGD) unit proces­
ses, including sludge handling processes. Certain common industrial 
processes (API oil separation, steam stripping etc.) were not included 
in CAPDET because of CAPDET's original sanitary waste orientation. The 
writers of CAPDET, however, have included as part of the model a process 
known as the "dummy" process. To use this procedure, one calculates the 
percentage reduction for any parameters affected by the applicable unit 
process, plus any increase or decrease in effluent flow rate and sludges 
due to the process. These numbers are entered in the model and the dum­
my process is treated as if it were a process in the CAPDET treatment 
catalog. Like any other unit process, different modifications of the 
dummy processes can be considered as treatment alternatives. This flex­
ibility enables the CAPDET model to simulate unit processes not in its 
treatment process file. 

As the CAPDET model iesigns all possible alternative treatment systems, 
it determines the cost of each system. As with the design data, a com­
plete set of default unit construction, operation and maintenance cost 
data are contained in the model. Thus, the cost of the treatment system 
can be calculated. For each treatment process, secondary design calcu­
lations are performed by the computer tc• determine the specific amounts 
of materials required: foundations, tanks, basins, walls and many other 
items which are individually designed by the model to arrive at values 
for such con.struct ion items as concrete, sand and gravel, size and 
length of pipe, chemical use, number of valves a:id pounds of steel 
plate. These items are then totaled for the specific treatment trai.n 
being considered and the construction co ;ts are computed. Equipment 
costs are calculated parametrically, with an attempt to optimize accu­
racy. The equipment cost data were provided by vendors of treatment 
equipment. The parameter was chosen which best represented the cost of 
that equipment as a straight line on a log-log plot (clarifier diameter 
being a more appropriate parameter than total clad fier flow rate for 
costing a clarifier mechanism). The total capital cost of the treatment 
system is, therefore, a hybrid of construction design calculations and 
parametric cost estimates. 

Default values for all cost data are ~ontain~d in the CAPDET model. As 
with all other data in the model, however, the user has the option of 
altering or updating the costs for nearly anything in the model. These 
changes can be made in the following ways: 

1. 	 Equipment and construction default data are based on first quarter 
1977 costs. The model updates these cost data to the present. 

2. 	 Equipment costs, operating costs, operating manhours per year and 
construction material costs are all user selectable. Thus, if a 
user knows that standard blower costs are lower or highter than the 
default value in a particular area, then correct costs can be input. 
If parametric cost curves are to be updated, the user inputs the 
local cost for the standard sized unit (i.e., 90-foot clarifier 
mechanis·) used in the model. !he cost curve then will .be adjusted 
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up or down, with the slope remaining unchanged. If local or current 
data are input, they will not be updated again by one of the cost 
indices. 

3. 	 Some costs are given as percentages of the total facility costs 
(e.g., administrative costs and inspection costs). These percent­
ages can be changed depending on the judgment of the user or on 
local conditions. 

4. 	 Other costs are also accessible to the user. CAPDET calculates 
labor rates based on ratios with an Operator II rate. While these 
ratios are not user selectable, the default Operation II rate is 
alterable. Thus, the CAPDET model can account for variations in 
labor costs. 

The CAPDET model also has some optional cost items which can be included 
as appropriate (i.e., special foundations, mobilization, site electrical 
costs, lab and administration buildings, etc.). 

The CAPDET model compares treatment alternatives rather than adding unit 
operations until the effluent is below the desired efflent level. The 
model calculates the expected effluent from each alternative train and 
compares it with the desired effluent level. The model rejects those 
alternatives· that do not meet the desired effluent quality and ranks 
(from the least expensive to the most expensive) the least expensive 
hundred alternatives that meet the criteria. 

The 	general design bases for the CAPDET model were: 

1. 	 Costs expressed as first quarter 1979 dollars. 

2. 	 Capital costs representing total equipment costs (installed), 
contractor's overhead/profit, administration/legal expenses, 
architectural/engineering design fees, inspection fees, con­
tingencies, technical costs and land costs. 

3. 	 Operating costs equal to the sum of costs for operating and 
maintenance labor, power, materials, chemicals, and admini­
stration and laboratory expenses. 

4. 	 Equivalent annual costs representing the amortization o.f the 
capital costs (capital#recovery plus interest) at 10 percent and 
twenty years plus the annual operating costs.[E-2) ,[E-3) 

5. 	 Design constants based on a statistical analysis of the mun­
icipal wastewater treatment industry as well as on literature 
publications.[E-4] 

6. 	 Cost equations taken from correlations developed from data based 
on municipally owned treatment plants.[E-5] 

Unit price input data and details of the direct nonconstruction costs 
are shown in Table E-1. Default waste characteristics present in the 
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TABLE E-1-COST lN PUT PARAMETERS (10 PERCENT, 20 YEARS) 

COST INDEXES 

Building 
Excavation 
Wall concrete (reinforced, in-place) 
Slab concrete (reinforced, in-place) 
Marshall and Swift Index (equipment cost) 
Crane rental 
EPA Construction Cost Index 
Canopy roof 
Labor rate (equipment installation) 
Opera tor Class II 
Electricity 
Chemical Cost 

Lime 

Alum 

Iron salts 

Polymer 


Engineering N"ews Record Cost Index 
Handrail, (in-place) 
Pipe Cost Index 
Pipe installation labor rate 
Eight-inch pipe 
Eight-inch pipe bend 
Eight-inch pipe tee 
Eight-inch pipe valve 

