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NOTICE 

This document is a CONTRACTOR'S REPORT. It includes technical information 
submitted by the Contractor to the United States Environmental Protection 
Agency (EPA) regarding the subject industry. .u::. is being distributed for 
review and comment only. The report is not an official EPA publication and it 
has not been reviewed by Agency personnel. 

The report will be undergoing extensive review by EPA, federal and state 
agencies, public interest organizations, and other interested groups and 
persons during the coming weeks. 

The regulations to be published by EPA under Sections 301 (b) and (d), 304 
(b), 306, and 307 (b) and (c) of the Federal Clean Water Act, as amended, will 
be based in part, on the report and the comments received on it. EPA will 
also be considering economic and environmental impact information that is 
presently being developed. Upon completion of the review and evaluation of the 
technical, economic, and environmental information, an EPA report will be 
drafted. The report will be issued concurrent with the proposed rulemaking 
and will set forth EPA's preliminary conclusions regarding the subject indus
try. The proposed rules will include effluent guidelines and standards, 
standards of performance, and pretreatment standards applicable to the indus
try. EPA is making this draft contractor's report available to encourage 
broad public participation early in the rule-making process. 

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

U.S. Environmental Protection Agency 
Office of Water and Waste Management 
Effluent Guidelines Division 
Washington, D.C. 20460 
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ABSTRACT 

This document presents the findings of an extensive study of the pulp, paper 
and paperboard industry for the purpose of developing err1uent limit.at.ions 
guidelines and standards for new and existing point sources in compliance with 
the Clean Water Act. 

The subcategories of the pulp, paper and paperboard point source category, as 
refined and presented in this document, are the following: 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-BCT 
014 Alkaline-Fine 
015 Alkaline-Unbleached 
016 SemiChemical 
017 Alkaline-Unbleached & Semi-Chemical 
019 Alkaline-Newsprint 
021 Sulfite-Dissolving 
022 Sulfite-Papergrade 
032 Thermo-Mechanical Pulp ./' 
033 Groundwood-CMN 
034 Groundwood-Fine 
101 Deink-Fine & Tissue 
102 Deink-Newsprint 
111 Wastepaper-Tissue 
112 Wastepaper-Board 
113 Wastepaper-Molded Products 
114 Wastepaper-Construction Products 
201 Nonintegrated-Fine 
202 Nonintegrated-Tissue 
204 Nonintegrated-Lightweight 
205 Nonintegrated-Filter & Nonwoven 
211 Nonintegrated-Paperboard 

Other mills in this point source category are included in the following mis
cellaneous groupings: 

Integrated-Miscellaneous, including 
Alkaline-Miscellaneous 
Chemi-Mechanical Pulp and 
Nonwood Pulping; 

Secondary Fiber-Miscellaneous; and 
Nonintegrated-Miscellaneous 

This document presents raw waste loads reported by 644 of the approximately 
730 mills in the pulp, paper and paperboard industry, supplemented by the 
results of in-situ raw waste and effluent sampling and analysis conducted by 
the E. C. Jordan Co., Inc. and by the U.S. Environmental Protection Agency 
(EPA) at representative mills throughout the industry. 
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Available in-plant production process controls and end-of-pipe effluent treat
ment technologies are identified which can reduce the raw waste loads and 
effluent pollutant levels discharged by mills in the industry subcategories. 

s·everal levels of improved wastewater management are described which can be 
implemented by mills to achieve effluent limitations guidelines and standards 
to be promulgated by EPA in accordance with Best Available Technology Eco
nomically Achievable. Levels 1 and 2 consist of in-plant production process 
controls which reduce raw waste flow, BODS and TSS loadings. Levels 3 and 4 
consist of Level 1 and 2 controls plus designated effluent treatment technolo
gies described for direct discharge mills, indirect discharge mills and new 
source mills in each subcategory. 

This document also reports the results of a literature research, sampling and 
analysis program, and control technology assessments relating to toxic pollu
tants generated and discharged by the pulp, paper and paperboard industry. 

Supportive data and rationale for development of the effluent limitations and 
standards of performance are contained in this report. 
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SECTION I 

RECOMMENDATIONS AND CONCLUSIONS 

The United States Environmental Protection Agency (EPA) will propose recom
mended effluent limitations, guidelines and standards for Best Available 
Technology Economically Achievable (BATEA), Best Conventional Pollutant Con
trol Technology (BCT), New Source Performance Standards (NSPS), and pretreat
ment standards for new and existing sources of the Pulp, Paper and Paperboard 
Point Source Category. 

The EPA will also propose general conclusions regarding industry subcategor
ization, impacting pollutant parameters, alternative treatment technologies, 
and treatment costs. The proposed effluent limitations guidelines and stan
dards, and the general conclusions, will be published following review and 
evaluation of the technical information contained in this document, the com
ments from reviewers of this document, the economic impact on the industry if 
required to install additional pollution control technology, and other infor
mation as appropriate. 
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SECTION II 

INTRODUCTION 

PURPOSE AND AUTHORITY 

The U.S. Environmental Protection Agency (EPA) has undertaken extensive in
vestigative efforts to provide a realistic basis for establishing effluent 
limitations and standards for essentially all industrial point source cate
gories. To date, these effluent limitations and standards have included best 
practicable control technology currently available (BPCTCA), best available 
technology economically achievable (BATEA), new source performance standards -
(NSPS), and pretreatment standards for new (PSNS) and for existing sources 
(PSES). 

Section 301 of PL 92-500, the Federal Water Pollution Control Act Amendments 
of 1972, later amended by PL 95-217, the Clean Water Act of 1977, requires 
that the EPA review and, if necessary, revise effluent limitations and stan
dards within five years of promulgation. In addition, as a result of a Set
tlement Agreement, dated June 7, 1976, amended March 19, 1979, between the EPA 
and several environmental groups represented by the Natural Resources Defense 
Council (NRDC), the EPA is required to develop regulations taking into account 
certain toxic pollutants which may be discharged from 21 industrial point 
source categories. (1) To meet these responsibili t.les, the EPA' s Effluent 
Guidelines Division has been given the task of developing the technical data 
bases necessary to review, and possibly revise and/or expand the following: 

1. effluent limitations based on the best available technology economically 
achievable (BATEA) to be met by industrial dischargers by July 1, 1984; 

2. effluent limitations based upon best conventional pollutant control 
technology (BCPCT) to be met by July 1, 1984; 

3. new source performance standards (NSPS) based on the best available 
demonstrated control technology (BADT) to be met by new source industrial 
discharges; 

4. pretreatment standards for existing sources (PSES) discharging to pu
blicly owned treatment works (POTW' s); and 

5. pretreatment standards for new sources (PSNS) discharging to publicly 
owned treatment works (POTW's). 

In July 1977 the Edward C. Jordan Co., Inc. (E.C. Jordan Co.), of Portland, 
Maine, was retained by the EPA under Contract No. 68-01-4624 to conduct the 
technical studies for the pulp, paper and paperboard point source category 
required as a result of Settlement Agreement and the Clean Water Act. Meta 
Systems Inc. of Cambridge, Massachusetts, was retained by EPA to undertake the 
economic project investigations. The scope of the study includes those mills 
producing pulp_, paper, paperboard, and builders' paper. 
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STATUS OF THE EFFLUENT LIMITATIONS GUIDELINES 

The effluent limitations guidelines and standards program for the pulp, paper 
and paperboard point source category has been acti.ve since 1972. In proposing 
and then promulgating effluent limitations and standards for the pulp, paper 
and paperboard point source category, the EPA divided the industry into two 
segments. These segments have been referred to as Phases I and II. In addi
tion to these segments, the industrial point source category now includes 
builders' paper operations, which had earlier been addressed by EPA as a 
separate category. 

The timing and status of the effluent limitation guidelines resulting from PL 
92-500 vary for the industry. Technical studies for the Phase I segment were 
completed in late 1973, with an EPA Development Document published in May 
1974.(2) Proposed BPCTCA, BATEA and NSPS effluent limitations were introduced 
on January 15, 1974.(3) After a review period, the proposed regulations were 
adjusted and promulgated for the Phase I mills on May 29, 1974.(4) 

The technical studies for the Phase II segment began in late 1973. In July 
1974, a draft contractor's report was submitted to the EPA. (5) Additional 
technical studies were undertaken, and in August 1975 a "Development Document 
for Advanced Notice of Proposed or Promulgated Effluent Limitations Guidelines 
and Standards" was published.(6) On February 19, 1976, the EPA published 
interim-final effluent limitation guidelines and standards for the Phase II 
segment.(7) On January 6, 1977, BPCTCA effluent limitations were promulgated 
for the Phase II segment. (8) Subsequently, effluent standards for the dis
solving sulfite-subcategory acetate grade pulp were remanded by the Court of ( 
Appeals.(9) 

On January 14, 1974, effluent limitation guidelines and standards were pro
posed for the builders' paper and roofing felt mills. (10) These regulations 
were subsequently promulgated on May 9, 1974.(11) 

SCOPE OF PROJECT INVESTIGATIONS 

The goal of the effluent guidelines program is to develop a basis for the EPA 
to regulate three specific categories of pollutants. In carrying out the 
intent of the Clean Water Act, the EPA has a varying compliance schedule for 
each category of pollutants. Tpe categories of pollutants outlined in the Act 
are: 

1. conventional pollutants; 

2. toxic pollutants; and 

3. nonconventional pollutants. 

Included in the conventional pollutant category are 5-day biochemical oxygen 
demand (BOD 5), total suspended solids (TSS), pH, and fecal coliform. In 
general, effluent limitations have been developed based on best practicable 
control technology currently available (BPCTCA). BOD~, TSS, and pH are regu-
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lated for all subcategories. Extensive investigations were completed between 
1972 and 1976 on the discharge of these conventional pollutants from the pulp, 
paper, and paperboard industry. 

The next category of pollutants consists of 65 "priority" pollutants or clas
ses of pollutants listed in the settlement agreement between EPA and the 
Natural Resources Defense Council (NRDC).(l) Prior to undertaking these 
investigations, limited data was available on the presence of these pollutants 
in the pulp, paper, and paperboard . industry wastewater discharges. As a 
result, the project investigations were structured to develop the required 
data base. 

Nonconventional pollutants are those not named in one of the previous cate
gories of pollutants. Discharge of these pollutants in this category may be 
industry-specific and upon a determination by EPA, may be regulated. In 
addition to industry-specific compounds identified, ammonia and chemical 
oxygen demand (COD) are included as nonconventional pollutants. COD has been 
proposed as a conventional pollutant, but it has not been promulgated. Conse
quently, it will be discussed subsequently as a nonconventional pollutant. 

'lhe purpose of project investigations undertaken for this report was to assem
ble the necessary data that would allow the EPA to promulgate effluent limita
tions guidelines and standards for the pulp, paper, and paperboard industry in 
the three categories of pollutants. A work program was prepared and presented 
to the EPA in September 197 7, which included the following major project 
tasks: 

1. existing data evaluation; 

2. data request program; 

3. screening program; 

4. industry profile and review of subcategorization; 

5. verification program; 

6. data analysis; 

7. analysis of treatment alternatives; and 

8. analysis of cost and energy data. 

The approach to each of these major project tasks is discussed below. 

Existing Data Evaluation 

To assess existing data on pollutants and their control/reduction in the pulp 
and paper industry, several data sources were investigated, including: 
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o the EPA's administrative record; 

o information from state regulatory agencies, the EPA regions, and 
research facilities; and 

o the literature. 

Administrative Record. The administrative record for the previous Phase I and 
II segment effluent guidelines studies and for builders' papers was reviewed 
for: 

0 the use of chemical additives; 

0 the use or suspected presence of the 129 toxic compounds; 

0 the use or suspected presence of other (nonconventional) pollutants; 

0 available production process controls; and 

0 available effluent treatment techniques. 

Regulatory Agencies and Research Facilities. During the initial months of the 
project, it was determined that the state regulatory agencies and the EPA 
regional offices had very few past or ongoing projects which would relate to 
the toxic pollutants and the pulp, paper, and paperboard industry. The state 1 

of Wisconsin and EPA did, however, recently complete a study which deals with 
toxic pollutants found in the discharges from pulp, paper and paperboard 
mills. (12) Results show that pulp, paper, and paperboard mill effluents 
contained numerous organic compounds which are not on the EPA's list of toxic 
pollutants. 

In recent months many of the EPA regional offices have been conducting sam
pling programs to supplement those being conducted by the E.C. Jordan Co. 
Future project reporting will include summaries of all available data con
cerning the supplemental EPA sampling efforts. 

In addition, representatives of several research and other facilities have 
been contacted for information on ongoing or unpublished work. Facilities 
contacted included: 

University of Washington 

College of Forest Resources 
Seattle, Washington 

Washington Department of 
Fisheries Laboratory 
Quilcene, Washington 
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B.C. Research, Inc. 
Vancouver, B.G. 

Institute of Paper Chemistry 
Appleton, WS 

Forest Products Laboratory 
Madison, WS 



Simpson Paper Company 
Anderson, California 

University of California Forest 
Products Laboratory 

Richmond, California 

State University of New York 
College of Environmental Science 

and Forestry 
Syracuse, New York 

University of Toronto 
Toronto, Canada 

Pulp & Paper Research Institute of 
Canada 

Point Claire, Quebec 

HSA Reactors Ltd. 
Toronto, Canada 

Lundberg Ahlen, Inc. 
Richmond (Vancouver), Canada 

The Literature. In order to develop background information on the toxic 
pollutants and their control in the pulp, paper, and paperboard industry, the 
E.C. Jordan Co. completed an assessment of available data through a review of 
literature. This review focused on identifying which of the 129 toxic and 
which other (nonconventional) pollutants, if any, may be present in the waste
waters discharged from pulp, paper and paperboard mills. This included a 
review of materials, chemicals, and processes which might contribute to the 
discharge of these pollutants. Additional data was sought on the technology 
to remove or control the toxic pollutants under investigation. 

Several automated document searches were undertaken to identify relevant 
literature. Sources searched included: 

1. The Department of Commerce/National Oceanic and Atmospheric Administra
tion's Environmental Data Service (Environmental Data Index - ENDEX and 
the Oceanic Atmospheric Scientific Information System - OASIS); 

2. University microfilm's xerographic dissertation abstract service. (DATRIX 
II); 

3. Environment Canada's Water Resources Document Reference Center through 
Canada's Inland Waters Directorate (WATDOC); and 

4. The Institute of Paper Chemistry's Abstract Service (PAPERCHEM and Chemi
cal Abstracts). 

Through these services, over one million articles/papers and 3 ,500 environ
mental data files were searched. Those which appeared relevant were obtained 
and reviewed. 

Several other summary documents were also reviewed, including: 

1. work conducted by the Pulp and Paper Research Institute of Canada; 

2. a report entitled, "Multi-Media Pollution Assessment in Pulp, Paper, and 
Other Wood Products Industry," prepared for the U.S. EPA by Battelle
Columbus Laboratories, December 1976; and 
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3. the U.S. EPA's Office of Research and Development Publication Summary 
(December 1976, Cincinnati, Ohio). 

4. Environment Canada's Publication Summary of work conducted under the 
Canadian Pollution Abatement Research Program, March 1977 and March 1978. 

5. "A position paper documenting the toxicity of pulp and paper mill dis
chargers and recommending regulatory guidelines and measurement proce
dures" prepared for the Canadian. Pulp· & Paper Association, by B.C. Re
search, Vancouver, B.C., Canada, December 1974. 

Through these reviews several compounds contained on the toxic pollutant list, 
as well as certain nonconventional pollutants known to be toxic, were noted as 
being present in the discharge from pulp, paper and paperboard mills. (13) 
Table II-1 presents the toxic pollutants identified through these efforts. 

TABLE II-1 

TOXIC POLLUTANTS 
IDENTIFIED IN PULP, PAPER & PAPERBOARD MILL EFFLUENTS (13) 

Chlorinated Phenolics 
Chloroform 
Chromium 
Copper 
DDD 
DDE 
DDT 
Dioctyl Phthalate 
Iron 

Data Request Program 

Lead 
Lindane (Y-BHC) 
Mercury 
Pentachlorophenol 
Phenol (Methyl Ether) 
Polychlorinated 

Biphenyls (PCB) 
Zinc 

To develop an up-to-date industry profile, data from previous effluent guide
lines studies was supplemented by a new data request program. The program was 
developed to collect information for each manufacturing facility, including 
raw materials, processes, products, production process controls, effluent 
treatment technologies and the toxic and nonconventional pollutants dis
charged. 

Data Request Development. The process leading to the development of the final 
data request included considerable input from the industry and EPA. It was 
initially envisioned that a separate survey form would be developed for each 
of eight basic types of manufacturing facilities: kraft and soda, sulfite, 
groundwood, deink, NSSC, and CMP/TMP, builders paper mills, and non-
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integrated mills. After numerous discussions with industry representatives 
and the EPA, it was decided that only two survey forms would be developed for 
the basic types of manufacturing facilities:(l4) 

(1) Multiple Pulping/L,tegrated Mills; including 

Kraft and Soda Mills 
Sulfite Mills 
Groundwood Mi~ls 
Deink Mills 
NSSC and CMP/TMP Mills 
Paperboard from Wastepaper Plants 
Builders Paper Mills 

(2) Nonintegrated Mills, including 

Fine 
Coarse 
Tissue 
Other Mills 

The data request development was coordinated with the API-BAT Task Group, an 
industry committee formed to interact with EPA during the ongoing BATEA review 
project. This group brought together numerous individuals representing indi
vidual companies and technical associations. The committee participated in 
the review and the development of the survey form and made suggestions con
cerning its content. Meetings with the API-BAT task group were held on July 
12, August 2, and August 18, 1977 to review the draft data request survey 
forms. Revisions were made to the data requests in accordance with discus
sions at the meetings. 

The final data requests were in two parts. Part I requested information to be 
used in selection of mills to be sampled in the verification program. Part II 
contained responses to be used for profiling the industry and for subcategor
iza tion. 

During the industry meetings, the EPA requested input from the industry group 
on the required population of mills that should receive a data request. Mill 
representatives from both large and small mills recommended 100 percent cover
age of the industry. The data requests were forwarded by EPA under the au
thority of Section 308 of PL 92-500 during the last week in September 1977. 
The response times for Parts I and II were 45 and 90 days, respectively. The 
response were due in mid-November 1977 and early January 1978. 

Due to the complex nature of the data request, representatives of the National 
Council of the Paper Industry for Air and Stream Improvement, Inc. (NCASI), 
requested that representatives of the EPA and the E.G. Jordan Co. attend an 
instructional meeting on October 6, 1977, in Chicago, Illinois, to answer 
questions from mill representatives on completing the data requests. As a 
result of this meeting, an errata sheet was assembled and distributed to mills 
which had received the data request.(15) 
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Throughout the response time, numerous questions were asked of E.C. Jordan Co. 
personnel on the data request. The largest number of questions related to:·. 
production information, raw material utilization, process chemicals, and 
process description. 

Representatives of the surveyed mills were allowed to request that information 
be held confidential. The program also included a release statement giving 
the NCASI access to a mill's response and to additional mill data developed in 
the program. As a result, the EPA and E.C. Jordan Co. could communicate with 
the NCASI ori data including confidential data, except for those mills that 
elected not to release the information to the NCASI. 

Data Processing System. Since there were 700 anticipated responses to the 
data request program, it was imperative that a definite methodology be devel
oped for processing the responses. A multi-phase procedure was developed for 
receiving and processing responses to the data requests. The first step in 
the processing system was to develop a mill code to ensure mill anonymity in 
reports and to facilitate computer analysis of the data request and sampling 
data. Principal steps included keytape of data, data verification, and data 
processing. 

As responses to the data requests were received, they were first dated and 
logged into the data processing system. 

Since numerous nonstandard and lengthy responses were anticipated, the survey 
forms were manually reviewed before the data was keytaped. This review was1 
primarily for compatibility with the data input format, and for reasonableness 
of responses. 

In the review for reasonableness, numeric responses totally out of line with 
expected values were either reconciled with other responses in the mill's data 
request, or the respondent was contacted for clarification and correction. 
The same was true for responses which indicated a misunderstanding or mis
interpretation of the question. 

Responses were stored as they appeared on the original survey form or through 
the use of codes. If a question requiring a numeric response (e.g., year, 
quantity, etc.) was answered by a number plus text explanation, or simply 
text, then a code was inserted in the data base which indicated the presence 
of the additional information. A similar code was used to indicate an answer 
which had been calculated by the reviewing .engineer; such an answer normally 
consisted of conversions to standard units, often confirmed by communication 
with the respondent. Codes for "unknown" or "not available" information were 
also utilized where appropriate. All codes and notes indicating additional 
information can be retrieved so that all responses are accounted for during 
the data analysis phase. 

In general, it was necessary to contact 30 to 40 percent of the responding 
mills for verification of responses. In some cases obviously erroneous data 
was submitted relative to some mills. The production and wood utilization 
data for all responding mills was reviewed to ensure consistent results and' 
reliable data interpretation. 
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Data Verification and Edit Techniques. Information contained in the data 
files was verified by comparing the printed output file copy with the original 
data request responses. The purpose was to ensure accuracy in the data. Data 
files were updated according to the verified printouts. 

Response to Data Request. Responses to both the integrated and nonintegrated 
data request forms was good. The total number of respondents and the per
centage of the total that this represe~ted are shown in Table II-2. 

TABLE II-2 

RESPONSE TO DATA REQUEST 

Number of surveys sent: 
Number of 308 surveys returned: 
Percentage response: 

Summary of Non-Response 

No reply: 
Shut down: 
Exempt: 

Total 
Overall Percentage Response: 

Method of Discharge - Responding Mills 

Direct Dischargers: 
Indirect Dischargers: 
Self Contained: 

730 
644 

(88%) 

45 
21 
20 
86 
94% 

359 
230 

55 

The EPA is currently developing a strategy to survey those mills not respond
ing to the data request. 

Screening Program 

As a result of the settlement agreement the EPA was to determine the presence 
or absence of 65 "priority" pollutants or classes of pollutants in industrial 
effluent discharges. Prior to commencing the technical studies required, the 
EPA expanded the list of "priority pollutants" to include 129 toxic pollu
tants. (16) 

The screening program was established to determine the presence or absence of 
the 129 toxic and 14 nonconventional pollutants listed in Table II-3 in pulp, 
paper, and paperboard wastewaters. This information would be used to develop 
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TABLE II-3 

TOXIC AND NONCONVENTIONAL POLLUTANTS UNDER INVESTIGATION IN THE SCREENING PROGRAM 

1. 
2. 
3. 
4. 
5. 
6. 

*acenaphthene 
*acrolein 
*acrylonltrile 
*benzene 
*benz:ldtne 
*carbon tetrachloride 
(tetrachloromethane) 

*CHLORINATED BENZENES (other than DICHLOROBENZENES) 

7. 
8. 
9. 

chlorobenezene 
1,2,4-trlchlorobenzene 
hexachlorobenzene 

*CHLORINATED ETHANES 

10. 1,2-dtchloroethane 
11. l,1,1-trlchloroethane 
12. hexachloroethane 
13. 1,1-dichloroethane 
14. 1, 1, 2-trichloroethane 
15. 1,1,2,2-tetrachloroethane 
16. chloroethane 

*CHLOROAKLYL ETHERS 

17. bis(chloromethyl) ether 
18. bts(2-chloroethyl) ether 
19. 2-chloroethyl vinyl ether (mlxed) 

*CHLORINATED NAPTHALENE 

20. 2-chloronaphthalene 

*CHLORINATED PHENOLS (Other than those listed elsewhere; 
includes chlorinated cresols 

21. 2,4,6-trlchlorophenol 
22. parachlorometa cresol 
23. · *chloroform (trichloremethane) 
24. *2-chlorophenol 

*DICHLOROBENZENES 

25. 1,2-dichlorobenzene 
26. 1,3-dichlorobenzene 
27. 1,4-dichlorobenzene 

*DICHLOROBENZIDINE 

28. 3,3 1-dichlorobenzidine 

*DICHLOROETHYLENES 

29. 1,1-dichloroethylene 
30. 1,2-trans-dichloroethylene 
31. *2,4-dichlorophenol 

*DICHLOROPROPANE AND DICHLOROPROPENE 

32. 1,2-dichloropropane 
33. 1, 3-dichloropropylene ( 1, 3-dichloro'propene) 
34. *2,4-dimenthylphenol 

*DINITROTOLUENE 

35. 2,4-dinitrotoluene 
36. 2,6-dinitrotoluene 
37. *l,2-d:lphenylhydrazine 
38. *ethylbenzene 
39. *fluoranthene 

*Sp.fie compounds and chemical classes as listed int consent degree. 
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*HALOETHERS (other than those listed elsewhere) 

40. 4-chlorophenyl phenyl ether 
41. 4-bromophenyl phenyl ether 
42. bts(2-chlorolsopropyl) ether 
43. bis(2-chloroethoxy) methane 

TABL.-3 (Continued) 

*PHTHALATE ESTERS 

66. bis(2-ethylhexyl) phthalate 
67. butyl benzyl phthalate 
68. di-n-butyl phthalate 
69. di-n-octyl phthalate 
70. diethyl phthalate 

*HALOMETHANES (other than those llsted elsewhere) 71. dimethyl phthalate 

44. methylene chloride (dischloromethane 
45. methyl chlor.ide (chloromethane) 
46. methyl bromide (bromomethane) 
4 7. bromoform (trtbromomethane) 
48. dtchlorobromomethane 
49. trtchlorofluoromethane 
SO. dlchlorodtfluoromethane 
51. chlorodlbromomethane 
52. *hexachlorobutadlene 
53. *hexachlorocyclopentadiene 
54. *Lsophorone 
55. *naphthalene 
56. *nitrobenzene 

*NITROPHENOLS 

57. 2-nttrophenol 
58. 4-nttrophenol 
59. *2~4-dinltrophenol 

60. 4,6-dinltro-o-cresol 

*NITROSAMINES 

61. N-ni trosod Lmethylamine 
62. N-n:Ltrosodiphenylamine 
63. N-n:L trosodi-n-propylamine 
64. *pentachlorophenol 
65. *phenol 

*POLYNUCLEAR AROMATIC HYDROCARBONS 

72. benzo (a)anthracene (1,2-benzanthracene) 
73. benzo (A)pyrene (3,4-benzopyrene) 
74. 3,4-benzo n'uoranthene 
7 5. benzo (k) fluoranthene (11, 12-benzo fluoranthene) 
76. chrysene 
77. acenaphthlene 
78. anthracene 
79. benzo(ghi)perylene (1,12-benzoperylene) 
80. fl uorene 
81. phenathrene 
82. dibenzo (a,h) anthracene (1,2,5,6-dibenzanthracene) 
83. indeno (1,2,3-cd) pyrene (2,3-0-phenylenepyrene) 
84. pyrene 
85. *tetrachloroethylene 
86. *toluene 
87. *trichloroethylene 
88. *vinyl chloride (chloroethylene) 

PESTICIDES AND METABOLITES 

89. *aldri.n 
90. *di.eldrin 
91. *chlordane (technical mixture & metabolites) 

*Spec Lfic compounds and chemical classes as listed in the consen·t degree. 



*DDT AND METABOLITES 

92. 4,4'-DDT 
93. 4,4'-DDE (p,p'-DDX) 
94. 4,4'-DDD (p,p'-TDE) 

*ENDOSULFAN AND METABOLITES 

95. a-endosulfan-Alpha 
96. b-endosulfan-Beta 
97. endosulfan sulfate 

*ENDRIN AND METABOLITES 

98. endrin 
99. endrin aldehyde 

*HEPTACHLOR AND METABOLITES 

H 100. heptachlor 
H 
1 101. heptachlor epoxide 
I-' 
N 

*HEXACHLOROCYCLOHEXANE (all isomers) 

102. a-BHC-Alpha 
103. b-BHC-Beta 
104. r-BHC (Hndane)-Gamma 
105. g-BHC-Delta 

*POLYCHLORINATED BIPHENYLS (PCB's) 

106. PCB-1242 (Arochlor 1242) 
107. PCB-1254 (Arochlor 1254) 
108. PCB-1221 (Arochlor 1221) 
109. PCB-1232 (Arochlor 1232) 
llO. PCB-1248 (Arochlor 1248) 
111. PCB-1260 (Arochlor 1260) 
112. PCB-1016 (Arochlor 1016) 

TABLE II-3 (Continued) 

113. *Toxaphene 
114. *Antimony (Total) 
115. *Arsenic (Total) 
116. *Asbestos (Fibrous) 
117. *Beryllium (Total) 
118. *Cadmium (Total) 
119. *Chromium (Total) 
120. *Copper (Total) 
121. *Cyanide (Total) 
122. *Lead (Total) 
123. *Mercury (Total) 
124. *Nickel (Total) 
125. *Selenium (Total) 
126. *Silver (Total) 
127. *Thallium (Total) 
128. *Zinc (Total) 
129. 2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD) 

ADDITIONAL COMPOUNDS 

130. 
131. 
132. 
133. 
134. 
135. 
136. 
137. 
138. 
139. 
140. 
141. 
142. 
143. 

Abietic Acid 
Dehydroabietic Acid 
Isopimaric Acid 
Primartc Acid 
Oleic Acid 
Linoleic Acid 
Linolenic Acid 
9,10-Epoxystearic Acid 
9,10-Dichlorostearic Acid 
Monochlorodehydroabietic Acid 
Dtchlorodehydroabiettc Acid 
3,4,5-Trichloroguaiacol 
Tetrachloroguaiacol 
Xylenes 

*Sp.flc compounds and chemical classes as listed i.e consent degree. 



a verification sampling program. To limit the amount of sampling required 
during the screening program, specific criteria were developed for selecting 
representative pulp, paper and paperboard mills. 

Mill Selection for Sampling. 'llle initial step in selecting mills for sampling 
during the screening program was to obtain an adequate cross-section of the 
pulp, paper and paperboard industry •. Discussions between the E.C. Jordan Co. 
and EPA representatives led to the selection of 15 subcategory groups within 
the pulp, paper, and paperboard industry for inclusion in the screening pro
gram. These 15 groups are listed in Table II-4. 

TABLE II-4 

SUBCATEGORY GROUPS SELECTED FOR SCREENING PROGRAM 

Bleached Kraft: •••••••••••••••••• Fine Papers 
Bleached Kraft: •••••••••••••••••• BCT/Market Pulp/Dissolving 
Unbleached Kraft 
Unbleached Kraft/NSSC 
NSSC 
Sulfite 
Groundwood: 
De ink 
Nonintegra ted: 
Nonintegrated: 
Nonintegrated: 
Nonintegrated: 
Nonintegrated: 
Paperboard from 
Builders' Paper 

Wastepaper 

Fine Papers 

Fine Papers 
Tis sue Papers 
Coarse Papers 
Specialty Papers 
Specialty Papers 

(I) 
(II) 

It was concluded that one mil 1 in each of these groupings would adequately 
represent the grouping if the following criteria were met: 

1. a biological treatment system is employed at the mill and it is direct 
discharging; 

2. the flow and BOD2_ raw wastewater characteristics of the mill discharge 
approximate BPCTCA raw wastewater levels used in development of regula
tions for the specific mill grouping; and 

3. the manufacturing process is representative of the respective mill group
ing. 

Based upon these criteria, mills were selected for 11 of the 15 subcategory 
groups. Because of insufficient data, representative mills meeting the selec
tion criteria could not be found for the following subcategory groups: 
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Nonintegrated ••••••••.••••• Coarse Papers; 
Nonintegrated .••••••••••••• Specialty Papers (I); 
Nonintegrated •••••.•.•••••• Specialty Papers (II); and 
Builders' Paper. 

For these subcategory groups, it was noted that additional data would be 
forthcoming as a result of the data :request program included in the current 
study program. Therefore, screening program visits to facilities included in 
these subcategory groups were delayed until the early phase of the verifica
tion program. 

In addition to the 11 screening program sampling surveys conducted by the E.C. 
Jordan Co., EPA regional sampling and analysis teams surveyed an additional 47 
mills to provide supplemental information. The additional mills were selected 
on the basis of the criteria detailed earlier. 

A total of 32 of the 4 7 EPA regional surveys were performed as part of the 
verification sampling program. However, the analytical procedures used by the 
contracting analytical laboratories were those used in the screening program. 
Therefore, the results are comparable to those developed in the E. C. Jordan 
Company's screening program. 

Figure II-1 shows the location of the 58 mills sampled as part of the screen
ing program. 

Sampling Program. Three sample locations for each mill were chosen for the 
sampling program: 1) the raw process water prior to any treatment; 2) the raw 
wastewater discharge to the wastewater treatment system; and 3) the final 
effluent from the wastewater treatment system(s). 

The raw process water was selected to obtain background concentration levels 
for the toxic pollutants present in the water supply prior to use at the mill. 
The raw wastewater was selected because it would provide data on the toxic 
pollutants resulting from the industrial process and being discharged to the 
wastewater treatment system. The final effluent was sampled to determine the 
presence of and quantify the toxic pollutants remaining after wastewater 
treatment. 

Prior to the sampling program, E. C. Jordan Co. prepared a "Screening Program 
Work Booklet" detailing the specific procedures to be followed during the 
program. ( 17) The specific procedures were derived from, and are consistent 
with, the. EPA' s March 197 7 booklet entitled "Sampling and Analysis Procedures 
for Screening of Industrial Effluents for Priority Pollutants".(18) 

The screening program survey at each of the 11 mills included the taking of 
both composite and grab samples during the 3-day survey. Composite sampling 
was conducted for a period of 72 consecutive hours at the raw wastewater and 
final effluent sample locations. Grab samples were collected once daily at 
these two locations, as well as once on the second day of the sampling survey 
at the raw process water location. Table II-5 shows the work items covered 1 

during a typical screening sampling program survey. 
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Day 1 of the Survey 

1. 

2. 

3. 

4. 

5. 

6. 

Meet with mill personnel 
and discuss the program 

Select sample locations 

Set up automatic samplers 

Collect all grab samples 
required 

Take pH and temperature 
readings at each sample 
location twice during 
24 hours 

Check automatic samplers 
periodically and keep 
composite sample container 
iced 

Day 

1. 

2. 

3. 

4. 

TABLE II-5 

TYPICAL SCREENING PROGRAM SURVEY 

2 of the Survey Day 3 of the Survey Day 4 of the Survey 

Check automatic 1. 
samplers 

Collect all grab 2. 
samples required 

Take pH and tempera- 3. 
ture readings at each 
sample location twice 
during 24 hours 

Check automatic samplers 4. 
periodically and keep 
composite sample container 
iced 

Check automatic 1. 
samplers 

Collect all grab 
samples required 2. 

Take pH and tempera-
ture readings at each 3. 
sample location twice 
during 24 hours 

Check automatic samplers 4. 
periodically and keep 
composite sample container 
iced 5. 

Distribute 72 hour 
composite between the 
required composite samples 

Break down automatic 
samplers 

Final meeting with mill 
personnel to wrap up the 
survey 

Pack the samples and equip
ment for shipment 

Ship samples to the approp
riate analytical laboratory 



The composite sample was made up of approximately a 75-millilitre (ml) sample 
aliquot collected every 30 minutes using an ISCO model 1580 -superspeed or 
1680 automat.i.c sampler. The Teflon tubing used to collect samples was re
placed after use at each mill. The tubing wa~ prepared in accordance with the 
criteria established by the EPA.(18) 

The particular categories of compounds sampled, as well as the type of con
tainer used to collect the sample during the screening program, were as fol
lows: 

Composite Samples 

Extractable Organics 
Metals 
Asbestos 

Grab Samples 

Volatile Organics 
Phenol 
Cyanide 
Mercury 

Container Size and Material 

1 gallon glass 
500-ml glass 
1-litre, amber plastic 

125-ml glass 
1-litre, glass 
1-litre, amber plastic 
500-ml, plastic 

To minimize b.i.ochemical degradation of the sample, the composite sampler jar 
was packed in ice during the 72-hr sampling period. Grab samples were col
lected and immediately packed in ice. All composite samples were also packed 
in ice immediately after the appropriate containers were filled at the end of 
the 72-hr period at each location. 

Split Sampling Program. At each mil 1 sampled by the E. C. Jordan Co. the 
screening survey team also split samples, both grab and composite, for ana
lysis by representatives of the National Council of the Paper Industry for Air 
and Stream Improvement (NCASI). The bottles for the NCASI samples were pre
pared and delivered to each mill by NCASI personnel in Gainesville, Florida. 
The mill personnel assumed responsibility for the bottles prior to and imme
diately after sample collection. At most of the mills sampled, a member of 
the mill staff was present during the sample collection process. 

Sample Analysis Procedures. The screening program samples were analyzed in 
accordance with EPA procedures. (18) The organic compounds were analyzed by 
gas chromatography-mass spectrometry (GC-MS). Metals were analyzed by the 
following ~thod(s): 

1. beryllium, cadmium, chromium, copper,_ nickel, lead, silver, arsenic, 
antimony, selenium, and thallium were first analyzed by flameless atomic 
adsorption (AA). If the metal was above the dynamic range of the flame
less AA the metal was then analyzed by flame AA. 
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2. zinc was analyzed by flame AA. 

3. mercury was analyzed by cold vapor flameless AA; 

Industry Profile and Review of Subcategorization 

During the screening program, available . data and newly obtained information 
from the data request program were review~d to develop a revised profile of 
the pulp, paper and paperboard indust·ry. The review recognized such factors 
as plant size, age, location, raw materials, production process controls, 
products and effluent treatment systems. Based on these factors, the industry 
subcategorization has been reviewed and adjusted to reflect current practices. 

By grouping similar mills together into subcategories, uniform national ef
fluent limitations and standards can be developed (as required by PL95-217) 
which are applicable to groups of mills that fit discreet production and 
process patterns. If properly classified, a grouping (or subcategory) of 
similar mills will use similar production processes, show similar raw waste 
characteristics, experience similar effects resulting from specific process 
modifications, and share similar costs for those modifications in proportion 
to each mill's individual production rate. 

Earlier efforts in subcategorizing the pulp, paper and paperboard industry 
resulted in establishing current Phase I and Phase II subcategories, as shown 
in Table II-6. 

As part of this updated industry-wide survey, the existing subcategorizaton 
was reviewed based on more comprehensive data obtained during the screening 
program, the data request program and related efforts. As a result, a new 
subcategorization scheme has been developed as shown in Table II-6. This 
revised subcategorization better reflects the industry as it now operates with 
respect to raw materials, processing sequences and product mix. 

A more detailed explanation of the rationale and process of subcategorization 
is presented in Section IV of this document, along with profile information 
for each of the revised subcategories. 

The revised subcategorization was used in designing and conducting the verifi
cation program, as discussed below. 

Verification Program 

The verification program was established to verify the presence of the com
pounds found during the screening program, and to obtain information on the 
quantity of toxic and nonconventional pollutants present in pulp, paper and 
paperboard effluents. The selection of the compounds to be analyzed during 
the verification program was based on the screening program results at the 
mills sampled by the E.C. Jordan Co. 
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TABLE II-6 

CURRENT AND REVISED INDUSTRY SUBCATEGORIZATION 

Current Subcategories 

Phase I 

Unbleached Kraft 
NSSC - Ammonia 
NSSC - Sodium 
Unbleached Kraf t-NSSC 
Paperboard from Wastepaper 

Phase II 

Dissolving Kraft 
Market Kraft 
BCT-Kraf t 
Fine Kraft 
Papergrade Sulfite 

- Blow Pit Wash (plus allowances) 
Papergrade Sulfite-Drum Wash 

- Drum Wash (plus allowances) 
Dissolving Sulfite (allowances by 

grade) 
Ground~od Chemi-Mechanical 
Groundwood Thermo-Mechanical 
Groundwood-CMN 
Ground~od-Fine 

Soda 
Deink 
Nonintegrated-Fine 
Nonintegrated-Tissue 

- from Waste Paper 

Builders Paper and Roofing Felt 

Revised Subcategories 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-BCT 
014 Alkaline-Fine 
015 Alkaline-Unbleached 
016 Semi-Chemical 
017 Alkaline Unbleached and Semi-Chemical 
019 Alkaline-Newsprint 
021 Sulfite-Dissolving 
022 Sulfite-Papergrade 
032 Thermo-Mechanical Pulp 
033 Groundwood-CMN 
034 Groundwood-Fine 
101 Deink-Fine and Tissue 
102 Deink-Newsprint 
111 Wastepaper-Tissue 
112 Wastepaper-Board 
113 Wastepaper-Molded Products 
114 Wastepaper-Construction Products 

201 Nonintegrated-Fine 
202 Nonintegrated-Tissue 
204 Nonintegrated-Lightweight 
205 Nonintegrated-Filter and Nonwoven 
211 Nonintegrated-Paperboard 

Mill Groupings: 
*Integrated Miscellaneous including 

o Alkaline-Miscellaneous 
o Groundwood Chemi-Mechanical 
o Nonwood Pulping 

*Secondary Fiber-Miscellaneous 
*Nonintegrated-Miscellaneous 

*Groupings of miscellaneous mills - not subcategories. 
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Selection of Significant Parameters. Many of the toxic pollutants were not 
detected in pulp, paper and paperboard wastewaters during the screening pro.
gram. Pollutants selected for the verification program included those de
tected during the screening program, plus specific compounds thought to be 
present in pulp, paper, and paperboard wastewaters based on literature reviews 
and industry data responses. The compounds included in the verification 
program are listed on Table II-7. 

Selection of Mills for Verification Program. Part I of the EPA Survey Form, 
(14) returned by representatives of 644 mills, was used in selecting mills for 
verification program surveys. One of the first items that had to be addressed 
in selecting verification mills involved industry subcategorization. A pre
liminary revised subcategorization scheme was developed based on initial 
evaluations of the information submitted ·in Part I of the EPA Survey Form. 
Candidate mills for the verification program were listed for each of the 
revised subcategories. The criteria used to determine a mills candidacy for 
verification sampling were as follows: 

1. the mill was direct discharging; 

2. a secondary treatment system was employed at the mill; 

3. the final effluent flow and BOD 5 from the wastewater treatment system 
were less than twice the average Clay BPCTCA limitations for the subcate
gory. 

Those mills which met the above criteria were considered as primary candidates 
for the verification program. Some of the subcategories analyzed had pri
marily mills with only primary treatment systems, or discharge was to a pri
vate or publicly owned treatment works ( POTW) • For such subcategories the 
selection criteria were altered to include mills with these methods of hand
ling their wastewater. 

After determining which mills were primary candidates for the verification 
program, more specific process and wastewater selection criteria were evalu
ated, including: 

1. raw wastewater and final effluent flow and BODS and the percentage above 
or below the average day BPCTCA limitations; 

2. the average daily production rates (raw materials, pulp manufactured, and 
paper); 

3. the Kappa or permanganate number (if applicable to the subcategory that 
was analyzed) ; 

4. the type of debarking used, i.e., wet or dry (if applicable to the sub
category analyzed); 

5. the brown stock washer efficiency in terms of pounds of soda loss (if 
applicable to the subcategory analyzed); 
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4. *benzene 
6. *carbon tetrachlor:Lde 

( te trachloromethane) 

*CHLORINATED BENZENES (other than 
dtchlorobenzenes 

7. chlorobenzene 

*CHLORINATED ETHANES 

10. 1,2-dichloroethane 
11. 1,1,1-trichloroethane 
13. 1,1-dichloroethane 
15. 1,1,2,2-tetrachloroethane 

*CHLORINATED PHENOLS (other than those 
l:lsted elsewhere; includes chlorinated 
cresols) 

21. 2,4,6-trichlorophenol 
22. parachlorometa cresol 
23. *chloroform (tr:lchloromethane) 
24. *2-chlorophenol 

*DICHLOROETHYLENES 

31. *2,4-di.chlorophenol 

*DINITROTOLUENE 

38. *ethylbenzene 

TABLE II-7 

VERIFICATION PROGRAM COMPOUNDS ANALYZED 

*HALOMETHANES (other than those listed elsewhere) 

44. methylene chloride (dichloromethanE~) 
47. bromoform (tribromomethane) 
48. dichlorobromomethane 
49. trlchlorofluoromethane 
51. chlorodlbromomethane 
54. *isophorone 
55. *naphthalene 

*NITROPHENOLS 

59. *2,4-dlnltrophenol 

*NITROSAMINES 

64. *pentachlorophenol 
65. *phenol 

*PHTHALATE ESTERS 

66. b:ls(2-ethylhexyl)phthalate 
67. butyl benzyl phthalate 
68. d:l-n-butyl phthalate 
69. di-n-octyl phthalate 
70. diethyl phthalate 

*POLYNUCLEAR AROMATIC HYDROCARBONS 

76. 
78. 
80. 
84. 

chrysene 
anthracene 
fluorene 
pyrene 

*Spec:lftc compounds and chemical classes as listed in the consent degree. 
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85. *tetrachloroethylene 
86. *toluene 
8 7. *tr:lchloroethylene 

*POLYCHLORINATED BIPHENYLS (PCB's) 

106. PCB-1242 (Arochlor 1242) as required 
107. PCB-1254 (Arochlor 1254) as required 
108. PCB-1221 (Arochlor 1221) as required 
109. PCB-1232 (Arochlor 1232) as required 
110. PCB-1248 (Arochlor 1248) as required 
111. PCB-1260 (Arochlor 1260) as requ:lred 
112. PCB-1016 (Arochlor 1016) as required 
119. *Chromium (Total) 
120. *Copper (Total) 
121. *Cyan.ide (Total) as required 
122. *Lead (Total) 
123. *Mercury (Total) 
124. *N:lckel (Total) 
126. *S.ilver (Total) 
128. *Zinc (Total) 

TABLE II-7 (Continued) 

ADDITIONAL COMPOUNDS 

Abieti.c Acid 
Dehydroabietlc Acid 
Is op imaric Ac:ld 
P:i.ma r :le Ac :Ld 
Oleic Acid 
L.inolei.c Ac:ld 
Linolenic Acid 
9, 10-Epoxys tearic Actd 
9,10-Dichlorostearic Acid 
Monochlorodehydroab.ietic Acid 
Dichlorodehydroabtet:lc Acid 
3,4,5-Trichlorogua:lacol 
Tetrachloroguaiacol 
Xylenes 
COD 
Ammonia 

*Specific compounds and chemical classes as listed in the consent degree. 



6. bleach plant data (if applicable to the subcategory analyzed) including: 

a. bleaching sequence; 

b. tonnage; 

c. shrinkage; 

d. brightness; 

e. fresh water usage; and 

f. type of washing; 

7. the type of evaporator condenser used (if applicable to the subcategory 
analyzed); 

8. the number of papermachines used (if applicable to the mill analyzed); 

9. the number of papermachines for which save al ls were utilized for fiber 
recovery (if applicable to the mill analyzed); and 

10. the effluent treatment system used at the mill. 

Based on the above data, the E.C. Jordan Co. selected mills which best repre
sented each subcategory. The selected mills and data employed to make the 
selection were reviewed by EPA personnel. Based on this review, 59 mills were 
selected for the verification program being conducted by E.C. Jordan Co. The 
number of mills selected was based on the total required to represent each of 
the revised subcategories. 

An additional 32 mil ls were subsequently selected and surveyed by the EPA 's 
regional survey teams to provide additional coverage in specific subcate
gories. However, the analytical procedures used were screening protocol 
methods; therefore, the analytical results are comparable to that obtained in 
the E.C. Jordan Co. screening program. 

Two of the 59 facilities selected for sampling by the E.C. Jordan Co. were not 
visited during the verification program. At one of the mills union employees 
were on strike; at the other mill, the aeration system was being dredged 
causing much higher levels of solids then normally experienced. No adequate 
replacement mills were available. It was decided to review all data prior to 
making a determination of whether additional sampling or substitutions would 
be necessary. 