I!'JDlRECT NON-CONSTRUCTION COSTS 

Miscellaneous non-construction cost 
Ad min/legal 
Inspection 
Contingencies 
Profit and overhead (contractor's) 
Technical cost 

UNIT PRICES 

48.00 $/sq ft 
1.20 $/cu yd 

207 .00 $/cu yd 
91.00 $/cu yd 

577 .00 
67 .00 $/hr 

132.00 
15.75 $/sq ft 
13.40 $/hr 

7 .50 $/hr 
0.04 $/kw hr 

0.03 $/lb 
0.04 $/lb 
0.06 $/lb 
1.62 $/lb 


2886.00 

25.20 $/ft 

295.20 
14. 70 $/hr 

9.08 $/ft 
86.82 $/unit 

128.49 $/unit 

1346.16 $/unit 


(AS% OF CONSTRUCTION COST) 

5.096 

2.0% 

2.096 


11.5% 

22.0% 


2.096 
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CAPDET model are summarized in Table E-2. Table E-3 lists removal 
efficiencies of pollutants built into the program. 

An evaluation of CAPDET suggests the following limitations: 

1. 	 CAPDET was originally designed for municipal wastewater plants and 
therefore requires certain adjustments for industrial applications. 
The characteristics of municipal raw wastewaters are normally more 
consistent among different locations than those of industrial waste­
water, and the parameters relating to the treatability are more 
applicable among the different locations than are the treatment 
parameters of industrial wastewaters. 

This permits the use of CAPDET for the POTW cost estimating without 
changes in the default values. The use of CAPDET for evaluations 
based on industrial wastewaters requires changes in the default val­
ues, particularly in the reaction rate constant, influent BOD con­
centrations, influent TSS, nutrient balances and other factors which 
differentiate the composition of industrial wastewaters from muni­
cipal wastewaters. 

2. 	 The costs generated by CAPDET reflected grass roots installations. 
This version of CAPDET is not capable of directly generating upgrade 
costs for modifications or replacements of existing equipment. Many 
OCPS plants may require only minor adjustments to current facilities 
or management practices to reach proposed effluent targets. Al­
though these engineering options may be available to specific plants 
to achieve the target effluent concentrations, CAPDET, as used in 
this study, is limited to estimating the designs and costs for en­
tire wastewater treatment unit process additions (second stage 
treatment). 

3. 	 Land requirements and administrative and laboratory costs calculated 
by CAPDET are related to plant capacity rather than to discrete unit 
operations. The relationship of costs to flow rate limits CAPDET in 
the estimation of discrete (singular) units as opposed to entire 
plant facilities. As a result, CAPDET predicts similar land costs 
for clarification and an entire activated sludge unit for the same 
flow rate. As a percentage of the total costs, land, administrative 
and laboratory costs represent a small portion of an entire facility 
estimate. Fo~ a single unit, these costs have a much greater 
effect. 
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TABLEB-2 

CAPDET DEFAULT INFLUENT WASTE 

CHARACTERISTICS 


TEMPERATURE 18 °c; 
SUSPENDED SOLIDS 200 .MG/L 

VOLATILE SOLIDS 60 96 OF SS 

SETTLEABLE SOLIDS IS MG/L 

BOD 250 MG/L5 
SBOD 75 MG/L 

COD 500 MG/L 

SCOD 400 MG/L 

pH 1. 6 

CATIONS 160 MG/L 

A KIO NS 160 MG/L 

P04 18 MG/L 

TKN 45 MG/L 

NH 25 MG/L3 
N0 0 MG/L2 
N0 0 MG/L3 
OIL AND' GREASE 80 MG/L 
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APPENDIX P - DISCRETE UNIT COST CURVES 

GENERAL 

This appendix supplements the engineering cost section of this report 

(Section 8) with a detailed presentation of the discrete unit cost curves discussed in 

Paragraph 8.2.3. 

The curves presented contain costs for the treatment technology alterna­

tives considered in the plant-by-plant analysis for various influent and effluent 

concentrations (mg/l) and flow rates (MGD). The terms frequently listed on the 

curves are defined as follows: 

(1) Capital Costs are the costs representing the total installed equipment 

costs, contractor's overhead/profit, administration/legal expenses, A/E design fees, 

inspection fees, contingencies, technical costs, and land costs. 

(2) Operating Costs are the costs equal to the sum of costs for operating and 

maintenance labor, power, materials, chemicals, and administration and laboratory 

expenses. 

(3) Equivalent Annual Costs (Annual Costs) are those costs representing the 

amortization of the capital costs (capital recovery plus interest) at 10 percent and 

twenty years, plus the annual operating costs. 

(4) MS, M$/yr are costs expressed as first quarter 1979 million dollars (per 

year for operating and equivalent annual costs). 

The procedure for obtaining the costs used for the plant-by-plant analysis, 

is as follows: 
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(1) Locate the set of curves for the technology being considered. 

(2) Look for the influent concentration (reported effluent) for BOO in the 

upper right hand corner of the page among the various graphs. Note that solids 

removal technologies are directly related to flow and that concentration levels are 

only limiting conditions o! the treatment alternative. The influent concentrations 

are not listed on the graphs for solids removals alternatives. 