Table II-8 lists the preliminary subcategories included in the verification 
sampling program, and shows the total number of mills surveyed in each sub
category. The geographical distribution of the verification program surveys 
is shown on Figure II-2. 
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TABLE II-8 

VERIFICATION PROGRAM SUMMARY OF MILLS SAMPLED 

Number of Mills Surveyed 
Agency Total Milli 

Subcategory E.C. Jordan Regional S&A's Surveyec 

011 Alkaline-Dissolving 0 1 1 
012 Alkaline-Mark.et 2 2 4 
013 Alkaline-BCT 3 2 5 
014 Alkaline-Fine 3 2 5 
015 Alkaline-Unbleached 3 4 7 
016 Semi-Chemical 2 1 3 
017 Alkaline-Unbleached and Semi-Chemical 2 1 3 
019 Alkaline-Newsprint 0 1 1 
021 Sulfite-Dissolving 0 3 3 
022 Sulfite-Papergrade 4 1 5 
032 Thermo-Mechanical Pulp 0 2 2 
033 Groundwood-CMN 1 1 2 
034 Ground wood-Fine 2 0 2 
101 Deink-Fine and Tissue 3 0 3 
102 Deink-Newsprint 1 0 1 
111 Wastepaper-Tissue 3 0 3 
112 Wastepaper-Board 6 4 11 113 Wastepaper-Molded Products 2 0 
114 Wastepaper-Construction Products 4 2 6 
201 Nonintegrated-Fine 3 0 3 
202 Nonintegrated-Tissue 2 0 2 
204 Nonintegrated-Lightweight 1 0 1 
205 Nonintegrated-Filter and Nonwoven 2 0 2 
211 Nonintegrated-Paperboard 2 0 2 

*Integrated-Miscellaneous 3 3 6 
*Secondary Fiber-Miscellaneous 0 1 1 
*Nonintegrated-Miscellaneous 3 1 4 

Total 57 32 89 

*Groupings of miscellaneous mills - not subcategories. 
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Sampling Program. The purpose of the verification program surveys was to 
verify the presence of and quantify those toxic and nonconventional pollutants 
detected during the screening program. The verification program surveys were 
to provide a mor~ thorough examination of the possible process sources of 
toxic and nonconventional pollutants discharged; the quantity discharged to 
the biological treatment system; the levels in the final mill effluent; and 
the relative efficiency of· the treatment system for removing specific com
pounds. Several different sampling procedures were examined for accomplishing 
these goals. Table II-9 presents the general format for sampling in parti
cular subcategories which were chosen to meet the verification program goals. 
This table presents the sample points and the sample duration proposed for 
each. 

Representatives of the selected mil ls were contacted by telephone, and a 
confirmation letter was sent verifying the scheduled survey. This confirma
tion letter submitted two separate forms which detailed the data requests for 
the survey period and for identification of management practices as they 
relate to Section 304(e) of the Clean Water Act of 1977.(19) 

A "Verification Program Work Booklet", similar to the "Screening Program Work 
Booklet", was developed prior to initiation of the sampling surveys. (20) The 
work booklet detailed the specific procedures to be followed during the survey 
period. 

The survey included collecting composite and grab samples during the 3-day 
survey. Composite sampling was normally performed for three separate 24-hr 
periods at each sample location. However, certain internal sewers were moni- 1 

tored, usually for one 24-hr period. Compositing usually started between 8:00 
and 11:00 a.m. on the first day of the survey and ended 24 hours later. Table 
II-10 shows the work items performed during each day of a typical verification 
survey. 

Composite sampling was performed using a model 1580 ISCO superspeed automatic 
sampler, except for the raw water sample which was done manually. 

After completing one 24-hr period, the composite sample was divided as fol
lows: 

1. metals and color; 

2. extractable organics; 

3. COD; 

4. PCB's and pesticides (where appropriate); and 

5. ammonia (where appropriate). 

After 
rinsed 
period. 

dividing the sample, the composite sa'!lple container was thoroughly 
with blank water, and the sampling was resumed for the next 24-hr 

Internal sewers were not sampled for COD. 
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TABLE II-9 

VERIFICATION PROGRAM SAMPLING POINTS 

Subcategory 

Bleached Kraft/Sulfite Mills 

1 .... 
2. 
3. 
4. 
5. 

n--· f.T-,.. --n.a.w wa. &..CJ.. 

Pulp Mill/Screening 
Bleach Plant 
Secondary Treatment Influent 
Final Effluent 

Groundwood Mills 

1. 
2. 
3. 
4. 

Raw Water 
Pulp Mill /Screening 
Secondary Treatment Influent 
Final Effluent 

Unbleached Kraft/Semi-Chemical Mills 

1. 
2. 
3. 
4. 

Raw Water 
Pulp Mill/Screening 
Secondary Treatment Influent 
Final Effluent 

Secondary Fiber Mills , 

1. 
? ... 
3. 
4. 

Raw Water 
Stock Preparation 
Secondary Treatment Influent 
Final Effluent 

Builders Paper Mills 

1. 
2. 
3. 
4. 

Raw Water 
Saturating 
Secondary Treatment Influent 
Final Effluent 

Type of Samples 

,..._ - 1- f"' - - - , - - , "' - - -- 1 - -- ' u.1.au ~d.lupl.t:::s 1..J pt:c uayJ 

24-hr composite 
24-hr composites 
24-hr composites 
24-hr composites 

Grab samples (3 per day) 
24-hr composite 
24-hr composites 
24-hr composites 

Grab Samples (3 per day) 
24-hr composite 
24-hr composites 
24-hr composites 

Grab samples (3 per day)· 
24-hr composites 
24-hr composites 
24-hr composites 

Grab samples (3 per day) 
24-hr composites 
24-hr composites 
24-hr composites 

Paperboard From Wastepaper Mills & Nonintegrated Mills 

1. 
2. 
3. 

Raw Water 
Secondary Treatment Influent 
Final Effluent 

Grab Samples (3 per day) 
24-hr composites 
24-hr composites 
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Duration of 
Sampling (days) 

" .J 

1 
3 
3 
3 

3 
1 
3 
3 

3 
1 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
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~ 1 of the Survey 

l. Meet with mUl person
nel and discuss the 
program 

2. Select sample locations 

3. Discuss mUl's manage
ment practlces and tour 
rnlll to observe the 
i tt!mS covered 

4. Set up the automatic 
samplers 

5. Collect all grab 
samples requlred 

6. Take pH and tempera
ture read lngs at each 
sample polnt twlce 
during 24 hours 

7. Check autorrHt Le samplers 
periodically and keep 
composite sample con-
ta i.ner iced 

TABLE II-10 

TYPICAL VERIFICATION SAMPLING PROGRAM SURVEY 

Day 2 of the Survey 

1. Distribute 24 hour 
composite between the 
required composite 
samples 

2. Rinse sample composite 
container and start 
automatic sampler for 
the next 24 hr period 

3. Collect all grab samples 
required 

4. Take pH and temperature 
readings at each sample 
location twice during 
24 hours 

5. Check-automatlc samplers 
perlodlcally and keep 
composite sample 
container Leed 

Day 3 of the Survey 

1. Distrlbute 24 hour 
composite between the 
required composlte 
samples 

2. Rinse sample composite 
container and start 
automatic sampler for 
the next 24 hr period 

3. Collect all grab samples 
required 

4. Take pH and temperature 
readings at each sample 
location twice during 
24 hours 

5. Check automatic samplers 
periodically and keep 
composite sample 
container Leed 

Day 4 of the Survey 

1. Distribute 24 hour 
composite between the 
required composite 
samples 

2. Break down automatic 
sampler at each loca
tion and pack equip
ment 

3. Final meeting with 
mill personnel to 
wrap up the survey 

4. Pack samples in Lee 
and ship to the 
appropriate laboratory 



Grab samples were taken once per day at each of the sample locations including 
the raw process water. The grab samples included the following samples: 

1. volatile organics; 

2. mercury; and 

3. cyanide (where necessary). 

An attempt was made to obtain grab samples directly from the sample location; 
however, the sample location often required that personnel use the ISCO sam
pler to safely collect the grab sample (.i.e., limited access). 

The raw water composite sample consisted of three 1-litre grabs per day over 
the 3-day survey period. At the comp le tlon of the survey the 1-li tre con
tainers were emptied into a 3-gallon composite container and mixed thoroughly, 
prior to dividing the sample among the required sample containers. 

Temperature and pH readings were taken at least three times per day at each of 
the sample locations. 

Split Sampling Program. As with the screening program, representatives of the 
National Council of the Paper Industry for Air and Stream Improvement, Inc. 
(NCASI) obtained split samples. The NCASI shipped the necessary sample con
tainers to the mills. The E.C. Jordan Co. 's sampling team collected the 
samples for NCASI and returned them to the mill personnel for shipment to the 
appropriate NCASI laboratory for analysis. The NCASI split sampling effort 
did not include collection of all of the samples collected by the E.C. Jordan 
Co. sampling team at each mill. Generally the NCASI samples were collected as 
follows: (21) 

Parameter Raw Water Influent to Treatment Final Effluent 

Extractable Organics Day 3 of Survey Day 1 of Survey Day 2 of Survey 
Resin Acids Day 1 of Survey 
Xetals Day 3 of Survey Day 2 of Survey Day 3 of Survey 
Mercury " " 
Volatile Organics " Day 2 of Survey " 
Cyanide Day 2 of Survey Day 2 of Survey 

Analytical Methods for Verification Program Analysis. Samples collected for 
the verification program were analyzed by the E.C. Jordan Co. and Gulf South 
Research Institute (GSRI) in New Orleans, Louisiana. Analysis undertaken by 
E.C. Jordan Co. included metals, mercury, cyanide, ammonia, color and COD. 
GSRI analyzed the samples from each verification mill for 15 volatile (VOA), 
and 33 extractable organic pollutants. Included in the extractable organics 
were 13 resin and fatty acids and bleach plant derivatives, nonconventional 
pollutants specific to the pulp, paper, and paperboard industry. In addition, 
samples from mills utilizing wastepaper as a source of raw material were 
analyzed by GSRI for PCB's. 
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Analysis By E.C. Jordan Co. Copper, chromium, lead, nickel, zinc and mercury 
were analyzed by the same procedures described earlier in the screening pro
gram analysis methods. 

Cyanide was analyzed in accordance with the total cyanide method described in 
the 14th edition of Standard Methods. (22) Ammonia was analyzed by distilla
tion and Nesslerization as described in the same edition of Standard 
Methods.(22) Color was analyzed in accordance wlth the procedures set forth 
in the National Council of the Paper Industry for Air and Stream Improvement 
(NCASI) Technical Bulletin Number 253.(23) Chemical oxygen demand (COD) was 
analyzed in accordance with the procedures presented in the 14th edition of 
Standard Methods.(22) 

Analysis By GSRI. The analytical procedures conducted by GSRI in the analysis 
of the toxic organic pollutants were a modification of the procedures detailed 
in EPA's screening program document.(18) Gas chromatography mass spectrometry 
(GC/MS), interfaced with a computer system was the primary analytical instru
ment for volatile and extractable organic analysis. 

The computer system interfaced with the mass spectrometer allowed acquisition 
of continuous mass scans throughout the chromatogram. Standards were obtained 
for each pollutant to be assayed in the samples and the mass spectrum for each 
of these standards was determined daily throughout the analysis program. The 
computer software was capable of searching a GC/MS run for specific ions and 
plotting the intensity of the ions with respect to time. The standard spectra

1 

provided the retention time and characteristic ions for each compound of 
interest. The characteristic ions for a pollutant maximize in the same mass 
spectrum when the compound is eluted from a GC column, and comparing the 
chromatographic and mass spectral data recorded for each sample with chroma
tographic and mass spectral data of toxic pollutant standards, it was possible 
to identify and quantify the organic pollutants present. In general, to 
confirm the presence of a compound it was necessary that the retention time 
agree with standard data within + 1 minute, and that the relative intensities 
of the characteristic ions agree with standard data within..:!:. 20 percent. 

Volatile Organic Analysis 

Duplicate 125-ml samples were collected at each sampling point for vola
tile organic analysis (VOA). Volatile samples were checked for chlorine 
content in the field and preserved with sodium thiosulfate as necessary. 
Volatile organic analysis utilized the purge and trap method, which is a 
modified gas sparging-resin adsorption technique, followed by thermal 
desorption and analysis by packed column GC/MS, as outlined above. 

Extractable Organic Analysis 

The E.C. Jordan Co. provided duplicate 1-litre samples of wastewaters for 
analysis of extractable organic compounds. Extractable organic samples 
were preserved in the field with sodium hydroxide to a pH of approxi-
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mately 10 or higher. For extractable organic analysis, the sample was 
acidified to a pH of 2 or below, extracted with methylene chloride, 
concentrated, and chromatographed on a GC/MS system equipped with a 
support coated open tubular (SCOT) capillary column. 

Extracts prepared for PCB analysis were analyzed by electron capture 
detection/gas chromatography (EC/GC). Extracts in which PCB's were 
detected were confirmed by GC/MS. 

quality Control/Quality Assurance 

The verification program included the .implementation of a quality con
trol/quality assurance (QC/QA) program consisting of internal standards, 
field blanks, method blanks, and replicate analysis. Deuterated internal 
standards were selected to provide QC/QA data on primary groups of pollu
tants under evaluations in the verification program. The deuterated 
compounds selected are shown in Table II-11. These compounds were se
lected because of their similarity to the compounds under investigation. 
By adding deuterated internal standards to each sample analyzed by GC/MS, 
it was possible to assess system performance on a per-sample basis. Upon 
completion of each GC/MS analysis, the characteristic ions of the inter
nal standards were profiled with extracted ion currents. The area of the 
100 percent ion for each standard was integrated and a judgment was made 
on the validity of the analysis. 

Recovery of the internal standards in the volatile organic analysis 
assured that the apparatus was leakproof and that the analysis was valid. 
For extractable organic analyses, percent recoveries of the internal 
standards indicated the complexity of the sample matrix and the validity 
of the analysis. In each case, low recovery of internal standards 
signal led possible instrument malfunction or operator error; if low 
recovery occurred, the analysis was repeated. 

To demonstrate satisfactory operation of the GC/MS system, the mass 
spectrometers were tuned each day with perfluorotributylamine (PFTBA) to 
optimize operating parameters according to the manufacturer's specifica
tions. Calibration logs were maintained to document instrument perfor
mance. The entire GC/MS system was further evaluated with the analysis 
of a composite standard which contained all pollutants of interest and 
the various deuterated internal standards. This standard was analyzed 
with each sample set or with each change in instrument calibration/tune. 
This daily analysis of the composite standard supplied data. which 1) 
verified the integrity of the chromatographic systems, 2) produced ac
ceptable low-resolution mass spectra of the compounds assayed, and 3) 
verified machine sensitivity. 

The field and method blanks were included in the analytical program to 
indicate possible sample contamination and confirm analytical methodolo
gies. Field blanks were spiked with deuterated internal standards. 
~1ethod blanks were spiked with the deuterated internal standards and 
standards for compounds under evaluation, as discussed previously. The 
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TABLE II-11 

SUMMARY OF INTERNAL STANDARDS 

Volatile* 

Methylene chloride-d2 

l,2-dichloroethane-d4 

1,1,1-trichloroethane-dl_ 

benzene-d3 

toluene-d3 

.E_-xy lene-d.!..Q. 

Extractable 

phenol-dS-TMS 

naphthalene-dB 

diamylphthalates-dQ. 

stearic acid-d35-TMS 

*Relative to benzene-d3 
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mass spectrum for each of these standard compounds was determined daily 
throughout the analysis program. The blanks provided additional quality 
assurance, including: 1) data on clean matrix recoveries; and 2) repli
cate analysis for precision determinations. 

Data Analysis 

The data analysis task is a multi-fold program bringing together data obtained 
from each task previously outlined, including: 

o existing data evaluation; 

o screening data; 

o industry profile and subcategorization; and 

o verification data. 

Industry data gathered through the data request program has been utilized 
extensively in reviewing subcategorization and profiling the industry. Fac
tors considered in these efforts have been presented previously and are re
ported on in subsequent sections of the report. These efforts have included 
profile developments for production process controls and effluent treatment 
systems. 

As outlined previously, several areas of existing data have been evaluated. 
These efforts have included assessment of the reduction/removal capabilities 
of the production process controls and effluent treatment technology for 
conventional toxic, and nonconventional pollutants. 

In the verification program sampling data was gathered for toxic and non
conventional pollutants. This data presented in Section V has recently been 
finalized and may now be evaluated and analyzed to quantify the level of toxic 
and nonconventional pollutant discharge in the pulp, paper and paperboard 
industry. Additional evaluations will include determining the effectiveness 
of various control and treatment systems in removing the toxic and nonconven
tional pollutants. 

During the verification program the Jordan Company requested long-term data at 
each of the 57 surveyed mills for the conventional pollutants. This data was 
obtained to analyze the effectiveness of in-place BPCTCA technology, as well 
as statistically quantify the variability in effluent quality. The data has 
been evaluated to determine i.f sufficient data were obtained in the verifica
tion program to complete the analysis. Initial reviews of the data have 
determined that it will be necessary to supplement the current conventional 
pollutant data base. The EPA is currently developing a strategy to request 
the supplemental information. 
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Analysis of Treatment Alternatives 

As a result of the literature reviews, numerous available production process 
controls and effluent treatment systems have been identified. These processes 
and systems for reduction/removal of the conventional, nonconventional and 
to~ic pollutants include those: 

0 in place within the pulp, paper, and paperboard Lndustry; and 

o at laboratory, pilot plant and/or demonstration levels within an 
industrial category including pulp, paper, and paperboard. 

This data, along with the data developed through the screening and verifica
tion program, has been analyzed to determine reduction/removal capabilities of 
the control and treatment technologies. 

The production process controls and effluent treatment technology under evalu
ation and their area of application are presented in Table II-12. 

Based on the technical investigations the EPA will develop effluent Hmita
tions guidelines and standards of performance for the pulp, paper and paper
board point source category. In developing the limitations and standards EPA 
must consider the environmental benefit and economic impact of the proposed 
regulations. This project task has quantified the reduction/removal capabil
ities of numerous control and treatment strategies. In order to complete the 
assessment outlined above, four levels of control have been developed. Based 
on the application of the specified technologies, predicted effluent qualities 
are presented in Section VIII. Subsequent evaluations and analysis will be 
made in the forthcoming months. The suggested ava Uable production process 
controls are discussed in detall in Section VI and effluent treatment tech
nologies are described in Section VII. 

Analysis of Cost and Energy Data 

Previous project tasks have described production process controls and effluent 
treatment technologies available for implementation. The technologies have 
been investigated to develop four levels of control which represent the range 
of effluent quality under investigation. As part of the program, the E.C. 
Jordan Co. has addressed the cost, energy, and non-water-quality aspects of 
the technology. 

Because the pulp, paper and paperboard industry is diverse, the "model mill" 
concept has been used to address the cost for implementation of the identified 
technology. Several model mill sizes have been developed for each subca te
gory. 

Through the data assessment phase, mill surveys, and EPA data requests, base
line data has been gathered for analysis. Data obtained and evaluated in
cludes: 1) age of mill; 2) production process controls employed; 3) effluent 
treatment technology employed; 4) cost for the technology employed (if avail
able); S) site conditions, i.e., ledge, poor soils, etc.; and 6) land avail-
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TABLE II-12 

PRODUCTION PROCESS CONTROLS AND EFFLUENT TREATMENT TECHNOLOGY 

Production Process Controls: 

1. Woodyard/Woodroom 
a. Close-up or dry woodyard and 

barking operation 
b. Segregate cooling water 

2. Pulp Mill 
a. Reuse relief and blow condensates 
b. Reduce ground~od thickener over

flow 
c. Spill collection 

3. Washers and Screen Room 
a. Add 3rd or 4th stage washer or 

press 
b. Recycle more decker filtrate 
c. Reduce cleaner rejects and direct 

to landfill 
d. _Replace sidehill screens 

4. Bleaching 
a. Countercurrent or jump stage 

washing 
b. Evap. caustic extract filtrate 

5. Evaporation and Recovery Areas 
a. Recycle condensate 
b. Replace barometric condenser 
c. Boil out tank 
d. Neutralize spent sulfite liquor 
e. Segregate cooling water 
f. Spill collection 

Other Technologies 
a. Oxygen bleaching process 
b. Rapson/Reeves process 
c. Oxygen pulping process 

Effluent Treatment Technology 

6. Liguor Pre2aration Area 
a. Green liquor dregs filter 

. b. Lime mud pond 

. c. Spill collection 
d. Spare tank 

7. Pa2ermill 
a. Spill Collection 

1. Papermachine and bleached pulp 
spill collection 

2. Color plant 
b. Improve saveall 
c. High pressure showers for wire and 

felt cleaning 
d. Ynlitewater use for vacuum pump 

seal water 
e. Paper machine whitewater showers for 

wire cleaning 
f. Additional whitewater storage for 

upsets and pulper dilution 
g. Recycle press effluent 
h. Reuse of vacuum pump water 
i. Broke storage 
j. Wet lap machine 
k. Separate cooling water 
1. Cleaner rejects to landfill 

8. Steam Plant and Utility Areas 
a. Segregate cooling water 
b. Lagoon for boiler blowdown & back

wash waters 

9. Recycle of Effluent 
a. Filtrate 
b. Sludge 

1. 
2. 

primary clarification 7. reverse osmisis 
filtration 

3. 
4. 
5. 
6. 

biological treatment 8. 
a. activated sludge 9. 
b. aerated stabilization basin 10. 
chemically assisted clarification 11. 
foam separation 12. 
carbon adsorption 13. 
steam stripping 
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dissolved air flotation 
ul trafil tration 
resin separation and ion exchange 
amine 
electro-chemical 



ability. Such data has been retrieved from the industry profile and used to , 
characterize a model facility. 

In developing cost data for the production process controls and effluent 
treatment, construction materials were estimated in 1978 dollars. Equipment 
and material suppliers were contacted for cost estimates. Installation, 
labor, and miscellaneous costs for such items as electrical, instrumentation, 
and contingencies have been added to_ determine a total construction cost, 
depending on the controlling parameter~. The cost data that has been devel
oped is discussed in Section IX of this report. 

As part of this work task the E. C. Jordan Co. has evaluated baseline energy 
consumption and also the increase resulting from implementation of the tech
nology levels. Data developed through the EPA data request has been used in 
establishing this baseline. Energy consumption data is presented in Seeton IX 
of this report. 

II-36 



SECTION III 

THE PULP AND PAPER INDUSTRY 

INTRODUCTION 

With approximately 730 operating mills, the pulp, paper and paperboard indus
try is one of the largest industries in th~ United States. The mills vary in 
size, age, location, raw material us·age, products manufactured, production 
processes, and effluent treatment systems. This highly diversified industry 
comprises not only the primary production of wucd pulp and paper, but also the 
use of such nonwood pulp materials such as asbestos, jute, hemp, rags, cotton 
!inters, bagasse and esparto. Included are mills which produce only pulp, 
mills which produce both pulp and paper products, and mills which produce only 
paper products from pulp manufactured elsewhere. Also included in this indus
try are mills which use secondary fibers (usually waste paper) to produce 
paper and paperboard products. 

End-products of the industry include stationery, tissue, printing newspaper, 
boxes, builders' papers, and numerous other grades of industrial and consumer 
papers. The industry is highly sensitive to changing demands for paper and 
paperboard products, and is constantly adjusting to changes in market condi
tions. Mills frequently expand or modify their operations to accommodate 
different raw materials, or new product demands. 

BASIC PRODUCTION PROCESSES 

Raw Material Preparation 

Mills which produce pulp on-site must first prepare raw materials for the 
pulping process. During the nineteenth century, wood began to supplant cotton 
and linen rags, straw, and other less plentiful fiber sources as a raw mate
rial for the manufacture of paper products. Today, wood is the most widely 
used fiber source for the pulp, paper and paperboard industry. Wood accounts 
for over 98 percent of the virgin fiber sources used in papermaking. 

Steps which may be required to prepare wood for pulping include log washing, 
bark removal and chipping. A mill may use all these steps, or none of them, 
depending on the form in which the raw materials arrive at the mill. 

Pulping 

There are several methods for pulping wood. In some, the wood is cooked with 
chemicals under controlled conditions of temperature, pressure, time and 
cooking liquor composition. (24) These processes use different chemicals or 
combinations of them. Other methods reduce the wood to a fibrous state by 
mechanical means alone, or by the combination of chemical and mechanical 
action. The primary types of pulping process employed are: 1) mechanical 
pulping (groundwood); and 2) chemical pulping (alkaline, sulfite or semi
chemical processes). 
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Mechanical Pulping. Mechanical pulp is commonly known as groundwood. 'Th.ere 
are tw basic processes: 1) stone groundwod, in which pulp is made by tear-I 
ing fiber from the side of short logs (called billets) with a grindstone; and 
2) refiner groundwod, in which pulp is produced by passing wood chips through 
a disc refiner. 

In the chemi-mechanical modification of the process, wood is softened with 
chemicals to reduce the power required for grinding. In a new process called 
thermo-mechanical pulping, chips are first softened with heat and then refined 
under pres sure. 

The resulting mechanical pulps are obtained at a high yield, generally over 90 
percent of the original substrate. 'nle pulp produced is relatively inexpen
sive and it requires minimal use of forest resources. However, the process 
does not remove most of the natural wood binder (lignin) and resin acids 
inherent in the wood; therefore, mechanical pulp deteriorates quite rapidly. 
The pulp is suitable for use in a wide variety of consumer products including 
newspapers, tissue, catalogs, one-time publications, and throw-away molded 
items. An observable yellowing, resulting from natural oxidation of the 
impure cellulose, is noted early in the life of such papers, and a physical 
weakening soon occurs. Thus, the use of extensive quantities of ground"WOod in 
higher quality grades-of paper requiring permanence is not generally permissi
ble. 

Chemical Pulping. Chemical pulping involves controlled conditions and chem
icals to yield a variety of pulps with unique properties for conversion into 
paper products that have high quality standards or require special properties. 
There are three basic types of chemical pulping: 1) alkaline; 2) sulfite; and 
3) semi-chemical. 

Alkaline Pulping 

The initial alkaline pulping process developed in the nineteenth century 
was the soda process. This was the alkaline forebearer of the kraft 
process, which produces a stronger pulp and is currently the dominant 
pulping process in the world. At the current time, only two soda mills 
in the United States have not converted to the kraft process.(25) 

Early in the twentieth century, the kraft process became the major compe
titor of the sulfite process for some grades of pulp. Kraft pulp now 
accounts for over 80 percent of the chemical pulp produced in this coun
try. Sulfite is still preferred for some grades of products, but the 
role of kraft continues to increase, while sulfite production is declin-. 
ing. 

Several major process 
spread application of 
ing cost of chemicals 
sity of this process. 

modifications/achievements have resulted in wide-. 
the kraft process. First, because of the increas
used, chemical recovery became an economic neces
In the 1930's, successful rec:overy techniques were. 
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applied and have since been vastly improved. Second, the process was 
found to be adaptable to nearly all "WOod species. Its application to the 
pulping of southern pines resulted in a rapid expansion of kraft pulp
ing. (25) Third, new developments in the kraft bleaching techniques 
(primarily use of ct-,1ar1ne dioxide) spurred anott1er dramatic growtt1 
period in the late 1940's and early 1950's. This bleaching agent, for 
the first time, enabled production of high brightness kraft pulps, with 
good strength retention in simp~ified bleach sequences of four or five 
stages. 

Sulfite Pulping 

Sulfite pulps are associated with the production of both tissue and fine 
papers. In combination with other pulps, sulfite pulps have many paper
making capabilities. In addition, dissolving pulps (Le., the highly 
purified chemical cellulose used in the manufacture of rayon, cellophane 
and explosives) were produced solely by the sulfite process for many 
years. 

Sulfite pulping developed using calcium (lime slurries sulfi.ted with 
sulfur dioxide) as the sulfite liquor base, because of an ample and 
inexpensive supply of limestone (calcium carbonate). The use of calcium 
as a sulfite base has declined in recent years because: 1) it is diffi
cult and expensive to recover or burn spe~t liquor from this base; 2) the 
lack of spent liquor recovery makes it difficult to comply with water 
quality standards. and effluent limitations; and 3) the availability of 
soft"WOods, which are most suitable for calcium-base pulping, is diminish
ing. (26) (27) In addition, attempts to use more than about 10 percent of 
the spent liquor in various byproducts failed. As a result, most cal
cium-base sulfite mills have changed to a soluble base (magnesium, ammo
nia, or sodium), which permit recovery or incineration of the spent 
liquor. 

In recent years, some sulfite mills have been switched to the kraft 
pulping process. (2 7) (28) In addition, several sulfite mills have shut 
down rather than install recovery/incineration technology or convert to 
other pulping processes. During the EPA Survey Program, only six paper
grade mills used a calcium base; three employed magnesium, eight used 
ammonia, and one used a sodium and calcium mixed base. 

Semi-Chemical Pulping 

The early applications of the semi-chemical process in the nineteenth 
century consisted of the cooking of chips with a neutral or slightly 
alkaline sodium sulfite solution. This is termed neutral sulfite semi
chemical (NSSC) pulping. In the 1920's, the U.S. Forest Products Labora
tory demonstrated the advantages of NSSC pulping. The first NSSC mill 
began operation in 1925 for production of corrugating board.(25) 
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The NSSC process gained rapid acceptance because of its ability to uti
lize the vast quantities of inexpensive hardwoods previously considered 
unsuitable for producing quality pulp.(29) Also, the quality of stiff
ness which hardwood NSSC pulps impart to corrugating board, and the large 
demand for this material have promoted a rapid expansion of the pro
cess. (25) 

The future of NSSC pulping depends on the development of economic chem
ical recovery systems and nonpoll~ting-chemical disposal. In the past, 
the small size of mills, the low organic content and heat value of the 
spent liquor, and the low cost of cooking chemicals provided little 
incentive for large capital investment for NSSC chemical recovery 
plants.(25) Somewhat lower cost fluidized bed recovery systems have been 
extensively used in these mills. However, with NH3 base, only 502 re
covery is practiced, so recovery economics are marginal with soditnn-base 
a by-product sal tcake is obtained, which cannot be recycled. Sales of 
this material to alkaline pulp mills have been very limited because of 
variable composition. 

Advances have been made in semi-chemical pulping process technology with 
respect to liquor recovery systems. There are basically three no-sulfur 
semi-chemical processes: l) the Owens-Illinois process; 2) the soda ash 
process; and 3) the modified soda ash process. The present use of the 
patented Owens-Illinois soda ash-caustic pulping process permits ready 
recovery of sodium carbonate. With either a balanced caustic make-up or 
selective recausticizing, a balanced pulping liquor is assured. Their 
process uses 15 to 50 percent caustic as Na20, with the remainder con
sisting of soda ash. Spent liquor is burned in a modified kraft-type 
furnace or fluidized bed. Traditionally, the difficulty has been in 
reclaiming sodium sulfite from normal liquors made up of both sodium 
carbonate and sodium sulfite. 

In the soda ash process, soda ash is used at 6 to 8 percent, based on the 
wood. Spent 1i quor is burned in a fluidized bed, and the soda ash is 
recovered. Caustic make-up provides a balanced pH liquor for reuse. 

The m.odif ied soda ash process uses a small amount of caustic along with 
the soda ash, typically 7 to 8 percent NaOH (as Na20). (30) There are 
valid reasons for mills to convert from the standard NSSC pulping pro
cess: 

1. A poor market for the saltcake (Na 250 4) byproduct derived from 
fluidized bed recovery of NSSC liquors:- -

2. High make-up chemical costs, as saltcake cannot be reused in the 
NSSC process, and sodium sulfite is not produced in most recovery 
schemes. 

3. Sulfur emission problems result from burning the waste liquors. 

There has been a significant increase in combined alkaline semi-chemical 
mills with cross-recovery liquor systems. A balanced operation, using 
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the semi-chemical side for total mill chemical make-up, permits a ratio 
of about 4:1 kraft:NSSC (or comparable). Use of green liquor as part of 
the semi-chemical cooking liquor gives a new flexibility to balanced 
operations, and it permits greater semi-chemical production while main
taining a balanced liquor system. 

Use of Secondary Fibers 

In recent years, secondary fiber sources such as waste paper of various class
ifications have gained increasing acceptance as a raw material fiber source. 
}f.any uses of such secondary fiber allow its use without processing. Other 
uses, however, require that the reclaimed waste papers be de inked prior to 
use. In 1976, more than 22 percent of the fiber furnish in the U.S. was 
derived from waste paper. 

Non-Deink Waste Paper Applications. Some waste paper can be used with little 
or no preparation, particularly if the waste paper is purchased directly from 
other mills or converting operations producing a similar product grade. Such 
material is usually relatively free of dirt and can sometimes be directly 
slushed or blended with other virgin pulps to provide a suitable furnish for 
the papermachine. The only cleaning and screening performed in such applica
tions would occur with the combined stock in the papermachine' s own stock 
preparation system. 

Mills making low quality paper products, such as industrial tissue, coarse 
consumer tissue, molded items, builders' papers and many types of paperboard, 
may rely extensively on waste paper in the raw material furnish. Such opera
tions typically involve a dispersion process using warm recycled papermachine 
whitewater, fol lowed by coarse screening to remove gross contamination and 
debris which may have been received with the waste paper. More extensive fine 
screening and centrifugal cleaners may then be used before the papermaking 
step. 

Higher quality products such as tissue, printing and other quality grades, may 
use small percentages of waste paper. These products require clean, segre
gated waste paper and a more extensive preparation system, usually including a 
deinking system. 

Deinking. Deinking of waste paper was in commercial application during the 
nineteenth century. However, the large-scale operations existing today devel
oped much more recently. Materials which must be removed in order to reclaim 
a useful pulp include ink, fillers, coatings and other noncellulosic mate
rials. Deinked pulp is used in business, bank and printing papers, tissue and 
toweling, as a liner for some paperboards, and in molded products and news
print. 

The existing use of. detergents and sol vents, instead of harsh alkalis, has 
permitted effective reuse of many previously uneconomical types of waste 
paper. Similar advances, such as flotation deinking and recovery of waste 
sludge by centrifuges, may yield more effective deinking processes with inher
ently lower waste loads as development proceeds. 
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Presently, however, the secondary fiber field is critically dependent upon 
balancing available waste paper type (pre-or post-consumer) with the demands 
of the product produced. Upgrading is difficult and costly, with inherently 
high discharge of both BOD2_ and TSS to ensure adequate deinked pulp quality. 

Bleaching 

After pulping, the unbleached pulp is brown_ or deeply colored because of the 
presence of lignins and resins and sometimes because the inefficient washing 
of the spent cooking liquor from the pulp. In order to remove these color 
bodies from the pulp and produce a light colored or white product, it is 
necessary to bleach the pulp. 

The degree ~f bleaching pulp for paper manufacture is measured in terms of 
units of brightness and is determined optically using methods established by 
the Technical Association of the Pulp and Paper Industry (TAPPI).(31) Par
tially bleached pulps (semi-bleached) are employed in making newsprint, food 
containers, computer cards, and similar papers. Fully bleached pulp is used 
for white paper products. By different degrees of bleaching, pulp of the 
desired brightness can be manufactured up to a level of 96 on the brightness 
scale of 100. These techniques are described in detail in- a TAPPI mono
graph. (32) 

Bleaching is frequently performed in several stages in which different chemi
cals are applied. The symbols commonly used to describe a bleaching sequence 
are shown and defined in Table III-1. The table can be used to interpret 
bleaching "shorthand", which is used extensively in later sections of this 
report. For example, a common sequence in kraft bleaching, CEDED, is inter
preted as follows: 

C = chlorination and washing; 
E = alkaline extraction and washing; 
D = chlorine dioxide addition and washing; 
E = alkaline extraction and washing; and 
D = chlorine dioxide addition and washing. 

Almost all sulfite pulps are bleached, but usually a shorter sequence such as 
CEH is sufficient to obtain bright pulps from th.is lower yield product with an 
inherently lower residual lignin content. This sequence involves chlorina
tion, alkaline extraction, and hypochlorite application, each followed by 
washing. · 

Papermaking 

Some mills manufacture paper and/or paperboard, but do not make pulp. These 
are called nonintegrated paper mills, and the pulp they use is either shipped 
from another of the company's facilities or is purchased. Pulp mills which do 
not have attendant papermaking operations are a major source of pulp for these 
nonintegrated mills. Pulp may also be provided by integrated mills which 
produce pulp for their own papermaking, plus "market" pulp for sale to nonin
tegrated operations. 
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Symbol 

A 
c 
D 
E 
H 
HS 
0 
p 

PA 
w 
( ) 
I 

TABLE III-1 

BLEACHING SYMBOLS 

Bleach Chemical or Step Represented by Symbol 

Acid Treatment or Dechlorination 
Chlorination 
Chlorine Dioxide 
Alkaline Extraction 
Hypochlorite 
Hydro sulfite 
Oxygen 
Peroxide 
Peracetic Acid 
Water Soak 
Simultaneous Addition of the Respective Agents 
Successive Addition of the Respective Agents 
Without Washing in Between 

The papermaking process has basic similarities regardless of the type of pulp 
used or the end-product produced. A layer of fiber is deposited from a dilute 
water suspension of pulp on a fine screen, called the "wire", which permits 
the water to drain through and retains the fiber layer. (25) This layer is 
then removed from the wire, pressed, and dr.ied. Two basic types of paper
machines and variations thereof are commonly employed. One is the cylinder 
machine in which the wire is on cylinders which rotate in the dilute furnish. 
The other is the fourdrinier in which the dilute furnish is deposited upon an 
endless wire belt. Generally, the fourdrinier is associated with the manufac
ture of paper, and the cylinder with heavier paperboard grades. 

PRODUCTION PROFILE 

Many types of pulp are manufactured. Some are naturally more suitable for 
certain paper grades than others. Suitability is influenced by fiber length, 
strength and other factors which can be controlled by the type (s) of wood 

.employed, the selection of a pulping process, cooking chemicals, cooking time 
and other variables. With improved techniques and the ability to mix pulps to 
achieve desired properties, few paper grades are a product of one pulp only. 

The total daily pulp production listed in Table III-2 has been tabulated by 
pulp type. These figures represent the best estimates which can be made 
utilizing published information and data gathered during the course of the 
project. 
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TABLE III-2 

ESTIMATED PULP PRODUCTION - 1977 (33, 34) 

Pulp Type 

Dissolving and Special Alpha 
Sulfite-Bleached 

-Unbleached 
Alkaline-Bleached 

-Semi-Bleached 
-Unbleached 

Ground wood 
Semi-Chemical 
Other Mechanical 
Screenings 

TOTAL 
Market Pulp 
Waste Paper Used 

Production 
(short tons x 1,000) 

1,465 
1,653 

389 
14,929 

1,523 
18,411( ) 

4,481 a 
3,876(a) 
2' 941 ( ) 

110 a 

49, 777 
4,881 

14,015 

(a)Includes insulation and hard-pressed wood fiberboard 
not evaluated within the scope of this report. 

Paper and Paperboard Products 

The pulp, paper and paperboard industry manufactures a diversity of products. 
The various grades or types of products are delineated according to end use 
and/or furnish. The basic differences in the various papers include durabil
ity, basis weight, thickness, flexibility, brightness, opacity, smoothness, 
printability, strength and color. These characteristics are a function of raw 
material selection, pulping methods and papermaking techniques. 

In addition to variations in stock preparation and sheet control on the paper
machine, the papermaking operation may enhance the basic qualities of paper, 
or achieve other properties ·(e.g., wet strength, greaseproofness, printing 
excellence) through the use of additives. These additives include a variety 
of substances such as starch, clay, and resins used as fillers, sizing, and 
coatings. 

Table III-3 presents a general list of the various products produced by the 
industry. The grades listed are, for the most part, self-explanatory. Defi
nitions according to industry usage may be found in the publication, Paper & 
Pulp Mill Catalog and Engineering Handbook 1978, by Paper Industry Management 
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TABLE III-3 

PAPER AND PAPERBOARD PRODUCTS OF INDUSTRY (34) 

A. PAPER 

I. PRINTING, WRITING AND RELATED 
a. News print 
b. Groundwood paper, uncoated 

1. Publication and printing 

c. 

d. 

e. 

') U-' ---11----··- ---··-...t·.--...t '-. 1.·~i:J\-1;..I. .&..a.u.~uuo o• vu.u.u.wvvu 

Coated printing and converting 
1. Coated, one side 
2. Coated, two sides 
Book paper, uncoated 
1. Publication and printing 
2. Body stock for coating 
3. Other converting and 

miscellaneous book 
Bleached bristols, excluding 
cotton fiber, index, and bogus 

B. PAPERBOARD 

I. SOLID WOODPULP FURNISH 
a. Unbleached kraft packaging and 

industrial converting 

b. 

1. Unbleached linerboard 
,, r---··- .... ·~-- --..i~ •• -"" e VV~ • u.5a. ... .LU.Q lU.111;'4.A.UUI. 

3. 
4. 
5. 

Folding carton type 
Tube, can and drum 
Other unbleached packaging 
and industrial converting 
kraft 

Bleached packaging 
conv. (85% or more 

and industrial 
bleached fiber) 
type 1. Folding carton 

2. Milk carton 
3. Heavyweight cup stock 

1. Tab, index tag and file folder 4. Plate, dish and tray 

f. 

2. Other uncoated bristols 
3. Coated bristols 
Writing and related papers not 
elsewhere classified 
1. Writing, cotton fiber 
2. Writing, chemical -woodpulp 
3. Cover and text 
4. Thin paper 

II. PACKAGING AND INDUSTRIAL CONV. 
a. 

c. 

Unbleached kraft packaging and 
industrial converting 
1. Wrapping 
2. Shipping sack 
3. Bag and sack, other than 

shipping sack 
4. Other converting 

• Glassine, greaseproof and 
vegetable~parchment 

Special -industrial paper 

III. TISSUE AND OTHER MACHINE CREPED 
a. Sanitary paper 

1. Toilet tissue 
2. Facial tissue 
3." Napkin 
4. Toweling, excluding wiper 

stock 
5. Other sanitary stock 

b .. Tissue, excluding sanitary and 
thin 
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c. 

5. Linerboard 
6. Tube, can and drum 
7. Other, including solid 

ground-wood pulp board 
Semi-chemical paperboard 

II. COMBINATION FURNISH 
a. Combination-shipping container

board 
1. Linerboard 
2. Corrugating medium 
3. Container chip and filler 

• Combination-bending 
• Combination-nonbending 
• Gypsum linerboard 
• Special packaging and 

industrial conv . 

III. CONSTRUCTION PRODUCTS 
a. Wet machine board 
b. Construction paper and board 

Construction paper 



Association (PIMA). For purposes of this study, the many separate grades have 
been grouped under the following major classifications: newsprint, tissue, 
fine papers, coarse papers-packaging and industrial converting, paperboard, 
and construction products. Table III-4 presents 1977 production statistics 
for each major group. 

TABLE III-4 
-

PRODUCTION STATISTICS 
PAPER AND PAPERBOARD PRODUCTS OF INDUSTRY (33) 

Product 3 Short Tons x 10 

Paper 
Newsprint 
Tissue 
Fine 
Coarse - Packaging and Industrial 
Converting 

Paperboard 

Construction Products 

3,515 
4,097 

13,929 

5,740 

27,881 

5,567 

Newsprint includes paper made largely from groundwood pulp, used chiefly in 
the printing of newspapers. 

Tissue is set apart from other paper grades, and includes many different types 
of tissue and thin papers. These range from typical sanitary tissue products 
to industrial tissue which includes packing, wadding, and wrapping papers. 
Also many special purpose grades with unique process and product requirements 
such as glassine, greaseproof, electrical, and cigarette papers are produced. 

Fine papers include printing, reproductive and writing papers. 

Coarse papers-packaging and industrial converting include kraft packaging 
papers used for grocery and shopping bags, sacks and special industrial 
papers. 

Paperboard includes a wide range of types and weights of products made on both 
cylinder and fourdrinier machines for packaging and special purposes, from 
lignin pulps, waste paper, or combination furnishes. Board products include 
such items as shoe board, automotive board, and luggage board. 

Construction products include various paper and board products. Paper pro
ducts include sheathing paper, roofing felts, and asbestos filled papers. 
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WATER USE AND POLLUTION CONTROL PROFILE 

Significant progress has been made in reducing water use in the pulp, paper, 
and paperboard industry, as shown by the water use comparison in Table III-5. 

TABLE III-5 

TYPICAL WATER USE IN PULP, PAPER-AND PAPERBOARD INDUSTRY 

Alkaline 
Sulfite 
Groundwood 
De ink 
Semi-Chemical 
Nonintegrated-Fine 
Nonintegrated-Construction 

1952(36) 
(kgal/t) 

58.2 
97 .6 
40.5 
35.8 
21.0 
44.9. 
8.7 

1968(35) 
(kgal/t) 

45.0 
55.0 

18.0 

*Average from response to data request program. 

BPT (37) 
(kgal/t) 

30.9 
(44. 5-53) 

21.9 
24.4 

(8. 3-14. 0) 
15.2 

1976* 
(kgalit) 

28.3 
35.7 
19. 2 
15.3 
17.8 
16.1 
3.2 

In 12 subcategories, average water use is now below earlier published BPT 
guidelines. In only three is it greater. The industry, of economic neces
sity, has· learned to live with significantly less water use. This decrease 
usually accompanies internal modifications, which yield savings in fiber, 
chemicals, and heat. Over 20 years ago many integrated kraft fine paper mills 
used up to 89. 7 kilolitres (kl) per thousand kilograms (kkg) of product, or 
about 93 thousand gallons (kgal) per ton (t); average water use was about 243 
kl/kkg (58 kgal/t).(36) Today's average for that type of mill is about 125.7 
kl/kkg (30 kgal/t).(36) 

Figure III-1 schematically shows points of effluent discharge from a typical 
pulp and paper mill. The figure illustrates major unit operations for an 
integrated pulp and paper mill using a fully cooked, bleached wood pulp for 
making high quality printing, writing, business, or converting papers. How
ever, it must be remembered that there are a wide variety of raw materials, 
processes, and products in this industry, and often multiple combinations of 
these at specific manufacturing sites. 

High water use is clearly synonymous with the industry. Starting with the 
wood pulped, typically SO percent of its weight is water. Large quantities of 
water can be required to wash dirt and debris from the logs and for chip 
preparation. In older mills, water is also used to convey logs through the 
woodyard. Water is used for cooling drive gears on conveyors, barking drums, 
and chippers. In total, up to 41.9 kl/kkg (10 kgal/t) with an average of 14.2 
kl/kkg (3.4 kgal/t) of water is used in processing wood from tree length logs 
to clean chips suitable for cooking into chemical pulps, or for mechanical 
processing into groundwood type pulps.(35) 
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RAW MATERIALS FUNDAMENTAL PROCESS WASTES 
LIQUID 

PULP L.OG 

ACID SULFITE LIQUOR 
ALKALINE SULFATE LIQUOR 

I KRAFT) 
NeutRAL SULFITE 

WHITE WATl!R OR 
REUSI! WATER 

WHITE WATER OR 
FRESH WATER 

BLEACHING AND OTHER 
NECESSARY CHEMICALS 

FRESH WATER OR WHITE 
WATER REUSE 

FILLERS 
DYE 
SIZI! 
ALUM 
STARCH 

FRESH WATER OR 
WHITE WATER REUSI! 