(3) Select the capital cost (left axis) corresponding to the flow (bottom axis) 

and effluent concentration (curve) from the capital, opera.ting, and annual cost 

pages. One cost should be obtained from each page for a given flow, influent BOD 

and effluent BOD. The costs for solid removal are flow related and all three costs 

can be obtained from one page for each technology alternative. 

(4) Repeat this procedure for each target and continue for any plant being 

considered. 

(5). For influent concentrations, assume a 15 percent accuracy range. Occa­

sionally interpretation between two sets of costs may be required. This estimation 

technique is within the accuracy of the costs. 

The cost curves are presented for a variety of effluent BOO concentra­

tions for each biological alternative. Given a relative accuracy of 15 percent for 

the BOO reported value, the cost curves are basically equivalent for BOD targets 

with the same range. For example, the costs for a target of 5 0 mg/l BOD are 

approximately equivalent for targets ranging from 40 to 60 mg/l. The range for 30 

mg/l is 25 to 35 mg/l. For estimating purposes, the curves for 10 mg/l represent 

the 20 mg/l target. In many cases, there is a ls.ck of sensitivity in the costs for 

changes in effluent targets at lower influent concentrations and flows. A 

discussions of the sensitivities of the costs are provided in Section 8. The design 

bases and cost model limitations are also discussed in Section 8. 

From the information and bases presented in this appendix, additional 

analysis of the plants may be pursued. 
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INFLUENT• 8.5 mg/L 900 

FLOW (MILLION GAL/OA.Y) 

FIGURES 3-ACTIVAi>TED SLUDGE ANNUAL (85mg/l) 
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I NFlUENT = 100 rr.9/L BOD 

Fl()Vi (MILLION GAL/OAY) 

FIGURE 6-ACTIVATED SLUDGE ANNUAL COSTS (100 mg/l} 
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INFLUENT= 100 mg/l 800 
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INFLUENT"' 150 mg/L 800 
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INFLUENT • 150 mg/L BOD 
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INFLUENT• 250 1119/l !OD 
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FIGURE 14-ACTIVATED SLODGE OPERATING COSTS (250 mg/I) 
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INFLUENT =400 mg/L 600 
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F-19 
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INFLUENT • 500 rrg/L BOO 
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FIGURE !~ACTIVATED SLUDGE CAPITAL COSTS (500 mg/)) 
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INFlUEMT • 500 mg/L BOD 
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INFLUENT• I.SOC mg/L 800 
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INFLUENT'" 2000 1119/L BOO 
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FIGURE 29-ACTIVATED SLUDGE OPERATING COSTS (2000 mg/I) 
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INFLUENT,. 100 mg/L !OD 

FIGURE 30-AERATED LAGOONS ANNUAL COSTS (100 mg/l) 
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INFLUENT• 100 mg/L 900 
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INFLUENT= 200 mg/L 800 
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INFLUENT= 200 mq/L 800
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INFLUENT • 500 mg/L BOD 
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INFLUENT= SOO mg/L BOD 
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wastestream Data Listing 
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WASTE STREAM 4 
DATA LllTING • IUBCAT[GORIZATION 'ILE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• IU&C&T•PLAITJCS ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT FLOW IN' fLOW!,, BODIN' BODE,, CODIN' CODE,, TSllN' TUE,, TOCIN' TOCEH 
NUMttER (MGO) (IUiO) CPPt4) (PPM) (PPM) (PPM) (PPM) (PPM) (PPM) (PPM)• PP 
••••• ••••• •••••• •••••• ...... •••••• •••••• •••••• •••••• •••••• ••••••·····­
i!ll I • • • • • • • • • •
i!lt • o.oo • • • • • • • •i!l] l 0.14 o. u • 15.00 • • • lf•eOO • •
i!l4 l 0.01 0.01 1100.00 Jl.OO szo.oo u.oo z01a.oo ••.oo • • 
ll'!i 1 0.11 o.n • • • • • • • • 
ll1 l o.09 418.oo 11tzz.oo 
ZH 1.u 1.11 zu.oo •.oo iaos,oo 11.00 74,00 u,oo • ••i!32 5 • • • • • • • 
i!U l o.•o o.•o •1.00 >•.oo 109.oo 75.oo • • 100.00 n .oo 
i!JJ I o. 7o 0.10 • • • •
240 J o.oo • • • 
Z•1 l o.ao 0.10 • • • • • • •i!4Z l • 

G'"l i!(IJ l o.oo • • • • • • • • • .,.I zu l • • • • • • • • zu • • 
Z•• J 00 11a o.41 su.oo ••.oo u1•.oo 455.oo 97.oo to.oo • • 
2119 l o.OJ o.011 • 4.00 • u.oo • a.oo • • 
zso l o.OJ o.u • • • • s.oo s.oo • •
Z5t 1 • • • • • • •
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WASTE STREM4 
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15 • le44 l.411 809.00 lJ.00 1922.00 no.oo • • • •16 • 4.60 ....o • u2.oo • 5l3.00 • 804.00 • 27'.oo 
16 ii 0.114 u.oo 
22 11 le49 a.•• • 1e.oo 115.00 J6.oo 
22 0.22 111.00 1&10.00 h4 1 00 
l• • 4oOJ • • • • • •28 

•
a 1.57 J.57 z1•.oo :u.oo 210.00 u.oo Jo.oo u.oo • •:u o.oi! o.oJ u7.oo eo.oo 554•.oo 2616.oo 3• 1 00 2ou.oo•

J'S ) 0.01 o.oa 90 00 •.oo 28.oo 28,00 a.oo 1.00 • 
SJ J 2.2• 2.21 uu.oo ze.oo 117. 00 14.00 
ttll ) o.e• o.•• 655.oo u.oo 8'511.00 10.00 ••1.00 u,oo 

J • • 
n 17 • • • • • • • • • •IS'5 II 0.11 0.10 so.oo 1111.00 67,00 

G"'l 87 • o.a• o.e• • • • • • • 01.00 02,00 
\0 

I 87 o.n 141.00
87 

117 ll 3.60 J.•o 11.00 120,00 ao.oo u.oo u,oo.,,,. • • •118 1• 1.1• 467.oo u,oo
UI J.JI J.JI zoo.oo z•.oo 100.00 1os.oo se.oo 38,00 n,oo 2•,00
121 '• • • • • • • • • • •uo I sz.os n.10 •2 0 00 IT .oo e,oo
l49 15 o,so Jou.oo U'6•.oo n.oo
159 l o,6•. o... 16.00 u.oo 
l•l J o.oe u.oo 14.00 
l C.4 12 o.u o.J• Z436 0 00 ez.oa sao.oo JJ'5 0 00 an,oo 106.00 ,e,oo•l65 15 o,oo
110 il2 2.90 u•.oo 21.00,. 2·'° • • • • • •l Tl a.u 1.•• ,u.oo •a.oo nz.oo •o.oo
178 7 z.eo 2.h 1321.00 ua.oo sou.oo us.oo 11.00 n1.oo so1,oo•au It 1.10 s.u 11.00 ,.oo 19,00 ••.oo l9,00
LBJ l o.se ' u.oo uo.oo 

11 0.22 0.22 u.oo 46.00
191 o.oo ''" • • • • • • • • • •ZOl s o.oz 0,02 Z668.00 ua.oo sz11h.oo 11000.00 1eo.oo Hl .OO 
ZOJ 4 0.11 o. u zus.oo iea.oo nsT,oo 1697.00 au.oo 1•1.00 
204 Z• o.16 0,16 25.oo 99.00 JS.oo 
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lU 1,ao 1,80 ZH,00 17,00 JJJ,OO 160,00 1n,oo Z7,00 •1,00 1,00 
U• •5 o,40
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••••• • •••••• 

•• 

lllASTE STREAM u 
DATA LISTING • IUICATEGDRIZATIDN f IL! 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• IUBCAT•PLASTICS ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLASTIC 
t.UMBER pp pp OTHER llTF DISCHARGE....... ..... ..... ......... 


z 0 l 0 8SK DIN 
l 0 l 0 ASL DIA 
a 0 l l OP• ZERO 
1 	 0 2 0 LAP ZERO 

0 z 0 UL DIR•lO 0 J 0 ALA DIA 
ll 0 I 0 ISAN ZENO 
ll 0 0 0 CLR DIR 
lZ 0 I 0 BAN ZERO 
u 0 2 0 ATE ZERO 
lQ 0 J 0 CON ZERO 
l1 0 J 0 ABC OJA 
l'1 0 0 0 CON ZERO,, 0 '5 l ASL DIRen 25 0 l 0 CLR DIRI 

~ 

w l1 0 l l ASL DIR 
2• 0 l I ASL DIR 
JO 0 2 l CON ZERO 
n 0 I 0 PCF DIA 
lll 0 l 0 ASL DIA 
35 0 l 0 BAN ZERO 
l• 0 4 0 ASL DIR 
411 0 l 0 ASL DIR 
115 0 2 0 UL DIR 

0 l 0 RTE ZERO 
111 0 5 0 HAN ZERO.., 0 0 0 CON ZERO 
418 0 I 0 RTE ZERO 
52 0 z 0 UL DIA 
50 0 l 0 RbC DIA 
5• 0 l 0 Jl'IP ZERO 
58 0 I 0 RTE ZERO 
u 0 l 0 IMP ZERO 
•5 0 l l ASL DIA.., 0 I 0 ORY ZERO 

0 z 0 DAY ZERO 
10 	 2•" 0 	 0 ORY ZERO 
n 0 l l UL DIR 



•• 

111 WASTE STREAM 

DATA LISTING • SUBCATE,ORIZATION FILE 


••••••••••••••••••••••••••••••••••••••••••••••••••••••• IU8CAT•PLAITICI ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT OAGAflllC PLASTIC 
NUMBER pp pp OTHU WT' OUCHARU 
••••• ••••••• ....... ···-· ••••• ••••••••• 


75 0 z 0 TRF DIA 
11 0 0 NOT DIA•11 0 0 0 IMP ZERO 
11 0 0 0 OLS DIR 
78 0 I 0 EVP ZERO 
79 0 z 0 OP• ZERO 
82 0 J 0 BRN ZERO 
H 0 s 0 ORY ZERO 

0 l 0 CLA DIA 
811 0 1 0 OLS DIA 
n 0 II 0 ASL DIA 
90 0 l 0 ABC DIA 
91 0 z 0 UL DIR 
91 0 0 0 IMP ZENO 
9S 0 I 0 UL DIR 