COATIN8 CHEMICALS 

__, WOOD 

PltEPA"ATION 

Dl!BARIC~D L08 I 
(8ROUNDW000> 

SCRll!NIN8 

AND 

aAseous 

~----..... •,EVAPORATION LOSS 

1--.-----1•BLOW-SYSTl!M 
EMISSION 

SMl!LT TANK 
EMISSION 
LIME KILN EMISSION 
RECOVERY FURNACE 
EMISSION 
EVAPORATION 
l!MISSION 

t------1•TO EVAPORATIOM 
AND RIECOVl!RY 

Hl!AT 

L08 1'1..UME 
BLOW DOWN 
BARKER BEARING 
COOUN8 WATl!R 

SULFITE SPl!NT 
LIQUOR 
BLOW PIT COLLECTED 
SPILLS 

CONDl!NSATE 
DRE8 WASHIN8 
MUD WASHING 
ACID PLANT 
WASTE 

Wl!AK LIQUOR 

WASH WATl:AS 

WA8TI! WATl!RS 

BLEACH WASTES 

CLEAN - UP 

WHITI! WATER 

CLl!AN - UP 

SOLID 

BARK REFUU 
WOOD PAATICLIES 
AND SLIVl!RS 
SAWDUST 

RESIDUll 

KNOTS 
FIBIR 

FllER 

l'IBl!R 

DIRT 

l'IBER 
FILLl!RS 
BROKE 

BltOKI 
COATIN88 

FINISHED PAPER 
PRODUCTS 
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Effluent losses fr01I1. woodyard operations include: 

1. the log transport flume overflow; 

? .... leg ~7ashing and debarking effluent; 

3. equipment cooling, lubrication and condensate streams. 

Additionally, small losses occur as evaporation, particularly from log storage 
ponds and flumes. 

Preseut opera~ious ~uc~ude extensive recycle of water in the woodyard, and use 
of wastewater from other mill areas to convey and wash the wood. Wastewater 
used in this way can be treated in sedimentation ponds and/ or strainers to 
remove waste bark, dirt and other debris. This allows continuous reuse of 
woodyard water for floating, washing and hydraulic barking operations. Re
moved woodyard solids are then discharged dry to landfill, and a very small 
load of BODl_ and TSS remains, which may be discharged with the mill effluent. 

Pulping Processes 

As outlined previously, the two most common types of pulping processes are 
mechanical and chemical. 

Chemical pulping uses controlled alkaline and acidic conditions to yield a 
variety of pulps with unique properties for conversion into paper products 
that have high quality standards and/or special properties. 

There is little direct loss in the pulping process except for release of steam 
and vapors, which can be subsequently condensed and reused. Generally, except 
for accidental spills, leaks, or washups, losses of effluent from this area of 
the mill are minor in volume. 

After cooking, the brown stock is washed and screened. Pulping liquors are 
clarified and the chemicals recovered for reuse. The likelihood of liquid 
loss in these operations is great. Extensive use is made of efficient coun
tercurrent washing systems, as well as the use of excess weak effluents from 
other operations, such as papermaking. With such recycling, however, an upset 
in one area can create further process imbalances, often leading to generation 
of low-strength, but potentially high-volume loads of various cooking and 
recycled liquor streams. These foads can exceed the available storage capa
city for the capabilities of in-line processing units such as black liquor 
evaporators. To avoid high-volume loads resulting from upsets, excess ~ak 
spent liquor, wash waters, alkaline streams from lime mud washing, and from 
other reclaim systems commonly have to be sewered. Storage system controls 
and surge control systems can reduce the effects of upsets while minimizing 
economic loss to the mill in terms of heat, cooking chemicals, and pulp qual
ity. 

Very few of today's chemical pulp mills operate without chemical and waste 
liquor recovery systems. Those which do not practice recovery are small mills 
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or those with a low loss resulting from cooking wood or other fibers to a high 
yield. However, a few. full cook sulfite mills still operate without recovery 
systems. 

Any imbalanced flow in the pulp screening and washing operations may create 
excess TNeak black liquor. Losses can be minimized by providing sufficient 
storage capabilities in excess evaporator capacity. Even so, pulp loss may 
occur during startup, shutdowns, washups, and breakdowns. Unless pulp spill 
collection and. reclaim systems are provided, such losses may overload waste 
treatment systems, while representing the economic loss of fiber and cooking 
chemicals to the manufacturer. 

Th bleachery area is often a major contributor to the total effluent flow. 
However, with the exception of the first two bleaching stages, losses from 
succeeding bleachery stages are very low in terms of either dissolved·solids 
or BOD 5. The latter-stage bleachery filtrates can therefore be recycled 
forward to earlier-stage bleach steps. However, even in large modern alkaline 
pulp bleaching systems, very few mill bleacheries practice complete counter
current recycling of filtrate from the chlorine dioxide and preceding stages. 
To the extent that recycling is practiced, water use is reduced. 

In integrated mill complexes, effluent flows from bleaching have been drastic
ally reduced in recent years because of improved countercurrent use of fil
trates. Typical effluent flows range from 16.7 kl/kkg (4 kgal/t) for a simple 
groundwood system to as much as 133.4 kl/kkg (32 kgal/t) for a fully bleached 
kraft pulp mill. Sulfite bleaching, although generally of three or fewer 
stages, contributes 260.8 kl/kkg (15 kgal/t), and deinking systems 22.9 kl/kkg 
(5.5 kgal/t). (See Table III-6.) 

Stock Preparation 

In the stock preparation area, the pulps are blended with materials such as 
alum and rosin for sizing the paper sheets. Fillers such as clay can be added 
to give improved brightness, smoothness and opacity; dyes are added for color 
and shade control. Process losses in the stock preparation area are usually 
minimal; they normally occur with washups, order changes, shutdowns, and other 
upsets to the normal production process. The use of spill prevention and 
control systems can reduce the loss of stock on such changeovers. Reclaimed 
stock can subsequently be processed as broke with other furnishes. 

Papermaking 

After stock preparation, the final blended furnish is conveyed to the paper
machine headbox. The blended stock is carefully diluted to create a machine 
furnish containing less than 1 part solid material per 100 parts of total 
water. This dilute stock is evenly spread over a large porous forming cylin
der or belt. Water drains through the forming wire and is recycled back to 
the headbox where it is mixed with the incoming stock. Water is also removed 
from the sheet during pressing and in the form of trim; this water is also 
recycled, generally via a saveall which thickens the stock. The thickened 
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TARLE Ill-6 

WAST!! LOADS AND WASTEWATER QUANTITIES IN TYPICAL PULP AND PAPER Mii.LS (35) 

Waste Load 1 in lb/t of Product 
Sus2eade.d So lids Dissolved Solids Total So lids BODS j!H __g_al/ton 

Process Range Mean Range Mean Range Mean Range - Mean Range Mean Range Menn 

Wood Prcpa1:ation 1.9-40 9 4 li-50 13 2-10 3 6.5-8.0 7.0 1,000-10,000 3,400 
Pulping 
Ground wood 
Sulfate (kraft) 
Blow towe:r (3.7) 4 17 (21. 0) 21 (l. 3) l (12) 12.0 (l, 000) l,000 
Dirty co_ndensate 0-0.5 0.1 4 6-11 7 6.5-9.0 8 9.5-10 10.0 950-1, 900 l,200 
Evapo ra to:r 
ejector 0.06-0.2: 0.1 2 1-3 2 1.6-4.5 3 9-10 9.5 290-640 300 

Causticlz:lng waste 2.2-5.7 5 96 46-240 101 8.0-10.5 9 9-11.0 10.0 600-9,600 2,500 
Green dreiJ (1.0) 1 21 (22) 22 (1.0) l (l2) 12.0 (200) 200 
Floor dra:ln 0.5-10 6 1 ll.0-11.5 11 0. 3-l. 7 l 11.6-12 12.0 340-580 400 

SUBTOTAL 17 141 164 23 5,600 

Sulfite 
Blow towe1r 0.42-l.9 1 246 36-348 247 29-194 116 2.2-2.9 2.7 1,840-1,950 1,900 
Condensate 0.05-0. 2 0.1 47 18-87 47 48-71 66 2. 3-3. l 2.6 750-1,700 1,100 
Uncollect••d liquor 0.3-43 21 84 50-515 105 50-61 53 2.2-2.6 2.4 2,000-10,000 7,500 
Acid plant wastes (5) 5 (5) 5 (10) 10 ( l. 2) l. 2 (300) 300 
Boiler blowdown (2) 2 (22) 22 (0.05) 0.05 11.0 (100) LOO 

SUBTOTAL 29 382 411 235 12-2.9 10,900 

Semi-Chemiooal 
Blow tower (2) 2 (6) 6 (8) 8 (1) l 4.0 (1, 000) l,000 
Condensa t<! (O.l) 0.1 (2) 2 (2) 2 (3) 3 3.5 (2,000) 2,000 
Recovery Bystem (9) 9 (111) 111 (150) 150 (8) 8 (2. 000) 2,000 
Uncollected liquor (11) 11 (29) 29 (40) 40 {18) 18 2.5 (2,000) 2,000 

SUBTOTAL (22) 22 148 200 30 2 .. 5-4.0 7,000 

De inking b 
{all sources) 11-25 9,700-36,000 

Pulp screening 
Groundwoocl 
Sulfate {kraft) 5-8 4 58 60-63 62 10-18 14 9-10 10.0 900-9,600 3,600 
Sulfite 1.7-14 8 19 27 22-10.7 8 5.l•-5.7 5.6 1,700-14,300 6,000 
Semi-Chemicals 
De inking 

Pulp washing and 
thickening 
Groundwood 

{no washing) 9-14 11 ,44 51-107 75 22-46 33 5.0-6.25 6.0 4,800-10,000 7,.500 
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TABLE III-5 (Continued) 

Waste Load, in lb/t of Pr.oduct 
SUSl,!egded Solids Dissolved Solids To tsl Solids BODS H gal/ton 

Process Range Mean Range Mean Range Mean Range Mean Range Mean Range Mean 

Sulfate (kraft) 10-30 15 127 94-180 142 10-35 25 8.9-9.4 9.0 3,000-11,000 7,000 
Sulfite 6.5-9.0 8 123 68-1037 131 7.4-34.0 18 2.4-3.9 2.9 1,800-15,000 7,500 
Semi-Chemical 0.9-6.0 3 90 42-141 93 10-112 24 7.0-7.9 7.4 2,400-7,800 5,400 

·Oeinking 

Bleaching 
Groundwood 4,QOO 
Sulfate (kraft) 14-124 60 92-280 180 216-294 240 8-88 30 2.9 12,000-32,000 19,000 
Sulfite 4-44 15 126-409 205 131-415 220 17-44 25 2. 9-6. 8 3.8 9,000-30,000 15,000 
Semi -Chemic a 1 
De inking 6 119 125 12 2.2 5,500 

Papermaking c 

General 10-166 46 21-425 73 31-591 119 3-80 16 4.3-6.9 5 5,700-40,000 13, 000 
Related products 

Newsprint 20-60 40 10-12 15 37 ,000 
Uncoated 
groundwood 

Coated printing 
paper 

Uncoated book 
paper 30 66 116 16 8,000-28,000 )/1,000 

Fine paper 47-100 73 80 153 15-40 20 9,000-40,000 18,000 
Coarse paper 10-30 20 10-25 15 2,000-29,000 10,000 
Special industrial 

paper 200-400 300 140-170 155 20,000-100,000 
Sanitary and 

t:lssue paper 50-100 50 150 200 15-30 22 8,000-37,000 14,000 

Total mill effluent 
(integrated pulp and 
paper mills) 

Bleached sulfite 
and paper 50-200 170 150-1130 640 200-1300 810 30-220 120 39,000-54,000 45,000 

Unhleacheddsulfate 
and paper 50 460 510 27 ,000 

Bleached sulfite 
and paper 40-100 100 560-1600 1040 600-1700 1140 235-430 330 40,000-70,000 55,000 

aSingle pieces of data are entered under the "Range" column in parentheses. The mean values shown ar.e not truly statlst.lcnl averages; they are 
bconsidered to be probable average values based on the available data. 
cThe delnking process includes pulping, screening, washing, ;ind thickening. 

and dWastewaters from papermaking include those from stock preparation, paper-machining, and finishing converting operationR. 
Data for integrated unbleached sulfate pulp and paper mills are generated by subtracting the data for bleaching from lhose 
for the integrated bleached sulfate pulp and paper mill. 
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stock is pumped back to the machine chest, along with the accompanying new 
stock to be formed into a sheet. 

The relatively clear filtrate which passes through the- sheet on the saveall is 
subsequently utilized for showers, for stock diiution on the paper machine, or 
for stock preparation. Also, the clarified whitewater from the machine system 
can be discharged to the sewer system or recycled to the pulp mill for dilu
tion purposes. An attempt can be made to recycle as many of these streams as 
possible and minimize discharge from the paper machine area. 

After the paper has been formed, it may be further treated by coating to 
improve printing and writing characteristics or to achieve desired color 
characteristics. The surface coating of adhesives or pigments contributes 
little or no effluent during normal operations. However, on order changes, 
and as a result of upsets, breaks, spills, washups, or dumps due to contamina
tion, high sudden loadings of suspended solids and high BOD 5 (resulting from 
the starch adhesive utilized) may be suddenly discharged to the mill sewer 
system. 

Improved instrumentation can be used to control flow rates and thus minimize 
losses from coating and sizing operations. Spill collection systems can be 
designed tcr reclaim and reuse as much of these materials as possible. It is 
also possible to design systems to enable discharge to the mill treatment 
system at a controlled rate. Because the pigments and adhesives are so expen
sive, there is an economic incentive for the mill to minimize losses. As a 

·total contribution in terms of flow, BODS, and TSS, such losses are generally 
minimal compared to the pulping, liquor recovery and papermaking operations. 

Summary 

Table III-6 shows typical effluents for major manufacturing areas in inte
grated pulp and paper mills. As shown, the highest losses per ton of product 
are experienced by sulfite pulp mills, from the bleacheries of both sulfite 
and alkaline pulp mills, and from the papermaking operations for most types of 
fine papers. 

A more detailed discussion of the generation of wastewater in pulp, paper, and 
paperboard mil ls is presented by subcategory in Section V of this report. 
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SECTION IV 

REVIEW OF INDUSTRY SUBCATEGORIZATION AND PROFILE 

INDUSTRY OVERVIEW 

At the time of this study, the pulp, paper, and paperboard industry consisted 
of approximately 730 operating facili~ies •. These operations vary from large 
integrated kraft pulp, paper, and paperboard mills producing over 1,814 
kkg/day (2,000 tons/day), to small nonintegrated single machine mills making 
1.il'!t.~~ +h<l'.IY11 n a l ... 1 ... -1~ ........ 11 ·--',,.J- .... ' -.t: ---...i ... _ ... 
·~~.;11 1.1.LQ.U '-'•-' I."1-,..,_EJ/U.Q.J \.&. 1.VLl./U.O.JJ U~ i-'&.VU.\,U ... t.• 

There are three general classifications of mills: integrated mills; secondary 
fiber mills; and nonintegrated mills. At integrated mills pulp is produced 
from wood and non wood raw materials (i.e. , hemp or flax) ; paper and board 
products are produced on site. At secondary fiber mills no pulp is produced 
on-site; most of the furnish is derived from waste paper. At nonintegrated 
mills, the furnish consists of purchased wood pulp (or other fibers). No pulp 
is made on-site, but some waste paper can be used, as long as the mill does 
not have a full deink process. 

Pulping processes at the integrated mills range from simple groundwood opera
tions, using only mechanical defibration of full logs and limited bleaching 
operations, to the complex dissolving pulp mills employing extensive chemical 
pulping operations and attendant recovery systems coupled with multi-stage 
bleaching operations. Also included with the integrated pulp mills are those 
producing pulps from a variety of non'-'Ood fibers such as flax, hemp, cotton, 
abaca, and sisal. Pulping operations include groundwood and modified ground
wood operations, sulfite (acid) processes, unbleached and bleached kraft or 
soda processes (alkaline), and modified high-yield processes utilizing mild 
chemical treatments coupled with mechanical defibration. 

Mills using secondary fiber are a large and growing segment of the industry. 
At these mills waste paper in various forms is utilized. At one extreme are 
processes involving the direct slushing of waste papers with no additional 
processing, followed by conversion into coarse products such as construction 
papers, corrugating media and other coarse board stock. At the other extreme 
are mil ls utilizing high quality waste papers which subsequently are deinked 
by chemical means, screened, cleaned, and · processed through multi-stage 
bleaching systems in a manner very similar to wood pulping. High quality 
deink pulps are utilized in the production of fine quality tissue, printing, 
and business papers. 

Fibers are purchased by nonintegrated mills, where a wide range of products 
are manufactured. The products range from specialty board items through the 
highest quality fine papers. 
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INDUSTRY SUBCATEGORIZATION 

Purpose 

The purpose of subcategorization is to group together mills with similar 
production and process patterns. This allows for the development of repre
sentative raw waste loads and production characteristics for a relatively. 
homogeneous groups of mills. In this manner, the technical investigations and 
national effluent limitations guidel:f:nes and standards can focus on typical 
operations which can be found throughout the industry. The resulting data can 
then form a statistically valid basis for estimating costs and writing ef
fluent discharge permits which are reasonable for each mill in the industry, 
based on the operation of other mills with similar characteristics. 

Existing Subcategorization and Factors Considered 

The two segments of the industry are presently subcategorized as shown in 
Table IV-1. Factors which were considered in establishing these subcategories 
include: 

0 raw materials; 

0 mill age; 

0 production processes; 

0 products produced; 

0 mill size and complexity; and 

0 mill location. 

These factors and their relationship to subcategorization are discussed in the 
following paragraphs. 

Raw Materials. In most pulping processes, wood species native to the geo
graphical area of the mill under evaluation are the primary raw material. 
Blends of local species, usually separated with respect to hardwood and soft
woods, are pulped to produce either market pulps or papers with specific 
physical and optical properties. 

Hardwoods are generally pulped more readily than softwoods in alkaline pro
cesses, yielding more bleached pulp in a less intense pulping and bleaching 
process. Mills may utilize nonwood materials to produce both the pulp and 
papergrades derived. Cotton linters may be converted into highly purified 
cellulose fibers used in fine papers, filter papers and specialty products. 
Likewise, fibers derived from hemp, sisal, abaca and flax yield .the pulps 
required in items as diverse as cigarette papers and tea bags. Processing 
characteristics and inherent ~ellulose content vary widely. 
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TABLE IV-1 

CURRENT INDUSTRY SUBCATEGORIZATION 

Phase I 

Unbleached Kraft 
NSSC - Ammonia 

Unbleached Kraf t-NSSC 
Paperboard from Wastepaper 

Phase II 

Dissolving Kraft 
Market Kraft 
BCT-Kraf t 
Fine Kraft 
Papergrade Sulfite 

- Blow Pit Wash (plus allowances) 
- Drum Wash (plus allowances) 

Dissolving Sulfite (allowances by grade) 
Ground1N0od Chemi-Mechanical 
Groundwood Titermo-Mechanical 
Ground1N0od CMN 
Groundwood Fine 
Soda 
De ink 
Nonintegrated-Fine 
Nonintegrated-Tissue 
Nonintegrated-Tissue 

- from Waste Paper 

Builders Paper and Roofing Felt 
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Although there are inherent differences in cellulose content of the original 
wood or nonwood fiber source used, the pulping and liquor recovery systems and 
the bleaching sequence applied are far more significant in influencing raw 
waste characteristics. 

In nonintegrated mills, no pulp is produced on-site. This eliminates the 
potential losses associated with recovery of pulping liquors and bleachery 
effluents in integrated mill operations. Only the losses inherent with stock 
preparation and the papermachine operations are significant. 

If waste paper is used for the furnish, the raw waste load depends greatly on 
the subsequent processing performed. If waste paper is used without deinking, 
as in board or construction papers, losses are very smal 1. However, when 
waste paper is fully deinked and bleached to produce stock suitable for fine 
or tissue papers, raw waste losses are among the highest in the industry. 

Thus, while inherent differences e:icf.st in terms of possible fibrous yield from 
different raw materials, the raw waste loads are more significantly influenced 
by the processing of the ma.terial(s) than by the inherent differences in 
cellulose levels in the raw materials. For example, at a mill with (say 93 
percent) liquor, a 10 percent difference in cellulose content represents less 
than a 1 percent change in raw waste BOD.2_ load. 

Quantitative information on raw materials or mix of grades of waste paper used 
is not usually provided in adequate detail to establish a consistent relation
ship to raw waste load. Thus, while raw waste factors may be influenced by 
raw materials used, the combined effect of both raw material and production 
process must be considered in developing a subcategorization scheme. 

Pulping Processes. The processes used to produce pulp from wood or other 
substrates significantly influence raw waste loads. For example, the raw 
waste BOD 5 load for alkaline (kraft) pulp mills is generally lower for un
bleached pulp mills than for fine paper mills; however, the BODS load is 
higher. still for mills making highly purified alkaline dissolving pulps. The 
basic process difference is the intensity of the bleaching system, and the 
inability to recover dissolved substrate in the alkaline dissolving pulping 
process. The liquors from the alkaline pulping operations are generally 
evaporated and recovered. To further illustrate the effect of production 
process, sulfite dissolving pulp mil ls generally have a much higher BOD ,2. 
loading than alkaline dissolving pulp mills. This reflects both a high degree 
of purification during bleaching and a less effective liquor recovery system 
than in the corresponding alkaline operations. Thus the production process is 
a key factor in subcategorization. 

Products Produced. While pulping process variations are the key to the inher
ent raw waste load generation, the next most significant factor is the pro
duct Cs) produced. 
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Coarse grades of ·paper and board generally can accept higher levels of dirt, 
shives and other contaminants. Therefore, it is possible to operate with 
extensive whitewater recycle, and to extensively recycle effluent from the 
mill's treatment plant. As the demand for quality increases, increasing 
levels of dirt must be purged from the system with attendant higher losses. 
Electrical grades must be highly uniform and free of dissolved metal salts; 
this makes higher raw waste loads and water use inevitable. Production of 
thin electrical papers involves the use of 50 percent more fresh water per ton 
than comparable thin grades. The type of product thus often helps to deli
neate a particular group or subcategory.of mills. 

Clearly~ products of increas:tng quality standards require more extensive 
processing with respect to bleaching, pulp screening and cleaning. The recy
cling of contaminated materials cannot be tolerated in fine paper operations, 
but provides a ready source of raw material for production of many unbleached 
and coarse grades of board and industrial grades. 

Age and Size of Mills. The age of a mill appears to have minimal impact upon 
raw or final waste load characteristics. Process and product differences far 
overshadow age and size factors. For example, deink mills which produce 
newsprint are relatively new, but exhibit the highest TSS loads in the entire 
industry. Nonintegrated paperboard mills are the oldest, but have very low 
raw waste· loads. Equipment age, rather than mill age, has a more measurable 
correlation with waste characteristics. But even old equipment may not result 
in high waste loads if the equipment is well maintained, properly sized and 
properly operated with respect to current process demands. Mill size, as 
shown in earlier development documents, also has little relationship to waste 
load. (2) (3 7) 

Geographical Location. Mill location may have a significant bearing upon wood 
species availability, l~nd availability or suitability for proper effluent 
disposal and solids disposal, availability of receiving waters to assimilate 
the final effluent, and climate. However, factors affecting effluent treat
ment can be minimized by proper design of the biological treatment systems. 

As indicated by U.S. Department of Commerce information, cost factors, such as 
fuels, construction labor and electric power vary by region in the U.S. (38) 
However, such factors do not .influence raw waste load characteristics, and can 
be accounted for in development of cost data for implementation of control and 
treatment technologies. Because regional factors are not significant in terms 
of raw waste loads and water usage, no additional subcategorization by geo
graphical location is warranted. 

Review of Existing Subcategorization 

As part of the BATEA review program, an updated and more complete data base 
has been collected from 644 mills in the pulp, paper and paperboard industry. 
A review of existing subca tegoriza tion was undertaken in order to determine 
the adequacy of the existing subcategorization scheme in representing current 
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industry practices. Based on this review, it was apparent that the previous 
subcategorization scheme should be revised. A revised subcategorization 
scheme has been developed and is presented in Table IV-2. Revisions are based 
primarily on review of production processes and the products produced. 

Also as part of the review, raw waste loads were assessed taking into account 
the size and age of the mills, the treatability of the wastes produced, and 
the effect of unique geographical factors such as climate. 

The existing Phase I and Phase II subcategories recognize two classifications 
of mills: integrated and nonintegrated mills. Review of the industry's 
operations showed that a large number of mills are using significant quanti
ties of waste paper as a major portion of their furnish. At some of these 
mills waste paper is slushed to form coarse boards or molded items; at others 
complete deinking systems are operated including all the unit operations 
common to most pulp mills. Thus, some waste paper mills could be called 
integrated and some nonintegrated. To separately recognize the waste paper 
mills, a third major grouping has been developed: secondary fiber mills. 
Secondary fiber subcategories include Deink-Fine and Tissue, Deink-Newsprint, 
Wastepaper-Tissue, Wastepaper-Board, Wastepaper-Molded Products, and Waste
paper-Construction Products. The subcategories replace the current subcate
gories, Deink, Non-Integrated-Tissue (from Waste Paper), Builders Paper and 
Roofing Felt, and Paperboard from Wastepaper. 

As a result of the review of subcategorization, several SU;bcategories have 
been redefined. Integrated mill subcategories which have been redefined 
include kraft, neutral sulfite semi-chemical (NSSC), and sulfite. The kraft 
subcategories have been redefined as alkaline and include soda mills. 

Existing Phase I and II subcategories included special allowances for process 
variations in dissolving and papergrade sulfite subcategories. These allow
ances, which were based on limited data, tended to allow higher discharges, 
although technology existed for achievement of consistently lower discharges. 
Mill-to-mill variations are more significant than established differences by 
grade. Since the earlier survey, many of these mills have revised their 
processes or have shut down, further obviating the need for allowances for 
grades produced within the subcategories. 

Furthermore, the existing Phase I subcategories do not recognize the various 
types of semi-chemical pulping operations that now exist. NSSC is only one 
type and is decreasing in its application. Also, there are integrated mills 
specifically producing both groundwood and alkaline pulps in the desired ratio 
to make newsprint on-site; thus, a new Alkaline-Newsprint subcategory has been 
recommended for these mills. 

Previous subcategoriza tion efforts did not address all nonintegrated mills; 
consequently, the data for nonintegrated mills was reviewed to develop a 
logical subcategorization scheme. As a result of this review, subcategories 
were developed for nonintegrated production of fine paper, tissue paper, 
lightweight paper, filter and nonwoven papers, and paperboard products. In 
this subcategorization scheme the latter three product groupings are new 
subcategories. 
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TABLE IV-2 

REVISED INDUSTRY SUBCATEGORIZATION 

A. Integrated Mills 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-BC! (for paperboard, 

coarse and tissue (BCT) 
014 Alkaline-Fine 
015 Alkaline-Unbleached 
016 Semi-Chemical 
017 Alkaline-Unbleached and 

Semi-Chemical 
019 Alkaline-Newsprint 
021 Sulfite-Dissolving 
022 Sulfite-Papergrade 
032 Thermo-Mechanical Pulp 
033 Groundwood-CMN 
034 Groundwood-Fine 

B. Secondary Fiber Mills 

101 Deink-Fine and Tissue 
102 Deink-Newsprint 
111 Wastepaper-Tissue 
112 Wastepaper-Board 
113 Wastepaper-Molded Products 
114 Wastepaper-Construction Products 
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C. Nonintegrated Mills 

201 Nonintegrated-Fine 
202 Nonintegrated-Tissue 
204 Nonintegrated-Lightweight 
205 Nonintegrated-Filter & Nonwoven 
211 Nonintegrated-Paperboard 

D. Miscellaneous Mill Groupings 

Integrated-Miscellaneous, including 
o Alkaline-Miscellaneous 
o Groundwood Chemi-Mechanical 
o Nonwood Pulping 

Secondary Fiber-Miscellaneous 
Nonintegrated-Miscellaneous 



As a result of the subcategorization review, groups of mills have been identi-
1 

fied which do not logically fit into the subcategorization scheme. In each of 
the three mill classifications (i.e., integrated, secondary fiber and non
integrated) there are mills which do not fit the subcategorization scheme 
because of the complex variety of pulping processes and products produced. 
These are grouped into the Integrated-Miscellaneous, Secondary Fiber-Miscella
neous and Nonintegrated-Miscellaneous groupings shown in Table IV-2. Also 
included within the miscellaneous mill groupings are mills which have no 
common rational process identity and mills for which too little data is avail
able to develop typical process characteristics (e.g., high-yield acid pulping 
and nonwood pulping). Effluent limitations guidelines and standards for mills 
in the miscellaneous groupings may·be pro-rated or established for an indivi
dual mill by the permitting authority. 

With the revised and expanded subcategorization, 512 of the 644 mills respond
ing to the data request program are included in the subcategorization scheme. 
Presented below are descriptions of the types of processes and products asso
ciated with each subcategory within the integrated, secondary fiber, and 
nonintegrated mill classifications. 

Description of Subcategories - Integrated Mills 

Integrated mill operations are those where pulp is produced and processed into 
pulp, pulp bales, paper, or paperboard at the same site. 

011 Alkaline-Dissolving • At these mills a highly bleached wood pulp is 
produced in a full cook process using a sodium hydroxide and sodium sulfide 
cooking liquor and a pre-cook operation called "pre-hydrolysis". The princi
pal product is a highly purified dissolving pulp used mostly for the manufac
ture of rayon and other products requiring the virtual absence of lignin and a 
very high alpha cellulose content. 

012 Alkaline-Market. At mills in this subcategory, a bleached papergrade 
market wood pulp is produced in a full cook process using a highly alkaline 
sodium hydroxide cooking liquor. Sodium sulfide is also usually present in 
the cooking liquor in varying amounts. 

013· Alkaline-BCT. At these mills, bleached alkaline pulp is produced and 
manufactured into paperboard, coarse, and tissue (BCT) grades of paper. 
Bleached alkaline pulp is produced by a process similar to that presented for 
the Alkaline-Market subcategory. 

014 Alkaline-Fine. At these mills, bleached alkaline pulp is produced and 
manufactured into fine papers, including business, writing, and printing 
papers. The pulping process is as discussed in the previous two subcate
gories. 
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015 Alkaline-Unbleached. At these mills, an unbleached wood pulp is produced 
in a full cook process using a highly alkaline sodium hydroxide cooking 
liquor. Sodium sulfide is also usually present in the cooking liquor in 
varying amounts. The products are coarse papers, paperboard, and may include 
market pulp, unbleached kraft specialties, towels, corrugating medium and tube 
stock. 

016 Semi-Chemical. At semi-chemical mills~ a high-yield wood pulp is produced 
and manufactured into corrugating medium, insulating board, partition board, 
chip board, tube stock, and specialty boards. A variety of cooking liquors 
are ':lsed to cook the 1;..100d chips under pressure; the cooked cI-1ips are usually 
refined before being converted into board or similar products. 

017 Alkaline-Unbleached and Semi-Chemical. At mills in this subcategory, 
high-yield semi-chemical pulp (as defined in the Semi-Chemical subcategory) 
and unbleached kraft pulp (as defined in the Alkaline-Unbleached subcategory) 
are produced. . Cooking liquors from both processes are recovered in the same 
recovery furnace. Major products include linerboard, corrugating medium, and 
market pulp. 

019 Alkaline-Newsprint. At these mills bleached alkaline pulp (as defined in 
Alkaline-Market subcategory) and groundwood pulp (as defined in the Ground
wood-CMN and Thermo-Mechanical Pulp subcategories) are produced. Newsprint is 
the principal product produced. 

021 Sulfite-Dissolving. At mil ls in this subcategory, a highly bleached and 
purified wood pulp is produced in a full cook process using strong solutions 
of calcium, magnesium, ammonia or sodium bisulfite, and sulfur dioxide. The 
pulps produced are viscose, nitration, cellophane or acetate grades; and they 
are used principally for the manufacture of rayon and other products that 
r:equire the virtual absence of lignin and a high alpha cellulose content. 

022 Sulfite-Papergrade. At mills in this subcategory, sulfite pulp and paper 
or papergrade market pulp are produced. The sulfite wood pulp is produced by 

·a full cook process using strong solutions of calcium, magnesium, ·ammonia or 
sodium bisulfite, and sulfur dioxide. Purchased groundwood, secondary fibers 
or virgin pulp are commonly used in addition to sulfite pulp to produc.e tissue 
paper, fine paper, newsprint, market pulp, chip board, glassine, wax paper, 
and sulfite specialties. 

032 Thermo-Mechanical Pulp (TMP). At mills in this subcategory, wood pulp is 
produced in a process using rapid steaming followed by refining. A .cooking 
liquor, such as sodium sulfite, is added. The principal products are fine 
paper, newsprint and tissue papers. 
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033 Groundwood-OiN. At these mills, groundwood pulp is produced using stonil
grinders or refiners; no separate steaming vessel is used before the defibra .. 
tion. Purchased fibers are used in addition to groundwood pulp to produce 
coarse paper_s, molded fiber products, and news print (CMN). 

034 Groundwood-Fine. At mil ls in this subcategory, groundwood pulp is pro
duced using stone grinders or refiners; no separate steaming vessel is used 
before the defibration. Purchased fibers _are used in addition to groundwood 
pulp to produce fine papers, including business, writing and printing papers. 

Integrated-Miscellaneous. This mill grouping includes three types of misc
ellaneous mills: 1) mills employing more than one pulping process (exceptions 
are the Alkaline-Newsprint and Alklaline-Unbleached and Semi-Chemical sub
categories); 2) miscellaneous processes not described above (i.e., nom~od 
pulping, chemi-mechanical, miscellaneous acid and alkaline pulping mills); and 
3) mills producing a wide variety of products not covered above. 

Description of Subcategories - Secondary Fiber Mills 

No pulp is produced at secondary fiber mills; most of the new material furnish 
is waste paper. Some secondary fiber mills include deinking to produce a 
pulp, paper or paperboard product. 

101 De ink-Fine and Tissue. At mil ls in this subcategory, a deink pulp i4 
produced from waste paper. The principal products made from the deinked pulp 
include printing, writing, business and tissue papers, bµt may also include 
products such as wallpaper, converting stock and wadding. 

102 Deink-Newsprint. Mills in this subcategory produce newsprint from deink 
pulp derived mostly from over-issue and waste news. 

111 Wastepaper-Tissue. In this subcategory, paper stock furnish is derived 
from waste paper without deinking. The principal products are facial and 
toilet paper, paper towels, glassine, paper diapers and wadding. 

112 Wastepaper-Board.· Mills in this subcategory use a furnish derived from 
waste paper without deinking. A wide range of products are made, including 
setup and folding boxboards, corrugating medium, tube stock, chip board, 
gypsum liner and linerboard. Other board products include fiber and partition 
board, building board, shoe board, bogus, blotting, cover, auto, filter, 
gasket, tag, liner, electrical board, fiber pipe, food board, wrapper, and 
specialty boards. 

113 Wastepaper-Molded Products. At these mills, most of the furnish is.41 
obtained from waste paper without deinking. The principal products are molde"llll 
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items, such as fruit and vegetable packs and similar throwaway containers and 
display i teins. 

114 Wastepaper-Construction Products. In this subcategory are mills primar
ily producing saturated and coated building paper and boards. Waste paper is 
the furnish; no deinking is employed. The principal products include roofing 
felt, shingles, rolled and prepared roofing. Asphalt may be used for saturat
ing, and various mineral coatings may be used. Some asbestos and nonwood 
fibers (fiberglass) may also be used·. At many mil ls some ground wood, def i
bra ted pulp or wood flour may be processed and used in production of the final 
___ .l ...... -4-
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Secondary Fiber-Miscellaneous. These mil ls manuf ac tu re products or product 
mixes not included in the Wastepaper-Tissue, Wastepaper-Board, Wastepaper
Molded Products and Wastepaper-Construction Products subcategories. Their 
furnish is more than 50 percent waste paper without deinking. 

Products may include market pulp from waste paper and polycoated waste, fil
ters, gaskets, mats, absorbent papers, ground-wood specialties and other grade 
mixtures. A mill producing less· than SO percent construction paper or any 
other combination of products, other than secondary fiber subcategory pro
ducts, would be classified in this grouping. 

Description of Subcategories - Nonintegrated Mills 

Nonintegrated mills purchase wood pulp or other fiber source(s) to produce 
paper or paperboard products. 

201 Nonintegrated-Fine. These nonintegrated mills produce fine papers from 
wood pulp or secondary fibers, prepared at another site. No deinking is em
ployed at the papermill site. The principal products are printing, writing, 
business, technical papers, bleached bristols, and rag papers. 

202 Non.integrated-Tissue. Mil ls in this subcategory produce sanitary or 
industrial tissue papers from wood pulp or secondary fiber prepared at another 
site. No de.ink pulp is prepared at the papermill site. The principal pro
ducts are facial and toilet paper, paper towels, glassine, paper diapers, 
wadding and wrapping. 

204 Nonintegrated-Lightweight. These mills produce lightweight or thin 
papers from -wood pulp or secondary fiber prepared at another site, as well as 
from nonwood fibers and additives. The principal products are uncoated thin 
papers, such as carbonizing, cigarette papers and some special grades of 
tissue such as capacitor, pattern, and interleaf. 
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205 Nonintegrated-Filter and Nonwoven. Mills in this subcategory produce 
filter papers and nonwoven items using a furnish of purchased wood pulp, waste 1 

paper and nonwood fibers. The principal products are filter and blotting 
paper, non woven packaging and specialties, insulation, technical papers and 
gaskets. 

211 Nonintegrated-Paperboard. Mills in this subcategory produce various 
types of paperboard from purchased wood pulps or secondary fibers. Products 
include linerboard, folding boxboard, ·milk cartons, food, chip, stereotype, 
pressboard, electrical and other specialty board grades. 

Nonintegrated-Miscellaneous. This grouping includes any nonintegrated mill 
not included in the above subcategories. Included are mills making mostly 
asbestos and synthetic products; paper and paperboard products that are too 
diverse to be classified; or products with unique process or product specifi
cations, commonly called specialty items. 

The Model Mill and Pure Mill Concepts 

The concept of sub categorization assumes that mil ls can be grouped based on 
their similarities. Ideally, within a particular grouping, there would be 
close similarity in processes employed, products manufactured, and effluent 
treatment technologies employed. As outlined previously, the purpose of 
subcategorization is to group together mills with similar production charac
teristics and processes employed. In conducting the project investigations, 
two representative mills have been conceptualized for each subcategory: the 
"pure" mill and the "model" mill. 

Pure Mill. The "pure mill" concept establishes a basis for the development of 
effluent limitations, guidelines and standards which can be used in pro-rating 
guidelines for mills not fitting the subcategorization scheme. A mill may be 
termed "pure" if its characteristics completely fit the subcategory defini
tion. 

For example, a mill producing only fine quality printing papers from on-site 
alkaline pulps may be called a "pure" mill in the Alkaline-Fine subcategory. 
In this situation the effluent loads from wood processing, pulping, bleaching 
and papermaking are totalled to give a characteristic raw waste load for the 
balanced mill operation. Commonly, howeve·r, mills that have been generally 
placed within a subcategory cannot be considered "pure". Often these mills 
may make a small quantity of a different product type; pulp mill output may 
not match the papermill requirements; and/or the production process may differ 
substantially from that used at a pure mill. 

For each subcategory, "pure mill" 
effluent guidelines development. 
pure mill, reflecting more than 
within the subcategory. 

data are developed for the basis of pro-rata 
Some subcategories contain more than one 

one distinct product or production process 
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Data from the pure mills can be used to develop guidelines on a pro-rated for 
unique mill operations which have not been included in the subcategorization 
scheme. For example, a mill may operate two separate pulping processes, 
called Process A and Process B. Pure mill guidelines established for e~ch 
process can be applied to the unique m.tll combination by establishing ·which 
proportion of its operations consists of Process A or Process B. Final ef
fluent waste loads projected for the pure Process Amill and the pure Process 
B mill can be mathematically combined and weighted to match the ratio of 
production using each process at the unique mill. 'nlis approach to guidelines 
development requires the use of pure mill data. To establish such data where 
none presently exists, the following approaches can be taken: 

1. Where- data over a wide range exists, graphical interpretation may be made 
from plots of raw waste loads like those shown in Figures IV-1, IV-2 and 
IV-3. For example BOD 5 curves for a mixture of deinked and virgin pulp 
can be used to extrapolate BOD_1 for 100 percent deink furnish. 

2. If insufficient data is available from which to plot a curve, then pure 
mill data can be generated from the subcategory model mill and related 
pure mill data from another subcategory. For example, mills in the 
Groundwood-Fine subcategory average 59 percent groundwood and 41 percent 
purchased pulp in their furnish. The purchased pulp/fine paper component 
of the raw waste load would be comparable to that from a pure noninte
grated fine mill, for which "pure" mill data is available. 'nle purchased 
pulp component of the Groundwood-Fine operation can thus be isolated and 
subtracted from the subcategory average. The remaining load is from the 
groundwood operation and can be extrapolated from 59 percent to 100 
percent to generate Groundwood-Fine "pure" mill data. 

It should be noted that linear graphical extrapolation of "pure" mill data may 
not accurately reflect efficiencies or process balances which might be 
achieved in an actual pure mil 1 operation. 'nlus, the pure mill projections 
may in some cases result in raw waste loadings that are higher than would 
occur in actual practice. 

Model Mil 1. For each of the revised subcategories, a "model" mill has also 
been established based on a review of data collected during the data request 
program. Model mill statistics are based on average, median or representative 
production and raw waste load characteristics. The purpose of the model mill 
is to establish a statistical base which can be used in developing average raw 
waste characteristics and in developing cost and energy data for a representa
tive mill to achieve effluent limitations guidelines and standards. 'nle model 
mill concept does not develop a basis for establishing guidelines on a pro
rated basis. 

The purpose and application of pure mill and model mill data are described 
more fully in Section V, Waste Characterization. 
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GEOGRAPHIC DISTRIBUTION OF MILLS BY SUBCATEGORY 

Table IV-3 shows the geographical distribution of pulp and paper mills 
throughout the United States. The largest single concentration of mills is in 
the upper ?A...idlw~st area, including the states of Ohio, Indiana, Illi:riois, 
Michigan, Wisconsin and Minnesota. In total, 169 mills are located in these 
states, including one-third of the total number of U.S. Wastepaper-Board 
mills. Other significant subcategory groupings in the upper Midwest include 
15 Nonintegrated-Fine papermills and over half the existing operating Sul
fite-Papergrade mills. Nearly half the total U.S. Deink-Fine and Tissue mills 
are also located in this region, which generally corresponds to EPA' s Region 
V. Tnis region is characterizea oy a large number of small mills which are 
generally older than mills in the southern and western regions of the United 
States. 

The northeastern region of the United States also has a large number of mills, 
many of which are small, nonintegrated mills operating on sites where they 
were first established more than 75 years ago. The area is characterized by 
relatively few large integrated pulp mills. There are significant concentra
tions of small Wastepaper-Board operations, Nonintegrated-Fine mills utilizing 
rag pulping operations, and a variety of other small nonintegrated pulp mills. 

The third major production area in the United States is the southern region, 
which is the area of prime concentration of large integrated alkaline pulp 
mills. There are no sulfite operations in the region. The southern states 
support a large number of Wastepaper-Board operations and builders paper 

1mills. However, the major subcategory represented is the Alkaline-Unbleached 
subcategory, primarily producing a wide variety of board grades on large 
machines. 

The central states area, comprising the plains area and the mountain states, 
covers nearly half of the land area of the United States. This area supports 
very few pulp or papermaking operations and has very few productive forests. 
With the exception of locally-based board and builders paper mills, there is 
minimal activity. 

The West Coast region is also characterized by locally-based Wastepaper-Board 
and builders paper manufacturing operations. However, the Pacific Northwest 
features the second largest concentration of sulfite mills, including both 
papergrade and dissolving pulp production. Five of the six operating Sul
fite-Dissolving mills in the U.S. are in the Pacific Northwest. This subcate
gory has the highest raw waste load of the industry. One third of the U.S. 
Sulfite-Papergrade mills are located in this region. The region also supports 
a general distribution of alkaline pulp mills. Figure IV-4 shows the number 
of pulp, paper and paperboard mills located in each of the 50 United States 
and Puerto Rico. 

PRODUCTION BY SUBCATEGORY 

In Table IV-4 reported production data is summarized by subcategory. As 
shown, the greatest tonnage (9,072,000 tons/year) is produced at the Alka-
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TABLE IV-3 

U.S. PULP, PAPER AND PAPERBOARD MILLS BY REGION 

EPA Region Number 
Subcategory I II III IV v VI VII VIII IX x Total 

011 - Alkaline-Dissolving 3 3 
012 - Alkaline-Market 1 3 1 1 2 1 9 
013 - Alkaline-BCT 4 2 2 8 
014 - Alkaline-Fine 3 1 5 1 4 3 1 18 
015 - Alkaline-Unbleached 17 2 7 3 29 
016 - Semi-Chemical 1 2 5 8 l 1 1 19 
017 - Alkaline-Unbleached 

and Semi-Chemical 1 3 3 3 10 
018 - Alkaline-Newsprint 2 1 3 
021 - Sulfite-Dissolving 1 5 6 
022 - Sulfite-Papergrade 1 1 10 6 18 
032 - Thermo-Mechanical 1 

Pulp 
033 - Groundwood-C:MN 2 2 1 1 6 
034 - Ground~od-Fine 1 1 6 8 
101 - Deink-Fine and Tissue 5 2 8 2 17 
102 - Deink-Newsprint 1 l l 2~( 111 - Wastepaper-Tissue 5 4 4 3 4 2 
112 - Wastepaper-Board 20 10 33 14 49 3 4 1 12 1 147 
113 - Wastepaper-Molded 

Products 3 1 6 l 2 2 15 
114 - Wastepaper-Construction 

Products 2 6 12 15 11 4 5 3 58 
201 - Nonintegrated-Fine 12 5 6 15 1 39 
202 - Nonintegrated-Tissue 3 6 4 4 5 4 26 
204 - Nonintegrated-Light-

weight 7 4 1 l 5 18 
205 - Nonintegrated-Filter 

and Nonwoven 5 3 2 2 3 1 16 
211 - Nonintegrated-Paper-

board 6 l 1 3 1 12 
* - Integrated-Miscella-

neous 19 10 6 21 11 7 1 3 10 88 
* - Secondary Fiber-Misc. 2 3 5 2 1 13 
* - Nonintegrated-Misc. 12 4 5 2 8 31 

Total 110 55 80 100 169 41 9 2 38 40 644 

*Groupings of mills with mixed or unique processes or products. 
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TABLE IV-4 

REPORTED PULP AND PAPER PRODUCTION BY SUBCATEGORY 

Average 
Average Production Total 

No. of Mill Production Per Machine Annual Production 
Subcategory Mills kg/day (t/d) kg/day (t/d) kkg (1,000 t) 

011 Alkaline-Dissolving 3 1,022 (1, 127) 432 (476) 1,107 (1,221) 
012 Alkaline-Market 9 752 (829) 471 (519) 2,436 (2,686) 
013 Alkaline-BCT 8 790 (871) 250 (276) 2,275 (2,508) 
014 Alkaline-Fine 18 639 (705) 55 (61) 4,143 (4,568) 
015 Alkaline-Unbleached 29 788 (869) 404 (445) 8,228 (9 ,072) 
016 Semi-Chemical 19 414 (456) 241 (266) 1,638 (l,806) 
017 Alkaline-Unbleached 

& Semi-Chemical 10 1,194 (1, 316) 338 (373) 4,297 (4, 738) 
019 Alkaline-Nesprint 3 1,214 (1,338) 303 (334) 1, 311 ( 1, 445) 
021 Sulfite-Dissolving 6 493 (544) 493 (544) 1,066 (1,175) 
022 Sulfite-Papergrade 18 324 (357) 83 (91) 2,098 (2,313) 
032 Thermo-Mechanical Pulp 2 257 (283) 102 (113) 185 (204) 
033 Groundwood-CMN 6 249 (275) 74 (82) 539 (594) 
034 Groundwood-Fine 8 421 (464) 125 (138) 1,212 (1,336) 
101 Deink-Fine 17 152 (168)39 52 (57) 932 (l,02. 
102 Deink-Newsprint 3 325 (358) 244 (269) 39 351 (38 
111 Wastepaper-Tissue 22 30 (33) 12 (13) 237 (261) 
112 Wastepaper-Board 147 133 (147) 127* (140) * 7,056 (7' 779) 
113 Wastepaper-Molded 

Products 15 44 (49) 5 (5) 240 (265) 
114 Wastepaper-Construction 

Products 58 74 (82) 54 (60) 1,553 (1, 712) 
201 Nonintegrated-Fine 39 188 (207) 73 (81) 2,095 (2,310) 
202 Nonintegrated-Tissue 26 114 (126) 58 (64) 1,193 (1,315) 
204 Nonintegrated-Lightweight 18 52 (57) 19 (21) 317 (349) 
205 Nonintegrated-Filter and 

Nonwoven 16 18 (19. 4) 39 (43) 102 (112) 
211 Nonintegrated-Paperboard 12 33 (35.9) 20 (22) 164 (181) 

SUBTOTAL 512 226, 172 (249,363) 
Miscellaneous 
Groups 134 13,344 (14, 712) 

TOTAL 646 239,516 (264,075) 

Source: Data Request Response 
*Estimated 
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line-Unbleached mills followed by Wastepaper-Board mills at 7, 779,000 tons/ 
year. The smallest production is reported by the Nonintegrated-Filter and 
Nonwoven mills (112,000 tons/year). 

The three largest subcategories in terms of tonnage produce packaging mate
rials. The smallest subcategories in terms of tonnage generally produce 
consumer products with unique characteristics. 

The largest average size mills are the Alkaline-Newsprint operations, followed 
closely by the Alkaline-Unbleached and Semi-Chemical board mills, and the 
Alkaline-Dissolving pulp mills. The nonintegrated subcategories, Wastepaper
Tissue, and Wastepaper-Molded Products mills, represent the smallest average 
size mills. Generally, the more unique the product, the smaller the mill. 

In terms of the number of mills in the respective subcategories, the largest 
(at 147) occurs in the Wastepaper-Board subcategory, followed by Wastepaper
Construction Products with 58 mills. There are several small subcategories 
with three or fewer mills: Alkaline-Dissolving, Alkaline-Newsprint, Thermo
Mechanical Pulp and Deink-Newsprint. 
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SECTION V 

WASTE CHARACTERIZATION 

INTRODUCTION 

Characterization Strategy 

The purpose of this section is to define the wastewater characteristics for 
mills in the subcategories identified in Section IV. As outlined previously, 
three categories of pollutants are under investigation; l,) conventional 
pollutants; 2.) toxic pollutants; and 3.) nonconventional pollutants. 

The data-gathering strategy has included a literature review, industry re
sponse to the data request program, and a mill sampling program. This section 
will summarize the data gathered through these efforts for each category of 
pollutants. 

Model and Pure Mill Concepts 

Raw waste load data has been collected and tabulated for mills in each sub
category of the pulp, paper and paperboard industry. This data will be used: 

1. to develop representative mills in each subcategory, so that the cost of 
achieving effluent limitations guidelines and standards can be estimated; 
and 

2. to develop wastewater data that can be used by the EPA to establish 
specific effluent limitations guidelines and standards for each mill in 
the industry. 

To meet these objectives, two representative mills have been conceptualized 
for each subcategory: the "model mill" and the "pure mill." These concepts 
are defined below. 

Model Mill. A "model mill" is developed for each subcategory in order to 
present a typical operation of mills within the subcategory. The model mill 
has been selected to serve as the basis for subsequent cost and energy evalua
tions, which are part of the BCT cost test required to judge the economic 
impact of various levels of effluent control which may be specified by EPA in 
accordance with the Clean Water Act. 

The raw waste load presented for the model mill in some subcategories is the 
average raw waste load of mills within the subcategory. In other cases, the 
model mill raw waste load may reflect an operation or set of operations which 
typify the subcategory, but which may not be the arithmetic average of the 
subcategory. 

In all cases, model mill raw waste loads for the subcategories form the basis 
for projected raw waste load reductions which can be achieved by implementing 
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designated production process controls and effluent treatment technologies at -
the model mill in each subcategory. 1 

Model mill raw waste loads do not serve as the basis for effluent limitations 
guidelines and standards development. As outlined they are used to estimate 
the cost of implementing selected production process controls and effluent 
treatment technologies. 

Pure Mill. The "pure mill" concept establishes a basis for the development of 
effluent limitations guidelines and standards which can be applied to each 
mill in the pulp, paper and paperboard industry. Because most mills are 
characterized by complex combinations of processes and products, it is neces
sary to isolate distinct operations which can be found in the industry. Raw 
waste loads attributable to each distinct process can then be pro-rated to 
match the combination of processes which may be found at a particular mill. 

Pure mill raw waste loads represent the operation of distinct processes or, in 
some cases, the manufacture of particular products using a distinct process. 
These waste loads may be based on actual operations by a group of mills which 
produce a particular product using a distinct process, or they may be based on 
mathematical interpretation of data from more complex operations. 

Pure mill raw waste loads are presented for each subcategory. For some sub
categories which are particularly well-defined and discrete, the pure mill and 
model mill raw waste loads may be the same. However, there are many subcate-.· 
gories where pure mill data and model mill data differ. Also, some subcate-1 

gories are represented by more than one pure mill, thus recognizing a variety 
of processes or products which can be isolated within those subcategories. 

In the following text on conventional pollutants, raw waste loads will be 
presented first for the model mill situation in each subcategory, and then for 
the pure mill situations. 

CONVENTIONAL POLLUTANTS 

The Clean Water Act defined four conventional pollutants: BODS, TSS, pH, and 
fecal coliform. An additional three conventional pollutants - COD, phosphorus 
and oil and grease - have been proposed by EPA. As a result of past efforts, 
effluent limitations have been promulgated for the industry for BODS, TSS and 
pH. For these pollutants considerable long-term data exists, while there is 
only limited available data on the other conventional pollutants, including 
those proposed. The primary pollutants discussed in this section are BODS and 
TSS. COD data will be subsequently presented with the verification sampling 
program data. COD is presented as a nonconventional pollutant since it has 
not been promulgated as a conventional pollutant. 

This section will present conventional pollutant characterization for the 
model mill and pure mill facilities. The legend presented earlier in the 
report provides the reference for abbreviations used in presenting model and, 
pure mill raw waste loads. 
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Model Mill Raw Waste Loads by Subcategory 

011 Alkaline-Dissolving. With an average initial construction date of 1952, 
the three mills in the Alkaline-Dissolving subcategory produce blends of 
dissolving pulps, as well as market pulps for papermaking. These mills use 
hardwood and/ or softwood species, ranging from 100 percent hardwood to 100 
percent softwood. Although the bleaching sequences vary even within indivi
dual mills, all three generally practice jump-stage countercurrent washing. 
Calculated net bleached yield approximates 40 percent for bleached softwood 
and 46 percent for hardwood. 
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exhibits higher BODS and TSS loadings per ton of product than the two mills 
using softwood as their principal raw material. This contradicts the expected 
higher BODS loading for softwood production, which is demonstrated by a large 
number of mills in the Alkaline-Market and Alkaline-Fine subcategories. 

The model mill raw waste load for this subcategory is: 198.1 kl/kkg (47 .S 
kgal/t) flow; S3.8 kg/kkg (107.6 lb/ton) BODS; and 76.8 kg/kkg (1S3.7 lb/ton) 
TSS. The flow and TSS loads are the average for the three mills in the sub
category. The BODS load for the model mill is the median BODS for the three
mill group, which was selected because of the apparent disparity in the BODS 
data for the mill using 100 percent hardwood as its raw material. 

012 Alkaline-Market. The nine mills in the Alkaline-Market subcategory have 
an average chronological age of 23 years, making this one of the more modern 
subcategories in the industry. These mills primarily produce market pulp, at 
an average production of 570.S kkg/day (629 tons/day). Four mills produce 
pulp from predominately softwood, three use mostly hardwood, and two use a 
mixture of hardwood and softwood. 

Raw waste loads for mills in this subcategory are presented in Table V-2. As 
shown, the softwood mills generate higher waste loads per ton of product than 
the hardwood or mixed species mills. The loadings from three predominantly 
softwood mills have been averaged to establish the following model mill raw 
waste load: 

Flow 178.2 kl/kkg (42.8 kgal/t); 
BODS 41.5 kg/kkg (83.0 lb/ton); and 
TSS 31.8 kg/kkg (63.6 lb/ton). 

The predominantly softwood mills average 85 percent softwood and 15 percent 
hardwood as their raw material. For mills generally exceeding 15 percent 
hardwood production, raw waste load allowances can be decreased to reflect the 
lower inherent potential loading from hardwood production. For each percent
age of hardwood production in excess of 15 percent, allowances can be de
creased 0.18 kg/kkg (0.36 lb/ton) for BODS and 0.14 kg/kkg (0.28 lb/ton) for 
TSS. -

013 Alkaline-BCT. In this subcategory of eight mills, bleached alkaline 
pulps are produced for use on-site in paperboard, tissue and coarse grade-
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M:lll No. 

032001 
032002 
032003 

Average 

Median 

Model M:lll 

100% HW 
100% SW 
88% SW 

TABLE V-1 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 011 - ALKALINE-DISSOLVING 

72 
45 
59 

58.7 

Flow 
kl/kkg (kgal/t) 

136.8 
218.1 
238.9 

(32.8) 
(52. 3) 
(5 7. 3) 

198.1 (47.5) 

198.l (47.5) 

Raw Waste Load 
BODS 

kg/kkg (lb/t) 

109.5 
35.4 
53.8 

(219.0) 
(70.8) 

(107.6) 

TSS 
kg/kkg (lb/t) 

120.4 (240. 7) 
28.7 (57.3) 
81. 6 (163. 2) 

61.2 (132.4) 76.8 (153.7) 

53. 8 (107. 6) 

53.8 (107.6) 76.8 (153.7) 

(a)HW = Hardwood; SW = Softwood. 



TABLE • 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 012 - ALKALINE-MARKET 

Production Prof Ue Raw Waste Load 
Pule (t/d) Flow BODS TSS 

M111 No. Hardwood Softwood Product (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Softwood Mills 

030006 582 bales 582 179 .4 (43.l) 41. 3 (82.5) 22.4 (44. 7) 
030018 103 441 bales 544 184.4 (44.3) 39.2 (78. 3) 48.40 (96. 8) 
030030 153(a) 570(a) bales 723 171. l (41.l) 44.l (88.l) 24.7 (49.4) 
030031 87(a) 254(a) bales 341 332.2 (79. 8)(b) 44.0 (88. O)(b)J.32. 0 (264.0)(b) 
Average 86 462 bales 548 178.2 (42.8) 41.5 (83. 0) - 31.8 (63.6) 

Hardwood Mtlls 

<: 030005 369 bales 369 73. 3 (17.6) 17.5 (35.0) 20.4 ( 40. 8) 
I 030009 592 bales 592 134.9 (32.4) (--) (--) U1 

030012 383(a) 45(a) bales & 455 154.0 (37.0) 35.7 (71.4) 98.0 (196.0)(b) 
tissue 

Average 448 15 472 120.7 (27.0) 26.6 (53.2) 20.4 ( 40.8) 

Mixed M:llls 

board/ 
030028 438 1210 bales/roll 1,649 149 .1 (35.8) 35.5 (71.0) 24.0 (47.9) 
030042 261 148 slush 409 78.3 ( 18. 8) 37 .4 (74.8) 14.35 (28. 7) 

Average 350 679 1,029 113. 7 (27.3) 36.45 (72.9) 19.2 (38.3) 

Subcategory 
Average 629 134.7 (32.3) 32.7 (65.3) 29. 2 (58. 3) 

Model MHl 178.2 (42.8) 41.5 (83.0) 31.8 (63.6) 

(a) Adjusted to equal total production, revised per discussion with mil 1. 
(b) Not lncluded in average because of apparent inconsistency ln reported data. 



papers (bag, packaging, etc.). The average original construction date of 
these mills is 1958. Average production is about 789 kkg/day (870 tons/day)J 

Based on data shown in Table V-3, the ratio of hardwood to softwood has little 
effect on raw waste load parameters. Mills making all softwood average the 
same flow and lower BOD2_ than the eight-mill average. 

The model mill raw waste load for this subcategory is the average for the 
eight mills: 

Flow: 152.2 kl/kkg (36.5 kgal/t); 
BODS: 45. 7 kg/kkg (91.3 lb/ton); and 
TSS7 42.6 kg/kkg (8S.O lb/ton). 

The predominantly softwood mills average 8S percent softwood and 15 percent 
hardwood as their raw material. For mills generally exceeding lS percent 
hardwood production, raw waste load allowances can be decreased to reflect the 
lower inherent potential loading from hardwood production. For each percent
age of hardwood production in excess of 15 percent, allowances can be de
creased 0.18 kg/kkg (0.36 lb/ton) for BOD2_ and 0.14 kg/kkg (0.28 lb/ton) for 
TSS. 

014 Alkaline-Fine. The 18 mills in this subcategory have an average initial 
construction date of 1911. Most of these mills produce both hardwood and 
softwood pulps on-site, enabling the blending of pulps to give the desired 
strength and optical properties to a variety of fine printing, writing, and~ 
business papers. Both coated and uncoated papers are produced. Typically, 
clay, titanium dioxide, and other mineral fillers are used extensively in the 
base sheet, as well as in the coatings to give the desired appearance and 
printing properties. 

Table V-4 summarizes the raw waste load data from the 18 mills in this sub
category. While there are observable differences between mills with respect 
to filler loading, the pattern is not consistent except for a possible decline 
in BODS as total filler (or coating pigment) in the furnish increases. Sur
prisingly, there is not a clear indication of the expected increase in TSS 
with the increased addition of filler. 

Three mills make some groundwood pulp in addition to alkaline pulp; these 
three mills have BODS loads nearly 88 percent higher than the average of other 
mills in the Alkaline-Fine subcategory. The higher BOD 2 loads possibly re
flect difficulty in adequately balancing whitewater systems in the more com
plex mills. 

Product requirements apparently have a significant influence on raw waste 
loads. To recognize the unique papermaking requirements in most fine paper 
mills, the subcategory average is selected to serve as the model mill raw 
waste load. This subcategory average excludes the three mills making some 
groundwood, and one mill which reported data which appear inconsistent with 
the remaining mills in the subcategory. The model mill average raw waste load, 
is: 
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TABLE V-3 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 013 - ALKALINE-BCT 

Production Profile Raw Waste Load 
Pulp (t/d) Product (t/d) Flow BODS TSS 

Mtll No. HW SW Board T:lssue Coarse Total kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

030004 436 535 548 343 69 960 186.5 (44.8) 57.5 (115. 0) 41. 7 (83.3) 
030010 335 231 84 315 191.5 (46. 0) 37.2 (74.3) 42.9 (85. 7) 
030022 352 943 907 394 1,301 156.5 (37.6) 33.2 (66.4) (--) 
030024 512 368 714 106 820 137.4 (33. 0) 57.5 (115.0) (--) 
030026 1, 073 727 59 367 1,153 120.7 (29.0) 44.l (88.2) 14.7 (29.3) 
030047 306 204 583 583 130.3 (31. 3) 64.0 (128.0) 79.5 (159.0) 
030032 584 576 895 348 1,243 137.8 (33.1) 42.6 (85. 2) 48.3 (96.5) 
030039 291 238 487 107 594 154.9 (37.2) 29.2 Q8.4) 24.0 (47.9) 

<: Average 310 534 608 80 184 871 152.2 (36.5) 45.7 (91. 3) 42.5 (85.0) I 
-....J 

Model Mill 152.2 (36.5) 45.7 (91. 3) 42.5 (85.0) 



TABLE V-4 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 014 - ALKALINE-FINE 

Production Profile Raw Waste Load 
Pu12 (t/d) Purchased (t/d) Product ( t/d) Flow BODS TSS 

:-till No. HW SW Pule Broke Ctd Unctd Other Total kl7kkg (kl!ial7t) kl!i7kk!! (lb7t) ks7kks ~lb7t) 

Mills making more than 95 2ercent of thelr own 2ul2 and usini:i high cla~ 

030027 232 199 18 78 110 310 345 765 72.0 (17. 3) 21.5 (43.0) 32.9 (65.8) 
030049 499 224 9 33 1,137 41 1178 72.4 (17.4) 21.5 (43.0) 54.95 (109.9) 
030015 124 123 11 45 370 370 123.7 (29. 7) 50.95 (101.9) ~ (162.0)(a) 
Average 305 m TI 52 539 m m 7IT 8'9.5 (21.5) 3T:"3"" ( 62. 6) 56.3 (112.6) 

Mills ~akin!l more than 95 Eercent. of their own Eul2 and usin!l low cla~ 

030013 146 129 25 154 68 120 322 510 122.4 (29.4) (--) (-) 
030037 449 476 60 102 114 914 1028 118.2 (28.4) (--) (--) 
030046 408 232 4 348 342 50 748 132.4 (31.8) 31.12 (62.3) 80.5 (161) 
030052 237 311 72 600 87 687 127.4 (30.6) (--) (--) 
Average 3IO 287 22 82 104 294 343 74T IT4.'9 (30. 0) 31.12 (62.3) 80.5 ( 161) 

Mills - Hi!lh Softwood 

030051 113 213 194 612 612 93.7 (22.5) 32.67 (65.3) 40.85 (81. 7) 
<: 
I cc Mills Makinl!i Some Groundwood(b) 

030033 216 334 130 28 412 242 184 838 139 .4 (33.4) 75.4 (150. 7) (-) 
030045 270 460 55 139 524 51 388 963 148.2 (35.6) 65.2 (130. 4) 126.0 (252) 
030048 359 240 72 10 956 956 111.2 ~ 31.5 (63. 0) 90.0 (180) 
Average 282 345 86 46 ill 98 509 919 132.8 (31. 9) 57.4 (114. 7) 108.0 (216) 

Hl!lh Clav :-tills - Hish Softwood 

030020 174 118 27 ~17 417 115. 7 (2 7. 8) 25.5 (51.0) (c) 78.5 ( 15 7) 

Hil!ih Clav :-!ills - Hi!lh Hardwood 

030034 341 109 90 708 708 119 .1 (28.6) (--) (--) 

Low Cla~ Mills - !ii!lh Hardwood 

030001 101 35 23 10 191 191 101. 6 (24.4) 22.7 (45.3) 46.6 (93. 2) 
030057 131 132 378 378 106.6 (25. 6) 39.9 (79.8) 79.5 (159.0) 
030059 540 370 100 1160 1160 122.4 (29.4) 39 .1 (78.1) 147.5 (295. 0) 
030060 193 110 102 5 456 54 510 163.2 (39. 2) 39.2 (78.3) 101.5 (203.0) 
130001 535 129 70 458 233 691 74.1 (17. 8) 39.8 (79.5) 23.7 (47.4) 
/we rage 3IO 29 151 3T 490 % 586 113. 7 (2 7. 3) 36.l (72.2) -"3.0 (160.0) 

Model Xil l (d) 110.5 (26. 5) 30.5 (61.0) 66.2 (132. 3) 

(a) Data appears inconsistent.; not included in average. 
(b) Not producing enough groundwood to be included ln groundwood subcategory; because of high loadings, these mills 

not included in Alkaline-Fine subcategory average for model mill. 
(c) Calculated data. 
(d) Average of subcategory, excluding '.'tills No. 030015, 030033, 030045, and 030048. 



Flow 110.S kl/kkg (26.S kgal/t); 
BODS 30.S kg/kkg (61.0 lb/ton); and 
TSS 66.2 kg/kkg (132.3 lb/ton). 

OlS Alkaline-Unbleached. The Alkaline-Unbleached subcategory includes 29 
mills, having an average chronological age of 29 years. Fifteen of these 
mills produce linerboard plus some mark.et pulp; however, one mill makes liner
board but uses too much waste paper to be considered typical for this subcate
gory. The typical linerboard mill produces about 907 kkg/day (1,000 tons/ 
day). Eleven mills make bag paper or a mixture which includes bag paper; 
these eleven average 797 kkgiday (879 tonsiday production). Three other mills 
make greater than SO percent specialty packaging, carbonizing or tissue 
papers. 

These 29 mills are large, but relatively simple in process. Unbleached soft
wood pulp is produced with only a trace of hardwood. Waste paper use is 
minimal (averaging 3 percent), but is apparently increasing in this subcate
gory as a cost reduction step. The impact of waste paper use on raw waste 
loads can not be determined because of the low levels now used. 

As shown in Table V-S, average raw waste load data is presented separately for 
the 15 linerboard mil ls, the 3 specialty mills and the 11 bag mills. The 
average raw waste load for the linerboard mills is: 

Flow 46.6 kl/kkg (11.2 kgal/t); 
BODS 14.2 kg/kkg (28.3 lb/ton); and 
TSS- 16.3 kg/kkg (32.S lb/ton). 

The 11 bag mills have a slightly higher average raw waste loads, reflecting 
modified processing conditions, more refining and less tolerance for low 
quality, or off-specification stock. The average raw waste load for the bag 
mills is: 

Flow 70.5 kl/kkg (16.9 kgal/t); 
BODS 18.9 kg/kkg (37.7 lb/ton); and 
TSS- 20.7 kg/kkg (41.4 lb/ton). 

The three mills making consumer items, packaging and industrial tissue grades 
from unbleached pulp demonstrate much higher raw waste loads than the liner
board or bag mills. These three specialty mills are not representative of the 
subcategory and may be considered for transfer to the Integrated-Miscellaneous 
mill grouping. 

Because linerboard mills are the most numerous within this subcategory, their 
average raw waste load is chosen to represent the model mill in the cost 
evaluations presented later in this report. Effluent limitations guidelines 
and standards development will separately recognize the two major products 
(i.e., linerboard and bag) produced by mills in this subcategory. The average 
raw waste load for the model mill in the Alkaline-Unbleached subcategory is: 
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TABLE V-S 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY OlS - ALKALINE-UNBLEACHED 

Linerboard: 
Production Profile Raw Waste Load 

Furnish Purch. Production (t/d~ Flow BODS TSS 
Mill No. Kraft WP Broke Liner Bd Other Total kl/kks Cksal/t) ks/kks (lb7t) ks/kks (lb/t) 

010001 4SO 20 4SO 4SO 46.2 (11.1) 8.3 (16.S) 26.9 (S3. 7) 
010002 923 934 934 44.1 (10. 6) 12.7 (28.3) 24.7 (49. 4) 

010018 1,170 30 1,081 1,081 44.l (10. 6) 18.1 (36.1) 14.1 (28.2) 
010019 1,127 39 27 1,141 7 l,lSl 3S.O ( 8.4) 9.6 (19.l) 4.8 ( 9. 6) 
010020 890 SS 61 96S 44 1,009 S6.2 (13.S) 20.S (41.0) 2 7. s (SS. l) 
010025 523 39 S63 4 S67 44.5 (10. 7) 13.9 (27.8) 9.8 (19.6) 
010038 750 68 s 789 789 104.9 (25. 2) 16.5 (32.9) 15.9 (31. 7) 
010049 l,t9S 85 1,220 1,220 64.9 (lS.6) 14.7 (29.4) 11. 4 (22. 7) 
010042 96S 96S 96S 22.9 ( 5. 3) 11. l (22.2) 5.7 (11.3) 
010043 1,539 10 l,S49 l,S49 44.1 (10.6) 21. 7 (43.4) 13.9 (2 7. 7) 
010046 1,176 27 l, 102 21 1,123 49 .1 (11. 8) 14.l (28.2) 20. l (40.2) 
010047 1,299 1, 194 1,194 26.2 ( 6.3) 6.7 (13.4) 10.8 (21.S) 
OlOOS 7 540 8S 620 620 38.3 ( 9. 2) (--) (--) 
010063 615 78 694 694 31. 7 ( 7.6) 46.3 (92. 6) 9.9 (19.8)(a) 
010064 644 1.!. 666 2 ~ 11.:.L Ll!l2. 14.8 (29. 6) 24.3 ( 49. 6) 

Average 942 27 16 946 5 9Sl 46.6 (11. 2) 14. 2 (28.3) 16.3 (32.5) 

Packaging Item: 

Production Profile Raw Waste Load 
<: Furnish Purch. Production (t7d) Flow BODS TSS I 

"" Mil 1 No. Kraft WP Broke Bas Other Total kt7kks (ksal/t) ks/kks (lb/t) kg/kks (lb7t) 0 

010034 943 48 92S 92S 94.6 (17. 9) 36.3 (73. S) 24.3 (48.6) 
010035 249 17 231 231 227.3 (54.5) 34.2 (68.4) 56.3 (112.6) 
010048 1iZ. 57 402 402 223.l (53.5) ~ (65. 7) 23.2 (146.3) 

Average Sl9 41 519 S 19 175 .1 (42.0) 34.6 (69.2) 81.3 (102.5) 

Bag: 
Production Prof tle Raw Waste Load 

Furnish Purch. Production (t7d) Flow BODS TSS 
Mil 1 No. Kraft WP Broke Bas Other Total kl/kks (ksat It) k3/kk!! (lb7t) k!!/kks (lb/t) 

010003 243 108 12 JSO 350 33.4 (8. 0) (--) (--) 
010005 l, 286 3 332 898 1,230 61. 3 (14. 7) 18.8 (3 7. 6) 18.9 (3 7. 8) 
010006 1,685 478 l, llS 1,593 52.5 (12. 6) 12.5 (25. 0) (--) 
010008 l,89S Sl 434 1,540 1,974 73.8 (17. 7) 18.8 (3 7. 6) 4S.7 (91. 3) 
010028 400 10 279 120 399 110. l (26. 4) (--) 13.3 (26.6) 
010032 372 823 323 47.l (11.3) 19.3 (36.5) 17. 4 (34.8) 
010033 86S 325 825 48.4 (11.6) 19.4 (38.8) (--) 
010044 1,020 82 709 365 1,074 S7.l (13.7) 12.5 (24.9) 17.8 (35.6) 
010055 748 2 12 726 726 S8.4 (14.0) 30.S (60.9) 23.2 (46.4) 
010060 470 ZS 443 443 8S.1 (20. 4) (-) (-) 
010062 ___Ql 10 _El: _El: 151. 4 (36. 3) 20.S ( 41.0) ~ ( 1 7. 2) 

Average 883 11 18 512 367 879 70. 5 (16.9) 18.9 (3 7. 7) 207 (41.4) 

Subcategory 
Average 70.0 (15. 8) 19.l (38. 1) 28. 3 (56.6) 

Model Mil 1 46.6 (11.2) 14.2 (28. 3) 16.3 (32.5) 

(a) Mill No. 010063 produces li3erboard but uses too much waste paper to be considered typical for this subcategory; 
data not included in average. 



Flow 
BODS 
TSS 

46.6 kl/kkg (11.2 kgal/t); 
14.2 kg/kkg (28.3 lb/ton); and 
16.3 kg/kkg (32.S lb/ton). 

016 Semi-Chemical. The 19 mills in the Semi-Chemical subcategory have an 
average initial construction date of 1926. These mills produce corrugating 
media and other paperboard products. Pulping processes, chemical bases, and 
liquor recovery systems vary within this subcategory. 

Raw waste loads for the 19 mills in this subcategory are presented in Table 
V-6. As can be seen, mills without liquor recovery generally exhibit much 
higher raw waste BODS and TSS loads than mills with suitable recovery systems. 
Mills without liquor-recovery systems are not meeting existing BPT model mill 
raw waste loads and therefore are not included as part of the base for the 
updated model mill in this subcategory. 

Differences in raw waste load related to pulping processes are addressed in 
Table V-7 for neutral sulfite semi-chemical (NSSC) versus no-sulfur proces
sing. Except for the new no-sulfur process, earlier allowances for differing 
semi-chemical bases are not warranted. NH3 base is nearly gone except for two 
mills, and no-sulfur and green liquor (cross-recovery) pulping methods are 
rapidly displacing NSSC. Such approaches are being taken in the industry to: 
1) enable more semi-chemical production relative to kraft; or 2) to facilitate 
recovery of liquor, which was difficult to recover in the desired chemical 
form with NSSC. 

Based on the very limited data shown in Table V-7, a slightly lower BOD1_ and 
TSS raw waste loading appears to result from no-sulfur processing. Since the 
survey, many mills have switched to modified processes and the acquisition of 
additional confirmatory data would be useful. The model mill raw waste flow 
and BODS load for the Semi-Chemical subcategory are based on the average raw 
waste loads for mills No. 020002, 020003, 020008, 020009, 020017 and 060004. 
The model mill TSS data is the average of Mills No. 020002, 020003, 020008 and 
020009. These mills have liquor recovery systems and produce about 80 percent 
of their furnish as Semi-Chemical; average flow, BOD 1 and TSS loads are: 

Flow 32.S kl/kkg (7.8 kgal/t); 
BODS 18.5 kg.kkg (36.9 lb/ton); and 
TSS 21.6 kg/kkg (43.l lb/ton). 

017 Alkaline-Unbleached and Semi-Chemical. The ten mills making alkaline
unbleached and semi-chemical pulps have an average initial construction date 
of 1945. These mil ls have an average production of nearly 1, 360. 5 kkg/ day 
(1500 tons/day), ranging from 649 kkg/day (716 tons/day) to a high of 2,356 
kkg/day (2,598 tons/day). The mills all produce unbleached kraft pulps 
together with high-yield unbleached semi-chemical pulps, utilized primarily in 
the manufacture of linerboard and corrugated media. Often other types of 
kraft board, bag and converting papers are also made on-site. 

V-11 



TABLE V-6 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 016 - SEMI-CHEMICAL 

Production Profile 
Total Raw Waste Load 

Furnish (t/d) Prod. Flow BODS TSS 
Mill No. Semi-Chem WP Broke (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Mills With Liguor Recovery 

020002 248 ·90 20 331 24.1 (5.8) 12.9 (25. 7) 30.2 (60.4) 
020003 582 (a) 61 618 40.0 (9.6) 25.3 (50.5) 13.2 (26.3) 
020008 231 (a )125 318 22.9 (5 .5) 9.6 (19.2) 6.0 (13. 7) 
020009 691 (a)lOO 583 28.7 (6.9) 14.4 (28.8) 14.9 (29. 8) 
020017 506 173 595 30.4 (7.3) 21. 0 (41.3) 44.5 (89.0) 
060004 385 (a) 98 9 492 48.7 (11. 7) 27.8 (55. 6) 54.6 (109 .1) 
Average 442 108 5 490 32.5 ( 7.8) 18.5 (36.9) 27.4 ( 54. 7) 

21.6 ( 43.l)(b) 

Mills With No Liguor Recovery 

020005 137 46 183 47.0 (11.3) 56.0 (111.9) 52.3 (104.5) 
020014 394 117 511 26.6 ( 6.4) 31. 2 ( 62.3) 18.8 ( 37.6) 
020015 118 50 169 21.0 ( 5.0) 33.2 ( 66.3) 27.9 ( 55. 7) 
Average 216 71 283 32.0 (7.6) 40.1 ( 80.2) 33.0 ( 65.9) 

< Mills With More Than One-Third Wastepaper and Liquor Recovery 
I 

'"' N 020001 204 116 302 19.2 ( 4.6) 23.6 ( 47.1) 8.1 16. 1) 
020004 160 106 266 25.8 ( 6.2) 1. 4 ( 2. 7) 0.15 0.3) 
020006 190 99 291 16.2 ( 3.9) 21. 7 ( 48.3) (--) 
020007 183 (a)l23 346 11. 7 ( 2.8) (--) (--) 
020011 (c) 235 157 377 34.1 ( 8.2) 22.6 ( 45.2) 5.9 11. 9) 
Average 194 120 316 18.2 ( 4.4) 16.4 ( 32. 7) CT 8.2) 

Mills Producing Products Which Are Not Re2resentative of Subcategory 

020018 217 450 673 30.4 ( 7.3) 62.7 (125.5) 61. 5 (123.0) 
020010 542 (a) 80 622 60.5 (14.S) 17.9 ( 35.7) 49.3 ( 98.5) 
020012 388 (a)243 604 28.4 ( 6.8) (--) (--) 
020013 472 173 599 58.0 (13.9) 38.9 ( 77.8) 37.7 75.4) 
020016(d) 200 221 525 55.5 (13.3) 50.5 (101. 0) 9.5 19.0) 

Model Mill 32.5 ( 7.8) 18.5 ( 36.9) 21. 6 43.1) 

(a) No-sulfur pulping. 
(b) TSS data is the average of four mills in this subgroup excluding mills No. 020017 and 060004, 

which appear inconsistent). 
(c) Mill No. 020011 combines effluent with other mills; data not included in subgroup average. 
(d) Mill No. 020016 is not typical and has poor liquor recovery; data not included in subgroup 

average. 



TABLE V-7 

RAW WASTE LOAD COMPARISON - NSSC VS NO-SULFUR PULPING 

Process Used 

Typical Semi-chemical 
Mill with recovery 

No Sulfur with recovery 

Flow 
kl/kkg (kgal/t) 

32.5 
36.2 

(7. 8) 
(8. 7) 

BODS 
kg/kkg (lb/t) 

18.5 
16.2 

(36. 9) 
(32.S) 

TSS 
kg/kkg (lb/t) 

21. 6 
19.3 

(43.1) 
(38. 6) 

As shown in Table V-8, the typical mill produces about four times as much 
kraft pulp as NSSC. This reflects a typical balanced cross-recovery system, 
with fresh liquor make-up to the NSSC side counterbalancing losses from that 
operation and from the kraft mill. The distribution of production, as well as 
the range in the ratio of NSSC to unbleached kraft, are reasonably constant in 
this subcategory, except for one _mill which produces about 10 times as much 
kraft as NSSC. 

There are no . clear trends in raw waste effluent loads relative to either 
changes in the semi-chemical pulp production or to variations in the products 
produced. Six mills in this subcategory are utilizing varying levels of green 
liquor for pulping in the semi-chemical operation; however there appears to be 
no statistical basis for any appreciable difference in the raw waste loads of 
the NSSC type cook compared to the increasingly popular green liquor cook. 

The model mill, based on the ten mill average, has the following raw waste 
load: 

Flow 
BODS 
TSS 

55.8 kl/kkg (13.4 kgal/t); 
18.7 kg/kkg (37.3 lb/ton); and 
23.5 kg/kkg (47.0 lb/ton). 

019 Alkaline-Newsprint. There are three mills in this new subcategory, all 
producing newsprint from blends of kraft and groundwood pulps prepared on
site. Production ranges from 816.3 to 1,269.8 kkg/day (900 to 1,400 
tons/day). The average mill in this subcategory was built in 1947. Operation 
of these reasonably modern mills is simplified because of the relatively few 
and minor changes in the grades commonly produced. Bleaching operations 
generally consist of only three stages, using CEH; thus, total water use is 
significantly reduced compared to multi-stage full bleach operations. 

In two of the mills, a small portion of the pulp is sold as market kraft, and 
in one about 6 percent of the production is sold as other groundwood-con
taining printing grades. As shown in Table V-9, the bleached kraft production 
in all three ranges from 32 to 39 percent of the total furnish. Groundwood is 
refiner and stone groundwood, ranging from 54 to 68 percent of the furnish. 
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TABLE V-8 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 017 - ALKALINE-UNBLEACllED AND SEMI-CHEMICAL 

Production Profile Raw Waste Load 
NSS~ UBK Corrug. Brd Bag Prod. Flow BODS TSS 

Mill No. (%)d) (%) (%) (%) (%) (t/d) kl/kkg (kg/t) kg/kkg (lb/t) kg/kkg (lb/t) 

01500l(a) 17 86 21 74 5 1,745 58.3 (14.0) 23.6 (47.5) 27.5 (55.0) 
015002 20 67 24 60 17 873 47.0 (11. 3) 13.S (27.0) 13.5 (26.9) 
015003 16 85 20 80 0 1,792 50.1 (12.2) 18.8 (37.6) 29.0 (58.0) 
015004 16 77 18 70 12 1,509 67.4 (16.2) 17 .1 (34.1) 47.0 (37. 3)(b) 
015005(a) 16 84 21 0 79 1,394 38.7 ( 9.3) 12.4 (24.8) 33.5 (67.0) 
015006(a) 9 90 12 50 38 2,598 50.4 (12.1) 18.9 (37. 7) 9.8 (19.5) 

<: 015007(a) 14 76 21 79 0 1,700 52.0 (12.5) 16.3 (32.6) 25.l (50.1) 
I Ol5008(a) 18 84 16 84 0 1,133 80.7 (19.4) 19.0 (38.0) 20.7 (41. 4) ....... 

+:- 015009(a) 28 65 38 62 0 716 57.5 (13.8) 28.1 (56 .1) 29.2 (58.4) 
Ol0017(c) 13 91 16 58 26 1,428 36.6 ( 8.8) 17 .5 (34.9) 38.3 (76 .5) 

Average 17 79 21 62 17 1,494 55.8 (13.4) 18.7 (37.3) 23.5 (47.0) 

Model Mill 55.8 (13.4) 18.7 (37.3) 23.5 (47.0) 

(a) Market pulp production is included with board production data; production of converting papers is included 
with bag production. 

(b) Mill No. 015004 produces coated board; therefore TSS data is not included in subcategory average. 

(c) Mill No. 010017 is in litigation and provided late data; this data is not included in subcategory average. 

(d) Calculated percentage based on claimed product production. Other fibers and/or losses not accounted for. 



TABLE V-9 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 019 - ALKALINE-NEWSPRINT 

Furnish 
Ref./ 

Bl. Kr. Stone G.W. TMP, Cold Soda Broke Total 
Mill No. (%) (tid) (%) (tid) (%) (tid) (%) (tid) (tid) 

054005 32 565 56 987 12 219 0 0 1, 771 
052010 39 578 54 801 8 113 0 4 1,496 
054003 32 348 68 755 0 1,103 

Production 
News Er int Market Kraft Printing GW SEecial ties Total 

Mill No. (%) (t7d) (%) (t/d) (%) (t/d) (%) (t/d) (t/d) 

054005 91 1412 3 54 6 99 0 1,565 
052010 84 1190 16 221 0 0 1,411 
054003 89 919 0 0 11 118 1,037 

Raw Waste Load 
Flow BODS TSS 

Mill No. kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

054005 97.6 (23.S) 26.6 (53.2) 44.8 (89.5) 
052010 107 .4 (25.8) 24.7 (49.4) 6 7. 0 (133.9) 
054003 93.8 (18.2) 12.0 (24.0) 55.8 (111.5) 

Average 93.8 (22.5) 21.1 (42.2) 56. 7 (113.3) 

Model Mill 93.8 (22.5) 21.1 (42. 2) 56.7 (113. 3) 
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In two mil ls, thermo-mechanical type pulps are also produced, ranging from 8 -
to 12 percent. 

Even with the compl~x operations noted, water use per ton averages only 93.8 
kl/kkg (22.S kgal/t) for the three mills. Raw waste load BODS averages 21.1 
kg/kkg (42.2 lb/ton), and raw waste load TSS averages S6.7-kg/kkg (113.3 
lb/ton). The three-mill average serves as the model mill raw waste load for 
this subcategory. 

021 Sulfite-Dissolving. The Sulfite-Dissolving subcategory consists of six 
operating mills with an average age of 36 years. Most of the mills produce a 
range of products including papergrade pulps, as well as several types of high 
alpha cellulose content dissolving pulps. The mills average 493 kkg/day (S44 
tons/day) production, typically utilizing all roundwood (predominantly soft
wood) with a small amount of associated hardwood. 

Batch digesters are generally· utilized, followed by brown stock washers and 
evaporators. Both magnesium and ammonium base pulping operations are noted. 
Extensive evaporation systems are required and usually entail two evaporator 
lines operating in series. The magnesium base operation facilitates the use 
of MgO to neutralize spent sulfite liquor and subsequently results in a reduc
tion of BODS from the evaporator condensate. Presently, this is only done in 
one of the six mills. 

Bleaching sequences vary widely; however, sequential or mixed stage bleaching 
is commonly employed, using chlorine and chlorine dioxide followed by extrac
tion, and typically one or more hypochlorite and dioxide stages. A typical 
mill would operate two separate bleach lines to accommodate the product mix. 

Average raw waste flow and BODS for the mills in this subcategory are higher 
than those in any other subcategory of the pulp, paper and paperboard indus
try. The high BODS results from the bleaching operations. Because of the 
very high wood substrate loss occurring during bleaching, any material sub
sequently dissolved and discharged as filtrate appears as a high BODS load, 
even though the spent sulfite liquors resulting from the cooking operations 
are effectively evaporated and recovered in efficient recovery furnaces. One 
mill also has provision for the reclamation of the caustic bleach stage fil
trate, thus significantly reducing its BOD2_ discharge. 

As shown in Table V-10, the raw waste load for the six mills in this subcate
gory averages 2S6.9 kl/kkg (61.6 kgal/t) flow, 1S3 kg/kkg (306 lb/ton) BODS, 
and 90.3 kg/kkg (180.6 lb/ton) TSS. This average serves as the model mill raw 
waste load for this subcategory. 

022 Sulfite-Papergrade. This subcategory consists of 18 mills with an aver
age initial construction date of 1908. These mills utilize the sulfite cook
ing process to produce pulps from which writing, printing, business, and 
tissue papers are made. Mills included in this subcategory produce pulps 
using calcium, sodium, ammonium and magnesium base in cooking. Production 
ranges from 97 to 874 kkg/day (107 to 964 tons/day). 
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TABLE V-10 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 021 - SULFITE-DISSOLVING 

Raw Waste Load 
Production Flow BODS TSS 

Mill No. (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

046001 451 200.3 (48.1) 132.5 (265) 44.0 (88.0) 

046002 557 289.4 (69.5) 156. 0 (312) (--) 

046003 620 290.6 (69. 8) 114.5 (229) (--) 

046402 787 190.3 ( 45. 7) 97.0 (194) 39.6 (79. 2) 

046403 464 357.3 (85.9) 276.0 (552) 15.2 (30. 4) 

046050 387 210.3 (50.5) 142.5 (285) 140.9 (281. 9) 

Average 544 256.5 (61. 6) . 153.0 (306) 90.3 (180.6) 

Model Mill 256.5 (61. 6) 153.0 (306) 90.3 (180.6) 
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Mill operations range from those without any recovery system to those utiliz
ing evaporation and modern recovery furnaces. As shown in Table V-11, mills 
which had blowpi t (BP) washing and no recovery systems (such as mill No. 
040006) had high raw waste flow and BOD,2. loads. Since the survey period, two 
mills without recovery systems and with blow pit washing have been shut down 
thus leaving only one calcium base pulping operation without a recovery sys
tem. 

Earlier BPT model mill raw waste load characteristics for this subcategory 
were high, thus reflecting the presence of mills without recoyery systems. 
However, updated model mill characteristics are based on the operation of 
effective recovery systems or provisions for disposal of the evaporated liquor 
from the pulping operations. Thus, Table V-11 presents the following model 
mill raw waste load: 

Flow 
BODS 
TSS 

152.6 kl/kkg (36.6 kgal/t); 
48.7 kg/kkg (97.3 lb/ton); and 
33.1 kg/kkg (66.2 lb/ton). 

Based on the raw waste load data provided presented in Table V-11, there is 
not adequate justification for establishing different allowances reflecting 
the type of base used in pulping, although such allowances have been made in 
the past. Factors such as the percent of pulp produced relative to the total 
furnish requirements, and the impact of sulfite liquor recovery, far over
shadow differences in the base used. 

032 Thermo-Mechanical Pulp (TMP). This subcategory contains only two mills. 
However, the use of TMP type pulps is increasing rapidly. Therefore, a raw 
waste load analysis is made to serve as a basis for guidelines which subse
quently would be required in writing discharge permits for larger complex 
mills employing the thermo-mechanical pulping process. The two mills now in 
this subcategory make 140 and 373 kkg (155 and 411 tons) per day, respec
tively. One mill produces coarse uncoated printing grades, with 90 percent of 
its furnish consisting of TMP pulp produced from softwood as roundwood and 
chips. At this mill pulp is bleached with sodium hydrosulfite to approx
imately 61 GE brightness. An increasing use of purchased chips is noted; the 
barking system is operated dry but with an extensive chip washing system. 

The second mill produces newsprint exclusively, with only 55 percent of its 
furnish consisting of 'IMP pulp. Raw wastewater data for this mill is incom
plete. 

Because the first mill reported complete raw and final effluent data, and 
because it produces a greater percentage of TMP, it serves as the basis for 
the model mill BODS and TSS raw waste load determinations. The average raw 
waste flow for the two mills is about 60 kl/kkg (14.4 kgal/t), which serves as 
the model mill raw waste load flow. Typical raw waste load characteristics, 
as reported in Table V-12, are lower than those postulated for the model mill 
during earlier guidelines development. 
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TABLE V-11 

su~~RY RAW WASTE LOAD DATA 
SUBCATEGORY 022 - SULFITE-PAPERGRADE 

Production Profile Raw Waste Load 

Mill No. 
Production · Ptgyess (d) Flow BODS TSS 

(t/d) Product Wash Base kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg {lb/t) 

040001 

040002 

040003 

040006 

040007 
040008 

040009 

040010 

f.0011 

040012 

040013 
040014 

040015 
040016 
040017 

040018 
040019 
040020 

107 Corrug. 
Market 

547 Market 
Tissue 

493 Newsprint 

131 

135 
964 

Market 
Tissue 
Market 
Market 
Tissue 
Market 

566 Write 

224 

284 

270 

334 
146 

155 
437 
412 

359 
769 
671 

Market 
Glassine 
Package 
Write 
Thin 
Write 
Print 
Printing 
Write 
Laminating 
Market 
Writing 
Print 
Market 
Tissue 
Tissue 
Tissue 

Average(b)389 Tissue 

Model Mill (c) 

BP 

DR 

DR 

BP 

BP 
DR 

DR 

DR 

DR 

DR 

DR 
BP 

DR 
DR 

DR 
DR 
DR 

NH3 
BS 

113.9 

Ca,Na 312.8 
A, BS 
MgO,BS 93.0 

NH3,A 

NH3,A 
NH3,A 

346.5 

196.0 
239.4 

MgO,BS 83.8 

Ca,A 316.5 

Ca,A 97.2 

NH3,A 247.3 

MgO,BS 118.0 
Ca,A 170.0 

Ca,BS 
NH3,BS 159.3 
Ca,A 116.3 

Ca,A 
NH3,A 
NH3,A 

93.0 
58. 8 

100.5 

143.0 

152.6 

(32.1) 

(75. 0) 

(22. 3) 

68.0 (136) 

84.0 (168) 

39.5 (79) 

(83.1) 25.1 

( 4 7. 0) 421. 5 
(47.4) 

(502) 

(843) 
(--) 

(20.1) 

(75.9) 

(23. 3) 

(49.3) 

(28.3) 
(40. 8) 

(--) 
(38. 2) 
(27.9) 

(22.3) 
( 14. 1) 
(24.1) 

(34.3) 

(36. 6) 

49.0 (98) 

30.5 (61) 

45.0 (90) 

63.5 (127) 

50. 5 (101) 
109.5 (219) 

(--) 
109 .o (218) 

97.0 (194) 

(--) 
44.0 (88+) 
36.5 (73) 

57 .5 (115) 

48.7 (97.3) 

(--) 

21.0 (42) 

93.5 (187) 

28.5 

(--) 

(--) 
(--) 

(57) 

56. 0 (112) 

26.0 (52) 

16.5 (33) 

27.5 (55) 
19.5 (39) 

(--) 
140. 0 (280) 
37.0 (74) 

(--) 
19. 5 (39+) 
12. 0 (24) 

45.6 (91.3) 

33.1 (66.2) 

~:~BP= blow pit washing (these mills do not have recovery systems); DR= drum washing. 
Excludes Mills No. 040006, 040007, and 040014, which have blow pit washing. 

(c)Model mill flow and BODS data is the average of Mills No. 040008, 040012, 040013, 
040018, and 040019, which use NH3 and MgO bases with good drum washing and effective 

• 

recovery systems; model mill TSS data is the average of the same five mills plus six 
a)additional mills with drum washing. 