G') 0 l 0 UL DIA.. 
_. I 100 0 z 0 ASL DIA 

IOO 0 0 0 ARL DIN""'" 10. 0 7 0 UL DIA 
10. 0 0 0 OPli ZERO 
I 04 0 0 0 1,.P ZERO 
10. 0 0 0 NEU DIA 
105 0 I 0 ASL DIA 
I Oft 0 s I ALA DIA 
107 0 I 0 ASL DIA 
109 0 J 0 ASL DIR 
111 0 I 0 ASL DIH 
119 0 l 0 OLS DIA 
IZJ 0 I l UL DIA 
Ull 0 z 0 UL DIA 
ll5 0 l 0 ASL DIA 
ll• 0 J 0 ASL DIR 
ll• 0 J 0 CON ZENO 
IJl 0 I 0 CON ZERO 
Ul 0 l 0 ALA DIA 
100 0 z 0 DAY ZERO 
100 0 0 0 AT! ZENO 
IU 0 4 l AIL DIR 



lllUTE STREAM u 
DATA LISTING • IUBCATE,OAIZATION FILE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• IU8CaT•PLAITJt8 ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLAITIC 
NUM8EA PP pp OTHER IHF' DUCHARH 
••••• ....... ••••••• ••••• ••••• ·····-··· 

147 0 z l ASL DIR 
11111 0 I 0 DR't ZERO 
uo 0 J J ALA DIR 
ISZ 0 l 0 CLA DIR 
15Z 0 l 0 CLR DIR 
15Q 0 z l CON ZERO 
155 0 Q z DAY ZERO 
155 0 0 0 RTE ZERO 
155 0 0 0 CON ZERO 
15• 0 z 0 88K DIR 
151 0 l 0 AIL DIR 
1•1 0 2 0 DR't ZERO 
1•7 0 a 0 CON Z[AO 
168 0 l 0 UN.II. UNK 
in 0 l CON ZENO•17• 0 ] ASL Diii 
17' 0 "z l ASL DIA 

I 184 0 4 0 HK DIR"'...... 185 0 I 0 CON ZERO 
ui sn 0 I 0 ALA DIR 

192 0 z l AIL DIR 
1'4 0 l I NOT DIR 
1•• 0 l 0 CLM DIR 
&97 0 J 0 RTE ZERO 

0 l 0 BAN ZERO 
0 l 0 ORY ZERO '"' 

19' J 
199 0 I 0 RTE URO 
200 0 I 0 BRN ZERO 
zoo 0 0 0 IHP ZERO 
Z02 0 I 0 ARL DIR 
Z07 0 2 0 ORY ZERO 
209 0 J 0 BAN ZERO 
210 0 I 0 ASL DIA 
210 0 0 0 BAN ZERO 
ill 0 l 0 LAP ZERO 
lll 0 0 LAP ZERO 

'" 0 0 RTE ZERO 

•ll1 0 z 0 ASL DIR 



WASTE STREAM 1• 
DATA LISTING • IUBCATE,ORIZATION 'ILE 

••••••••••••••••••••••••••••••••••••••••••••••••••••••• SU8CAT•PLA8TICI ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLASTIC 
NU"B[R PP pp OTHER WTf DISCHARGE 
••••• ••••••• ••••••• ••••• ••••• ······•·• 
.Ul 0 I 0 ORY ZE:HO 
221 0 0 0 CON ZERO 
us 0 I 0 ALA DIA 
U• 0 l 0 UL OIR 
22'5 0 I 0 ALA DIA 
121 0 l 0 OFI ZERO 
U9 0 '5 l ASL DIA 
lJZ 0 '5 0 NOT DIR 
ZlJ 0 z 0 ABC DIR 
U7 0 l 0 AIL DIR 
z•o 0 l l EYP ZERO 
241 0 I 0 OLI DIR 
z•z 0 I 0 CON ZENO 
2163 0 l 0 CON ZERO 

G"> 
I z•u1 0 l 0 ORY ZEHO 

..... 2411 0 0 0 l"P ZERO 
Z4• 0 s 0 CLR DIR°' Z169 0 l 0 OL.I DIA 
no 0 l 0 NOT DIA 
251 0 I 0 DAY ZERO 
Z5J 0 l 0 8AN ZERO 
254 0 '5 0 ALA DIA 
zu 0 l 0 ASL. DIA 

0 z 0 COH ZERO2•'5 
zn 0 l 0 ASL DIA 
zn Q J 0 ASL DlR 
280 Q z 0 RTE ZERO 
282 0 l 0 UNI< UNIC 
zn Q l 0 ARI. DIR 
ZH 0 l 0 CON ZERO 
288 0 0 l ORY ZERO 
219 0 l l DAY ZERO 



••••• ••••••• ••••••• 

•• 

WASTE ITAEAH u 
DATA LISTING • IU8CATEG0AIZATION 'ILf 

•••••••••••••••••••••••••••••••••••••••••• IUBCAT•NOT Pr 

PLANT ORGANIC 
NU'48[R PP 

zo I 
20 0 
]I 8 
3' l 

I 
•l 0 
0 l 

11 
0

•• 
0 

051 
55 ll 
51 ] 

.,u ] 
9 

H l 
10 l2 

Ci> Tia 0 
I __. 	 1• 0 

-...J 	 h 411 
80 15 
84 II 
14 5 
84 2 
84 11 
811 •88 2l 
9'5 l 
98 u 
98 l 
98 0 
99 l 

IOZ 2 
IOJ e 
IOI '5 
110 z 
112 2 
llJ Z9... JCI 

TYPE l&Cr 

PLAITIC 
pp 

z 
0 
0 
'5 
2 
0 
z 
0 
0 
0 
0 
2 
I 
2 
J 
l 
0 
0 
1 
5 
0 
0 
0 
l 
0 
0 
0 
0 
l 
0 
0 
2 
J 
2 
I 
2 

u 
'5 

NATERUSE 

OTHER...... 