A= acid, BS = bisulfite, Ca = calcium, NA= sodium, NH1_ =ammonia, MgO - magnesium oxide 
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Mill No. % TMP 

070001 90 

070002 55 

Average 

<: 
I 

N Model Mill 
0 

TABLE V-12 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 032 - THERMO-MECHANICAL PULP 

Production Profile 
Total Flow 
% GW (t/d) Product kl/kkg (kgal/t) 

90 155 Coarse, Uncoated 79.l (19.0) 
Printing 

72 411 Newsprint 48.0 (9.8) 

60.0 (14.4) 

60.0 (14.4) 

Raw Waste Load 
BODS TSS 

kg/kkg (lb/t) kg/kkg (lb/t) 

18.3 (36.5) 38.7 (77.4) 

(--) (--) 

18.3 (36.S) 38.7 (77.4) 



033 Groundwood-CMN. This subcategory consists of six mills with an average 
age since initial construction of 41 years. The mills range in size from 10 
to 892 kkg/day (11 to 983 tons/day) total production, including newsprint, 
molded products and groundwood specialty and printing grades. Both refiner 
and stone groundwood processes are in use. Approximately one-third of the 
furnish is purchased softwood baled pulps. 

Two molded pulp mills are the smallest, at 10 and 45 kkg/day ( 11 and SO tons/ 
day) capacity, while the newsprint operations range from 421. 8 to 891. 6 
kkg/day (46S to 983 tons/day). The typical mill uses predominantly softwoods 
for the manufacture of on-site groundwood. 

The woodroom operation generally utilizes a dry barking system. 'nle present 
technology and the typical grinding and screening operations entail the use of 
a central whitewater tank and reuse of thickener filtrate for dilution at the 
grinders and the screen room. The only major continuous sources of wastewater 
are from the screens and centricleaners. Papermachines typically do not 
utilize savealls, and reuse of whitewater is consequently limited in the 
papermaking operations. Therefore, average effluent loads are slightly higher 
in terms of water use and BODS discharge than loads from mills in the Ground-
wood-Fine subcategory. -

Raw waste load factors and production data are shown on Table V-13. As shown, 
the three mills making newsprint are the largest in this subcategory. Their 
average raw waste flows and BODS loads are selected for the model mill raw 
waste load. However, TSS data f;t. these three mills is not adequate; there
fore, the model mill TSS load has been taken from model mill characteristics 
established in earlier BPT guidelines development for this subcategory. Model 
mill raw waste loads are: 

Flow 
BODS 
TSS-

88.4 kl/kkg (21.2 kgal/t); 
18.6 kl/kkg (37.1 lb/ton); 
48.5 kl/kkg (97.0 lb/ton). 

and 

034 Groundwood-Fine. The subcategory consists of eight mills, the average of 
which was built in 1902. These mills produce an average of 421. 8 kkg/ day 
(465 tons/day) of printing and publication grades, both coated and uncoated. 
The percent of the furnish produced as groundwood ranges from 52 to 73 per
cent. The average mill produces a product containing approximately 22 percent 
total filler. 

Although a wide range of production is noted, the raw waste characteristics of 
these mills per ton of production are closely grouped compared to many other 
subcategories. As shown in Table V-14, average raw waste characteristics for 
the whole subcategory are: 68. 4 kl/kkg (16. 4 kgal/t) flow; 17. 6 kg/kkg (35. 2 
lb/ton) BOD2_; and 53.9 kg/kkg (107.9 lb/ton) TSS. 

Total suspended solids loss for this subcategory is high, reflecting the loss 
of pigments from the predominantly filled and coated sheets produced. How
ever, the BOD.2_ loading is among the lowest of integrated mills, reflecting the 
simple operation and almost complete retention of the wood in the finished 
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<: 
I 

N 
N 

Production Profile 
G.W. Production 

Mill No. (t/d) (t/d) 

052015 74 94 

052016 369 465 

054006 36 50 

054010 8 11 

054013 30 45 

054015 693 983 

Average 202 275 

Model Mill (b) 

(a) Calculated data, based on final 

TABLE V-13 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 033 - GROUNDWOOD-CMN 

Flow 
Type kl/kkg (kgal/t) 

Newsprint, Fine 99.S (23.9) 

Newsprint 46.6 (11.2) 

Molded 108.3 (26.0) 

Molded 121.6 (29.2) 

G.W. Specialty 180.3 (43.3) 

Newsprint G.W. ll8. 7 (28.S) 
Spec 

Newsprint/Molded ll2.4 (27.0) 

Newsprint 88.4 (21. 2) 

effluent; not included in average. 

Raw Waste Load 
BODS TSS 

(kg/kkg (lb/t) kg/kkg (lb/t) 

(--) (--) 

19.5 (38.9) (--) 

19.0 (38.0) 56 (112.0) 

15 .1 (30.l)(a) (--) 

17 .9 (35.8) 97.5 (195.0) 

21.4 (42. 7) 47.25 (94.5) 

19.4 (38.9) 66.9 (133.8) 

18.6 (37.1) 48.S (97.0) 

(b)Model mill flow and BOD~ loads are based on three newsprint mills. Because of lack of TSS data and wide variation 
in the three mills, the BPT model mill TSS load of 48.S kg/kkg (97 lb/ton) was used as the updated model mill 
TSS loading. 



TABLE V-14 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 034 - GROUNDWOOD-FINE 

Production Profile Raw Waste Load 
Production Groundwood Flow BODS TSS 

Mill No. (t/d) TyEe (%) kl/kkg (kgal/t) . kg/kkg (lb/t) kg/kkg {lb/t) 

052003 536 Printing 62 87.8 (21.1) 12.2 (24.3) 60.9 (121. 8) 

052004 481 Coated 55 65.8 (15. 8) 28.6 (57.2) 79. 2: (158.4) 

052005 755 Printing 52 ' 55.4 (13. 3) 27.8 (55.6) 56. j' (113.3) 

052007 224 Printing 67 96.6 (23.2) 

052008 787 Coated 58 54.5 (13.1) 10.1 (20.1) 56.0 (112.0) 

<: 052013 572 Coated 54 69.9 (16.8) 15.6 1(31. 2) 41.li (82. 7) 
I 

N 
w 052014 285 Coated 53 54.5 (13 .1) 12.0 1(24.0) 36.9 (73.7) 

054014 76 Printing 73 61.2 (14. 7) 16.9 J33. 7) 46. i' (93.4) 
Specialties 

Average 465 59 68.4 (16.4) 17 .6 1(35. 2) 53.9 (107.9) 

Model Mill 68.4 (16. 4) 17.6 {35. 2) 53.9 (107.9) 



product. Likewise, compared to other integrated operations, water use per ton 
is generally low. Average raw waste flow is considerably lower than that for 
the model mill established earlier for BPT guidelines development. The up
dated model mill raw waste load is the average of the eight mills in this 
subcategory. 

101 Deink-Fine and Tissue. The 17 mills in this subcategory are among the 
oldest in the industry, dating back to an average mill construction date of 
1908. Nine of these mills produce essentially 100 percent deink stock on-site 
for conversion into sanitary tissue. The remaining eight mills incorporate 
higher percentages of purchased pulp in their furnish. Five of these eight 
produce a variety of uncoated and coated printing and writing grades. The 
other three produce sanitary tissue. 

The difference in raw waste load between these three groups of mills is rela
tively minor. As shown in Table V-15, raw waste averages for nine tissue 
mills predominantly utilizing deinked stock are: 81. 3 kl/kkg (19. 5 kgal/t) 
flow; 48. 7 kg/kkg (97.4 lb/ton) BOD 5; and 143.0 kg/kkg (286.0 lb/ton) TSS. 
These nine mills comprise the largest subgroup within this subcategory and 
their average raw waste load is chosen for the representative model mill. 

A predominant characteristic of this deink subcategory is the high TSS loss 
per ton of production. This loss exceeds that from every other subcategory, 
including Sulfite-Dissolving. It is difficult to deink mixed waste papers to 
produce tissue with essentially no filler content, or fine papers with a very 
low controlled level of filler acceptable to meet the final product specifica- 1 

tions. Excess filler is received along with the fiber source for these deink 
mills, and this imbalance results in high TSS discharges from the production 
process. 

102 Deink-Newsprint. There are three mills in this subcategory, all operated 
by the same company. The deinking process is proprietary. All of these mills 
are of modern design, with an average construction date of 1965. Likewise, 
they were constructed emphasizing water recycle and minimum water use and 
designed with minimal BODS and TSS loss in the raw effluent, which in every 
case goes to a POTW. 

Raw waste loads from the three mil ls in this subcategory are significantly 
lower than those for the Deink-Fine and Tissue subcategory. BODS loads are 
approximately one-third as high, and TSS is about 40 percent that of the 
Deink-Fine and Tissue subcategory. This is to be expected, as the furnish for 
these operations is essentially 100 percent waste and over-issue news, which 
is prepared, screened, cleaned and deinked and subsequently reconverted into 
newsprint. This uniformity of raw material is in contrast to the mixed waste 
paper which is utilized in tissue grade deinking operations. Raw waste loads 
average: 67.6 kl/kkg (16.2 kgal/t) flow, 15.9 kg/kkg (31.7 lb/ton) BODS, and 
123.0 kg/kkg (246.0 lb/ton) TSS. These averages represent the model mill raw 
waste loads for this subcategory. 
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TABLE V-15 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 101 - DEINK-FINE AND TISSUE 

Production Profile Raw Waste Load 
Furnish ( t7 d) Production Flow BODS TSS 

Mill No. De ink w.P. Purch. Broke (t/d) !zEe kl/kks (ksal/t) ks/kks (lb7t) ks7kks (lb/t) 

Tissue and Market Pule Mills Util izi.nS Predominantll Deink Furnish 

i400ii i24 i 3 92 San. Tissue 90.3 (21. 7) i04.5 (209) 292.5 (585) 
140014 824 49 845 San. Tissue 90.3 (21. 7) 73.0 (146) 225.5 (451) 
140015 54 51 Tissue 138.6 (33.3) 17.5 (35) 14.5 (29) 
140016 146 146 Mkt. Pulp 8.3 (2.0) 34.5 (69) 69.0 (138) 
140018 36 1 36 Ind. Wrap, Tiss. 25.4 (6 .1) 1.5 (3) 1.5 (3) 
140021 170 20 150 San.Tissue 77.9 (18. 7) 10.5 (21) 3.5 (7) 
140024 35 23 San.Tissue 199.8 (48. 0) 145.5 (291) 315.0 (630) (a) 
140025 92 4 11 100 San.Tissue 62.4 (15.0) 36.0 (72) 161.5 (323) 
140028 168 2 14 7 San.Tissue 155.7 (37.4) 112.0 (224) 374.0 (748) 

Mkt. Pulp 

Average 183 -- 6 4 177 San. Tissue 81.3 (19.5) 48.7 (9 7. 4) 143.0 (286) 

Fine PaEer Mills Utilizins Mixed Furnish 

140005 188 166 19 379 Unctd. Print 99.9 (24. 0) 17.4 (34. 8) 197 .o (394) 
Writing 

140007 155 55 54 41 349 Ctd & Unctd 53.7 (12.9) 55.0 (110.0) 162.0 (324) 

14. 
Print 

77 9 10 29 128 Unctd.Print 114.5 (27.5) 72.5 (145.0) 188.5 (377) 
Writing 

140017 96 37 23 152 Ctd Print 126.2 (30. 3) 20.5 ( 41. 0) 216.5 (433) 
140019 43 8 18 65 Unct. Print 44.5 (10. 7) 16.0 (32. 0) 8.0 ~ 

Average 111 13 55 26 215 Print 8 7 .8 (21.1) 36.3 (72.6) 154.5 (309) 

Tissue Mills UtllizinS Mixed Furnish 

140010 46 4 28 6 76 San.Tissue 118.2 (28.4) 56.0 (112.0) 134.0 (268) 
140029 20 6 22 San.Tissue (--) (--) 
140030 60 30 30 100 San.Tissue 74.9 (18.0) 56.5 (113.0) 166.5 (333) 

Average 42 11 21 2 66 San.Tissue 96.6 (23. 2) 56.5 (113.0) 150. 5 (301) 

Subcategory 
Average 92.6 (22.2) 51.8 (103.6) 158. l (316.2) 

Model Mill 81. 3 (19.5) 48.7 (9 7. 4) 143.0 (286.0) 

(a) Raw waste load data for Mill No. 140024 appears inconsistent with other data for this subgroup; therefore 
not included in subgroup average. 



111 Wastepaper-Tissue. This subcategory comprises 22 mills which produce 
industrial tissue, sanitary tissue, industrial packaging, wadding, and packj 
aging and wrapping tissue. The average mill age since initial construction is 
33 years. The typical mill utilizes 100 percent mixed waste paper, which is 
generally processed with little preparation, except for screening and cleaning 
prior to the papermachine. 

There are more mills making industrial grades than sanitary tissue; further
more, these mills have a lower effluent load than the sanitary tissue mills. 
As shown in Table V-16, the average raw effluent load for 13 industrial tissue 
mills, excluding those which are self-contained, is 56.6 kl/kkg (13.6 kgal/t) 
flow, 13. 2 kg/kkg (26.3 lb/ton) BOD.2. and 40.5 kg/kkg (81.0 lb/ton) TSS. There 
are four self-contained mills in this group. If these are included, the 
average becomes 39.2 kl/kkg (9.4 kgal/t) flow, 8.8 kg/kkg (17.5 lb/ton) BODS 
and 27.0 kg/kkg (54 lb/ton) of TSS. The selected model mill raw waste load is 
the average of the industrial tissue mills, including those which are self
contained. 

A number of mills in both the sanitary and industrial tissue groupings have 
been able to achieve self-contained systems; therefore, this should be a 
realistic goal for all mills in the Wastepaper-Tissue subcategory. Recycle of 
clarifier overflow as well as sludge is being practiced in many of these 
mills. 

The BOD 5 raw waste load from these mills is considerably higher than from 
either Nonintegrated-Tissue or Nonintegrated-Fine subcategories, even though 
the flow is somewhat less. The high BOD.2. appears to be inherent with the use1 

of waste paper and the subsequent shrinkage that results. 

112 Wastepaper-Board. With 14 7 operating mills, this is the largest sub
category in the pulp, paper and paperboard industry. The average mill age is 
43 years. Mill size ranges from 2.3 to 871 kkg/day (2.S to 960 tons/day), 
averaging 133 kkg/day (14 7 tons/day). Products made by mills in this sub
category include linerboard, corrugated board, chip and filler, folding box
board, set-up box, gypsum board, and other construction boards, packaging 
materials, and automotive boards. Most mills produce three or more types of 
products on-site. 

For the whole subcategory, raw waste characteristics are low compared to other 
industry subcategories. Only the Wastepaper-Construction Products subcategory 
has a lower flow per ton; BOD 1 and TSS loads are among the lowest in the 
industry. Mill performance on average surpasses existing BPT model mill 
characteristics. Attempts were made to determine the relative raw waste load 
characteristics by product grouping. Results are tabulated in Table V-17 for 
mills which produced 80 percent or more of a given type of product. As shown, 
the linerboard operations have the highest raw waste flow and BODS per ton, 
with an intermediate level of TSS discharge. The groups of products with the 
lowest flow per ton are the corrugated and chip and filler boards. As mills 
make combinations of grades, BODS losses generally increase above those from 
the individual pure mills. TSS loss for combined grades approximate the 
average for the whole subcategory. 
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Mill No. 
Prod 
(t/d) 

TABLE V-16 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 111 - WASTEPAPER-TISSUE 

Raw Waste Load 
Flow BODS TSS 

kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Industrial Tissue Miils 

040002 19.5 72.4 (17. 4) 5.2 (10.4) (--) 
085004 47 .o "32 .1 (7. 7) 6.8 (13. 7) 32.6 (65.2)· 
085006 46.3 137. 8 (33 .1) 37.5 (75.1) 103.2 (206.5) 
090006 10.5 29 .1 (7. 0) 46.8 (93.5) 
100008 6.9 68.7 (16.5) 6.5 (13. 0) 13.2 (26.6) 
100003 83.0 51.6 (12.4) 8.6 (17.3) 9.2 (18.4) 
100005 15. 2 62.0 (14. 9) 14.2 (28.4) 38.0 (76.1) 
100008 16.0 ---~-------------------Self-contained------------------------
100011 11. 2 ------------------------Self-contained-----------------------
100012 7.0 35.4 (8.5) (--) (--) 
100013 20.0 ------------------------Self-contained-----------------------
100015 5.5 --------------------Self-contained----------------------

.17 11.9 

(excl. Average 

22. 1 (5. 3) (--) (-) 

56.6 (13.6) 40.5 (81. 0) 13.2 (26. 3) 
self-cont.) 

Average (incl. 39. 2 (9. 4) 8.8 (17. 5) 2 7. 0 (54.0) 
self-cont.) 

Sanitary Tissue Mills 

090004 20.0 59.6 (14.3) (--) (--) 
090010 165.0 76.7 (18.4) 18.9 (37.6) 59.3 (118.7) 
100002 7.5 -----------------------Self-contained------------------------
100004 15.0 ----------------------Sel f-con tained-----------------------
100007 20.0 ----------------------Self-contained----------------------
100016 7.3 287. 7 (57.0) 53.5 (107.0) 128.0 (256) 
140022 50.0 166.8 (40.0) (--) (--) 
090014 9 . 2 ( 2. 2) ( --) (--) 
100014 20.7 0.2 (0.1) (--) (--) 

Average 135.1 (32.4) 36.4 (72.3) 93.7 (187.4) 

Model Mill 39.2 (9 .4) 8.8 (17. 5) 2 7 .0 (54.0) 

V-27 



Product 

Linerboard 
Corrugated 
Chip & Filler 
Folding 
Set-up 
Gypsum 

TABLE V-17 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 112 - WASTEPAPER-BOARD 

(BY PRODUCT TYPE) a 

Raw Waste Load 
Flow BODS 

kl/kkg (kgal/t) kg/kkg (lb/t) 

2 7 .9 (6.7) 8.9 (17.8) 
4.2 (1. 0) 5.4 (10. 7) 

10.0 (2.4) 3.5 (6.9) 
16.3 (3.9) 6.1 (12. 1) 
20.4 (4. 9) 7.3 (14.6) 
11. 7 (2. 8) 5.9 (11.6) 

. TSS 
kg/kkg (lb/t) 

10.3 (21. S) 
3.9 (7.9) 
4.5 (8. 9) 
7.1 (14.1) 
5.7 (11.4) 

15.9 (31. 8) 

a Mills making more than 80% of particular product type. 

Because 29 percent of the mills are either completely self-contained (with 
zero discharge) or have extremely low flow (less than 1. 6 kgal/ton), it is 
clear that the other mills in this subcategory could achieve significantly 
greater close-up than has been attained thus far. Table V-18 presents raw, 
waste load data corresponding to mil ls with zero, low, medium or high flows 
per ton of product. If mills with low or zero discharge are included, the 
average raw waste load for the whole subcategory is 15.4 kl/kkg (3.7 kgal/t) 
flow, 6.5 kg/kkg (12.9 lb/ton) BOD1, and 7.7 kg/kkg (15.3 lb/ton) TSS. These 
averages are selected for the model mill representing this subcategory. 

TABLE V-18 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 112 - WASTEPAPER-BOARD 

(BY DISCHARGE LEVEL) 

Raw Waste Load 
No. of Flow BOD5 TSS 
Mills Type t/d kg/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

21 Self Contained 98 0 (0) 0 (0) 0 (0) 
22 Low Flow 116 2.1 (0. 5) 3.5 (6.9) 2.9 (5. 8) 
85 Medium Flow 163 16.7 (4. 0) 8.2 (16.3) 9.2 (18. 4) 

9 High Flow 136 67.1 (16. 1) 12.5 (25. 0) 22.3 ( 44. 5) 
10 Insufficient (--) (--) (--) 

Data 
Subcategory Average 15.4 (3. 7) 6.5 (12.9) 7.7 (15. 3) 

Model Mill 15.4 (3. 7) 6.5 (12.9) 7. 7 (15.3f 
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113 Wastepaper-Molded Products. Tilis subcategory consists of 15 mills making 
a variety of molded products mainly from waste paper. Tilis is a new subcate
gory and comprises a group of mills which has expanded significantly in recent 
years in the consumer market. Tile average initial construction date is 1942. 
Typical products include food packs such as meat display trays, egg cartons 
and other containers of special design. Also included are items such as 
molded sewer pipe and flower pots. Tilese mills range in size from 1.8 kg/day 
(2 tons/day) up to 168.7 kg/day (186 tons/day), and have an average age of 37 
years. While these operations utilize a furnish prepared from waste paper, 
some grades also incorporate filler .and sizing materials, as would many types 
of heavier paper products. However, these operations do not utilize four
drinier papermachines; typically they utilize forming machiu~s on which 
several vacuum pick-up forming dies are located. Tile individual products are 
formed in one operation, pressed and then subsequently dried in drying ovens. 

In terms of water use, the operations are simple compared to most papermaking 
systems. Effluent loads vary widely from completely self-contained opera
tions, up to as much as 172.8 kl/kkg, (41.5 kgal/t) of production. The high 
water usage per ton generally correlates with the low production capabilities 
of these units. 

As noted in Table V-19, nine mills utilize 100 percent waste paper in the 
furnish. Tile others incorporate varying amounts of purchased pulp. The model 
mill raw waste load· is the average of the nine mills utilizing waste paper 
exclusively in the furnish as shown below: 

Flow - 47.1 kl/kkg (11.3 kgal/t) 
BODS 5.7 kg/kkg (11.4 lb/ton) 
TSS - 10.7 kg/kkg (21.3 lb/ton) 

114 Wastepaper-Construction Products. Tilis is a large subcategory (58 oper
ating mills) producing a variety of construction building papers such as 
roofing felt and shingles for the building trade. The typical mill is about 
40 years old, and utilizes predominantly mixed waste paper for its furnish. 
Generally, this is very low grade material, consisting of some corrugating and 
a great deal of mixed waste. 

Twenty-five of these mills also produce some coarse defibrator groundwood type 
pulp on the premises; this is similar to a TMP pulp, only it is very coarse 
and has little, if any, subsequent screening. Tile refiner pulp produced has 
over a 90 percent yield. Even in these mills, well over half the total fur
nish is waste paper. The BOD2_ average in this group is somewhat higher than 
that for the mills that utilize essentially all waste paper for the furnish. 
There are five other mills that make groundwood as part of the furnish (not 
TMP). These five mills have lower effluent characteristics than the subcate
gory average. 

Model mill raw waste loads for this subcategory are the average of all mills 
shown in Table V-20: 
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TABLE V-19 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 113 - WASTEPAPER-MOLDED PRODUCTS 

Production Profile Raw Waste Load 
Production Flow BODS TSS 

Mill No. Furnish (t/d) Product(s) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

150002 Wastepaper 20.0 Pipe & Conduit 20.4 (4.9) 4.6 (9. 2) 20:1 (40. 2) 
150004 Mix Wasteppr 2.8 Egg Cartons 74.5 (17. 9) (--) (--) 
150005 Wastepaper 5.5 Containers 25.0 (6. 0) 2.85 (4. 7) 8.9 (16.7) 
150006 GW & Pulp 43.7 Molded Prod. 46.2 (11.1) 10.35 (20. 7) 18.9 (3 7. 7) 

Subst. 
150007 Wastepaper 81.0 Molded Prod. 89.5 (21.5)** 15.9 (31.8) 23.7 (47.4) 

News & 
150009 GW Subst. 50.5 Molded Prod. 18.7 (4. 5) (--) 0.5 (1. 0) 
150010 News 60.0 Molded Prod. 31.2 (-7 .5) 9.5 (18.8) 15.0 (30. 0) 
150011 News & Black 68.0 Egg Cartons & 70.8 (17. 0) 10.35 (20. 7) 23.2 (46.4) 

Pur GW & Fr Trays 
150021 News, GW 16.8 Molded Prod & 172.8 (41.5) 5.2 (10. 4) 11. 2 (22. 3) 

Peat Moss Peat Moss 
150022 Box Cut 62.0 Molded Prod. 54.5 (13 .1) 7.55 (15 .1) 16.8 (33. 5) 

GW Subst. 
150023 GW, BL Kr 186.0 Molded Prod. 86.6 (20.8) 8.6 (17. 2) 10.9 (21. 7) 

9% Wastepaper 
150024 Kr, GW, 55% 93.0 Molded Prod. 84.9 (20. 4) 5.05 (10 .1) 12.8 (25.6) 

Wastepaper 
150025 News 26.5 Molded Prod. 109.1 (26. 2) 0.2 (0.4) 1.0 (1. 9) 
150028 Kr, G'"1 Subst 11.0 Flower Pots ----------------------Self-contained---------------~-

Spec-Waste 
150030 News 3.0 Molded Prod. .:::==----.:.:===Considered Self-contained--===.----===.... 

Average 49.0 6 7. 9 (16.3) 7.25 (14.5) 13.5 (2 7. 0) 

Model Mill (a) 4 7 .1 (11. 3) 5.7 (11. 4) 10.7 (21. 3) 

(a)Model mill raw waste load is the average of Mills No. 150002, 150004, 150005, 150007, 150009, 150010, 
150022, 150025, and 150030. 'TI1ese mills use only wastepaper (i.e., wastepaper, GW substitute, news, 
and/or box cut) in the furnish. 
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TARLE V-20 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 114 - WASTEPAPER - CONSTRUCTION PRODUCTS 

Production Profile Raw Waste Load 
Production 

Finish(a) 
Subgr~g~ Flow BOOS TSS 

Mill No. Furnish (t/d) Product Code kl7kkg (kgal/t) kg/kkg pb7t) kg/kkg (lb/t) 

120001 WP, WF' 32 Construction Paper s w 65.0 (15.6) 
120002 WP, WF', Rag 116 Construction Paper u w 3.3 (0.8) 

Roofing Felt 
120003 WP, Chips 100 Construc~ion Paper T 8.3 (2.0) 
120004 WP, Rags, GW 69 Constructlon Paper s G 
120005 WP, GW 170 Asbestos Felt u G 4.2 (1.0) 5.5 (10.9) 1. 5 (2.9) 

Organic Felt 
120006 WP, GW 123 Construction Paper u G 1. 3 (0. 3) 4.2 (8.3) 2.2 (4. 3) 
120007 WP, GW 90 Const rue tion Paper s G ----------------Self-Contained------------------
120008 WP, WF 75 Construction Paper s w -----------------Self-Contained------------------

Roofing Felt 
120009 WP, WF' 40 Construction Paper 5 w 26.3 (6. 3) 
120010 WP, WF' 29 Construction Paper s w 
120011 WP, Chips 325 Construction Paper 5 T 28.8 (6.9) 2.1 (4. 2) 2.3 (4 .6) 
120012 WP, 'll1P 228 Construction Paper 5 T 7.4 (1.8) 12.8 (25.5) 5.1 (10.1) 
120013 WP, Chips 97 Construction Paper u T 2.8 (0. 7) 8.9 (17. 8) 2.9 (5.8) 
120014 WP, Bat led Pulp 21 Construction Paper u w 13.8 (3.3) 33.4 (66. 8) 10. l (20.2) 
120015 WP, Chips 92 Construction Paper u T 
120016 WP, RW 30 Roofing Felt u T 5.0 (1. 2) l L.2 (22.3) 4.1 (8.2) 
120017 WP, TMP 73 Roofing Felt 5 T 7.0 (1. 7) 
120018 WP, THP 88 Roofing Felt u T -----------------Self-Contained-----------------
120019 WP, TMP 156 Roofing Felt lJ T -----------------Self-Contained-----------------
120020 WP, Chips, TMP 82 Roofing Felt u T 4.0 (L.0) 7.4 (14. 7) 
120021 WP, RW 172 Roofing Felt u T -----------------Self-Contained-----------------
120022 WP, wr, Rag 51 Const rue ti on Paper u w 0.8 (0. 2) l. 7 (3. J) 0.2 (0.4) 
120023 WP, Chips 74.5 Roofing Felt lJ T 19.2 (4.6) 
120024 WP, TMP 126 Roofing Felt u T 2.0 (0.5) 3.4 (6.8) 2.4 (4. 7) 
120025 WP, wr, Rag 44 Roofing Felt ll w 9.6 (2. 3) 24.0 (48. 0) 71.6 (143. 2) 

Construction Paper 
120026 TMP, Chips 76 Construction Paper s T -----------------Self-Contained------------------
120027 WP, GW 20 Construction Paper s G -----------------Self-Contained------------------
120028 WP, TMP 193 Roofing Felt ll T 40.8 (9.8) 22.l (44. 2) 17.7 (35.4) 
120029 WP, TMP 39 Roofing Felt u T -----------------Self-Contained------------------
120030 WP, wr, Rag 28 Roofing Felt s w 5.8 (1. 4) 2.2 (4. 3) 6.9 (13.8) 

Construction Paper 
120031 TMP, Chips 167 Construction Paper s T 16.6 (4. 0) 6.2 (12.4) 6.0 (12. 0) 
120032 WP, TMP 77 Construction Paper u T 43.4 (10.4) 25.7 (5 l. 4) 40.9 (8 L. 8) 
120033 ·WP, TMP 60 Construction Paper u T 0.8 (0. 2) 
120034 WP, WF, Rag 30 Construction Paper u w -----------------Self-Contained-----------------

Construction Felt 
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TABLE V-20 (Continued) 

Production Profile 
Production 

Mill No. Furnish (t/d) Product 

120035 WP, WF, Rag 71 Construction Paper 
Construction Felt 

120036 WP, WF, Rag 54 Construct.ion Paper 
Construction Felt 

120037 WP, WF, Rag 49 Construction Paper 
Construction Felt 

120038 WP, WF, Rag 51 Construction Paper 
Construction Felt 

120039 WP 350 Gypsum Wallboard 
Construction Paper 

120040 WP, WF, Rag 44 Construction Paper 
120041 30 Construction Paper 
120042 WP, WF, Rag 55 Construction Paper 
120043 43 Construct.ton Paper 
120044 WP, WF, Rag 21 Construction Paper 
120045 WP, WF, Rag 36 Construction Paper 
140046 WP, WF, Rag 72 Construct.ion Paper 
14004 7 WP, WF, Rag 63 Construction Paper 
140048 WP, WF, Rag 40 Construction Paper 
140049 WP,WF 22 Construction Paper 
140050 WP, WF, Rag 55 Construct.ton Paper 
140051 WF, Purch. 60 Construction Paper 

Pulp 
1110052 WP, WF 39 Construction Paper 
140054 60 Builders Board 
140055 'IMP 334 Construction Paper 
140056 . 242 Builders Board 
140057 1MP 125 Construct.ion Paper 
140058 TMP 118 Construction Paper 
140059 1MP. 140 Builders Paper 

Subgroup W Average (excluding self-contained mills) 
Subgroup T Average (excluding self-contained mills) 
Subgroup G Average (excluding self-contained mil'ls) 
Subcategory Average 
Model Mill 

bs = Saturated; U = Unsaturated 
W = Predominantly wastepaper furnish 
T = Furnish includes 1MP 
G = Furnish includes other types of groundwood 
0 = Other furnish 
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Sub gr?~~ 
Finish (a) Code 

s w 

s w 

u w 

s w 

u T 

s w 
s w 
s w 
s w 
s w 
s w 
s w 
u w 
s w 
s w 
u w 
u 0 

u w 
u 0 
s T 
s 0 

u T 
u T 

Raw Waste Load 
Flow BOOS TSS 

kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

5.4 (1.3) 

14. 2 (3.4) 15.7 (31. 4) 

----------------Self-Contained-------------------
----------------Self-Contained-------------------

4.6 (1.1) 

0.4 (0.1) 

4.6 (l. l) 
----------------Self-Contalned------------------

10.0 (2.4) 4.6 (9.1) 7.6 (15.2) 
----------------Self-Contained------------------

8.9 (1. 9) 3.9 (7. 7) 6.5 (13. 0) 
-------------------Self-Contalned----------------
-------------------Sel f-Conta ined----------------
13.8 (3.3) 14.l (28.2) 15.3 (30.5) 
-------------------Self-Contained----------------
-------------------Self-Contained------------------ -- ---
14.6 (3.5) 7.6 (15. 2) 19.3 (38. 7) 
12.5 (3.0) 13.9 (27.8) 10. 2 (20.4) 
2.9 (O. 7) 4.8 (9. 6) 1.8 (3. 6) 
9.2 (2.2) 5.8 (11.5) 8.2 (16.3) 
9.2 (2.2) 5.8 (11.5) 8.2 (16.3) 



Flow: 
BODS: 
TSS: 

9.2 kl/kkg (2.2 kgal/t) 
S.8 kg/kkg (11.S lb/ton) 
8.2 kg/kkg (16.3 lb/ton) 

Raw waste loads for this subcategory are already among the lowast in the whole 
industry. Because quality requirements in most of the products are very 
minimal, the opportunity exists for recycling and reusing sludge and effluents 
in the final product. Physical separation of large metallic objects and 
contaminants is the main process requirement in the preparation of the waste 
paper furnish. As shown in Table V-20, there is no significant difference in 
the raw waste load characteristics between the saturated and unsaturated mill 
operations. Such operations frequently are done in a separate off-site con
verting plant. Generally the asphalt saturator utilizes a closed-cycle appli
cation system. 

Further significant reductions in raw waste loads appear possible in this 
subcategory, as 17 mills are completely self-contained. 

201 Nonintegrated-Fine. With 39 mills, this is the largest nonintegrated 
subcategory. The mills are generally very old_. dating back to 1892 as the 
average original year of construction. Products include high-quality coated 
and uncoated printing, writing and other business papers. The mills range in 
size from 11.8 kkg/day (13 tons/day) to nearly 998 kkg/day (1,100 tons/day). 
At the average mill, 170 tons/day of product is produced. Pulp is not pro
duced on-site, although a small amount of waste paper may be used, depending 
on the relative market conditions. 

As shown in Table V-21, the raw waste averages for the model mill are as 
follows: 

Flow 
BODS 
TSS 

48.S kl/kkg (11.6 kgal/t); 
8.S kg/kkg (17.0 lb/ton); and 

30.1 kg/kkg (60.1 lb/ton). 

Mills in this subcategory generally use small machines, typically of ancient 
vintage, in facilities not usually planned for most efficient flow of mate
rials. Process inefficiencies and upsets due to weight changes, color 
changes, and frequent grade changes are prevalent. Raw waste loads are vari
able, particularly in terms of flow. 

202 Nonintegrated-Tissue. Twenty-six mills are in this subcategory, mostly 
producing sanitary and industrial tissues. Production ranges from S.O kkg/day 
(S.S tons/ day) to 807.2 kkg/day (890 tons/day), averaging 113.4 kkg/day (12S 
tons/day). The mills utilize purchased pulps and up to 2S percent waste paper 
in their furnish. The average mill was originally built S4 years ago. They 
are equally split between direct and indirect dischargers. Several noninte
grated mills that were previously grouped with tissue operations have now been 
put into a separate Nonintegrated-Lightweight subcategory, including electri
cal papers. 
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TABLE V-21 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 201 - NONINTEGRATED-FINE 

Production Proftle Raw Waste Load 
Furnish (t/d) Prod. Flow BODS TSS 

MUl No. Purch. GW WP-Broke %Cl al (t/d) Products kl/kkg (ksal/t) k~/kkg (lb/t) kg/kks (lb/t) 

080001 148 0.2 5 156 Uncoated Printing 26.7 (6.4) 8.9 (17.8) 14.0 (27.9) 
080007 139 13 8 165 Uncoated Printing 68.4 (16. 4) 7.6(a)(15.1) 19.8 (39.6) 
080009 658 270 8 14 1,088 Coated & Uncoated 76.7 (18. 4) 5.9 (11. 8) 25.0 (50.0) 

Printing 
080017 88 30 6 125 Coated Printing ----------------Self-contained-----------------
080019 41 0.3 23 54 Uncoated Printing 17.9 (4.3) 4.7 (9. 4) 2.6 (5.2) 
080028 59 18 5 81 Uncoated Printing 81. 7 (19.6) (--) 44.9 (89. 7) 

& Writing 
080031 29 0 29 Uncoated Printing 43.0 (10.3) (--) (--) 
080038 164 4 24 221 Coated & Uncoated 44.6 (10. 7) 10.5 (20. 9) 43.5 (87. 0) 

Printing 
<: 080040 393 133 10 587 Coating Printing & 85.9 (20. 6) 16.9 (33. 8) 115. 2 (230.3) 
I Uncoated Writing \.;) 

.i:o- 080045 100 1 31 8 144 Uncoated Printing 32.9 (7 .9) 10.8 (21. 6) 41. 7 (83.3) 
& Writing 

080046 332 68 12 455 Uncoated Printing 61.3 (14. 7) 13.8 (27.6) 31.5 (62.9) 
& Writing 

080047 153 31 4 191 Uncoated Writing 11. 7 (2. 8) 3.3 (6.5) 4.5 (8.9) 
080048 88 39 27 173 Uncoated Prtnting 50.5 (12.1) 11.1 (22.1) 18.3 (36. 5) 
080051 22 8.6 13 35 Uncoated Printing 73.8 (17. 7) (--) (--) 

Average 48.5 (11.6) 8.5 (17. 0) 30.1 (60.1) 

Model M:Ul 48.5 (11. 6) 8.5 (17. 0) 30.1 (60.1) 

(a)Assurne 85% raw BODS out of primary clarifier. 



Table V-22 shows raw waste load data for all 26 mills in the Nonintegrated
Tissue subcategory. The model mill is based on nine sanitary tissue mills 
using only purchased pulps and waste paper for furnish (no purchased deink 
fiber). The only distinctly different grouping of mills consists of the 
industrial tissue mills, which exhibit markedly lower BODS and TSS loads, 
reflecting the lower quality items produced and the higher degree of close-up 
possible. 

The model mill raw waste load is: 

Flow 
BODS 
TSS 

73.4 kl/kkg (17.6 kgal/t); 
13.3 kg/kkg (26.5 lb/ton); and 
39.0 kg/kkg (77.9 lb/ton). 

204 Nonintegrated-Lightweight. After extensive review of the Nonintegrated
Tissue subcategory, it was observed that the raw waste load associated with 
very dense lightweight sheets (such as carbonizing, cigarette papers and elec
trical papers) was far greater than that associated with the sanitary tissue 
mills. The lightweight mills are predominantly small manufacturers utilizing 
plants which were initially constructed over 70 years ago. A typical mill in 
this subcategory makes approximately S4. S kkg/day (60 tons/day) of product. 

The papers in this subcategory are characterized by very severe refining 
conditions and, in the case of electrical papers, extremely high quality 
parameters that must be met in the final sheet. It is difficult to close up 
mills producing electrical papers because of the build-up of salts in recycled 
whitewaters. 

These mills have been reviewed in four groupings, as shown in Table V-23. The 
first group consists of those mills making only electrical papers. TI\is group 
exhibits the highest load in the subcategory, averaging 407. 0 kl/kkg (97. 6 
kgal/t). Only one mill in this group reported BOD 2_ data - at 11. 6 kg/kkg 
(23.1 lb/ton). Average TSS, based upon two mills, is 37. 7 kg/kkg (7S.3 lb/ 
ton). Results such as this are not unexpected, as these grades are made free 
of filler and with a very open system to minimize contamination due to build
up of salts in the water. 

The second group-ing of mills produces miscellaneous grades of tissue and 
carbonizing papers utilizing higher percentages of waste paper. These mills 
exhibit lower flow characteristics than the electrical papers subgroup; how
ever, BODS and TSS loadings are higher, apparently due to the incorporation of 
the waste-paper totaling nearly 40 percent of the furnish. 

The third grouping consists of those making some printing grades, as well as 
thin paper from essentially 100 percent purchased pulp. Again, flow charac
teristics were less than the preceding two subcategories; BODS was approxi
mately the same as the prior group; but TSS is 71. 3 kg/kkg (142. 6 lb/ton), 
reflecting the production of filled sheets with very low basis weights. 

The fourth grouping uses some waste paper and miscellaneous fibers in the 
production of such products as cigarette papers. TI\is grouping has the lowest 
raw waste characteristics. 

V-35 



TABLE V-22 

SUMMARY RAW WASTE LOAD DATA 

SUBCATEGORY 202 - NONINTEGRATED-TISSUE 

Production Profile Raw Waste Load 
Furnish Flow BODS TSS 

Mill No. (t/d) Product Pur. GW D-1 WP kl/kkg (ksal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

090001 20 Industrial-Tissue 23 5 104.3 (25.0) 4.5 (9 .0) 5.0 (10.0) 
090005 41 Sanitary-Tissue 38 22.5 (S.41) 5.6 (11. 2) 11. 5 (22. 9) 
090007 246 Sanitary-Tissue 150 88 24 107.2 (25. 7) 8.0 (115.9) 28.S ( 5 7. 0) 
090008 194 Sanitary-Tissue 133 75 20 96.6 (23. 2) 15.3 (30. 6) 47 .1 (94. 2) 
090009 290 San.t ta ry-Tis sue 159 163 89.5 (21.5) 9.9 (19.7) 25.7 (51.4) 
090011 70 Sanitary Tissue 62 12 78.8 (18.9) (--) (--) 
090012 59 San.itary-Tissue 62 35.9 (8.6) (--) (--) 
090013 37 Sanitary-Tissue 35 3 41.6 (10.0) 4.2 (8. 3) 27.3 (52. 6) 
090016 176 Sanitary-Tissue 179 13 56.7 (13.6) 18.0 (36.4) 53.2 (106.4) 
090017 22 Sanitary-Tissue 22 l 56. 3 (13. 5) 14.9 (29. 7) 48.3 (965. 0) 
090018 17 San.t ta ry-Tis sue 7 11 79.6 (19.l) 12.8 (25. 6) 43.9 (87.8) 
090019 159 Sanitary-Tissue 139 19 48 105.l (25.2) (--) (--) 
090020 890 Sanitary-Tissue 887 57 5 79.5 (19.1) 22.8 (45.6) 54.5 (108. 9) 
090021 176 Mixed Product 119 11 40 170.6 (40.9) (--) 31. 2 (62.3) 
090022 189 Mixed Product 154 7 66.6 (16.0) 9.1 (18.2) 26.9 (53. 8) 
090023 67 Mixed Product 40 33 31. 3 (7. 5) (--) 15.8 (31.6) 
090024 103 Sanitary-Tissue 85 18 45.5 (10. 9) (--) (--) 
090025 6 Mixed Product 6 286.5 (68. 7) 14.6 (29. l) 14.6 (29. 1) 
090026 50 Sanitary-Tissue 21 5 28 72. l (17.3) 16.9 (33. 8) 52.2 (104.4) 
090027 140 Sanitary-Tissue 140 17.9 (4. 3) 0.7 (1. 3) 4.1 (8. 2) 
090028 61 Sanitary-Tissue 42 23 l 143.4 (34. 4) (--) (--) 
090029 44 Industrial-Tissue 41 14 94. 7 (22. 7) (--) (--) 
090030 255 Sanitary-Tissue 263 32.5 (7 .8) 1. 7 (3.3) 6.6 (13.1) 
090031 17 Mixed Product 14 4 98.0 (23. 5) (--) (--) 
090032 27 Mixed Product 26 4 177 .6 (42.6) (--} (--} 
090033 14 Mixed Product 14 l 29.6 ~ l. 0 (2.0) 5.8 (ll.5t 

Subcategory 
Average 129.6 Sanitary & 109.3 3.7 8.5 17.2 85.4 (20.5) 10.0 (20.0) 27.9 (55. 8) 

Industrial Tissue 

090001 + 090029 Industrial T.issue 32 9 95.9 (23.0) 4.5 (9 .0) 5.0 (10.0) 
(31 t/d) Only 

Model Milla San.ttary Tissue 212 11 32 73.4 (17. 6) 13.3 (26.5) 39.0 (77. 9) 
Only (No De ink) 

8 Average of Mil.ls No. 090007,9,ll,13,16,19,20,22, and 24 
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TABLE V-23 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 204 = NON!NTEGPJ.&TED-L!GHTWE!GHT 

Production Profile Raw Waste Load 
Furnish (t/d) Product Flow BODS TSS 

Mill No. Purch W, P. Misc. Broke (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Electrical Pa2er 

105003 11.2 11. 2 445.9 (107.1) (--) 
56~~(a) 

(--) 
105015 13.0 12.0 312.3 (75.0) (--) (112) (a) 
105017 3.2 3.1 268.5 (64.5) - (--) (--) 
105018 11.1 1.8 11.6 749.8 (180.1) (--) (--) 
105071 26.0 26.0 ~ (61.5) 11.55 (23.1) 19.25 .Q!:.21 

Average 12.9 • 0.4 12.8 406.6 (97.6) 11. 5 (23 .1) 37.65 (75.3) 

Hiscellaneous Tissue and Carbonizing 

090015 47.4 25.6 64.0 146.9 (55. 0) 2.9 (115. 7) 150.5 (301. 0) 
15057 33.0 5.1 34.0 208.2 (35.3) 11.8 (5. 7) 5.2 (10.3) 
15058 34.0 4.9 35.0 529.2 (SO. 0) 6.5 (23.6) 25.7 (51. 4) 
15061 213.0 217 .0 409.0 529.l (127.1) (12.9) 48.8 (97.6) 

Average 82.0 63.0 135.0 277.3 (66.6) 19.8 (39.5) 57.55 (115. l) 

Printing & Thin Pa2er 

!• 33.9 3.2(c)36.0 307.7 (73.9) 33.3 (66.6) 127.0 (254. 0) 
36.0 10.S 46.S 170.3 (40. 9) (--) (--) 

203.0 4 2 203.0 201. l (48.3) 8.2 (16.4) 15.55 (31. 1) 

Average 91.0 5.0 95.0 226.5 (54.4) 20.75 (41.5) 71.3 (142. 6) 

Carbonize, Thin, Ci~arette - Less Waste11a2er 

080024 29.6 5.3 32.5 61. 2 (14. 7) (c) (--)(b) (--) 
080021 30.3 0.04 26.9 10.8 (2.6)(b) 0.2 (0.3)(b) • l (0.15( (b) 
080022 102.4 11. 3 -- 10.5 112.8 (27.1) 1. 2 (2. 4) 1. 8 (3.5) b) 
090003 12.0 1.6 4.4(c)l8.0 129.5 (31.1) (--) (--) 
105013 15. 1 5.3 20.4 134.9 (32.4) 19.9 (39. 7) 57. 0 (114. 0) 
105016 21. 8 5.2 25.0 516.3 (124. 0) _i=L. (--) 

Average 35. 2 2.2 1. 8 1. 6 38.9 161. l (38. 7) 7 .1 (14.1) 19.6 (39. 2) 

Subcategory 
Average 49.0 15.0 l 2 62.0 266.5 (63.9) 15.3 (30. 6) 45.6 (91. 2) 

Model Mill 266.5 (63.9) 15.3 (30. 6) 45.6 (91. 2) 

<:~Estimated from other data. 
~ )Recycled treated effluent. 
c Estimated to balance. 
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Raw waste loads for this subcategory differ based on the product (in particu
lar, the manufacture of high quality electrical papers) and also the effect of 
significant levels of waste paper in the furnish. The model mill raw waste 
load is the average of all mills in the subcategory, thus representing a 
composite of products. For the subcategory, average raw waste load character
istics, used as the model mill raw waste load are: 266.S kl/kkg (63.9 kgal/t) 
flow, 15.3 kg/kkg (30.6 lb/ton) BOD.2,, and 4S.6 kg/kkg (91.2 lb/ton) TSS. 

205 Nonintegrated-Filter and Nonwoven. Sixteen mills comprise this new 
subcategory. They produce a variety of filter, blotting, absorbent, and 
nonwoven papers using both wood pulps and synthetic fibers and resin combina
tions. Although these mills date back to a typical original construction date 
of 1905, they make extensive use of innovative technologies. The mills are 
small, averaging 17.2 kkg/day (19 tons/day) production. Two-thirds of the 
average furnish consists of purchased pulps and one-third consists of miscel
laneous materials, including artificial fibers. 

As shown in Table V-24, average raw waste flow for the subcategory is 171. 8 
kl/kkg (41.2 kgal/t), which is selected as the model mill raw waste load flow. 
Median subcategory values are used for model mill BODS and TSS, more nearly 
reflecting typical conditions. Model mill BODS and TSS loads are 5.0 kg/kkg 
(10.0 lb/ton) and 2S.O kg/kkg (SO lb/ton), respectively. The TSS appears high 
for the type of product, primarily reflecting the low production rates. 
Effluent flow also tends to be high, reflecting the difficulty in closing up 
these operations while meeting product specifications. 

211 Nonintegrated-Paperboard. This subcategory consists of 12 mills pro
ducing a variety of special board grades from purchased pulps and synthetic 
materials. The average mill has an original construction date of 1899. 
Average production is 31.7 kkg/day (35 tons/day). Many of these mills operate 
small updated single cylinder machines. 

As shown in Table V-25, the fol lowing raw waste loads are selected for the 
model mill: 

Flow 
BODS 
TSS-

102.4 kl/kkg (24.6 kgal/t); 
10.0 kg/kkg (20.0 lb/ton); and 
42.3 kg/kkg (84.5 lb/ton). 

Flow and TSS values are subcategory averages, while model mill BODS load is a 
median value selected to better represent the subcategory. 

Raw waste load characteristics vary significantly in the two mills producing 
electrical board. As was noted earlier with electrical tissue papers, the 
water requirements per ton of electrical board are distinctly higher than 
average for the subcategory. Approximately a 179.3 kl/kkg (43 kgal/t) allow
ance is suggested for mills manufacturing 100 percent electrical board. 
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TABLE V-24 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 205 - NONINTEGRATED-FILTER AND NONWOVEN 

Production Profile Raw Waste Load 
Production Flow BODS TSS 

Mill No. (t/d) Product(s) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

105005 

105029 
105030 
105031 
105033 

105034 
105035 

105043 

105044 

1 45 
51 

5052 
105053 
105054 

105055 
105066 

Average 

Median(a) 

Model Mill 

5.9 

4.1 
0.4 
0.7 

33.5 

10.2 
44.0 

17.4 

22.4 

13.2 
12.2 
16.1 
39.1 
10.5 

43.4 
27.0 

Saturated Fiiter & 
Non-Woven 
Technical & Filter 
Filter 
Filter . 
Filter, Wall Cover 
Miscellaneous 
Filter 
Asbestos Gasket, 
Elec. Insul. 
Filter, Blotting, 
Photo 

Blotting; 

329.7 

142.0 
588.6 
407.8 
222.1 

170.4 
162.1 

278.0 

25.6 Filter, 
Pkg. 
Filter, 
Filter, 
Filter 
Filter 

Pkg. 
Satur. 

Filter, photo, 
wrap. 

30.7 
Tech.169.6 

17. 8 
42.2 

6.6 

Filter, saturated 
Lightweight, tech
nical, asbestos 
papers 

285.8 
220.5 

(79. 7) 

(34. 4) 
(50. 0) 
(98.6) 
(53. 7) 

(41. 2) 
(39. 2) 

(6 7. 2) 

(6. 2) 

(9. 6) 
(41.0) 

(4. 3) 
(10. 2) 
(l. 6) 

(69. 1) 
(53.3) 

171.8 (41.2) 

171.8 (41.2) 

18.2 

24.9 

3.8 

3.6 
4.9 

8.9 
4.3 

9.8 

5.0 

5.0 

(--) 

(36. 3) 
(--) 
(--) 
(--) 

(--) 
(--) 

(49.9) 

(7.5) 

(7. l) 
(9. 9) 
(--) 
(--) 
(--) 

(17.9) 
(8. 6) 

" I " 4''+. 0 

14.6 

30.2 

54.8 

12.8 

0.7 
19.5 

38. 3 
156.0 

(19.6) 39.l 

(10.0) 25.0 

(10.0) 25.0 

(a)Median BODS and TSS values selected as more typical of subcategory. 
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(29.3) 
(--) 
(--) 
(--) 

(--) 
(60.3) 

(109.5) 

(25.5) 

(1.4) 
(38.9) 

(--) 
(--) 
(--) 

(76. 5) 
(312.0) 

(7 8. 1) 

(50.0) 

(50. 0) 
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TABLE V-25 

SUMMARY RAW WASTE LOAD DATA 
SUBCATEGORY 211 - NONINTEGRATED-PAPERBOARD 

Production Profile Raw Effluent 
Furnish Production Fl<;>w BODS TSS 

Mill No. Purch. W.P. (t/d) Product(s) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

085001 60.0 12 82.0 Bag, Wrapping 30.4 (7. 3) (--) (--) 
085007 7 .0 12.2 Matrix Board 133.2 (30.0) 0.8 (1.6) 1.4 (2.8) 
085003 32.0 22 50.0 Bag, Specialty 62.5 (15. 0) 10.0 (20. 0) 25.0 (50.0) 
085010 2.1 2.7 Matrix 169.5 (40. 7) 7.0 (14.1) 46.9 (93.7) 
105001 33.5 38.2 Ctd • Food Board, 30.0 (7. 2) 8.2 (16.4) 43.2 (86.4) 

105002(a) 
Gift 

9.2 8.4 Hi-Density 272. 7 (65. 5) (--) (--) 
Electrical Board 

105039 7.0 Latex & Sat. 48.7 (11. 7) 1.4 (2. 7) 0.4 (0. 7) 
Gaskets 

105048 46.0 62.0 Impreg. Fiber 38.7 (9. 3) (--) (--). 
105049 44.0 51.0 Impreg. Fiber 52.9 (12.7) (--) (--) 
105070(a) 5.0 7 216.0 Electrical Board,221.0 (53. 1) 87.5 (175. 0) 136.5 (273.0) 

Asbestos spec. 
105073 17. 1 15.0 Sat. paper for 105.3 (25.3) 13.0 (26.0) 42.4 (84. 7) 

vulcanizing 
110021 32. 2 17 76.0 Press board 62.9 (15.1) (--) (--) 

Average 24.0 5 102.4 (24.6) 10.0 ( 2 0 • 0) (b) 4 2 • 3 (84.5) 

Model Mill 102.4 (24. 6) 10.0 (20.0)(b)42.3 (84.5) 

(a)High raw waste flows ar~ noted for Mills No. 105002 and 105070, which produce electrical board. 
A flow allowance of 179.3 kl/kkg (43 kgal/t) is therefore suggested for mills manufacturing 100 

(b)percent electrical board. 
8005 value is a median value, not an average. 



Summary of Raw Waste Loads for Model Mills. Table V-26 summarizes raw waste 
load data developed for model mills in the preceding subcategories. 

Pure Mill Raw Waste Loads by Subcategory 

While the model mill concept has been developed to present representative raw 
waste loads for each subcategory, it must be recognized that model mill raw 
waste loads are used for cost and energy impact analyses, and not for the 
development of effluent limitations guidelines and standards. 

Most pulp, paper and paperboard mills are complex and difficult to categorize. 
Many mills operate unique combinations of production processes. To present 
data in a form which can be applied to the development of effluent limitations 
guidelines and standards for the complex mills, Table v-27 presents raw waste 
loads for pure mills. The "pure mill" concept allows for the isolation of 
distinct processes, so that raw waste loads for mills with combined operations 
can be pro-rated in accordance with the percentage of production attributable 
to each distinct process. The following text explains how the pure mill data 
has been developed for each subcategory. 

Oll Alkaline-Dissolving. Raw waste loads for the pure Alkaline-Dissolving 
mill are based on data for the model mill and data from the Alkaline-Market 
subcategory. The model Alkaline-Dissolving mill produces 58. 7 percent dis
solving pulp. To determine loadings at a mill producing 100 percent dissolv
ing pulps, projections have been made on an assumption that 41. 3 percent of 
the model mill production is responsible for the generation of a raw waste 
loading equivalent to that generated in the manufacture of Alkaline-Market 
pulp. This allows the calculation of raw waste loadings attributable to a 
pure mill producing 100 percent Alkaline-Dissolving pulp, as shown in Table 
V-27. 

Flow 
BODS 
TSS 

221.4 kl/kkg (53.1 kgal/t); 
65.2 kg/kkg (130.3 lb/ton); and 
96.8 kg/kkg (193.5 lb/ton). 

Previous limitations guidelines have recognized that some dissolving pulp 
grades with higher level alpha cellulose content reflect an inherently more 
intense processing condition. However, data collected for this review of 
earlier guidelines limitations provides insufficient justification for further 
delineation based on either the grade produced or its alpha cellulose content. 
Likewise, the data does not indicate significant differences attributable to 
raw material used, i.e., hardwood or softwood. If additional data is provided 
in the comment period to justify differentiation by grade and/or wood specie, 
then such data can be incorporated in further review prior to finalizing 
effluent limitations guidelines for this subcategory. 

012 Alkaline-Market. For the Alkaline-Market subcategory, pure mill raw 
waste loads presented in Table V-27 reflect the average loadings for the seven 
mills in this subcategory which produce· only alkaline market pulps: 
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TABLE V-26 

SUMMARY OF MODEL MILL RAW WASTE LOADS 

Raw Waste Load 
Model Mill Flow BODS TSS 

Subcategory Size (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

011 Alkaline-Dissolving 1,000 198.1 (47.5) 53. 8 (107.6) 76.8 (153 
012 Alkaline-Market 600 178.2 (42.8) 41.5 (83. 0) 31. 8 (63 
013 Alkaline-BCT 800 152. 2 (36.5) 45.7 (91.3) 42.5 (85 
014 Alkaline-Fine 800 110.5 (26.5) 30.5 (61. O) 66.2 (132 
015 Alkaline-Unbleached 1,000 46.6 (11.2) 14.2 (28. 3) 16.3 (32 
016 Semi-Chemical 425 32.5 (7. 8) 18.5 (36. 9) 21. 6 (43 
017 Alkaline-Unbleached 

& Semi-Chemical 1500 55.8 (13.4) 18.7 (37.3) 23.5 (47 
019 Alkaline-Newsprint 1400 93.8 (22.5) 21.1 (42. 2) 56.7 (113 
021 Sulfite-Dissolving 600 256.9 (61.6) 153.0 (306. 0) 90.3 (180 
022 Sulfite-Papergrade 450 152.6 (36.6) 48.7 (97.3) 33.1 (66 
032 Thermo-Mechanical Pulp 350 60.0 (14. 4) 18.3 (36. 5) 38.7 (77 
033 Groundwood-CMN 600 88.4 (21. 2) 18.6 (3 7 .1) 48. 5 (97 
034 Groundwood-Fine 500 68.4 (16.4) 17.6 (35.2) 53.9 (107 
101 Deink-Fine and Tissue 180 81.3 (19.5) 48. 7 (97.4) 143.0 (286. 
102 Deink-Newsprint 400 67.6 (16.2) 15.9 (31. 7) 123.0 (246. 
111 Wastepaper-Tissue 45 39.2 (9. 4) 8.8 (17.5) 27 .o .54. 
112 Wastepaper-Board 160 15.4 (3. 7) 6.5 (12.9) 7.7 15. 
113 Wastepaper-Molded Products 50 4 7 .1 (11.3) 5.7 (11.4) 10.7 (21. 
114 Wastepaper-Construction 

Products 100 9.2 (2. 2) 5.8 (11.5) 8.2 (16. 
201 Nonintegrated-Fine 215 48.5 (11.6) 8.5 (17.0) 30.1 (60. 
202 Nonintegrated-Tissue 180 73.4 (17.6) 13. 3 (26.5) 39.0 (77. 
204 Nonintegrated-Lightweight 60 266.5 (63. 9) 15.3 (30. 6) 45.6 (91. 
205 Nonintegrated-Filter 20 171. 8 (41.2) 5.0 (10.0) 25.0 (50. 
211 Nonintegrated-Paper?oard 40 102.4 (24.6) 10.0 (20. 0) 42.3 (84. 
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TABLE V-27 

SUMMARY OF RAW WASTE LOADS 
FOR PURE MILLS 

Raw Waste Load 
Flow BODS TSS 

Sub ca tego:):'. kl/kkg ~ksal/t) kg/kka ~lb/t) ka/kka (lb/t) 

011 Alkaline-Dissolving 221.4 (53.1) 65.2 (130.3) 96.8 (193.5) 
012 Alkaline-Market 164.7 (39. 5) 37.7 (75.3) 48.4 (96. 7) 
013 Alkaline-BCT 152.2 (36.5) 45.7 (91.3) 42.5 (85.0) 
014 Alkaline-Fine 108.0 (25. 9) 28.i (5 i. 4) 53.4 (106. i) 
015 Alkaline-Unbleached 

• Linerboard 46.7 (11. 2) 14.2 (28.3) 16.3 (32. 5) 
• Bag 70.5 (16.9) 18.9 (3 7. 7) 20.7 (41.4) 

016 Semi-Chemical 
• 80% 32.5 (7.8) 18.5 (36. 9) 21.6 (43. l) 
• 100% 48.4 (11. 6) 19.3 (38.6) 38.5 (76. 9) 

017 Alkaline-Unbleached & Semi-Chem.55.9 (13.4) 18.7 (3 7. 3) 23.5 (4 7. 0) 
019 Alkaline-News 93.8 (22. 5) 21. l (42.2) 56. 7 (113.3) 
021 Sulfite-Dissolving 266.4 (63.9) 168.5 (336.9) 100.1 (200.2) 

022 Sulfite-Papergrade 
. 67% 152.6 (36.6) 48.7 (97. 3) 33.l (66. 2) 
• 100% 203.9 (48.9) 68.5 (136. 9) 34.7 (69. 3) 

032 Thermo-Mechanical Pulp 60.0 (14.4) 18.3 (36.5) 38.7 (77.4) 
033 Groundwood-CMN 

. 74% 88.4 (21. 2) 18.6 (37.l) 43.5 (97. 0) 

. 100% 134.3 (32.2) 22.9 (45.8) 77.6 (155.1) 
034 Groundwood-Fine 

59% 68.4 (16.4) 17.6 (35. 2) 53.9 (107. 9) 
• 100% 110.9 (26. 6) 18.6 (3 7. 2) 55.2 (110.4) 

101 De ink-Fine 
Pure Tissue 81. 3 (19. 5) 48. 7 (9 7. 4) 143.0 (286.0) 
Pure Fine 107 .2 (25. 7) 50.0 (99. 9) 215.7 (431. 3) 

102 Deink-Newsprint 6 7. 6 (16.2) 15.9 (31. 7) 123.0 (246.0) 
111 Wastepaper Tissue(a) 

• 100% Industrial 56.7 (13.6) 13.2 (26. 3) 40.5 (81. 0) 
112 Wastepaper-Board 

Board 15.4 (3. 7) 10.6 (21. 2) 9.9 (19. 7) 
Linerboard 27 .9 (6. 7) 8.9 (17. 8) 10.8 (21. 5) 
Corrugated 4.2 (1.0) 5.3 (10. 7) 4.0 (7. 9) 
Chip & Filler 10.0 (2.4) 3.5 (6.9) 4.5 (8. 9) 
Folding Box 16.3 (3.9) 6.1 (12.1) 7. 1 (14. 1) 
Set-Up Box 20.4 (4.9) 7.3 (14. 7) 5.7 (11.4) 
Gypsum 11. 7 (2.8) 5.8 (11.6) 15.9 (31.8) 

113 Wastepaper-Molded Products(a) ~~JS (12.6) 6.5 (13.0) 11.4 (22. 7) 
114 Wastepaper-Construction Products 

100% Waste Paper 14.6 (3.5) 7.6 (15. 2) 19.4 (38. 7) 
. 50% WP /50% TMP 12.5 (3.0) 13.9 (2 7. 8) 10.2 (20. 4) 

201 Nonintegrated-Fine 48.4 (11.6) 8.5 (17.0) 30.l (60 .1) 
202 Nonintegra ted-Tissue 73.4 (17.6) 13.3 (26. 5) 39.0 (77. 9) 
204 Nonintegrated-Lightweight 266.5 (63.9) 15.3 (30.6) 45.6 (91. 2) 

Lightweight-Electrical 407 .o (9 7. 6) 11. 6 (23. 1) 37.7 (75.3) 
205 Nonintegrated-Filter & Nonwovenl71.8 (41.2) 5.0 (10.0) 25.0 (50. 0) 
211 Nonintegrated 

Board 102.6 (24. 6) 10.0 (20. 0) 42.3 (84. 5) 
Electrical Board 247.3 (59.3) (--) (--) 

(a) Excludes self-contained mills. 
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Flow 
BODS 
TSS 

164.7 kl/kkg (39.S kgal/t); 
37.7 kg/kkg (75.3 lb/ton); and 
48.4 kg/kkg (96.7 lb/ton). 

013 Alkaline-BCT. The mills in this subcategory produce paperboard, coarse 
products, and tissue grades of paper, either separately or in combination. 
This mixture of products is reflected in the model mill raw waste loads. The 
mills produce 100 percent alkaline pulp on-site. Therefore, Alkaline-BCT pure 
mill raw waste loads are the same as those for the model mill: 

Flow 
BODS 
TSS 

1S2.2 kl/kkg (36.S kgal/t); 
45. 7 kg/kkg (91.3 lb/ton); and 
42.S kg/kkg (85.6 lb/ton). 

014 Alkaline-Fine. Raw waste loads for the pure Alkaline-Fine mill are based 
on the average data from eight mills which produce both high filler and low 
filler products from a furnish which consists of greater than 9S percent 
alkaline pulp manufactured on-site. Thus the pure mill data represents an 
average for the integrated production of alkaline fine papers. As shown in 
Table V-27, pure mill raw waste loads are: 

Flow 
BODS 
TSS 

108.0 kl/kkg (2S.9 kgal/t); 
28.7 kg/kkg (S7.4 lb/ton); and 
53.4 kg/kkg (106.7 lb/ton). 

015 Alkaline-Unbleached. The model mill raw waste load data for this sub
category was based upon the average data for those mills exclusively producing 
linerboard. Such mills comprise the largest subgroup within the subcategory. 
However, another major subgroup produces predominantly bag papers. As shown 
in the Table V-27, pure mill raw waste loads are presented for each of the two 
subgroups, thus allowing for the pro-rating of raw waste loads based on actual 
product mix: 

Linerboard 

Flow 
BODS 
TSS 

46.7 kl/kkg (11.2 kgal/t); 
14.2 kg/kkg (28.3 lb/t); and 
16.3 kg/kkg (32.S lb/t). 

Ba 

Flow 
BODS 
TSS 

70.5 kl/kkg (16.9 kgal/t); 
18.9 kg/kkg (37.7 lb/t); and 
20.7 kg/kkg (41.4 lb/t). 

016 Semi-Chemical. The typical mill in the Semi-Chemical subcategory pro
duces its products using 80 percent semi-chemical pulp and 20 percent waste 
paper. Pure mill raw waste loads for a mill using 100 percent semi-chemical 
pulp have been projected graphically from curves showing the loads attributed 
to different percentages of semi-chemical production level, ranging from 60 
percent to 97 percent. 

The extrapolated raw waste loads for 100 percent semi-chemical pulp production 
are: 
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Flow 
BODS 
TSS 

48.4 kl/kkg (11.6 kgal/t); 
19.3 kg/kkg (38.6 lb/ton); and 
38.S kg/kkg (76.9 lb/ton). 

These loads should be utilized in pro-rating guidelines for mills which de
viate significantly from the typical 80 percent semi-chemical operation, or 
for mil ls which use other types of alkaline pulping processes in combination 
with semi-chemical pulps. Pure mill raw waste load data is also presented for 
the 80 percent semi-chemical operation as follows: 

Flow 
BODS 
TSS 

32.S kl/kkg (7.8 kgal/t); 
18.S kg/kkg (36.9 lb/ton); and 
21.6 kg/kkg (43.1 lb/ton). 

From data made available for the year (1976), it appears that no-sulfur pulp
ing operations may exhibit lower BOD1_ and TSS raw waste loads than the classi
cal NSSC operations. As more and newer data is accumulated, consideration 
should be given to establishing reduced raw waste load guidelines for the 
no-sulfur mills. Data pertaining to mills which have switched to no-sulfur 
processes since 1976 is solicited in the comment period. 

017 Alkaline-Unbleached and Semi-Chemical. The average mill in this subcate
gory produces 17 percent semi-chemical and 79 percent unbleached alkaline 
pulp, or about four parts kraft to one part semi-chemical. This ratio remains 
fairly consistent, and shows a relatively small standard deviation with 
respect to raw waste loads. Therefore, this subcategory is considered pure at 
the 4: 1 alkaline:semi-chemical production ratio, making raw waste loads for 
the model mill and the pure mill the same: 

Flow 
BODS 
TSS 

55.9 kl/kkg (13.4 kgal/t); 
18.7 kg/kkg (37.3 lb/ton); and 
23.5 kg/kkg (47.0 lb/ton). 

If the ratio of unbleached alkaline to semi-chemical pulp production varies 
significantly from the 4:1 ratio, then consideration should be given to devel
oping limitatons guidelines based on the pro-rating technique. 

019 Alkaline-Newsprint. This subcategory consists of three mills which, by 
definition, operate combined on-site groundwood and alkaline pulping processes 
in the ratios necessary to produce the finished newsprint sheet. Therefore, 
the model mill and the pure mill raw waste loadings are the same: 

Flow 
BODS 
TSS 

93.8 kl/kkg (22.5 kgal/t); 
21.1 kg/kkg (42.2 lb/ton); and 
56.7 kg/kkg (113.3 lb/ton). 

021 Sulfite-Dissolving. The typical Sulfite-Dissolving mill produces 85 
percent dissolving sulfite pulp; the remaining production is papergrade sul
fite. Raw waste loads for this level of production have been extrapolated to 
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yield an expected raw waste load for the pure 100 percent dissolving sulfite. 
mill. As shown in Table V-27, the pure mill raw waste load is: 

Flow 
BODS 
TSS 

266.4 kl/kkg (63.9 kgal/t); 
168.S kg/kkg (336.9 lb/ton); and 
100.1 kg/kkg (200.2 lb/ton). 

022 Sulfite-Papergrade. Raw waste loads for the Sulfite-Papergrade model 
mill correspond to a mill where 6 7 percent of production is from papergrade 
sulfite pulps. The remaining production is from purchased pulps, thus com
parable to nonintegrated operations. To determine raw waste loads at a mill 
producing paper from 100 percent papergrade sulfite pulp, projections are made 
based on an assumption that 33 percent of the model mill production is re
sponsible for the generation of a raw waste loading equivalent to that pro
duced in the nonintegrated manufacture of fine paper. The remaining loading, 
which corresponds to 6 7 percent typical sulfite pulp production, has been 
extrapolated to 100 percent sulfite production, thus representing the pure 
mill. The extrapolated raw waste load data, as indicated in Table V-27, is: 

Flow 203.9 kl/kkg (48.9 kgal/t); 
BODS 68.S kg/kkg (136.9 lb/ton); and 
TSS- 34.7 kg/kkg (69.3 lb/ton). 

032 Thermo-Mechanical Pulp. The pure mill raw waste loads are reflected in 
1 the model mill loadings representative of this subcategory. These loadings 

are based on a mill which is producing 90 percent of its required furnish as 
TMP pulp: 

Flow 60.0 kl/kkg (14.4 kgal/t); 
BODS 18.3 kg/kkg (36.5 lb/ton); and 
TSS 38.7 kg/kkg (77.4 lb/ton). 

033 Groundwood-CMN. The pure mill raw waste loads for this subcategory are 
estimated from model mill data which shows an average of 74 percent groundwood 
furnish with the remaining production from purchased pulp. Projections are 
made based on the assumption that 26 percent of the model mill production is 
responsible for the generation of raw waste loads equivalent to those produced 
in nonintegrated manufacture of fine paper. The remaining production from 
groundwood is extrapolated from 74 percent to 100 percent to yield the pure 
mill raw waste loads for this subcategory: 

Flow 134.3 kl/kkg (32.2 kgal/t); 
BODS 22.9 kg/kkg (4S.8 lb/ton); and 
TSS 77.6 kg/kkg (155.1 lb/ton). 

034 Groundwood-Fine. Tile model mill in the Groundwood-Fine subcategory 
produces approximately 59 percent of its furnish as groundwood pulp. The 
remaining furnish consists of purchased kraft and other long-fiber pulps, 
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which are required to meet product specifications. Because product require
ments necessitate this proportion of groundwood and long-fiber pulps, the 
model mill data for the Groundwood-Fine subcategory also can be interpreted as 
pure mill data, even· though the pulp furnish is less than 100 percent ground
wood. 

However, in order to present data which can be used in establishing mill
specific effluent limitations guidelines , it is necessary to establish pure 
mill data for a mill in this subcategory producing fine paper from 100 percent 
groundwood pulp. To establish such data, the typical S9 percent groundwood 
level has been extrapolated to 100 percent. Al though no fine paper can be 
produced in this manner, the 100 percent extrapolation can be used in pro
rating raw waste load data for mills producing less than the typical S9 per
cent groundwood, or for mills producing groundwood as part of a·more complex 
operation. The extrapolated raw waste loads are: 

Flow 110.9 kl/kkg (26.6 kgal/t); 
BODS 18.6 kg/kkg (37.2 lb/ton); and 
TSS 5S.2 kg/kkg (110.4 lb/ton). 

101 De ink-Fine and Tissue. For the De ink-Fine and Tissue subcategory, a 
grouping of nine mills producing sanitary tissue was chosen as the basis for 
development of model mill raw waste loadings. This data can be considered as 
pure mill data representing the production of sanitary tissue grades from 100 
percent deink stock: 

Flow 81.3 kl/kkg (19.S kgal/t); 
BODS 48.7 kg/kkg (97.4 lb/ton); and 
TSS 143.0 kg/kkg (286.0 lb/ton). 

The second largest group of mil ls consists of those where fine papers are 
produced using approximately 88 percent deink stock in the furnish. The 
furnish consists of waste paper and purchased pulps. When the data is extra
polated to reflect 100 percent deink stock for fine paper production, raw 
waste loads become: 

Flow 
BODS 
Tss: 

107.2 kl/kkg (2S.7 kgal/t); 
so.a kg/kkg (99.9 lb/ton); and 

21S.7 kg/kkg (431.2 lb/ton). 

102 Deink-Newsprint. Model mill raw waste loads for this subcategory repre
sent three similar mills producing newsprint from 100 percent deinked over
issue and waste newspaper. In this homogenous subcategory, model mill data is 
reflective of the pure mill situation: 

Flow 
BODS 
TSS 

67.7 kl/kkg (16.2 kgal/t); 
15.9 kg/kkg (31.7 lb/ton); and 

123.0 kg/kkg (246.0 lb/ton). 
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111 Wastepaper-Tissue. For the Wastepaper-Tissue subcategory pure mill raw 
waste load data, as shown in Table V-27, is derived from the average of mills 
producing industrial tissue, and utilizing 100 percent waste paper for that 

... production. In averaging this data, · self-contained mills are excluded. No 
extrapolation is necessary, as these mills are producing tissue from 100 
percent waste paper. The pure mill raw waste load is: 

Flow 56.7 kl/kkg (13.6 kgal/t); 
BODS 13.2 kg/kkg (26.3 lb/ton); and 
TSS- 40.5 kg/kkg (81.0 lb/ton). 

112 Wastepaper-Board. Pure mill raw waste load data for the Wastepaper-Board 
subcategory is derived from average data for mills where products are manufac
tured from 100 percent waste paper (self-contained mills were excluded from 
the analysis). Pure mill data is presented in Table V-27 for board mills, as 
well as for mills producing mostly (in excess of 80 percent) linerboard, 
corrugated, chip and filler board, folding box board, set-up box, and gypsum 
board grades. Pure mill raw waste loads for mills producing these products 
are as follows: 

Pure Mill Raw Waste Load 
Flow BODS TSS 

Product kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Board 15 .4 (3. 7) 10.6 (21. 2) 9.9 (19. 7) 
Liner board 27.9 (6. 7) 8.9 (17 .8) 10.8 (21.5) 
Corrugated 4.2 (1.0) 5.3 (10. 7) 4.0 (7 .9) 
Chip & Filler 10.0 (2.4) 3.5 (6.9) 4.5 (8.9) 
Folding Box 16.3 (3.9) 6.1 (12. 1) 7.1 (14. 1) 
Set-up Box 20.4 (4.9) 7.3 (14. 7) 5.7 (11.4) 
Gypsum Board 11. 7 (2.8) 5.8 (11.6) 15.9 (31. 8) 

113 Wastepaper-Molded Products. As with the other waste paper subcategories, 
raw waste loads for the pure mill in the Wastepaper-Molded Products subcate
gory are based on average data for mills where molded products are made util
izing 100 percent waste paper (self-contained mills were excluded from the 
analysis). Pure mill raw waste loads are: 

Flow 52.5 kl/kkg (12.6 kgal/t); 
BODS 6.5 kg/kkg (13.0 lb/ton); and 
TSS 11.4 kg/kkg (22.7 lb/ton). 

114 Wastepaper-Construction Products. Two sets of pure mill raw waste load 
data are presented in Table V-27 for this subcategory. The first set is based 
on the average raw waste loads for those mills utilizing 100 percent waste 
paper (self-contained mills were excluded from the analysis). The second set 
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is based on the average raw waste loads for mills where approximately SO 
percent waste paper and SO percent TMP pulp are used in production of the 
final product (self-contained mills were excluded from the analysis). 

Pure Mill Utilizing 100% Waste Paper 
Pure Mill Utilizing SO% Waste Paper 
and SO% TMP 

Flow 
BODS 
TSS 

14.6 kl/kkg (3.S kgal/t); 
7.6 kg/kkg (lS.2 lb/t); and 

19.4 kg/kkg (38.7 lb/t). 

Flow 12.S kl/kkg (3.0 kgal/t); 
BODS 13.9 kg/kkg (27.8 lb/t); and 
TSS 10.2 kg/kkg (20.4 lb/t). 

201 Nonintegrated-Fine. Model mill raw waste load data for the Noninte
grated-Fine subcategory reflect the pure mill situation: 

Flow 48.S kl/kkg (11.6 kgal/t); 
BODS 8.S kg/kkg (17.0 lb/ton); and 
TSS 30.1 kg/kkg (60.1 lb/ton). 

202 Nonintegrated-Tissue. Model mill raw waste load data for the Noninte
grated-Tissue subcategory reflect the pure mill situation: 

Flow 84.2 kl/kkg (20.2 kgal/t); 
BODS 11.4 kg/kkg (22.8 lb/ton); and 
TSS 33.3 kg/kkg (66.S lb/ton). 

204 Nonintegrated-Lightweight. Two pure mill situations have been developed 
for this subcategory. For most mills, pure mill raw waste load data is re
flected in the average flow, BODS and TSS loadings for the whole subcategory, 
(excluding mills making electrical papers): 

Flow 266.S kl/kkg (63.9 kgal/t); 
BODS lS.3 kg/kkg (30 lb/ton); and 
TSS 4S.6 kg/kkg (91.2 lb/ton). 

A separate set of pure mill raw waste load data is presented for a small group 
of mills within the subcategory where ~lectrical papers are produced. These 
mills require higher water usage per ton, but contribute reduced BODS and TSS 
discharges per ton: 

Flow 407.0 kl/kkg (97.6 kgal/t); 
BODS 11.6 kg/kkg (23.1 lb/ton); and 
TSS 37.7 kg/kkg (7S.3 lb/ton). 

20S Nonintegrated-Filter and Nonwoven. The pure mill raw waste loading for 
this subcategory is reflected in the model mill raw waste load data, which is 
the average flow and median BOD 5 and TSS values for the 16 mills in this 
subcategory: -
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Flow 
BODS 
TSS-

171.8 kl/kkg (41.2 kgal/t); 
9.8 kg/kkg (19.6 lb/ton); and 

39.1 kg/kkg (78.1 lb/ton). 

211 Nonintegrated-Paperboard. The pure mill raw waste loading for the Non
integrated-Paperboard subcategory is generally reflected in the model mill raw 
waste loads: 

Flow 
BODS 
TSS 

102.6 kl/kkg (24.6 kgal/t); 
10.0 kg/kkg (20.0 lb/ton); and 
42.3 kg/kkg (84.S lb/ton). 

However, recognition is given to mills where electrical board is produced, 
requiring greater water use to meet product specifications. The pure mill raw 
waste flow for a pure mill producing electrical board is: 

Flow 247.3 kl/kkg (59.3 kgal/t). 

TOXIC AND NONCONVENTIONAL POLLUTANTS 

As a result of a settlement agreement between the EPA and the NRDC, a list of 
129 toxic pollutants was developed for investigation as part of this 
study. (1) (16) Prior to undertaking these investigations, limited data was 
available on these pollutants and their presence in the pulp, paper and paper
board industry. 

Nonconventional pollutants are those not named as conventional pollutants or 
included in the list of toxic pollutants. Pollutants in this category may be 
industry specific and may require regulation. Preliminary literature searches 
identified approximately 200 organic compounds identified as present in pulp, 
paper and paperboard wastewaters which were considered potentially toxic.(13) 
Of these 200 compounds, several of the more commonly found compounds have 
received considerable investigations by personnel at such research facilities 
as B.C. Research, Inc., in Vancouver, British Columbia; the Institute of Paper 
Chemistry, Appleton, Wisconsin; the Wisconsin Department of Natural Resources; 
EPA's Office of Research and Development; and the Pulp & Paper Research Insti
tute of Canada (PPRIC). These nonconventional pollutants are generally known 
as fatty and resin acids and bleach plant derivatives. The fatty and resin 
acids identified include: 

Abietic Acid 
Dehydroabietic Acid 
Isopimaric Acid 
Pimaric Acid 
Oleic Acid 
Linoleic Acid 
Linolenic Acid 
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The bleach plant derivatives include: 

9, 10 - Epoxystearic Acid 
9, 10 - Dichlorostearic Acid 
Monochlorodehydroabietic Acid 
Dichlorodehydroabietic Acid 
3, 4, 5 - Trichloroguaiacol 
3, 4, 5, 6 - Tetrachloroguaiacol 

Other nonconventional pollutants evaluated include color, COD, ammonia, and 
xylene. 

As outlined previously, the data development involved a literature review, a 
screening sampling program, and a verification sampling program. 

Literature Review 

As presented in Section II, project investigations have included a review of 
literature on toxic and nonconventional pollutants, supplemented by discus
sions with researchers. Potentially toxic pollutants in pulp, paper and 
paperboard mill effluents are derived primarily from the wood furnish. These 
are resin and fatty acids and, where pulp bleaching is practiced, their chlor
inated analogs. Resin acids are present in many softwoods but are often 
absent in hardwoods. Toxic materials can originate from chemical additives, 
such as dyes containing heavy metals. Toxic pollutant and toxicity informa
tion for pulp, paper and paperboard wastewaters (as reported in the litera
ture) is summarized below. 

Measuring Acute Toxicity. Most studies of the toxicity of pulp, paper, and 
paperboard wastes are based on bio-assay procedures which indicate effluent 
concentrations at which fish survival is threatened. Toxic compounds which 
are diluted in large quantities of wastewater will have less toxicity than 
those compounds which are present at higher concentrations. The concentration 
which results in a 50 percent fish survival rate after 96 hours of exposure is 
termed the 96-hr LC-50. This concentration can be expressed either as a 
percentage of dilution or in terms of milligrams/litre (mg/l). 

Toxicity is substantially affected by pH, with higher toxicities generally 
occurring in the lower pH range. For this reason, 96-hr LC-50 values are 
usually reported for pH 7.5. 

Raw Effluent Acute Toxicity. Many raw pulp, paper and paperboard mill efflu
ents exhibit a limited degree of toxicity. The major concern over this toxi
city originates from a generally high water use. Typical water usage by 
subcategory is presented in Section VIII. 

A summary of the range of LC-50 concentrations (expressed as percent dilution 
of raw waste) for various wood pulping and bleaching processes is shown in 
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Table V-28. As shown, the 96-hr LC-SO of the various effluents can vary from,. 
4 to 100 percent by volume, with mechanical pulping effluents being the mos~ 
toxic. It should be noted, however, that the non-chlorinated resin and fatty 
acids contributing to mechanical pulping effluent toxicity are more amenable 
to biodegradation than chlorinated compounds in bleachery wastes. 

TABLE V-28 

REPORTED. MEDIAN LETHAL CONCENTRATIONS OF VARIOUS RAW PULPING EFFLUENTS 

Pulping Process 

Unbleached Kraft 
Bleached Kraft 
Mechanical Pulping 
Sulfite 
De ink 
Paperboard 
Woodroom 

Raw Waste 
96-Hr LC-50 (%v/v) 

10-100 
10-100 
4- 10 

10-100 
3- 20 

20- 40 
1- so 

Reference 

(40,41,42,43) 
(44) 
(45) 
(46) 
(47) 
(47) 
(48) 

Sublethal Toxicity. As solutions approach lethal concentrations, adverse 
sublethal effects have been observed for aquatic organisms. A summary of 
reported sublethal concentrations of kraft and sulfite effluents for variousl 
organisms is indicated in Table V-29. 

Mutagenic and Carcinogenic Effects. In a recent study, Ander (49) has ob
served chlorination stage effluents from kraft bleaching to cause mutations in 
two strains of Salmonella bacteria. A weak mutagenic effect was also observed 
for hypochlorite stage bleaching effluent. The addition of human liver micro
somes to the chlorination stage effluent decreased the mutagenic effect. This 
suggests that the mutagenic compounds would be partly degraded in the liver. 

Chloroform also has been shown to induce carcinogenic effects in laboratory 
animals.(50) 

Identification and Origin Of Specific Toxic Compounds Contributing to Raw 
Effluent Toxicity. Specific toxic pollutant concentrations have been reported 
for various pulp, paper, and wood products industry effluents. In most cases, 
the data which has been reported relates to specific mill effluents, rather 
than industry-wide surveys. 

Walden has summarized the pollutants shown to be contributing 
ity of the observed toxicity in major pulping effluents.(51) 
presented in Table V-30. Resin acids reportedly contribute 
the toxicity in all the pulping processes indicated. 
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TABLE V-29 

THRESHOLD OF SUBLETHAL CONCENTRATIONS OF KRAFT MILL AND SULFITE MILL EFFLUENTS(Sl) 

Specie 

Spring and coho 
Coho 
Spring 

Coho 
Rainbow 

Sockeye 
Sockeye 
Sparus 

macrocephalus 

Coho 
Coho 
Coho 
Coho 
Spring 

Fish food 
Spring 
Aquatic plants 
Insects, fish 

food 
Spring 

Coho 
Lobsters 
Atlantic Salmon 
Oysters 

Freshwater shrimp 
Oysters 
Oysters 

Sublethal Effects 

Growth, distress 
Swimming 
Growth 
Growth 
Growth 
Respiration 

Respiration 
Arterial tension 
Various histochemical 

changes 

Histochemical 
Biochemical 
Plasma glucose 
Biochemical (200 days) 
Fish biomass 

Abundance 
Fish biomass 
Abundance 
Diversity 
Abundance 
Fish biomass 

Swimming 
Avoidance 
Avoidance 
Embryo deformity 

Growth 
Pumping 
Embryonic development 

Kraft Mill Effluents(a) 

0.12-0.14 
0.1 -0.2 

0 .12 
10% v/v 

> 0.25 
0.08-0.18 

0.2 
<0.33 

3.6% v/v 

> 0.25 
< 0 .33 

0.1 -0.3 
< 0. 1 

0.08-0.14 

> o. 03 
> 0. 03 
> 0.05 
> 0 .05 
> 0.05 
> 0 .05 

0. 15 
> 20% v/v 

50% v/v 
0.6% v/v 

Sulfite Mill Effluents(a) 

< 1.6% v/v 
55 

6-12 

(a)Concentrations expressed as % v/v or as fraction of 96 hr LCSO static bioassay 
value, unless otherwise noted. 

V-53 



_, 
~ 

,, 

Type of Chemical 
Compound 

Naturally occurring 
resin acids 

Chlorinated lign:lns 
Chlor:lnated resin 

acids 
Unsaturated fatty 

acids 

Chlorinated phe-
nol:lcs 

Dlterpene alcohols 

Juvabtones 

Other acidics 

Other neutrals 

Lignln degrada
tion products 

TABLE V-30 

RELATIVE TOXICITY CONTRIBUTION. OF COMPOUNDS IN PULP MILL EFFLUENT (51) 

Spectflc Examples Pulping 

Abtetic, dehydro- Major 
ab Let:lc, isopimarlc, 
levop:Lmaric, palus-
tric, pimaric, sanda
racopimaric, neoabi-
etic. 

Mono- and dichloro
dehyd roab:le tlc 

Oletc, linoleic, 
linolenic, palmi
tolelc 

Tri- and tetraclor-
ogua:lacol 

Pimarol, isopimarol, 
dehydroabtetal, abi
etal 
Juvablone, juvablol 

l'-dehydroajuvabione, 
l'-dehydrojuvab:lol, 
dehydrojuvabione 

Epoxystearlc acid 
Dichlorostearic acid, 
Pitch dispersant 

Ab.Leno!, l 2E-ab:lenol, 
13-epimanool 

Eugenyl, isoeugenol 1 
3,3 dtmethoxy, 4,4 
dihydroxystllbene 

Inter
med:Late 

Kraft Effluents 
Bleachery 

Chlorination Caustic 

Minor Major 

Major 

Debarking 
Effluent 

Major 

Intermediate 

Minor 

Intermediate 

Minor 

In termed ta te 

Minor 

Mechanical 
Pulping 
Effluent 

Major 

Intermediate 

Minor 

Sulfite 
Pulping 
Effluent 

Major 

In termed Late 



Swan has summarized the resin acid contents of major wood species used in the 
pulp, paper, and paperboard industry. (52) His results, summarized in Table 
V-31, show that pines contain by far the highest resin acid content of the 
species studied. 

TABLE V-31 

TYPICAL RESIN AND FATTY ACID CONTENTS OF RAW WOOD TYPES(52) 

Species 
Total Resin Acids 

(percent Oven Dryed Wood) 
Total Fatty Acids 

(percent o.d. wood) 

Pines 
Other Softwoods 
Hardwoods 

1.5% 
0.1% 

negligible 

1.0% 
0.1% 
0.5% 

Variance was observed within the major species groups indicated. One study 
showed substantial variance in resin acid content within the same species for 
differing tree ages. Specifically, pinus bansiana was evaluated for six resin 
acids in trees of differing diameters.(53) The relative percentage of indivi
dual resin acid content was almost always progressively higher with an in
crease in diameter. The total identified resin acid contents and respective 
tree diameters are summarized in Table V-32. 

TABLE V-32 

RESIN ACID CONTENT OF PINUS BANSIANA FOR VARIOUS TREE DIAMETERS(53) 

Diameter (inches) 
Total Identified Resin Acid Content 
(% o.d. wood) 

4 8 12 

1.55 1.59 2.38 

15 20 

2.91 6.0 

These results illustrate some of the complexities of attempting to charac
terize the toxic pollutant content of various raw effluents. No meaningful 
correlation has been established to date among toxic pollutant loads, pulping 
process and wood source. This may be caused by general lack of data on this 
subject. 

Other potentially toxic pollutants of concern in pulp, paper, and paperboard 
effluents are heavy metals which can originate from dyes or other chemicals 
used in papermaking. There is an apparent lack of published literature with 
respect to specific effluent toxicity originating from additives used in 
various papers. Heavy metals originate largely from pigments added in paper 
coating and glazing operations. A summary of heavy metal content in these 
effluents is shown in Table V-33. 
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TABLE V-33 

SUMMARY OF HEAVY METAL CONTENT OF WASTEWATER FROM PAPER COATING AND GLAZING (54) 

Water Use 
Source of (gal/ton Concentration of Toxic Substances (m8/l) 

H Ee~ Plant Coa t:lng P:lgment of Product) Pb Cr Cu Zn Cd g 

1 Black Carbon Black 80 0.05-0.61 0.01-0.04 0.11-2.9 0.06-1.1 0.005 8-16 

Orange Organic Pigment 30 0.14-3.5 0.03-1.01 0.2 -130 5.6 -73 0.003-0.01 0.2-18 

Red Precipitated 
Dyestuff 140 0.06-0.58 0.06-0.37 o. 12-1. 5 0.34-7.2 0.0002-0.27 0.2 

Yellow Lead Chromate 290 420-1, 100 130-1,400 0.25-2.8 5. 7 -13 0.005 -0.034 0.2-0.7 

... 2 Total Washup N.D • N.D. 0.64-0.83 0.42-0.83 o. 68-1.4 8.7 -19 0.015 -0.027 0.2-0.6 
I 
n 
n 

3 Lamina tor 
Washup N.D. N.D. 0.26-0.29 0.04-0.09 o. 3 -0. 71 1. 4 -2 .1 0.13 -0.31 0.2-0.5 

(a)The concentrations in ug/l. 
N.D. No Data 



Detergents used for de inking can also contribute to toxicity. Martin (55) 
determined that the detergents Nalco 808 and Sterox MS-b which are used in 
deinking were lethal to fish at a concentration of 4.0 mg/l. PCB's which were 
formerly used in carbonless copy paper are still present in some waste paper 
mill effluents by virtue cf the waste paper cycle. 

The New York State Department of Conservation has conducted a study concerning 
PCB' s in wastepaper mill effluents. (56) Of the 40 mills in New York State 
using some waste paper, 18 were selected as potential direct dischargers of 
PCB's. Final effluent samples were analyzed for each month from October 1976 
to September 1978. Sample types ranged from grab samples to flow-proportioned 
24-hcur composite samples taken at the 18 
treatment was employed prior to discharge. 

The results are summarized as follows: 

_..!,, -
IU.L .L .L l:i • 

A..&.---~ _ _!,,_-----~----tu. UIUl:i lo. Ul.L.L.Ll:i l:it:l.;UUUd..CY 

81 percent of all samples showed PCB concentrations of less than 1 
microgram/litre. 

The average of all reported median mill PCB concentrations was 0.76 
micrograms/litre. 

The average of all median mill PCB levels, excluding mills without 
effluent treatment, was 0.61 micrograms/litre. 

The discharge of PCB's for any given mill was variable, with several 
reported values above 10 micrograms/litre. The highest value was 
18 micrograms/litre. 

These results imply that PCB concentrations from waste paper mills are gener
ally below 1 microgram/litre and that the concentration is reduced by second
ary treatment. Occasional periods of higher concentrations have occurred, 
although their cause is not precisely known. 

Heavy metals generally originate from pigments added in paper dyeing, coating 
and glazing operations. The sampling conducted during this program should 
provide more specific information concerning the effect of these processes on 
whole mill effluents. 

96-Hr-LC-50' s for Specific Compounds. Selected pollutants in pulp and paper 
wastes and reported 96-hr LC-50 values are shown in Table V-34. 

Reported Raw Wastewater Concentrations of Potentially Toxic Compounds 

The toxicity of various raw pulp, paper, and paperboard wastewaters and rela
tive toxicity contribution of specific compounds in those wastes has been 
discussed. Also, the reported toxicity of specific toxic compounds has been 
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TABLE V-34 

MEDIAN LETHAL CONCENTRATIONS OF CERTAIN TOXICANTS KNOWN 
TO BE PRESENT IN VARIOUS PULP AND PAPER MILL EFFLUENTS(69) 

Substance 

Resin Acids 
Isopimaric 
Palustric 
Abietic 
Pimaric 
Dehydroabietic 

Diterpene Alcohols 
Isopimarol 
Pimarol 
Dehydroabietol 
Abietol 

Chlorinated Resin Acids 
Monochlorodehydroabietic acid 
Dichlorodehydroabietic acid 

Chlorinated Phenolics 
Trichloroguaiacol 
Tetrachloroguaiacol 

Fatty Acids 
C18-Unsatuated fatty acid 

Other Acids 
Epoxystearic acid 

Juvabiones 
Iso-Dehydrojuvabione 
Juvabione 
Dihydrojuvabiones 
Juvabiols 

Heavy Metals 
Zinc 

Volatiles 
Hydrogen sulfide 
Methyl mercaptan 
Sodium sulfide 
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96-hr LC-SO, mg/l 
(Rainbow Trout) 

0.4 
0.5 
0.7 
0.8 
1.1 

0.3 
0.3 
0.8 
1.8 

0.6 
0.6 

0.72 
0.32 

9 

1.5 

0.8 
1.5 
1.8 
2.0 

1.0 

0.3-0.7 
0.5-0.9 
1. 0-1. 8 



summarized. Investigations concerning the specific concentrations of toxic 
and potentially toxic compounds found in raw pulp and paper effluents have 
been published. No attempt will be made here to summarize these results, 
however, the following are some of the more relevant studies on this topic: 
(57) (58) (59) (60) (61) (62) (63) (64) (65) (66) (67) (68). 