0 
0 
] 

0 
0 
0 
0 
0 
z 
0 
0 
0 
0 
0 
0 
l 
0 
0 
I 
5 
0 
0 
0 
0 
0 
3 
0 
I 
0 
0 
I 
l 
J 
II 
0 
I 
0 
I 

>,165 &A~/LB ••••••••••••••••••••••••••••••••••••••••••• 

M1' DISCHARGE 
• •••• ••••••••• 

ASL DIR 
tlRN ZERO 
ASL DIA 
ASL DIA 
L>RY ZERO 
IHP ZERO 
DAY ZERO 
IMP ZERO 
OP• ZERO 
DAY ZERO 
l14P ZERO 
ASL DIA 
A8L DIA 
AIL DIA 
ALA DIR 
ASL DIR 
BAN ZERO 
OPM ZERO 
ALA DIA 
AIL DIR 
OLI DIA 
NOT DIR 
UNK UNK 
UL DIR 
NOT DIA 
UL OIR 
tlRN ZERO 
ASL DIR 
OP• ZERO 
BAN ZERO 
SAN ZERO 
AIL DIA 
ANL DIA 
l>P" ZERO 
AIL DIR 
ASL DIA 
ASL DIA 
ALA DIR 



WASTE STREA" u 
DATA LllTIMG • IUICATfliORIZATlON 'ILE 

•••••••••••••••••••••••••••••••••••••••••• IUBCAT•~OT P, TYPE JLC, WATE~UIE >1 1•5 GAL/LB ••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC fllLAITIC 
NU"RER pp pp OTHER WY, DISCHARGE 

••••••• ..... ..... • ••••••••·---· --···-· 
UT l4 	 0 AIL Dll«•1311 1 l 0 ORY ZERO 
134 0 0 0 RH ZERO 
135 l l 0 ORY ZERO 
135 0 0 0 ATE ZERO 
ll• l z l DIO ZERO 
I l6i 0 0 0 ATE ZERO 
137 l l 0 l>l'Y ZERO 
U7 0 0 0 ATE ZERO 
U• l l 1 DRY ZERO 
ll• 0 0 0 HTE ZERO 
141 1 l 0 DNY ZERO 
141 0 0 0 ATE ZERO 
14l l l 0 DRY ZERO 

G"> 
I 	 142 0 0 0 ATE ZERO _. 141J 2 z l ORY ZERO 

00 	 lU 0 0 0 ATE ZERO 
158 4 0 2 ASL DIA 
..0 II l 0 AIL DIA 
115 2 a ASL DIA,,. 	 •0 l ASL DIA•110 J l l OPll ZERO 
aeo 0 0 0 OLI OIH 
117 l 0 1 UL DIA 
190 l 0 0 NOT DIA 
I'll J J 0 NOT DIA 
195 l• 0 0 ASL DIR 
lO• e a 0 ALA DIR 
ll5 a 0 0 RTE ZERO 
ll• 1 5 0 ASL DIA 
ll• 0 0 0 ISRN ZERO 
llO l l 0 ASL DIA 
lil J 	 0 ACA DIR•llB 21 I 1 ASL OJA 
U4 Jl I 1 ASL DIA 
us 8 0 0 ASL DIR 
ZJ• 15 0 ) ASL DIA 
ll• 0 0 0 DPlll ZERO 



••••• ••••••• • •••••• • •••• • •••• • •••••••• 

II.UTE STAEA" l•
DATA LISTING • IUBCAT[GORlZATION fILE 

•••••••••••••••••••••••••••••••••••••••••• IUBCAT•~OT P, TYPE uc, WATERUSE >.1~5 GAL/LB ••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLAIT IC 
NUMBER PP pp OTHER WTI" DISCHARGE 

lJ8 I l 0 HTE ZEMO 
l48 l 0 0 491. DIR 
zn 5 0 a UL DIR 
l51 4 l 0 ASL DIA 
HO , 0 l o's ZEAO 
172 l2 3 0 ANI. DIA 
214 Jft 3 0 Ofl ZERO 
l16 5 l 0 ALA DIR 

G) 

I 
...... 