Screening Program 

As part of the overall project investigations, the screening program was 
undertaken to provide information on the presence or absence and the relative 
levels ox ~oxic and non-conventional pollutants discharged by the pulp, paper 
and paperboard industry. Screening surveys were undertaken by the Jordan 
Company and by EPA regional surveillance and analysis (S & A) teams. As 
outlined previously, the Jordan Company undertook 11 screening surveys. Table 
V-35 presents a summary of the screening program analysis results. The EPA 
regional surveillance and analysis teams undertook 47 surveys which have or 
will develop screening survey analysis results. Table V-36 presents a summary 
of the results from 17 of the EPA S & A surveys. 

Verification Program 

As described previously, the screening survey results, industry survey res
ponses, and available literature were reviewed to develop a list of parameters 
to be studied in verification sampling. The verification program was devel
oped to provide data on the toxic compounds and nonconventional pollutants 
present in pulp, paper and paperboard mill effluents. Analysis results are 
summarized . by subcategory in Appendix A. Only those compounds which were 
detected at the raw water, aeration influent (or equivalent) and final ef
fluent have been summarized. The analysis results listed are preliminary. 
Confirmation of the results is currently in progress. 

The procedure used to develop this summary is similar to that used in summar
izing the screening program results. Each compound and sample point was 
examined individually and the analysis results are reported in concentration 
ranges of: less than 10 ug/l; 10 to 100 ug/l; and more than 100 ug/l. Also 
included in the summary is the total of all samples analyzed for which toxic 
or nonconventional pollutants were not detected and the average concentration 
for each compound at each sample point. 

SUMMARY 

This s~ction has presented waste characteristics by subcategory for the pulp, 
paper, and paperboard industry. Data developed through these and continuing 
project investigations will be analyzed in further detail to provide the basis 
for establishment of effluent limitation guidelines and standards for the 
pulp, paper and paperboard industry. 
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TABLE V-35 

SUMMARY OF SCREENING PROGRAM ANALYSIS RESULTS 

Raw Water (us/I) Raw Wastewater (ug/l) F.lnal Effluent (ug/l) 
Tox.lc Not Not Not 

l'ollutant Detected < 10 10-100 > 100 Ave Detected < 10 10-100 > 100 Ave Detected < 10 10-100 > 100 Ave 

l. acenaphthene 11 12 11 
2. acrole ln 11 12 11 
J. acrylonHrlle 11 12 11 
4. benzene 11 4 6 2 3 6 5 
5. benzldlne 11 12 11 
6. carbon tetrachloride 

( te trachloromethane) 11 12 ll 
7. chlorobenezene 11 10 8 11 
8. l, 2, 4-t r lchlorobenzene ll 12 11 
9. hexac h lor ob en zene 11 12 ll 
10. 1,2-dlchloroethane 11 11 1 l 10 l 
11. l, 1,1-trlchloroethane 11 7 2 3 6 11 
12. hexachloroethane 11 12 11 
13. 1,1-dichloroethane 11 11 10 
14. l,l,2-trlchloroethane 11 12 11 
15. 1,1,2,2-tetrachloroethane 11 11 11 
16. chloroethane 11 12 11 
17. bls(chloromethyl) ether 11 12 11 
18. bls(2-chloroethly) ether 11 12 11 
19. 2-chloroethyl vinyl ether (m lxed) 11 12 11 
20. 2-chloronaphthalene 11 12 11 
2 l. 2,4,6-trlchlorophenol ll ll 2 11 
22. parachlorometa cresol 11 12 ll 
n. chloroform (tr Leh loremethane) 9 2 2 2 2 6 269 3 5 3 16 
24. 2-chlorophenol 11 12 11 
25. 1,2-dlchlorobenzene 11 12 11 
26. l,3-dlchlorobenzene 11 12 11 
27. l,4-dlchlorobenzene 11 12 11 
28. .3, 3 '-d ichlorobenz ld lne 11 12 ll 
29. l, l-dlchloroethylene 11 12 11 
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TABLE V-35 (cont lnued) 

Raw Water (ug/l) Raw Wastewater (ug/l) Ftnal Effluent (ug/l) 
Toxlc Not Not Not 

Pollutant Detected < 10 10-100 > 100 Avg Detected <IO 10-100 > 100 Avg Detected < 10 10-100 > 1.00 Avg 

30. l, 2-trans-dichluroethylene 11 12 11 
JI. 2,4-dlchlorophenol 11 11 9 2 
32. l,2-dlchlorupropane 11 12 11 
33. 1,3-dlchlorupropylene (l,3 dlch-

loi:upropene) 11 12 11 
34. 2,4-dlmenthylphenol 11 12 11 
35. 2,4-d'lnltrotoluene 11 12 11 
36. 2,6-dlnltrotoluene 11 12 11 
37. 1,2-cllphenylhydrazlne 11 12 11 
38. ethyl benzene 11 6 5 9 9 2 l 
39. *fluoranthene 11 10 2 l 10 l l 
40. 4-chlorophenyl phenyl ether 11 12 11 
41. 4-bromophcnyl phenyl ether 11 12 11 
42. bls(2-chlorotsopropyl) ether 11 12 11 
43. bls(2-chloroethoxy) methane 11 12 11 
44. methylene chloride (dtchloro-

methane) 3 2 3 3 72 1 6 4 81 1 2 4 4 55 
45. methyl chlor lde (chloromethane) 11 12 11 
46. methyl bromide (bromome thane) 11 12 11 
4 7. bromoform (tr lbrouiomethane) 11 12 11 
48. dichlorobromomethane 11 11 1 11 
49. t rlch loro f l.uorome thane 11 11 23 10 19 
so. dlchl.orodlfluoromethane 11 12 11 
51. chlorodlbromomethane lL 11 11 
52. hexachlorubutail lene 11 12 11 
53. hexachlorucyclupentadlene 11 12 11 
54. .lsophorone 11 LL l 5 11 
55. naphthalene lL 10 l 13 11 
56. nl trobenzene 11 12 11 
5 7. 2-n ltrophenol 11 12 11 
58. 4-n.ltrophenol 11 12 11 
59. 2,4-dlnltrophenol 11 12 11 
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TABLE V-35 (con t.lnued) 

Raw Water (ug/ 1) Raw Wastewater (ug/l) F.lnal Effluent (ug/l) 
Tox.ic Not Not Not 

Pollutant Detected < 10 10-100 > 100 Avg Detected < 10 10-100 > 100 Avg Detected <10 10-100 > 100 Avg 

60. 4,6-dlnltro-o-cresol 11 12 11 
61. N-nltrosodlmethylamtne 11 12 11 
62. N-n:ltrosodlphenylam:lne 11 12 11 
63. N-nlt rosoJ L-n-propylam lne 11 12 11 
64. pentachlorophenol 11 12 ll 
65. phenol 0 9 2 6 0 2 6 4 624 0 5 5 l 89 
66. bls(2-ethylhexyl) phthalate 7 l 3 5 2 6 3 66 5 0 5 l 22 
6 7. butyl benzyl phthalate ll 12 11 
68. dt-n-lmty 1 phtha late 4 3 3 16 3 3 5 85 5 3 2 16 
69. dl-n-octyl phthalate 10 l l 12 11 
70. dlethyl phthalate 10 1 l 7 4 7 7 4 
71. dtmethyl phthalate 11 12 11 
72. benzo (a)anthracene ( 1, 2-benza-

nthracene) 11 12 11 
73. benzo(a)pyrene (3,4-benzopyrene) 11 12 11 
74. 3, 11-benzo fluoranthene 11 12 11 
75. benzo(k)fluoranthene (11,12-benzo 

fluoranthene) 11 12 11 
76. ch1:ysene 11 11 ll 
n. acenaphthlene 11 12 11 
78. anthracene 11 8 2 2 9 10 
7'L benzu(ghl)perylene (l,12-benzo-

pery lene) 11 12 11 
80. fluroene ll 12 ll 
81. phenathrene ll 12 11 
82. dlbenzo (a,h) anthracene 

(l,2,5,6-dlbenzanthracene) 11 12 11 
8.1. lndeno (L,2,3-cd) pyrene 

(2,3-o-phcnylenepyrene) 11 12 11 
84. pyrene 11 12 11 
85. tetrachloroethylenc 11 10 2 l 10 7 
86. toluene 10 2 8 2 4 4 6 4 
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TABLE V-35 (cont lnued) 

Raw Water (ug/l) Raw Wastewater (ug/l) F.ln!il Effluent (ug/l) 
ToKlc Not Not Not 

Pollutant Detected < 10 10-100 > 100 Avg Detected "10 10-100 > 100 Avg Detected < 10 10-100 >100~ 

87. trlchloroethylcne 11 10 2 11 
88. v lny l chlor lde (chloroethylenc) 11 12 11 
89. aldrln ll 12 11 
90. d lcldrln ll 12 11 
91. ch l.ordane (technlcal m lKture & 

melaholltes) 11 12 11 
92. 4,4'-DDT 11 12 11 
93. 4,4'-UUE (p,p'-DUX) 11 12 11 
94. 4,4'-DDU (p,p'-TDE) 11 12 11 
95. a-endosulfan-Alpha 11 12 11 
96. b-endosulfan-Beta 11 12 11 
97. endosulfan sulfate 11 12 11 
98. endr.ln 11 12 11 
99. endrln aldehyde 11 12 11 
100.heptachlor 11 12 11 
101.heptachlor epoKlde 11 12 11 
102.a-llllC-Al.pha 11 12 11 
103.b-BllC-Beta ll 12 11 
104.r-BllC (Jlndane)-Gamma 11 12 11 
105.g-lll!C-Delta 11 12 11 
106.PCll-1242 (Arochlor 1242) 11 12 11 
107. l'Cll-1254 (Arochlor 1254) 11 11 10 
108.PCB-1221 (Arochlor 1221) 11 12 11 
109.l'Cll-1232 (Arochlor 1232) 11 12 11 
110. l'CH-1248 (Arochlor 1248) 11 12 11 
lll.PCH-1260 (Arochlor 1260) 11 12 11 
112.PCB-1016 (Arochlor 1016) 11 12 11 
113. ToKaphene 11 12 11 
114.Antlmony (Total) 0 11 1 0 10 2 7 0 10 1 4 
115.Arscnlc (Total) 0 11 3 0 11 l 5 0 10 1 3 
116.Asbestos (Fibrous) 11 12 11 
l l 7. Bery 11 lum (Total) 0 11 0 12 0 11 
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TABLE V-35 (contlnued) 

Raw Water (ug/l) Raw Wastewater (ug/l) F.lna 1 Effluent (ug/l) 
Toxic Not Not Not 

Pollutant Detected < 10 10-100 > 100 Avg Detected < 10 10-100 > 100 Avg Detected < 10 10-100 > 100 Avg 

l l8. Cadmlum {Total) 0 11 l 0 12 2 0 11 2 
119.Chromium (Total)** 0 6 5 8 0 3 8 l 42 0 7 4 12 
120.Copper {Total)** 0 l 10 27 0 0 8 4 80 0 0 11 53 
121.Cyanlde (Total) 0 ll 10 0 11 l 27 0 11 10 
122. Lead {Total)** 0 6 5 10 0 4 7 l 36 0 5 6 16 
123.Mercury (Total) 0 11 1. 2 0 12 1. 5 0 11 1.5 
124.Nlckel (Total)** 0 6 5 13 0 2 10 35 0 3 7 38 
125.Selen Lum (Total) 0 11 2 0 12 2.4 0 11 2 
126.Sllver (Total) 0 10 5 0 12 2 0 10 6 
127.Thalllum (Tot.al) 0 11 2 0 12 2 0 11 2 
128.Zlnc {Total)** 0 0 9 2 55 0 0 6 6 555 0 0 7 4 124 
129.2,3,7,8-tetrachlorodlbenzo-p-

d .lox l n (TCOO) 11 12 11 
130.Abletlc Acld 11 l 4 7 365 7 0 3 1 94 
lJl.DehydroabLetlc Actd 11 1 0 1 10 700 5 1 3 2 89 
132.Isoplmarle Aeld 11 11 l 9 11 
133.Prlmarlc Actd 11 2 0 5 5 87 8 1 2 12 
1311.0le le Ac Ld 11 3 2 4 3 99 6 2 3 16 
135. L Lnole le Acld 11 6 1 2 3 192 10 6 
136. L.lno Len le Ac ld 11 11 1 18 11 
137.9,10-Epoxysteacl.c Actd 11 11 5 ll 
138.9, 10-Dlehlorostear.lc Ac.Ld 11 12 11 
l)<J .Monochlorodehydroah let le Ac ld 11 8 2 41 11 
140. Dlchlurodehydroah letlc Ac.Ld 11 11 1 5 11 
14 l. 3, 4, 5-Tr lchlorogua lacol 11 11 1 l 10 l 
142.Tetraehlorogualacol 11 11 l 1 10 l 
143.Xylene 11 11 44 11 

**Conslstent dlserepaneles exlsted hetween spltt sample results for th.ls compound. 
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TABLE V-36 

ORGANIC ANALYSIS RESULTS 
SUMMARY OF SCREENING PROGRAM 

RESULTS FOR EPA REGIONAL SURVEYS 

Raw Wastewater (ug/l) Final Effluent (ug/l) 

Priority Pollutant ND < 10 10-100 >loo· ND < 10 100-100 > 100 

carbon tetrachloride 34 3 0 0 30 1 0 0 
chlorobenzene 34 3 0 0 31 0 0 0 
1,2,4-trichlorobenzene 36 0 1 0 31 0 0 0 
1,2-dichloroethane 36 l 0 0 31 0 0 0 
1,1,l-trichloroethane 30 6 l 0 27 4 0 0 
bis(2-chloroethyl)ether 36 0 l 0 31 0 0 0 
2,4,6-trichlorophenol 18 11 7 l 20 10 l 0 
chloroform 13 l 5 18 12 3 8 8 
2-chlorophenol 35 2 0 0 31 0 0 0 
1,2-dichlorobenzene 36 l 0 0 30 1 0 0 
1,4-dichlorbenzene 36 l 0 0 31 0 0 0 
2,4-dichlorophenol 26 8 3 0 24 7 0 0 
2,4-dimethylphenol 31 2 3 l 30 l 0 0 
2,6-dinitrotoluene 36 1 0 0 31 0 0 0 
1,2-diphenylhydrazine 36 0 1 0 31 0 0 0 
et.enzene 35 2 0 0 31 0 0 0 
fl nthene 37 0 0 0 30 l 0 0 
bis(2-chloroisopropyl)ether 36 0 1 0 30 1 0 0 
bis(2-chloroethoxy)methane 36 0 l 0 30 1 0 0 
methyl bromide 36 1 0 0 31 0 0 0 
bromoform 35 2 0 0 31 0 0 0 
trichlorfluoromethane 36 1 0 0 31 0 0 0 
dichlorobromomethane 37 0 0 0 30 1 0 0 
isophorone 35 1 1 0 31 0 0 0 
naphthalene 33 1 3 0 29 2 0 0 
nitrobenzene 32 2 2 1 30 l 0 0 
2-nitrophenol 36 1 0 0 31 0 0 0 
4-n:itrophenol 36 0 l 0 30 1 0 0 
N-nitrosodiphenylamine 34 2 1 0 30 1 0 0 
pentachlorophenol 31 2 4 0 27 4 0 0 
phenol 16 5 12 4 25 5 l 0 
bis(2-ethylhexyl)phthalate 33 1 2 1 28 1 2 0 
butyl benzyl phthalate 34 0 1 2 29 2 0 0 
di-n-butyl phthalate 34 0 3 0 29 2 0 0 
di-n-octyl phthalate 34 2 1 0 27 4 0 0 
diethyl phthalate 31 2 4 0 30 1 0 0 
dimethyl phthalate 34 2 1 0 31 0 0 0 
benzo (a) anthracene 35 2 0 0 31 0 0 0 
benzo (a) pyrene 36 l 0 0 31 0 0 0 
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TABLE V-36 (continued) 

Raw Wastewater (ug/l) Final Effluent (ug/l) 

Prioritl Pollutant ND < 10 10-100 > 100 ND < 10 100-100 > 100 

chrysene 34 3 0 0 31 0 0 0 
acenaphthylene 36 1 0 0 30 1 0 0 
anthracene/phenanthrene 30 6 1 0 31 0 0 0 
fluorene 35 2 0 0 31 0 0 0 
dibenzo (a,h) anthracene 36 1 0 0 31 0 0 0 
ideno (1,2,3-cd) pyrene 37 0 0 0 30 1 0 0 
pyrene 37 0 0 0 29 2 0 0 
tetrachloroethylene 34 2 1 0 28 3 0 0 
toluene 33 2 1 1 26 3 2 0 
trichloroethylene 36 1 0 0 30 0 1 0 
aldrtn 37 0 0 0 29 2 0 0 
dieldrin 36 1 0 0 31 0 0 0 
4,4'-DDT 37 0 0 0 30 1 0 0 
4,4'-DDD 36 1 0 0 31 0 0 0 
a-endosulf an-alpha 36 1 0 0 30 1 0 0 
b-endosulfan-beta 36 1 0 0 31 0 0 0 
endrtn 37 0 0 0 30 1 0 0 
heptachlor epoxide 35 2 0 0 30 1 0 0 
a-BHC-alpha 36 1 0 0 29 2 0 0 
b-BHC-beta 36 1 0 0 28 3 0 • c-BHC-gamma 37 0 0 0 28 3 0 
PCB - 1242 34 2 1 0 31 0 0 0 
PCB - 1260 36 l 0 0 31 0 0 0 
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SECTION VI 

PRODUCTION PROCESS CONTROLS 

INTRODUCTION 

Many mills within the pulp, paper and paperboard industry have made signifi
cant progress in implementing process controls to reduce effluent volume and 
loading. Mil ls have developed many alternative approaches for their diverse 
production processes. The implementation of appropriate production process 
controls at a given mill can reduce effiuent ioads, altec energy cousumption 
and affect production costs. 

Earlier effluent limitations guidelines development documents have identified 
technologies commonly employed by the industry to control pulping, bleaching, 
washing, liquor recovery and papermaking processes.(2)(37) These technologies 
are not employed solely to reduce raw waste loads. Of greater concern to the 
industry is the consistent production of high quality products with minimum 
loss of substrate. Production process controls have historically been part of 
an integrated pulp and papermaking operation concerned mostly with product 
characteristics and process economics. 

As part of the data request program, production process control information 
was received from a total of 644 mills. Review of this information indicated 
that the control items generally fall into nine specific mill areas: 

1. woodyard/woodroom; 

2. pulp mill; 

3. washers/screen room; 

4~ bleachery; 

s. evaporators and recovery; 

6. liquor preparation area; 

7. papermill; 

8. steam plant and utilities; and 

9. effluent recycle. 

With the development of BCT effluent limitations guidelines, the BCT cost test 
can be applied to progressive levels of control technology. To apply the cost 
test, the various production process controls have been classified as Level l 
or Level 2 technologies for application within each subcategory of the pulp, 
paper and paperboard industry. Level l technologies offer the most effective
ness in terms of raw waste load reduction. Level 2 technologies are expected 
to have less impact in reducing raw waste load and are primarily for reducing 
TSS raw waste loading. Table VI-1 summarizes the production process 
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TABLE VI-1 

LEVEL 1 AND 2 PRODUCTION PROCESS CONTROLS 

Subcate or 
Control 011 012 013 014 015 016 017 019 021 022 032 033 034 101 102 111 112 113 114 201 202 204 205 211 

1. Woodiard/Woodroom 
a. Close-up or dry lo'Oodyard 

and barking operat.lon 1 1 
b. Segregate cooling water 1 1 1 1 

2. Pul2 Mill 
a. Reuse relief and blow 

condensates 1 
b. Reduce groundlo'Ood thick-

ener overflow 2 
c. Spill Collection 1 

3. Washers and Screen Room 
a. Add 3rd or 4th stage 

washer or press 1 1 1 
b. Recycle more decker 

filtrate 
c. Cleaner rejects to landfill 

2 2 2 2 2 
d. Replace sidehill screens 

with vibrat.lng 
4. Bleachins 
a. Countercurrent or jump 

stage washing 2 2 2 2 
b. Evaporator caustic extract 

filtrate 1 

5. Eva2oratton and Recove!l Areas 
a. Recycle condensate 
b. Replace barometric con-

denser 2 
c. Boll out tank 2 2 
d. Neutralize spent sul-

fite liquor 
e. Segregate cooling water 1 
f. Sptll Collect.Lon 
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TABLE VI-1 (Contlnued) 

011 012 013 014 015 016 017 019 021 022 032 033 034 101 102 111 112 113 114 201 202 204 205 211 

6. Liguor Preea~ation Area 
a. Green liquor dregs 

ftlter 2 2 2 2 2 2 2 
b. Lime mud pond 2 2 2 
c. Splll Collectlon 1 1 1 1 
d. Spare tank l 1 l 1 

7. Paeer MUl 
a. Spill Collection 

1. Paper machlne and 
bleached pulp spill 
collectlon 1 1 1 2 1 1 1 

2. Color plant 1 1 1 1 
b. Improve saveal 1 2 1 1 1 1 1 l 
c. H.lgh pressure showers 

for wire and felt 
cleaning 2 

d. Whltewater use for 
vacuum pump sealing 1 1. 2 2 2 

e. Paper machlne whitewater 
showers for wire cleantng 2 

f, Whitewater storage for 
upsets and pulper 
d!lutton 1 2 1 1 

g. Recycle press water 2 1 1 1 2 
h. Reuse of vacuum pump 

water 2 2 2 
t. Broke storag,e 
j. Wet lap mach lne 
k. Segregate ~ooling water 
1. Cleaner reje,cts to land-

f:lll 2 2 2 2 2 2 2 2 2 2 2 2 2 2 

8. Steam Plant and UtilitI Areas 
a. Segregate cooling 

water 
b. Lagoon for botler blow-

down & backwash 
waters 2 2 2 2 2 2 2 2 2 2 

9. Rec:i::cle of effluent 1 



controls which would be considered Level l or 2 technologies applicable to 
each subcategory. These controls and their general effectiveness are des
cribed below. 

SPECIFIC PRODUCTION PROCESS CONTROLS 

Woodyard/Woodroom 

Production process controls that reduce raw waste loading in the woodroom area 
include: 1) conversion to mechanical or dry systems or close-up of wet opera
tions with variations in sources of make-up water and means of handling flume 
overflow and dumping; and 2) the segregation and reuse or direct discharge of 
uncontaminated cooling waters. These controls, their applicability to the 
various subcategories, and their general effectiveness are described below. 

Close-Up or Dry Operation. This production process control item is commonly 
practiced at most mills; however, it has not been commonly employed at mills 
in the Sulfite-Dissolving and Groundwood-Fine subcategories. For the Sulfite
Dissolving subcategory, hydraulic barking systems can be closed up by install
ing a collecton tank and cleaning system for recycled water and by using pulp 
mill wastewater as make-up. At mills in the Groundwood-Fine subcategory, 
conversion to dry barking and mechanical conveyors is possible. In colder 
climates it may be necessary to use steam in the barking drums. These control 
items are illustrated in Figures VI-1 and VI-2. 

Application of these controls in the woodroom will result in reduced water use 
and a lower water content in the bark. With drier bark, combustion (and heat 
reclamation) is possible without further processing. 

Close-up of the woodroom by conversion to dry debarking or a closed-cycle 
hydraulic system typically results in flow reductions of 8. 3 to 12 .. S kl/kkg (2 
to 3 kgal/ton) and TSS reductions in the range of 5 to 10 kg/kkg (10 to 20 
lb/ton).(70)(25) (71) Factors affecting the level of reduction are the source 
of water utilized in the wood room, the type of operation, the type of wood, 
seasonal factors, and ultimate disposal. In all cases, these control items 
are designated as Level 1 technology. 

Segregate Cooling Water. This control item involves the collection of water 
used for iootor, chip blower, and bearing cooling. These noncontact cooling 
water can be returned to an existing water collection tank. At mills in some 
subcategories, this control could also include the return of condensate from 
the heating system to the steam plant through a separate line. The technology 
is illustrated in Figure VI-3. 

Woodroom noncontact cooling water segregation has been neglected at most mills 
in the integrated subcategories. It is designated as an applicable Level 1 
technology in the 13 integrated subcategories that employ woodrooms. Its 
implementation can result in a measurable flow reduction and significant 
energy savings. Segregation of cooling water via a separate discharge typ
ically reduces effluent flow by approximately 2.0 kl/kkg (0.5 kgal/t). Flow 
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reduction ranges from about l.2S to 4.17 kl/kkg (.3 to 1.0 kgal/t), depending 
upon the subcategory. Little reduction in BODS or TSS raw waste loads result 
from application of this technology. 

Pulp Mill 

Production process controls that reduce raw waste loading in the pulp mill 
area include: 1) reuse of digester relief and blow condensates; 2) reduction 
of groundwood thickener overflow; and 3) spill collection in the brown stock, 
digester and liquor storage areas. These controls and their applicability are 
described below. 

Reuse Relief and Blow Condensates. Digester relief and blow condensates may 
be major contributors to the total BODS discharge from a mill. Particularly 
with continuous digesters, the relatively small flows are highly contaminated 
with foul smelling organic mercaptans and other organic compounds. Figure 
VI-4 illustrates a control system for relief and blow condensates. This 
control is designated as an applicable Level 1 technology for all of the 
alkaline subcategories. Digester condensate is collected in a tank and pumped 
to the area of greatest benefit, which could be in order of general pre
ference: 

1. first shower of last stage brown stock washer; 

2. add at salt cake dissolving tank; 

3. use for mud washing or smelt dissolving; 

4. add directly to black liquor (extra evaporation costs); and 

S. strip or use reverse osmosis to reduce BODS. 

A collection tank should be equipped with a conductivity alarm to alert the 
operator of unusually strong condensate. 

Wastewater BODS reductions ranging from 0. 9 kg to 3. 0 kg/kkg (1. 8 to 6 lb/t) 
can be achieved by incorporating digester relief and blow condensates back 
into the black liquor recovery cycle where possible.(72) (73) (74) However, at 
many mills with strict air emission standards, this may not be an easy task; 
this must be taken into account when estimating the cost of implementation of 
this technology. Possible alternatives would be steam stripping or reverse 
osmosis to remove 7S-90 percent of the BODS before discharge or recycle. 

Reduce Groundwood Thickener Overflow. At a typical mill in the Groundwood
Fine subcategory, excess thickener filtrate overflows to the sewer at a rate 
of up to 16.6 kl/kkg (4.0 kgal/t) of pulp produced.(7S) This overflow repre
sents a small source of fiber loss and contributes S. 0 kg/kkg (10 lb/ton) of 
TSS at a typical mill. Modifications shown in Figure VI-S can be imple-
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mented to close up the whitewater system, essentially eliminating thickener 
filtrate overflow to the sewer. A small bleed would be maintained to control 
the build-up of pulp fines in the final accepted groundwood. Water make-up to 
the groundwood system would be excess papermachine whitewater. A heat ex
changer would be required to control heat build-up in the filtrate, at least 
during the warmer months of the year. Fresh water used as cooling water in 
the heat exchanger would subsequently be returned as make-up to the paper
machine systems. This closeup would be considered as Level 2 because of the 
insignificant effect on BOD.2._. 

Spill Collection. Improved spill collection systems can be employed in the 
digester, liquor storage, and brown stock areas. A system designed to recover 
leaks, spills, dwnps, and weak liquor overflows would result in a recovery of 
approximately 1.5 to 3.5 kg/kkg (3 to 7 lb/ton) of BODS.(76) In the brown 
stock area, the combination of stock and liquor spills would generally be 
pumped with the brown stock entering the first-stage washer vat. This control 
is designated as an applicable Level l technology in 10 subcategories. A pulp 
mill liquor spill system is illustrated in Figure VI-6. 

A separate spill collection system can be employed using a sump in conjunction 
with conductivity measurements to detect and pickup any leaks, spills, or 
overflows from the pulp mill digester and liquor storage tanks. Any liquor 
recovered would be diverted to its appropriate tank or to a spare liquor tank. 
This is considered a Level 1 technology for the Alkaline-Dissolving, Market, 
BCT, Fine and Newsprint subcategories. 

Brown Stock Washers and Screen Room 

Production process controls that reduce raw waste loading in the washer and 
screen room areas include: 1) addition of a third or fourth-stage washer; 2) 
recycle of more decker filtrate; 3) discharge of cleaner rejects to landfill; 
and 4.) replacement of sidehill screens with vibrating screens (in dissolving 
pulp mills). These controls are discussed below. 

Add Third or Fourth-Stage Washer or Press. This control is applicable to 
mills in the Alkaline, Semi-Chemical, Sulfite-Papergrade, and Deink-Newsprint 
subcategories. The control includes a fourth-stage washer to be added to all 
alkaline washing lines, a third-stage washer to be added to all Semi-Chemical 
and Sulfite-Papergrade washing lines, and a press to be added following the 
last stage of washing in the Deink-Newsprint subcategory. The systems requir
ing an additional washer stage are shown in Figure VI-7. For these systems, 
this control is primarily a BODS reduction measure, as dissolved solids losses 
from the pulping operation are-reduced. For the Deink-Newsprint subcategory, 
three-stage countercurrent washing and reuse of paperm.achine whitewater is 
typical. However, by adding a press after the final washer to bring the pulp 
to 15 percent consistency, the washing is improved. By reusing the press 
effluent on the washers, this system reduces the effluent flow as well as BODS 
and TSS. 
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In al 1 bleached subcategories, improved washing facilitates better bleaching 
and lower bleach chemical costs. In terms of raw waste load, the main effect 
is a reduction in BODS, ranging from about 2.5 kg/kkg (S lb/ton) for Alkaline
Dissolving mills to as much as 4 kg/kkg (8 lb/ton) for the Alkaline-BCT sub
category. In the Alkaline-Newsprint subcategory (with generally newer, more 
modern mills, and more properly sized washers), such losses are estimated at 1 
kg/kkg (2 lb/t).(77) (78) (79) 

Recycle More Decker Filtrate. This Level 1 control item is generally applic
able to the Sulfite-Dissolving subcategory and to all the alkaline subcategor
ies except Alkaline-Dissolving. The unique quality demands of the dissolving 
pulps preclude the practicality of such complete closeup; few mills have a 
closed-up decker filtrate system. Tightening up by using decker filtrate for 
brown stock washer showers can substantially reduce decker filtrate overflow 
to the sewer, thus reducing effluent flow and BODS. Efficient washing on the 
decker is required to reduce liquor carry-over to-bleaching. A schematic of 
this control is shown in Figure VI-8. 

Typically, reductions of about 4.2 kl/kkg (1.0 kgal/t) of flow and 0.5 to 1.0 
kg/kkg ( 1 to 2 lb/ton) of BOD 5 can be realized by such a close-up. (80) (81) 
Implementation of this technology requires a detailed study at each mill; the 
efficiency of the existing washing and screening systems should be taken into 
account, prior to further modification. 

Cleaner Rejects to Landfill. Centricleaner rejects and continuous-screen 
rejects from the screen room are generally sewered directly and processed in 
the wastewater treatment facility. Most of such rejects are removed in the 
primary clarifier and handled in the solids dewatering system, or often mixed 
with solids from the secondary clarifier. Dry collection of screen and 
cleaner rejects, as shown on Figure VI-9, with separate discharge to landfill 
(in effect bypassing the wastewater treatment facility) will reduce TSS raw 
waste loads. This technology is considered to be a Level 2 technology applic
able to the Alkaline-News print, Sulfite-Papergrade, Groundwood-CMN and Fine, 
and Deink-Newsprint subcategories. 

Typically 2 to 3 kg/kkg (4 to 6 lb/ton) of TSS would be removed from the raw 
waste in most of the integrated subcategories. This may or may not be a 
significant factor in final effluent characteristics, depending on the exist
ing balance of the primary clarifier. If the clarifier is overloaded, TSS 
reduction can have an appreciable effect on overall treatment facility per
formance. If the clarifier can readily accommodate this loading, it may be 
advantageous to continue sewering these wastes in that the accompanying fi
brous material, when mixed with secondary solids, can aid in dewatering of the 
combined solids. 

Replace Sidehill Screens. For the Alkaline-Dissolving subcategory, sidehill 
screens used to fractionate the pulp can be replaced with a continuous screen
ing system. Dry discharge to landfill can then be employed to significantly 
reduce raw waste load, both in terms of BODS and TSS. A reduction of approx-~ 
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imately 7.5 kg/kkg (15 lb/ton) each of BODS and TSS is estimated. To obtain 
the necessary dissolving pulp purity, additional vibrating slotted screens and 
extra bleach plant purification can be employed. The pulp on the sidehill 
screens is handled at very low consistency and the resulting large effluent 
flow cannot generally be recycled or screened to remove solid material. The 
rejects from the vibrating slotted screens, however, can be removed and thick
ened and subsequently separately discharged. Figure VI-10 shows this control 
technology, which is considered to be a Level l technology applicable to the 
Alakaline-Dissolving subcategory. 

Bleaching Systems 

Bleaching systems vary widely from single stage operations in groundwood and 
deinked mills, to three (CEH) stages in sulfite and semi-bleached alkaline 
mills. In fully bleached alkaline mills a common sequence is CEDED. Gener
ally effluent from the first two stages is mostly sewered, although some of 
the first-stage chlorination filtrate may be used to dilute incoming washed 
brown stock. The following technologies address further steps which may be 
implemented to reduce effluent flow from multi-stage bleacheries - a major 
source of process effluent in bleached alkaline pulp mills. 

Countercurrent or Jump-stage Wash. This control is applicable to all alkaline 
mills and many sulfite mills. In jump-stage washing, the filtrate from the 
second chlorine dioxide washer is used on the showers of the first chlorine 
dioxide washer·, and the filtrate from the first chlorine dioxide washer is 
used on the showers of the chlorine washer. The filtrate from the second 
caustic washer will be used on the first caustic washer. Jump-stage, instead 
of straight countercurrent washing, is necessary if the first and second 
caustic washers are constructed of materials that are not sufficiently corro
sion resistant (i.e., either 304 stainless steel (ss) or rubber covered, 
rather than the more resistant 317 ss). Water savings equivalent to that 
previously used on three stages may be obtained. 

In newer mills where all bleach plant washers, pumps, pipelines, repulpers, 
etc. are constructed of 317 ss or equivalent, full countercurrent washing may 
be implemented. Fresh water, or preferably pulp machine or papermachine 
whitewater, is used for the last stage washer showers and for dilution after 
high density bleached pulp storage. All washer filtrate would be used for 
showers and dilution for the preceding stage. Compared to a bleach plant with 
all fresh water showers, the conversion of full countercurrent washing can 
reduce bleach plant effluent volume by up to 80 percent. See Figures VI-11 
and VI-12 for typical flow diagrams. 

Full countercurrent bleaching utilizing chlorine dioxide necessitates the use 
of 317 ss or titanium materials of construction for all washers, pumps, and 
pipelines in the system. If not already in place, such equipment is extremely 
expensive, whereas jump-stage washing sequences can often be readily imple
mented utilizing the existing major items of equipment with relatively minor 
alterations, such as the addition of pumps and pipelines to service additional 
showers. 
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Earlier studies have proposed full countercurrent washing or jump-stage wash
ing in multi-stage alkaline pulp mill bleach plants. Jump-stage washing or 
modifications of such a system are utilized at many mills. Bleach plant water 
use-has declined sharply as a result of these changes. Greater water reuse on 
preceding stages Would be effective in reducing raw waste flows from the · 
Alkaline-Market, BCT, Fine, Newsprint, and Sulfite-Dissolving and Papergrade 
subcategories. For the alkaline subcategories, this modification is desig
nated as Level 2 technology because of the high cost and essentially only a 
resulting flow reduction. Flow reductions of 9 to 25 kl/kkg (2 to 6 kgal/t) 
are possible through improved countercurrent reuse of filtrates in the bleach
ing sequence at mills in the alkaline and sulfite subcategories. For the two 
sulfite subcategories this technology is designated as Level 1. Fer the 
simpler Sulfite-Papergrade bleach plants, savings would be about 29 kl/kkg (7 
kgal/ t).(82)(83)(74) 

Evaporate Caustic Extraction Stage Filtrate. This control item is designated 
as an applicable Level 1 technology for the Sulfite-Dissolving subcategory. 
The hot caustic extraction stage would have a three-stage washing system 
similar to a red stock washer with carefully controlled hot showers. The 
effluent from this stage would be evaporated and incinerated separately from 
the rest of the bleaching effluent; therefore, flow would be kept to a mini
mum. Implementation of this control will greatly reduce the BODS loadings 25 
kg/kkg (50 lb/ton) and substantially reduce the TSS loading. (37) A flow 
diagram for this system is shown in Figure VI-13. 

Evaporation and Recovery 

Production process controls that reduce raw waste loading in the evaporator 
and recovery areas include: 1) recycle of condensates; 2) replacement of the 
barometric condenser with a surface condenser; 3) addition of a boil-out tank; 
4) neutralization of spent sulfite liquor; 5) segregation of cooling water; 
and 6) various spill collection measures. These controls are discussed below. 

Recycle of Condensates. In the evaporator and recovery area, the analysis of 
mill responses indicates that considerable progress has been made in utilizing 
essentially all condensates. Only in the Alkaline-BC!, Semi-Chemical, and 
Alkaline-Newsprint subcategories does extensive increased recycle of conden
sate appear feasible when compared to present modes of operation. At Alka
line-BCT mills, improved use of condensate is projected to eliminate up to 7.5 
kg/kkg (15 lb/ton) of BODS from the raw waste. In the Alkaline-Semi-Chemical 
operations, where lower levels of substrate are dissolved, the reuse of con
densate represents a far lower BODS saving, generally less than 0. 25 kg/kkg 
(0.5 lb/ton). (78) (84) (90) (81) For -mills in the Alkaline-Newsprint subcate
gory, reductions of approximately 1. 5 kg/kkg (3 lb/ton) of BOD~ can be 
achieved. As BOD 5 reductions are significant such steps are designated as 
Level 1. A flow diagram for this system is shown in Figure VI-14. 
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Replace Barometric Condenser. Most mills in all integrated subcategories, 
except for Alkaline-Dissolving, use surface condensers. For this subcategory, 
the barometric condenser can be replaced with a surface condenser, thus assur
ing a clean, warm condenser water stream usable in most applications. This 
also results in a smaller concentrated stream of condensate that may be reused 
in the causticizing area or in the brown stock washer area. The existing 
barometric condenser seal tank would be reused as a seal tank for the new 
surface condenser. The air ejectors would be retained as standby, for system 
startup. 

A cooling water pump would be provided to pump mill process water through the 
condenser and return it to the process water main. In summer the cooling 
water may be too hot to return entirely to process. Automatic temperature 
control could be implemented to divert excess water to a noncontact water 
thermal sewer and return only the acceptable amount to the process water line. 
A new condensate pump would be provided to pump to the required discharge 
point or to washers for reuse if possible. This production process control is 
shown schematically in Figure VI-15. This high cost item would result in less 
than 0.5 kg/kkg (1.0 lb/ton) BODS reduction, and less than 4.2 kl/kkg (1.0 
kgal/t), flow reduction, and is therefore considered as a Level 2 technology 
item. (74) (85) 

Boilout Tank. This control item is designated as an applicable Level 2 tech
nology for mills in the Alkaline-Dissolving and Alkaline-Market subcategories. 
Water for the boilout would be pumped to the evaporators from the bailout 
tank, which would be full at the start of the process. When the concentration 

1 

of the black liquor coming out of the evaporators starts to decrease, the flow 
would be diverted to the weak black liquor tank. When the concentration 
decreases further to a predetermined value, the flow is diverted (evaporator 
discharge) to the boilout tank. Overflow from the condensate tank, which 
occurs during boilout because of an increased rate of evaporation, would also 
be put into the bailout tank. After the bailout is complete and weak black 
liquor is again being fed to the evaporator causing the concentration from the 
evaporators to rise, weak black liquor flow would be diverted to the weak 
black liquor tank and eventually to the strong black liquor tank. This system 
is shown in Figure VI-16. 

Neutralize Spent Sulfite Liquor. In both the Sulfite-Dissolving and Paper
grade subcategories, some mills (particularly those with MgO systems) can 
benefit from neutralization of spent sulfite liquor before evaporation. 
Neutralization gives a significant reduction in the carry-over of organic 
compounds to the condensate. Depending on the mode of operation, this can 
range from 1 to 1.5 kg/kkg (2 to 3 lb/ton) of BODS at Sulfite-Papergrade mills 
and up to 25 kg/kkg (50 lb/ton) of BODS at Sulfite-Dissolving mills. Figure 
VI-17 shows the modifications. This item is a Level 1 control because of the 
significant BODS reduction. Mills other than ~1g0 or Na base would have to use 
an organics removal system and evaporator condensate recycle. The reduction 
in BODS load to the effluent in the evaporator condensate is of the same order 
of magnitude as with spent sulfite liquor neutralization. The capital cost 
can be more. Organics removal is essential to prevent buildup in the system ' 
when recycled. 
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Segregate Cooling Water. Segregation and reuse of cooling water in the eva
porator and recovery area of semi-chemical mills can result in substantial 
flow reductions. At some of these mills, extensive reuse of cooling water is 
practiced;. however, smaller streams are typically discharged to the sewer. 
Elimination of the discharge of these sewered streams would reduce the flow to 
the treatment facility. The equipment requirements are similar to those shown 
earlier in Figure VI-3 for application in the woodroom area. 

Cooling water segregation in the evaporator and recovery area is a viable 
production process control for semi-chemical pulp mills. Estimated flow 
reductions of approximately 1. 7 kl/kkg (0. 4 kgal/t) result. (74) (75) This is 
considered as a Level 1 technology. 

Spill Collection. Spill collection in the evaporator, recovery, causticizing 
and liquor storage areas could be implemented to varying degrees at mills in 
the Alkaline Unbleached subcategories. The spill collection system applicable 
to mills in each subcategory varies widely, depending on the existing level of 
implementation. This technology involves the use of the following techniques, 
all of which are being used at some mills in certain subcategories: 

0 spill collection in the evaporator and recovery boiler area; 

0 spill collection in the liquor storage area; 

0 spill collection in the causticizing area; and 

0 addition of a spare liquor tank to accept spills from any of these 
three areas, and a pump to return a spill to its point of origin. 

All spill collection systems involve the use of a sump and a pump to divert 
the spill to the spil 1 tank. If the tank were full, spills would be diverted 
to a surge lagoon. The spill collection sump for the liquor storage area 
would be equipped with a conductivity controller which allows surface runoff 
and low conductivity spills to be diverted to the surge lagoon, while high 
conductivity spills would be sent to the spil 1 tank to be recovered. A flow 
diagram for a typical system is shown in Figure VI-18. These modifications 
are considered as Level 1 because of the effective reduction of both BODS and 
TSS. (78) (86) (87) 

Liquor Preparation Area 

Production process controls that reduce raw waste loads in the liquor pre
paration area include installation of a green liquor dregs filter and lime mud 
pond, as described below. 

Installation of Green Liquor Dregs Filter. At an alkaline pulp mill with a 
modern recovery furnace, green liquor dregs contribute approximately 5 kg/kkg 
(10 lb/ton) of TSS.(25) Diversion of this material from the primary clarifier 
can have a beneficial effect, as the dregs are usually pumped from a gravity-
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type dregs washer or . clarifier 
high strength alkaline liquor 
effect on pH at the clarifier. 
fine colloidal nature and can be 

at very low consistencies with accompanying 
entrainment. · This may have an appreciable 

In addition, the material tends to be of a 
difficult to settle. 

At many modern mills belt-type filters have been installed to improve washing 
and sodium recovery from the dregs. This results in a drier material that can 
readily be disposed of at a landfill site. For mills having only a gravity
type unit, a small vacuum filter can be employed. Condensate can be applied 
for washing the cake on the filter with subsequent use of the filtrate in the 
dregs washer itself. This creates a countercurrent system that is effective 
in the recovery of sodium and for dry dregs disposal. Generally, such pro
jects are justified on the basis of alkali saving. This decision depends on 
the capability of the existing primary clarifier and sludge thickening opera
tions. Figure VI-19 presents a schematic of this Level 2 control technology. 
Such devices are generally applicable to all alkaline subcategories. 

Lime Mud Pond. At alkaline pulp mills, the use of a lime mud pond can also 
reduce TSS caused by upsets, startups, and shutdowns in the white liquor 
clarification and mud washing area. Use of a lime mud pond can also aid in 
operation of the entire lime system by maintaining high lime availability for 
minimum requirements during processing and in avoiding a dead recycled load of 
lime. . This m1m.m1zes potential overloading problems in the white liquor 
recovery area, and .reduced operating costs at the lime kiln. 

A spill collection diversion system, incorporating a pond for liquors con
taining high quantities of lime mud, enables the reuse of this mud. It also 
assures minimum upsets to the primary clarifier in the case of a dump of a 
unit containing high concentrations of lime for an extended period of outage 
or repair. Typical long-term savings average 1. 5 to 2. 5 kg/kkg (3 to 5 
lb/ton) of TSS in alkaline pulp mills.(79) This Level 2 item is applicable to 
the Alkaline-Fine, Unbleached, and Newsprint subcategories. It has been 
commonly applied to other alkaline subcategories. Figure VI-20 presents a 
schematic of this control technology. 

Papermill 

Production process controls that reduce raw waste loading in the papermill 
area include: 1) papermachine, bleached pulp and color plant spill collection; 
2) saveall improvement; 3.) high-pressure showers for wire and felt cleaning; 
4) whitewater use for vacuum pump sealing; 5) whitewater showers for wire 
cleaning; 6) whitewater storage for upsets and pulper dilution; 7) recycle of 
press effluent; 8) reuse of vacuum pump water; 9) provision for additional 
broke storage; 10) installation of wet lap machines; 11) segregation of cool
ing water; and 12) collection of cleaner rejects for landfill disposal and/or 
fourth-stage cleaners. These specific controls, their applicability to the 
various subcategories, and their general effectiveness are described individ
ually in the following paragraphs. 
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Spill Collection. Papermachine and bleached pulp storage area spill collec
tion is applicable to mills in all the bleached alkaline, sulfite, groundwood, 
and nonintegrated subcategories. The extensiveness of the control varies by 
subcategory, depending on factors. such as the number of machines and the 
extent to which spill collection already exists at typical mills. For the 
bleached alkaline and sulfite subcategories, spill collection systems would 
handle overflows and equipment drains along with spills from the bleached 
stock storage area, the stock preparation areas, and the papermachine or pulp 
machine wet ends. As shown in Figures VI-21 through VI-23, these systems 
would generally require installation of a new sump, a new stock tank and a 
pump to return the spills to a point where they could be blended back into the 
process. This Level 1 control should result in substantial stock savings, and 
a reduction in TSS load. Savings estimates vary widely, but may typically be 
2-2.5 kg/kkg, (4-5 lb/ton) for both BOD5 and TSS. 

Color plant spill collection is applicable to mills in all subcategories 
manufacturing fine papers. One spill collection system would be applied for 
each machine which has a coater or size press. With this system, a spill 
would be collected in a sump and stored for reuse. The system provides for 
control of spills in all the storage and mix tank areas of the color plant, 
and at the coater, tanks, and screens. Implementation of this Level 1 control 
would result in a saving of expensive coating pigments and adhesives, as well 
as a reduction in the TSS load. A flow diagram is shown in Figure VI-24. 