U) 



20 on[ ITAEAM 

DATA LISTING • IUBCATEGORIZATION flLE 


•••••••••••••••••••••••••••••••••••••••••• SUBCAT•hOT P1 TYPE l&C1 NATEAU&E<• 0 1•5 GAL/LB ••••••••••••••••••••••••••••••••••••••••••• 

PL.ANT ORGANIC PLASTIC 

NllMBEA pp pp OTHER •Tf' OllCHARG[
..... ••••••• ••••••• ••••• ·-·-········-· 

J7 l l 0 NTE ZENO 

J8 0 l DPll ZERO
•40 l J l DIR 

l 0 AIL OIR 
0 0 0 ALA OIA 

50"' 18 J Q UL OlR 

•2 2 ""'' 
so 0 0 0 JMP ZERO 
51 10 0 0 DP• ZERO 
51 0 0 0 BAN ZERO 
u 0 0 0 8AN ZERO 
u 0 4 UL DUc 
u •0 0 0 NOT DIR 
n 0 Q 0 DPw ZERO 
81 l 0 0 ASL DIA 
81 J 0 0 ITA DIA 

G1 II 1 0 0 bRN ZERO 
N 

I 
14 s 0 0 NOT DIR 

0 UI 6 l J ALA DIA 
oo Q 0 0 BAN ZERO 
au 5 0 0 AIL DIA 
117 l• l 0 ASL DIA 
117 0 0 0 DPw ZERO 
UT 0 0 0 OP• ZERO 
188 l '5 l J AIL DIR 
UJ l l 0 ISAN ZERO 
218 l l 0 ALA OJA 
21• l 2 0 UL DIA 
u~ l l 0 UL OJA,.., II 0 l JMP ZERO 
lH l• 0 0 UL DIA 
211 15 J 0 ASL DIA 
27ft 0 0 0 DP• ZERO 
27' l l 0 ALA DIA 



••••••• ••••••• 

WASTE STREA" Zl 
DATA LISTING • 8UBCATEGORIZATION FILE 

•••••••••••••••••••••••••••••••••••••••••••••••••••• SUBCAT•NOT P, TYP! l&NOT C •••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLASTIC 
NUMBER PP pp OTHER WTF DISCHARGE..... ..... .........
····· 

l z 	 l ALA DIN•15 l 8 0 ASL DIR 
l• l l 2 PCF DIR 
u l 0 l OP" ZERO 
zz 2 0 UL OJA 
ll ' 0 0 0 DP" ZERO 
26 0 0 ATE ZERO•28 l z l TRF DIR 
12 0 0 ALA DIA 
35 z' l 0 NOT DIR 
53 	 l z 0 ASL DIR 

l l 1 ALA DIR..•• l l 0 DAY ZERO 
8J lt l 5 ATE ZERO 
n l 2 0 NEU DIA 
17 l I ASL DIA•G"> 

I 	 17 0 0 0 DPll ZERO 
N 17 z 0 0 ACR DIA 

111 8 0 2 ALA DIA 
J 11 lll l I on DIR 
ua z 2 I OXY DIR 
U8 0 0 0 DPll ZERO 
uo 4 J 1 PCF DIA 
111• u 0 z !HP ZERO 
15• 1 0 0 NEU DIA 
IU ] 0 0 114P ZERO 
164 II 0 I ASL DIA 
J65 1 5 J CON ZERO 
110 l 11 J 5 ASL DIR 
111 8 2 	 ASL DIA•118 z 5 0 ASL DIA 
llJ l ARL OJA 
IU I I I OPll ZERO 
1811 l 0 0 ASL DIA 
UI 5 I 0 BAN ZERO 
ZOI J 0 l ASL DIR 
ZOJ 4 0 0 ASL DIA 
ZOii 22 0 l ACA DIA 

""' 	 1 2 



i.un STAEAH 2i
OATA LISTING • IUICAT!GOAIZATION flLE 

•••••••••••••••••••••••••••••••••••••••••••••••••••• 8UBCATeNOT P, TYPE l&NOT C •••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PL Al TIC 
NUMBER OTHER WTF DUCHARGfpp pp 
••••• ....... ••••••• ••••• ••••• ......... 

ill l l 0 CON U:MO 
llJ 0 J 0 L)AY ZERO 
no J 0 0 CLR DIA 
no 1 I 0 OPlll ZERO 
lS• l J 0 &SK DIA 
lS• 0 0 0 IHP ZERO 
159 u 0 0 ACA DIA 
263 17 I 0 AIL DIR 
lU l l I UL DIA 
l .. 4 1 0 JHP ZERO 
l6' 15 l l ASL DIA 
2l'J 5 0 NOT DIA•281 11 0 I ASL DIR 
HJ 3 I 0 ORY ZERO 

G) 
U4 8 0 l NEU LIIA 

I lh l 4 0 CON ZERO 
N 
N l .. 0 l I DAY Z!RO 



WASTE STREAM 2J 
DATA LISTING • 8UBCATEGORIZATION FILE 

••••••••••••••••••••••••••••••••••••••••••••••••••••• IUBCAT•NOT P, NOT TYPE I ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLAIT IC 
NU"8£R 
••••• 

pp PP OT HE A nf....... ....... ..... ..... DISC HAAGE 
••••••••• 

5

•8 

l 
l 
l 

l 
0 
0 

3 
0 
0 

CLA 
ALA 
OLll 

DIA 
DIA 
DIA 

8

•l8 

0 
l 
l 

0 
0 
l 

0 
0 
l 

o,.s 
NEU 
ASL 

ZERO 
DIA 
DIA 

ll 3 2 0 ALA DIA 
n 3 0 0 NTE ZERO 
24 l 3 0 ALA DIA 
59

••1l 

4 
2 
J 

J 
0 
0 

0 
0 
l 

ASL 
NEU 
ORY 

OIR 
OIA 
ZERO 

Ci) 
I 

N 
w 

72..., 
'1... 
97 

lOl 
lOl 
ll5 
'll• 

" 5 
5 
0.. 
l

•0
•9 

J 
0 
0 
0 
l 
l 
J 
0 
2 
2 

l 
J 
0 
0 
l 
0 
l 
0 
l 
J 

ASL 
CLA 
NEU 
OP11 
ASL 
ASL 
N[U 
OP• 
OPll 
ALA 

DIA 
OIA 
DIA 
ZERO 
DIA 
OIA 
OIA 
ZERO 
ZERO 
DIA 

l20 8 J 3 ALA DIA 
Ul .. 0 0 &CA OIA 
UI 0 0 0 DRY ZEAO 
uz 3 0 0 OLI DIA 
U9 0 0 0 SAN ZERO 
131 0 0 0 114P ZERO 
IJJ l 5 0 CON ZERO 
144 J 2 0 UL DIR 
1115 .. l l AAL DIR 
l5l l 0 0 ASL DIA 
Ul 
153,.. 
lU 
112 
Ul 

J 
3 
l 
II

•l 

l 
0 
0 
0 
0 
3 

0 
0 
0 
l 
0 
l 

ALA 
DA,­
CON 
ATE 
CON 
l"P 

DIA 
DIR 
ZERO 
ZERO 
ZEHO 
ZERO 



••••• ••••••• ••••••• • •••• • •••• ••••••••• 

24 WASTE STREAM 

DATA LllTIN& • 8U8CATE,ORIZATION flLE 


••••••••••••••••••••••••••••••••••••••••••••••••••••• IUBCAT•NOT P, NOT TYPE I ••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT ORGANIC PLASTIC 
NU"BER pp pp OTHER WTF' DISCHARGE 

,., 0 1 0 DRY UHO 
an l 0 0 ITR DIA,.. l 0 ASL DIR•105 2 0 l HEU DIA 
20& lO 0 l ASL OIA 
Zl4 1 s ) ORY ZERO 
ZZ• l I l TAf DIR 
231 l l 0 ACA OIA 
245 0 l ITH OIR 
l41 "' 5 • l ASL DIR 
252 2 0 7 OF8 ZERO 
l5l 0 l 0 OF& ZERO 
l5Z l 0 0 OP11 ZERO 
155 0 l NEU DIA•ne 5 0 0 ACA DIA 
Z•l 1 l 0 NOT DIA 

Ci> 270 l J 0 OXY DIA 
N 
I ne z 5 OMY ZERO 
~ lH 5 0 .. OPlli ZERO ' 

190 z 0 OP11 ZERO 
Hl l 0 0 BAN ZERO ' 



• 

• 
• 

• 

• 
• 
• 
• 
• 
• 

• 

• 

• 

• 

• 

• 
• 

• 
• 
• 
• 
• 
• 
• 
• 

• 

• 
• 

• 

• 

• 

• 

• 

• 
• 
• 
• 

• 

• 

• 

• 

• 

• 

• 
• 

• 

• 
• 

• 
• 
• 

• 
• 
• 

• 

• 
• 

• 

• 

• 

• 

• 
• 

• 
• 

• 

• 

• 
• 
• 

• 

• 

• 

• 

• 
• 
• 

• 

• 
• 

• 

• 

• 
• 

• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

• 

• 
• 

• 
• 

• 

• 
• 
• 

• 
• 
• 
• 
• 
• 

• 
• 

• 

15 lllASTE STREAM 
DATA LISTING • SUBCATEGORIZATION FILE 

•••••••••••••••••••••••••••••••••••••••••••••••••• IUBCAT•PLAITICI ONLY ••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

PLANT O&GIN, O&GE" PH!~OLINF PHENOLI!:,, NHJNINF NH]Nfff CHROHIUMIN' CHROMIUM[,, 
NUMdER CPPl4) (PPM) CPPH) CPPH) CPPM) CPPH) (PPl'f) CPP•O 
••••• ••••• ..... ••••• ..... ••••• ..... ·····••·•·· ••••••••••• 

l 41,00 0,50 
3 111,00 u,oo 0, 111 o,OJ 7,U J•,oo o.u o.n 
.,4 • • • • • • • • 

10" • • • • • •
ll 
II 

• • • • • • • • 
u • • • • • •
lJ 
14 

• • • • • • • • 
l'1 z•.oo 
17 • • • • • • • •
l'9 o,oo 0,60 
Z5 1.11. 0.01 

G> l7 
• • • • • • 

I 
N Z'9 o,eo
(J1 JO 

:n 
]II e,oo 6,00 

]5 o,oo 

H • • • • • • • •411 35,00 
115 o,u e,oo 6,00 o.oz 
46 • • • • • • • •47 • • • • • •4'7 • • • • • • • •118 
5l 

• • • • • • • •o.oz 
54 o.o• 0.01 
56 • • • • • 
58 

• • • • • • • • 
u 
65 • • • • • • 
61 • • • • • • •68 
10 • • • • • • • 
7l • • • • • • 



I&
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I 

I&

. 
I 


- "' .s: • ::I 
I 	

0 
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... 
0 

:E
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