Improvement of Savealls. Mills in the majority of subcategories will benefit 
from saveall improvements such as new vacuum disc saveall installations or re
working of existing savealls with addition of some new equipment. Savealls 
can be employed on all types of machines, producing all types of production 
including: fine paper, board, tissue, molded products and newsprint. This 
technology is general practice in the Alkaline-Fine and BCT, Groundwood-Fine, 
and Deink-Fine subcategories. Most of the savealls being installed today are 
of the vacuum disc filter type. They are flexible in handling various types 
of stock and shock loadings and exhibit high separation efficiencies. As a 
control item, their usefulness results mostly from flow and solids reductions. 
Nearly all stock saved is stored or reused immediately. The clear whitewater 
can be readily reused within the mill, replacing some fresh water uses. If 
not reused, it becomes a relatively clear overflow to the sewer. Thus sig
nificant flow reductions, as well as TSS and BODS are permitted when an effec
tive saveall is used. Extensive filtrate recycle then becomes possible. Such 
modifications are considered as Level 1 technology. 

Mills with existing savealls may not require entire installations. In these 
cases a new saveall could replace the existing saveall on the largest machine, 
making use of existing pumps, tanks, and piping. The existing saveall could 
be repiped for the next smaller machine, and so on down the line, so that each 
machine may have a larger, more effective saveall. Figures VI-25 through 
VI-27 illustrate typical saveall installations. The resulting overall white
water balance determines the net saving, but saveall flow reductions of from 
about 0.8 kl/kkg (0.2 kgal/t) to 41.7 kl/kkg (10 kgal/t) are possible depend
ing on the type of mill.(81) 
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Use of High-Pressure Showers for Wire and Felt Cleaning. High-pressure show
ers to replace low-pressure, high-volume showers (i.e., those used for felt 
cleaning, return wire cleaning, and couch roll cleaning) may save up to 90 
percent of the water used in conventional shower applications and may be more 
effective. It is generally considered that felt cleaning showers are operated 
at 35.2 kg/sq cm (500 psi), and fourdrinier showers at 21.l kg/sq cm (300 
psi). A typical installation is shown in Figure VI-25. High-pressure showers 
are identified as Level l technology for the Alkaline-Dissolving, Alkaline
Unbleached, Nonintegrated-Filter and Nonwoven subcategories. They are desig
nated as Level 2 technology applicable to the Sulfite-Dissolving subcate
gory. (81) (88) (89) (90)(91) 

Whitewater Use for Vacuum Pump Sealing. Excess clarified whitewater has been 
successfully used to replace fresh water on mill vacuum pumps. The vacuum 
pump seal water is then recycled or discharged. At the least, the equivalent 
quantity of fresh water use is directly displaced. Corrosion and abrasion may 
be deterrents to implementation of this system, particularly at low pH or high 
filler levels. As shown in Figure VI-28, fresh water addition may be required 
and can be provided to maintain temperatures below 32°C. This technology can 
be applied at mills in all subcategories. It is generally considered Level l 
because of the flow reduction obtained. The result again is part of the 
overall balance, but flows of 6.6-26.4 litres/minute (25-100 gpm) per pump are 
common.(88)(89) (90)(92)(93) 

Papermachine Whitewater Use on Wire Cleaning Showers. Clarified whitewater 
from the papermachine saveall, containing low levels of additives and fillers, 
allows installation of self-cleaning whitewater showers. In this system, the 
whitewater would be used for fourdrinier showers and knock-off showers as 
shown earlier in Figures VI-25 through VI-27. The system includes a white
water supply pump, supply piping, and showers. A fresh water backup supply 
header is provided, with controls for introduction of fresh water to the 
whitewater chest in event of low volume in the chest. This Level l technology 
can be applied to mills in the Alkaline-Unbleached, Semi-Chemical, Deink-News
print, Wastepaper-Contruction Products, and Nonintegrated-Filter and Nonwoven 
subcategores. The effect varies widely by machine and type of mill. 

Whitewater Storage for Upsets and Pulper Dilution. As illustrated in Figure 
VI-29, this system consists of an additional storage tank to store excess 
whitewater that would overflow from the existing clear whitewater tank. Where 
possible, the tank could be adjacent to or added onto the existing tank to 
eliminate pumping costs. 

The whitewater from this tank can be used in the pulper or bleach plant. 'nle 
tank would be sized to hold adequate whitewater needed for pulper dilution 
after pulping, bleach plant washing, or continuous washing requirements. A 
fresh water header is provided to the tank for make-up. 

A system may be needed for each machine, depending on the variability of 
furnish. Each machine may have its own pulper, and require a completely 
separate whitewater system. 
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For model mills in the Alkaline-BCT, Fine and Newsprint, Sulfite-Dissolving 
and Papergrade, Groundwood-CMN, Deink-Fine and Tissue, Wastepaper-Board, and 
Nonintegrated Lightweight subcategories, increased storage facilities can be 
provided, resulting in significant flow reductions. This is Level 1 if 
needed, as significant BODS and TSS reduction may result.(81) 

Recycle of Press Water. Effluent from the press section of a papermachine 
contains fibrous fines and fillers that can be reintroduced into the white
water system and recovered. Water from the vacuum presses, as well as pres
sure rolls, can be piped to a collection tank (or wire pit) often without use 
of pumps. From the tank the water can be pumped to the saveall system to 
reclaim the fiber and fillers and to make the water available for use in the 
whitewater systems. This would reduce solids and may reduce flow to the 
wastewater treatment plant. Generally, a separate system would be required 
for each machine. 

Felt hairs, previously a deterrent in some systems, have been largely elimi
nated with the advent of synthetic felts. Thus, no provision for the removal 
of felt hairs has been included in the system, although such provision may be 
required on top-of-the-line printing or specialty grades. 

This system could be installed at mills in the Alkaline-Dissolving and Alka
line-Newsprint subcategories and would result in significant flow and TSS 
reductions. When BODS reduction is significant, this control is considered as 
Level l; otherwise it-is considered Level 2 for a TSS reduction. 

Reuse of Vacuum Pump Water. Recycle of vacuum pump water (most of which is 
seal water) and use of whitewater as seal water (see Figure VI-28), will 
nearly eliminate fresh water additions for this purpose. Installation of the 
system would require piping, a collection tank, and a pump to return the water 
to storage for reuse. One system is needed for each machine. 

This system is not used at the majority of mills in four subcategories: 
Sulfite-Dissolving; Alkaline-Unbleached and Semi-Chemical; Alkaline-Fine; and 
Nonintegrated-Fine. Host of the mills in another six subcategories do not 
have specific collection sys terns for press effluent and vacuum pump seal 
water. By combining the two systems, cost reductions could be realized in the 
Alkaline-Unbleached, Semi-Chemical, Sulfite-Papergrade, Groundwood-CMN and 
Fine, and Nonintegrated-Paperboard subcategories. Based on flow, TS S, and 
BODS reductions, these items are generally considered as Level 1. Up to 21.0 
kl/kkg or (S.O kgal/t) may be saved.(70) 

Additional Broke Storage. An additional broke storage chest could be in
st al led at most mills in the Nonintegrated-Lightweight subcategory. The 
system consists of a central broke storage chest and pumps and piping to bring 
excess broke to the chest; it can be returned to the proper machine once the 
upset is over. At some other mills, more than one chest would be required, 
depending on the number of machines and product mix. Generally, the tank is ' 
sized to hold 30 minutes of broke from t:-te couch pit. It would allow for 
breaks or grade changes to occur with a minimum of overflow to the sewers. Up 
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to 10 kg/kkg (20 lb/ton) TSS might be saved. The effectiveness of such a con
trol in terms of reducing impact on wastewater treatment and as a stock saving 
for the mill would preclude a Level 1 designation. 

Installation of Wet Lap Machines. Wet lap machines can be installed at mills 
in several subcategories as part of an overall stock spill collection system. 
The wet lap machine would be preceded by a screen for removal of rejects and 
dirt from spilled stock. Rejects would be hauled to landfill. The accepts 
would be fed to the wet lap machine, allowing recovered stock to be stored in 
a convenient form for later reintroduction to the system or sale to another 
plant. The significant effectiveness as an effluent reduction tool would 
suggest a Level 1 classification for this approach. 

Mills in the Alkaline-Fine, Groundwood-Fine, Deink-Fine and Tissue, and Sul
fite-Papergrade subcategories could employ one or more wet lap machines to 
reduce stock losses. In some mills devices such as s ideh ill or inc lined 
screens may be effective at lower cost. The wet lap is however, very useful 
as a way to create excess broke storage. 

Segregate Cooling Water. Improvements in cooling water segregation in the 
papermill could be employed at mills in three of the nonintegrated subcate
gories (Fine, Tissue and Lightweight) resulting in reductions in water usage. 
Implementation of this control requires modifications to eliminate pump seal, 
calender stack, and bearing and other cooling waters from the sewer. These 
waters would be collected in a sump and, depending on the mill's warm water 
requirements, either pumped to the mill water system or discharged via a 
separate thermal sewer. Such modifications are considered as Level 1 because 
of the significant impact on raw waste flow. At least 4 kl/kkg (1.0 kgal/t) 
would be expected to be reduced in most of the above types of mills. 

Cleaner Rejects to Landfill. Collection and screening of rejects from sources 
such as pulp cleaners, papermill cleaners, pressure screens, and centriscreens 
will eliminate up to 40 percent of the solids to the treatment plant from 
these sources. (73) (81) The system would consist of piping from the reject 
sources to a collection tank, pump and piping to the screen headbox, a side
hill type screen, and rejects dumpster. In the case of remote cleaner reject 
sources, an accept tank and pump and piping from the accepts tank to the 
source for sluice water would be required. Figure VI-9 presented earlier, 
shows this Level 2 modification. 

This type of system could generally be applied at alkaline pulp and paper 
mills, nonintegrated mills, and mills in the Deink-Fine and Tissue subcat
egory. For mills with ample primary clarifier capacity, implementation of 
this technology may not be deemed necessary, depending on the adequacy of 
existing equipment. These fiber losses have been reported to aid in the 
dewatering of combined primary-secondary sludges. Savings of 1.5 to 5.0 
kg/kkg (3 to 10 lb/ton) are possible. 
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Fourth-Stage Cleaners. The addition of a fourth cleaner stage reduces by 80 
to 90 percent the flow and solids being discharged from a three stage system. 
The pulp stock saving alone usually is ample justification for implementing 
such a system, which is shown in Figure VI-30. This Level 2 item may be an 
alternative to the above depending on relative mill operating parameters. 

Steam Plant and Utility Areas 

Production process controls that reduce raw waste loads in the steam plant and 
utility areas include: 1) segregation of cooling waters; and 2) installation 
of lagoons for boiler blowdown and backwash waters. These controls are dis
cussed below. 

Segregate Cooling Water. At mills in many subcategories, as noted in Table 
VI-1 this Level 1 control technology has been adequately implemented; however, 
this technology is not widely practiced at mills in eight subcategories. This 
control requires modifications to sewers and floor drains to keep cooling 
water out of the sewer, plus installation of a warm water storage tank. The 
sources of cooling water that are to be handled by this system differ at mills 
in the various subcategories. Generally, they are limited to miscellaneous 
i terns such as pump and bearing cooling water, air compressors, and major 
sources in the steam plant area, such as turbine and condensor cooling waters. 
This control is a flow reduction measure, but should also result in consider
able energy savings. 

Lagoon for Boiler Blowdown and Backwash Waters. This control could be effec
tive at mills in about half of the subcategories. Mills in the remaining 
subcategories already have a separate discharge for these sources or reuse 
these waters in their process. The boiler blowdown water and the backwash 
would be pumped to a new lagoon, from which they are discharged to receiving 
waters. This keeps these sources out of the treatment plant, and provides 
enough settling time to remove most of the suspended solids. By mixing the 
blowdown water and the backwash water in the same lagoon, the thermal dis
charge limit, in most cases, should be no problem. Facilities for pH adjust
ment (usually alum) may be required in some cases. Implementation of this 
Level 2 control will reduce the flow to the treatment plant. While univer
sally applicable, only a few subcategories now use such segregation. (74) 

Recycle of Effluent 

Mills in three subcategories can reduce fresh water usage by recycling clari
fied effluent to the mill for use as hose and pump seal water. These mills 
are in the Deink-Fine and Tissue, Nonintegrated-Fine, and Nonintegrated Filter 
and Non-Woven subcategories. The ind us trial tissue mil ls may also reduce 
purchased waste paper requirements through recycle of the clarifier solids to 
the system. Benefits from clarifier effluent recycle are effluent flow reduc
tions corresponding to the amount recycled. Recycle of clarifier solids 
yields expected cost savings in the purchased furnish, and in handling and 
disposal of the remaining solids. 
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A system to recycle the clarified effluent would consist of a holding tank, 
piping from the clarifier to the holding tank, and a pump and piping from the 
holding tank to existing headers. The solids recycle system, as shown in 
Figure VI-31 would consist of a pump drawing from the existing sludge dis
charge line and piping to the pulpers. This Level 1 technology would be 
difficult to implement at mills with severe product quality constraints. 

Some waste paper mills use effluent recycle now; however, the water clarity is 
not as good as it could be. Improved savealls permit use of more effluent for 
machine showers and eliminate the use of fresh water on the machine. Such 
recycle schemes are now commonly practiced in the Wastepaper-Board Molded 
Products, and Construction Products subcategories. Savealls may serve as 
means of recycling both effluent and reclaimed stock in these latter subcate
gories. Nonintegrated-Tissue and Nonintegrated-Lightweight paper mills can 
use a settling basin to handle cleaner floor drains and reuse this water for 
hoses and seal water instead of fresh water. Deink mills and Nonintegrated
Fine paper mills can also use this system. Higher grade product mills such as 
fine paper do not recycle soll.ds; this is used primarily by waste paper 
mills.(88) A total of nine subcategories, including Nonintegrated-Paperboard, 
have some form of effluent recycle systems for the model mill. 

EFFECTIVENESS OF LEVEL 1 AND 2 PRODUCTION PROCESS CONTROLS BY SUBCATEGORY 

As noted earlier in Table VI-1, two ranges of production process control 
technology have been designated for application in the pulp, paper and paper
board industry. Level 1 technologies are those which would, if implemented, 
result in the most effective reduction of a mill's raw waste loading, particu
larly in terms of flow and BODl_. Additional reductions in raw waste load can 
be achieved through implementation of the Level 2 technologies; these are 
identified primarily for TSS reductions and result in lesser reductions of 
BODS and flow. 

Individual production process controls have been described, along with their 
general application and effectiveness within the industry. The combined 
effect of Level 1 and 2 controls will now be presented for each subcategory. 
Table VI-2 summarizes the effectiveness of Level 1 and 2 technologies by 
listing the following for each subcategory: 

1. the raw waste load for the model mill; 

2. anticipated raw waste load reduction which can be achieved by implement
ing Level 1 technology; 

3. resultant raw waste load, termed Level l Raw Waste Load (RWL); 

4. further raw waste load reduction which can be achieved by implementing 
Level 2 technology; and 

5. resultant raw waste load, termed Level 2 RWL. 
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TABLE VI-2 

MODEL MILL RAW WASTE LOADS RESULTING FROM LEVEL l AND 2 
PRODUCTION PROCESS CONTROL MODIFICATIONS 

Subcate~o!:l Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb7t) kg/kkg (lb7t) 

011 Alkaline-Dissolvin~ 
Model Mill RWL 198 .1 (47.5) 53.8 (107. 6) 76.8 (153. 7: 
Level l Reduction 12. 9 ( 3.1) 21.2 ( 42.3) 12.3 ( 24. 5: 
Level l RWL 185.2 ( 44. 4) 32.6 ( 65.3) 64.5 (129. 2: 
Level 2 Reduction 8.0 ( l. 9) 0.6 ( 1.3) 4.3 ( 8. 6: 
Level 2 RWL 177. 2 (42. 5) 32.0 ( 64.0) 60.2 (120. 6; 

012 Alkaline-Market 
Model Mill RWL 178.2 (42.8) 41. 5 ( 83.0) 31.8 ( 63. 6} 
Level l Reduction 29.l ( 7.0) 13.2 ( 26.4) l.5 ( 3. 0) 
Level 1 RWL 149.l (35.8) 28.3 ( 56.6) 30.3 ( 60.6) 
Level 2 Reduction 15.9 ( 3. 8) 0.4 ( o. 8) 3.5 ( 7. 0) 
Level 2 RWL 133.2 (32.0) 2 7. 9 ( 55.8) 26.8 ( 53.6) 

013 Alkaline-BCT 
( •. 0) Model Mill RWL 152.2 (36.5) 45.7 ( 91. 3) 42.5 

Level l Reduction 26.3 ( 6.3) 19.9 ( 39. 7) 3.6 ( 7.3) 
Level l RWL 125.9 (30. 2) 25.8 ( 51. 6) 38.9 ( 77. 7) 
Level 2 Reduction 23.7 ( 5.7) 2.6 ( 5.2) 
Level 2 RWL 102.2 (24.5) 25.8 ( 51. 6) 36.3 ( 72.5) 

014 Alkaline-Fine 
Model Mil 1 RWL 110.5 (26.5) 30.5 ( 61. O) 66.2 (132.3) 
Level 1 Reduction 20.0 ( 4.8) 13.8 ( 27.7) 14.0 ( 28.0) 
Level l RWL 90.5 (21. 7) 16.7 ( 33.3) 52.2 (104. 3) 
Level 2 Reduction 16.7 ( 4.0) 5.5 ( 11. O) 
Level 2 RWL 73.8 (17.7) 16.7 (33.3) 46.7 ( 93.3) 

015 Alkaline-Unbleached 
Model Mill RWL 46.6 (11.2) 14.2 (28.3) 16.3 ( 32.5) 
Level l Reduction 10.4 ( 2.5) 4.0 ( 8. O) 0.8 ( 1.5) 
Level 1 RWL 36.2 ( 8. 7) 10.2 (20.3) 15.5 ( 31. O) 
Level 2 Reduction 0.9 ( 0. 2) 3.6 ( 7.3) 
Level 2 RWL 35.3 ( 8.5) 10.2 (20. 3) 11.9 ( 23.7) 

016 Semi-Chemical 
Model Mill RWL 32.5 ( 7.8) 18.5 (36.9) 21.6 ( 43.1) 
Level l Reduction 3.3 ( 0. 8) 1.9 ( 3. 8) 
Level l RWL 29.2 ( 7.0) 16.6 (33.1) 21.6 ( 43.1) 
Level 2 Reduction 7.5 ( 1. 8) 1.0 ( 1. 9) 7.1 (.2) 
Level 2 RWL 21. 7 ( 5.2) 15.6 (31.2) 14.5 ( .9) 
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TABLE VI-2 (Continued) 

Subcatego!J: Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb7t) 

017 Alkaline-Unbleached and Semi-Chemical 
Model Mill RWL 55.8 (13.4) 18.7 (3 7. 3) 23.5 ( 4 7. O) 
Level l Reduction 20.4 ( 4. 9) 5.2 (10. 4) 5.5 ( l l. 0) 
Level l RWL 35.4 ( 8.5) 13.5 (26. 9) 18.0 (.36.0) 
L~vel 2 Reduction 1.0 ( 2.0) 
Level 2 RWL 35.4 ( 8.5) 13.5 (26.9) 17.0 ( 34.0) 

019 Alkaline NewsErint 
Model Mill RWL 93.8 (22. 5) 21. l (42. 2) 56.7 (113.3) 
Level 1 Reduction 25.9 ( 6.2) 6.3 (12. 7) 10.8 ( 21.5) 
Level l RWL 67.9 (16.3) 14.8 (29.5) 45.9 ( 91. 8) 
Level 2 ~duction 10.4 ( 2.5) 7.0 ( 13.9) 
Level 2 RWL 57. 5 (13.8) 14.8 (29. 5) 38.9 ( 77. 9) 

021 Sulfite-Dissolvin~ 

Model Mil 1 RWL 256.9 (61. 6) 153.0 (306.0) 90.3 (180.6) 
Level 1 Reduction 59.7 (14.3) 59.3 (118. 6) 6.6 ( 13.3) 
Level l RWL 197.2 (47.3) 93.7 (187. 4) 83.7 (167.3) 
Level 2 Reduction 20.0 ( 4. 8) 1.0 ( 2.0) 5.0 ( 10.0) 
Level 2 RWL 177 .2 (42.5) 92.7 (185.4) 78.7 (157.3) 

022 Sulfite-PaEergrade 
Model Mill RWL 152.6 (36.6) 48.7 ( 97.3) 33.1 ( 66. 2) 
Level 1 Reduction 62.6 (15.0) 20.7 ( 41.4) 1.6 ( 3.2) 
Level l RWL 90.0 (21. 6) 28.0 ( 55.9) 31.5 ( 63.0) 
Level 2 Reduction 2.4 ( o. 6) 2.2 ( 4. 4) 
Level 2 RWL 87.6 (21. 0) 28.0 ( 55.9) 29.3 ( 58.6) 

032 Thermo-Mechanical Pulp 
Model Mill RWL 60.0 (14. 4) 18.3 ( 36.5) 38.7 ( 77.4) 
Level l ·Reduction 17. 5 ( 4.2) 2.6 ( 5.2) 12.4 ( 24. 8) 
Level 1 RWL 42.5 (10. 2) 15.7 ( 31. 3) 26.3 ( 52.6) 
Level 2 Reduction 
Level 2 RWL 42. 5 (10.2) 15.7 ( 31.3) 26.3 ( 52.6) 

033 Groundwood-CMN 
Model Mill RWL 88. 4 (21.2) 18.6 (3 7. l) 48.5 (97.0) 
Level l Reduction 33.8 ( 8.1) 7.0 (13.9) 13.0 (26.0) 
Level 1 RWL 54.6 (13.1) 11. 6 (23.2) 35.5 (71. 0) 
Level 2 Reduction (--) (--) 6.5 (13.0) 
Level 2 RWL 54.6 (13.1) 11. 6 (23. 2) 29.0 (58.0) 

034 Ground wood-Fine 
Model Mil 1 RWL 68.4 (16.4) 17.6 (35.2) 53.9 (107.9) 
Level l Reduction 14.2 ( 3.4) 4.6 ( 9.3) 16.0 (32.1) 
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TABLE VI-2 (Continued) 

Subcate~o!:I Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kk~ (lb/t) 

Level 1 RWL 54.2 (13. 0) 13.0 (25. 9) 37.9 ( 75.8) 
Level 2 Reduction 10.4 ( 2.5) 0.8 ( 1.5) 3.9 ( 7.8) 
Level 2 RWL 43.8 (10. 5) 12.2 (24.4) 34.0 ( 68.0) 

101 Deink-Fine and Tissue 
Model Mill RWL 81.3 (19 .5) 48.7 (97. 4) 143.0 (286. 0) 
Level 1 Reduction 22.9 ( 5.5) 8.0 (16.1) 12.8 ( 25.5) 
Level 1 RWL 58.4 (14. 0) 40.7 (81. 3) 130.2 (260. 5) 
Level 2 Reduction 2.9 ( o. 7) 2.0 ( 4.0) 
Level 2 RWL 55.5 (13.3) 40.7 (81. 3) 128.2 (256.5) 

102 Deink-Newserint 
Model Mil 1 RWL 67.6 (16. 2) 15.9 (31. 7) 123.0 (246. O) 
Level 1 Reduct on 10.l ( 2.4) 2.5 ( 5. 0) 5.0 ( 1o.0) 
Level 1 RWL 57.5 (13.8) 13.4 (26. 7) 118. 0 (236. 0) 
Level 2 Reduction 2.0 ( o. 5) 15.0 ( 30. 0) 
Level 2 RWL 55.5 (13. 3) 13.4 (26. 7) 103.0 (206.0) 

111 Waste2a2er-Tissue 
Model Mill RWL 39.2 ( 9.4) 8.8 (17.5) 27.0 isW Level 1 Reduction 5.8 ( 1. 4) 1.3 ( 2.6) 4.0 
Level 1 RWL 33.4 ( 8.0) 7.5 (14.9) 23.0 ( 46.0) 
Level 2 Reduction 
Level 2 RWL 33.4 ( 8.0) 7.5 (14.9) 23.0 ( 46.0) 

112 Waste2a2er-Board 
Model Mil 1 RWL 15.4 (3. 7) 6.5 (12. 9) 7.7 (15.3) 
Level 1 Reduction 7.1 (1. 7) 3.8 ( 7. 6) 5.8 (11.5) 
Level 1 RWL 8.3 (2. 0) 2.7 ( 5. 3) 1.9 ( 3. 8) 
Level 2 Reduction 
Level 2 RWL 8.3 (2. O) 2.7 ( 5. 3) 1.9 ( 3.8) 

113 Waste2a2er-Molded Products 
Model Mil 1 RWL 47.1 ( 11. 3) 5.7 (11.4) 10.7 (21. 3) 
Level 1 Reduction 10.0 ( 2.4) 1.4 ( 2. 8) 5.7 (11.3) 
Level 1 RWL 37.1 ( 8.9) 4.3 ( 8.6) 5.0 (10.0) 
Level 2 Reduction 
Level 2 RWL 37.1 ( 8.9) 4.3 ( 8.6) 5.0 (10.0) 

114 Waste2a2er-Construction Products 
Model Mil 1 RWL 9.2 ( 2. 2) 5.8 (11.5) 8.2 (16.3) 
Level 1 Reduction 5.01 ( 1. 2) 4.8 ( 9. 6) 7.7 (15.3) 
Level 1 RWL 4.2 ( 1. O) 1.0 ( 1. 9) 0.5 ( 1.0) 
Level 2 Reduction 
Level 2 RWL 4.2 ( 1. O) 1.0 ( 1. 9) 0.5 ( 1. 0) 
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TABLE VI-2 (Continued) 

Subcategory Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

201 Nonintegrated-Fine 
Model Mill RWL 48.5 ( 11.6) 8.5 (17.0) 30.1 (60.1) 
Level 1 Reduction 14.2 ( 3.4) 3.0 ( 6.0) 7.2 (14.3) 
Level 1 RWL 34.3 ( 8.2) 5.5 (11.0) 22.9 (45.8) 
Level 2 Reduction 1. 7 ( 0.4) 4.2 ( 8.5) 
Level 2 RW1. 32.6 ( 7.8) 5.5 (11.0) iB.i 

, __ -' 
l,..l/ • .l) 

202 Nonintegrated-Tissue 
Model Mill RWL 73.4 ( 17.6) 13.3 (26.5) 39.0 (77.9) 
Level 1 Reduction 37.1 ( 8.9) 7.8 (15 .5) 14.4 (28.8) 
Level 1 RWL 36.3 ( 8. 7) . 5.5 (11.0) 24.6 ( 49. 1) 
Level 2 Reduction 2.1 ( 0.5) (--) 8.3 (16 .5) 
Level 2 RWL 34.2 ( 8.2) 5.5 (11. 0) 16.3 (32.6) 

204 Nonintegrated-Lightweight 
Model Mill RWL 266.5 ( 63.9) 15.3 (30. 6) 45.6 (91.2) 
Level 1 Reduction 52.9 ( 12. 7) s.o ( 9.9) 17.1 (34.3) 
Level 1 RWL 213.6 ( 51.2) 10.3 (20. 7) 28.5 (56.9) 
Level 2 Reduction 4.2 ( 1.0) 8.3 (16. 5) 
Level 2 RWL 209.4 ( 50.2) 10.3 (20. 7) 20.2 (40.4) 

205 Nonintegrated-Filter 
Model Mill RWL 171.8 ( 41. 2) 5.0 (10.0) 25.0 (SO. 0) 
Level 1 Reduction 45.9 ( 11.0) 1.5 ( 3.0) 10.2 (20.5) 
Level 1 RWL 125.9 ( 30.2) 3.5 ( 7.0) 14.8 (29.5) 
Level 2 Reduction 
Level 2 RWL 125.9 ( 30.2) 3.5 ( 7.0) 14.8 (29.5) 

211 Nonintegrated-PaEerboard 
Model Mill RWL 102.4 ( 24.6) 10.0 (20.0) 42.3 (84.5) 
Level 1 Reduction 40.0 ( 9.6) 3.5 ( 7.0) 16.S (33.0) 
Level 1 RWL 62.4 ( 15.0) 6.5 (13. 0) 25.8 (51. 5) 
Level 2 Reduction 
Level 2 RWL 62.4 ( 15.0) 6.5 (13. 0) 25.8 (51. 5) 
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The control technologies and their effects are described below by subcategory. 
Cumulative waste load reductions have beeri adjusted to reflect material bal
ances for each subcategory. The applicability and effects of implementing 
designated production process controls will vary at specific mills. To pre
dict the combined effect of applicable controls would require development of a 
revised flow and material balance for any particular mill. 

Table VI-3 shows the effects of the same internal controls applied to the pure 
mills established for each subcategory. As discussed in Section V, pure mill. 
raw waste loadings have in some cases been graphically projected from actual 
mill data. Likewise, raw waste load reductions resulting from implementing 
production process controls at the pure mills have in some cases been appro
priately scaled from corresponding model mill data. 

011 Alkaline-Dissolving 

The Alkaline-Dissolving model mill has a raw waste load of 198.1 kl/kkg (47.S 
kgal/t) of production, a BODS loading of S3.8 kg/kkg (107.6 lb/ton), and a TSS 
load of 76.8 kg/kkg (1S3.7 lb/ton). The corresponding raw waste load for the 
pure mill in this subcategory is: 221.4 kl/kkg (S3. l kgal/t), BODS 6S.2 
kg/kkg (130.3 lb/ton), and 96.8 kg/kkg (193.S lb/ton) TSS. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

18S.2 kl/kkg 
32.6 kg/kkg 
64.S kg/kkg 

(44. 4 kgal/t) 
(6S. 3 lb/ton) 

(129. 2 lb/ton) 

Pure 

207.2 kl/kkg 
39.6 kg/kkg 
81. 1 kg/kkg 

(49. 7 kgal/t) 
(79 .1 lb/ton) 

(162. 2 lb/ton) 

The additional application of the Level 2 technology items could produces the 
following predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS 

Model 

177. 2 kl/kkg 
32.0 kg/kkg 
60.2 kg/kkg 

(42. S kgal/t) 
(64. 0 lb/ton) 

(120.6 lb/ton) 

Pure 

198.5 kl/kkg 
38.8 kg/kkg 
76.0 kg/kkg 

(47.6 kgal/t) 
(77.S lb/ton) 

(151. 9 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

o segregation of noncontact cooling water in the woodroom operation; 

o reduction in the wastage of blow condensate and relief condensate 
from the digester; 
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TABLE Vl-3 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subcategory kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Oll Alkaline-Dissolving 
Pu re Mil 1 RWL 221.4 (53.1) 65.2 (130. 3) 96.8 (193.5) 
Level 1 RWL 207. 2 (49. 7) 39.6 (79 .1) 81.1 (162. 2) 
Level 2 RWL 198.5 (47.6) 38.8 (77. 5) 76.0 (151.9) 

012 Alkaline-Market 
Pure Mill RWL 164.7 (39. 5) 37.7 (75. 3) 48.4 (96. 7) 
Level 1 RWL 13 7 .6 (33.0) 25.7 (51.4) 46.1 (92.1) 
Level 2 RWL 123.0 (29.5) 25.4 (50. 7) 40.8 (81.5) 

013 Alkaline-BCT 
Pure Mill RWL 152.2 (36.5) 45.7 (91. 3) 42.5 (85.0) 

<: Level 1 RWL 125. 9 (30.2) 25.8 (51. 6) 38.9 (77. 7) H 
I Level 2 RWL 102.2 (24. 5) 25.8 (51.6) 36.3 (72. 5) Lil 

Lil 

014 Alkaline-Fine 
Pure Mill RWL 108.0 (25.9) 28.7 (57.4) 53.4 (106. 7) 
Level 1 RWL 88.4 (21. 2) 15.7 (31.3) 42.1 (84.1) 
Level 2 RWL 72.1 (17. 3) 15. 7 (31. 3) 37.6 (7 5. 2) 

015 Alkaline-Unbleached 
Linerboard 

Pure Mill RWL 46.7 (11.2) 14.2 (28. 3) 16.3 (32.5) 
Level 1 RWL 36.3 (8. 7) 10.2 (20. 3) 15.5 (31.0) 
Level 2 RWL 35.5 (8.5) 10. 2 (20.3) 11.9 (23. 7) 

Bag 
Pure Mill RWL 70.5 (16.9) 18.9 (3 7. 7) 20.7 (41. 4) 
Level 1 RWL 54.6 (13 .1) 13.5 (2 7. O) 19.8 (39.5) 
Level 2 RWL 5,3. 4 (12.8) 13. 5 (2 7. O) 18.7 (37.4) 



TABLE VI-3 (Continued) 

· PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subcategory kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb7t) 

016 Semi-Chemical 
• 80% 

Pure Mill RWL 32. 5 (7.8) 18.5 (36.9) 21.6 (43.1) 
Level 1 RWL 29.2 (7 .0) 16.6 (33 .1) 21.6 (43.1) 
Level 2 RWL 21. 7 (5.2) 15.6 (31. 2) 14.5 (28.9) 

. 100% 
Pure Mill RWL 48.4 (11. 6) 19.3 (38.6) 38.5 (76.9) 
Level 1 RWL 43.4 (10.4) 17.3 (34.6) 38.5 (76. 9) 
Level 2 RWL 32.1 (7. 7) 16.3 (32. 6) 25.8 (51.6) 

017 Alkaline-Unbleached and Semi-Chemical 
Pure Mill RWL 55.8 (13.4) 18.7 (3 7. 3) 23.5 (47.0) 

<l Level 1 RWL 35.4 (8.5) 13.5 (26. 9) 18.0 (36. 0) H 
I Level 2 RWL 35.4 (8.5) 13. 5 (26.9) 17.0 (34.0) Ul 

"' 
019 Alkaline-Newsprint 

Pure Mill RWL 93.8 (22. 5) 21.1 (42. 2) 56.7 (113. 3) 
Level 1 RWL 6 7. 9 (16.3) 14.8 (29.5) 45.9 (91. 8) 
Level 2 RWL 57.5 (13. 8) 14.8 (29.5) 38.9 (77.9) 

021 Sulfite-Dissolving 
Pure Mill RWL 266.4 (63.9) 168.5 (336.9) 100.1 (200.2) 
Level 1 RWL 204.7 (49 .1) 103.2 (206. 4) 92.7 (185.5) 
Level 2 RWL 183.9 (44.1) 102.1 (204.2) 87.2 (174.4) 

022 Sulfite-Papergrade 
• 100% 

Pure Mill RWL 203.9 (48. 9) 68. 5 (136. 9) 34.7 (69.3) 
Level 1 RWL 120.5 (28. 9) 39.4 (78. 7) 33.0 (66.0) 
Level 2 RWL 117. 2 (28 .1) 39.4 (78. 7) 30.7 (61.4) 



TABLE Vl-3 (Continued) 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subcategory kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

. 67% 
Pure Mill RWL 152.6 (36. 6) 48.7 (97. 3) 33.1 (66. 2) 
Level 1 RWL 90.0 (21. 6) 28.0 (55.9) 31.5 (63. 0) 
Level 2 RWL 87.6 (21. 0) 28.0 (55. 9) 29.3 (58. 6) 

032 Thermo-Mechanical Pulp 
Pure Mill RWL 60.0 (14. 4) 18.3 (36. 5) 38.7 (77. 4) 
Level 1 RWL 42.5 (10. 2) 15.7 (31. 3) 26.3 (52.6) 
Level 2 RWL 42.5 (10. 2) 15.7 (31. 3) 26.3 (52.6) 

033 Groundwood-CMN 
<: • 74% 
H Pure Mill RWL 88.4 (21. 2) 18.6 (37.1) 48.5 (97.0) I 
Ul Level 1 RWL 54.6 (13.1) 11.6 (23.2) 35.5 (71. 0) "" Level 2 RWL 54.6 (13 .1) 11.6 (23. 2) 29 .0 (58.0) 

• 100% 
Pure Mill RWL 134. 3 (32.2) 22.9 (45. 8) 77 .6 (155.1) 
Level 1 RWL 83.0 (19. 9) 14.3 (28. 6) 56.8 (113. 5) 
Level 2 RWL 83.0 (19.9) 14.3 (28.6) 46.4 (92. 7) 

034 Ground wood-Fine 
59% 

Pure Mill RWL 68.4 (16. 4) 17.6 (35. 2) 53.9 (107. 9) 
Level 1 RWL 54.2 (13. 0) 13.0 (25.9) 37.9 (7 5. 8) 
Level 2 RWL 43.8 (10. 5) 12.2 (24.2) 34.0 (68. 0) 

100% 
Pure Mill RWL 110.9 (26. 6) 18.6 (37. 2) 55.2 (110.4) 
Level 1 RWL 88.0 (21.1) 13. 7 (27.4) 38.8 (77.6) 
Level 2 RWL 71.9 (17. 0) 12.9 (25.8) 34.8 (69.6) 



TABLE VI-3 (Continued) 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subcategory kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

101 Deink-Fine and Tissue 
• Tissue 

Pure Mill RWL 81.3 (19. 5) 48.7 (97. 4) 143.0 (286.0) 
Level 1 RWL 58. 4 (14.0) 40. 7 (81.3) 130.2 (260. 5) 
Level 2 RWL 55.5 (13. 3) 40.7 (81. 3) 128. 2 (256.5) 

• Fine 
Pure Mill RWL 107.2 (25. 7) 50.0 (99. 9) 215.7 . (431. 3) 
Level 1 RWL 77.2 (18. 5) 41. 7 (83.4) 196.4 (392.8) 
Level 2 RWL 73.4 (17. 6) 41. 7 (83.4) 193.4 (386.8) 

102 De ink-Newsprint 

< Pure Mill RWL 67.6 (16. 2) 15.9 (31. 7) 123.0 (246. 0) 
H Level 1 RWL 5 7. 5 (13.8) 13.4 (26.7) 118.0 (236. 0) I 
V1 Level 2 RWL 55.5 (13. 3) 13.4 (26. 7) 103.0 (206. 0) 00 

111 Wastepaper-Tissue 100% WP-
Industrial- No S.C. 

Pure Mill RWL 56.7 (13. 6) 13. 2 (26. 3) 40.5 (81. O) 
Level 1 RWL 48.4 (11. 6) 11. 2 (22. 4) 34.5 (69. 0) 
Level 2 RWL 48.4 (11.6) 11.2 (22.4) 34.5 (69. 0) 

112 Wastepaper-Board 
• Board 

Pure Mill RWL 15.4 (3. 7) 10.6 (21. 2) 9.9 (19.7) 
Level 1 RWL 8.3 (2.0) 4.4 (8. 7) 2.5 (4.9) 
Level 2 RWL 8.3 (2. 0) 4.4 (8. 7) 2.5 (4.9) 

• Linerboard 
Pure Mill RWL 27.9 (6.7) 8.9 (17.8) 10.8 (21. 5) 
Level 1 RWL 15.0 (3. 6) 3.7 (7.3) 2.7 (5. 3) 
Level 2 RWL 15.0 (3.6) 3.7 (7. 3) 2.7 (5. 3) 



TABLE VI-3 (Continued) 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Su bca t ego ry kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

. Corrugated 
Pure Mill RWL 4.2 (1.0) 5.3 (10. 7) 4.0 (7.9) 
Level 1 RWL 2.1 (0.5) 2.2 (4.4) 1.0 (2.0) 
Level 2 RWL 2.1 (O. 5) 2.2 (4.4) 1.0 (2.0) 

Chip & Filler 
Pure Mill RWL 10.0 (2.4) 3.5 (6.9) 4.5 (8.9) 
Level 1 RWL 5.4 (1. 3) 1.4 (2.8) 1.1 (2.2) 
Level 2 RWL 5.4 (1. 3) 1.4 (2. 8) 1.1 (2. 2) 

Folding Box 
Pure Mill RWL 16.3 (3.9) 6.1 (12 .1) 7.1 (14.1) 
Level 1 RWL 8.8 (2.1) 2.5 (5.0) 1.8 (3.5) 

< Level 2 RWL 8.8 (2.1) 2.5 (5 .0) 1.8 (3.5) 
H . Setup Box I 
VI Pure Mill RWL 20.4 (4. 9) 7.3 (14. 7) 5.7 (11.4) '° 

Level 1 RWL 10.8 (2.6) 3.0 (6.0) 1.4 (2. 8) 
Level 2 RWL 10.8 (2.6) 3.0 (6. O) 1.4 (2. 8) 

. Gypsum 
Pure Mill RWL 11. 7 (2.8) 5.8 (11.6) 15.9 (31. 8) 
Level 1 RWL 6.3 (1.5) 2.4 (4. 8) 6.9 (13.8) 
Level 2 RWL 6.3 (1. 5) 2.4 (4. 8) 6.9 (13.8) 

113 Wastepaper Molded-No s.c. 
' Pure Mill RWL 52.5 (12.6) 6.5 (13. 0) 11.4 (22. 7) 

Level 1 RWL 41.3 (9. 9) 4.9 (9 .8) 5.4 (10. 7) 
Level 2 RWL 41.3 (9.9) 4.9 (9. 8) 5.4 (10. 7) 



TABLE VI-3 (Continued) 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subcategory kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

114 Wastepaper Construction 
100% Wastepaper 

Pure Mill RWL 14.6 (3.S) 7.6 (lS. 2) 19.4 (38. 7) 
Level 1 RWL 6.7 (1.6) 1.3 (2.S) 1.2 (2.4) 
Level 2 RWL 6.7 (1.6) 1.3 (2.S) 1.2 (2. 4) 

SO% Wastepaper/SO% TMP 
Pure Mill RWL 12.5 (3. O) 13.9 (27.8) 10.2 (20.4) 
Level 1 RWL S.8 (1.4) 2.3 (4.6) 0.7 (1. 3) 
Level 2 RWL S.8 (1.4) 2.3 (4. 6) 0.7 (1. 3) 

201 Nonintegrated-Fine 
Pure Mill RWL 48.S (11. 6) 8.S (17. 0) 30.1 (60.1) 

<: Level 1 RWL 34.3 (8.2) s.s (11.0) 22.9 (4S. 8) H 
I Level 2 RWL 32.6 (7. 8) s.s (11.0) 18.7 (3 7. 3) °' 0 

202 Nonintegrated-Tissue 
Pure Mill RWL 73.4 (17.6) 13.3 (26. S) 39.0 (77.9) 
Level 1 RWL 36.3 (8. 7) 5.5 (11.0) 24.6 (49.1) 
Level 2 RWL 34.2 (8. 2) s.s (11.0) 16.3 (32.6) 

204 Nonintegrated 
• Ligh twe igh t 

Pure Mill RWL 266.S (63. 9) lS.3 (30.6) 4S.6 (91. 2) 
Level 1 RWL 213.5 (51. 2) 10.4 (20. 7) 28.5 (56.9) 
Level 2 RWL 209.3 (50. 2) 10.4 (20. 7) 20.2 (40. 4) 

Electrical 
Pure Mill RWL 407.0 (97. 6) 11.6 (23.1) 37.7 (7S.3) 
Level 1 RWL 326.1 (78.2) 2.8 (5.6) 23.5 (47.0) 
Level 2 RWL 319.8 (76. 7) 2.8 (5. 6) 16.7 (33.4) 



TABLE VI-3 (Continued) 

PURE MILL RAW WASTE LOADS 

Flow BODS TSS 
Subca tegorx: kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

205 Nonintegrated-Filter and Nonwoven 
Pure Mill RWL 171.8 (41. 2) 5.0 (10.0) 25.0 (50. 0) 
Level 1 RWL 125.9 (30. 2) 3.5 ( 7. 0) 14.8 (29.5) 
Level 2 RWL 125.9 (30. 2) 3.5 ( 7.0) 14.8 (29.5) 

211 Nonintegrated 
• Board 

Pure Mill RWL 102.6 (24. 6) 10.0 (20.0) 42.3 (84. 5) 
Level 1 RWL 62.6 (15.0) 6.5 (13.0) 25.8 (51. 5) 
Level 2 RWL 62.6 (15. 0) 6.5 (13. 0) 25.8 (51. 5) . Electrical Board 
Pure Mill RWL 24 7. 3 (59. 3) 10.0 (20.0) 42.3 (84. 5) 

<: Level 1 RWL 151.0 (36. 2) 6.5 (13.0) 25.8 (51.5) H 
I Level 2 RWL 151.0 (36. 2) 6.5 (13. 0) 25.8 (51. 5) °' I-' 



o modifications in the washing and screening areas, entailing the 
addition of a fourth-stage washer or modifications enabling compara
ble washing efficiencies; 

o implementation of spill collection and high-level alarms in the 
digester, washing, and screen room areas; and 

o replacement of existing sidehill screens with slotted vibrating 
screens, enabling fiber recovery and reduced fiber loss. 

Level 2: 

o fourth-stage centricleaning system with rejects routed to landfill; 

o replacement of barometric condensers with surface condensers; 

o installation of a pulp mill spill collection system; 

o installation of a green liquor dregs filter; and 

o diversion of water treatment plant backwash water and steam plant 
blowdown water to a separate lagoon. 

012 Alkaline-Market 

The Alkaline-Market model mill has a raw waste load of 178. 2 kl/kkg (42. 8 
kgal/t) of production, a BODS load of 41.S kg/kkg (83.0 lb/ton), and a TSS 
load of 31.8 kg/kkg (63.6 lb/ton). The corresponding raw waste load for the 
pure mill in this subcategory is: 164.7 kl/kkg (39.S kgal/t), BODS 37.7 
kg/kkg (7S.3 lb/ton), and 48.4 kg/kkg (96.7 lb/ton) TSS. 

The application of Leve1 1 technology items yield the following predicted 
Level l raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model 

149.1 kl/kkg 
28.3 kg/kkg 
30. 3 kg/kkg 

(3S. 8 kgal/t) 
(S6.6 lb/ton) 
(60 •. 6 lb/ton) 

Pure 

137.6 kl/kkg 
2S.7 kg/kkg 
46.1 kg/kkg 

(33. 0 kgal/t) 
(Sl.4 lb/ton) 
(92.1 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS-

Model 

133.2 kl/kkg 
27. 9 kg/kkg 
26.8 kg/kkg 

(32. 0 kgal/t) 
(SS.8 lb/ton) 
(S3. 6 lb/ton) 

Pure 

123.0 kl/kkg 
2S.4 kg/kkg 
40.8 kg/kkg 

(29.S kgal/t) 
(50. 7 lb/ton) 
(81. 5 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 
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Level I 

o segregate cooling water in woodroom; 

o use digester blow and relief condensates; 

o install fourth-stage brownstock washer; 

o recycle brownstock decker filtrate; 

o brownstock area spill collection; 

o liquor storage area spill collection; 

o evaporator area spill collection and spare liquor tank; and 

o pulp dryer spill collection. 

Level 2: 

o jump-stage washing in bleach plant; 

o install evaporator boilout tank; 

o install green liquor dregs filter; 

o centricleaner rejects - divert to landfill; and 

o lagoon for boiler blowdown water and water treatment plant backwash 
water. 

013 Alkaline-BCT 

The Alkaline-BCT model and pure mills have the same raw waste load: 1S2. 2 
kl/kkg (36.S kgal/t) of production, a BODS load of 4S.7 kg/kkg (91.3 lb/ton), 
and a TSS load of 42.S kg/kkg (8S.O lb/ton). The application of Level 1 
technology items yields the following predicted Level 1 raw waste loads for 
these mills: 

Flow 
BODS 
TSS 

Model and Pure Mill 

12S.9 kl/kkg 
2S.8 kg/kkg 
38.9 kg/kkg 

(30. 2 kgal/t) 
(51.6 lb/ton) 
(77. 7 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 
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Model and Pure Mill 

Flow 
BODS 
TSS 

102.2 kl/kkg 
25.8 kg/kkg 
36.3 kg/kkg 

(24. 5 kgal/t) 
(51. 6 lb/ton) 
(72. 5 lb/ton) 

The Level 1 and 2 modifications suggested for tqis subcategory are tabulated 
below. 

Level 1 

o segregation of woodroom cooling water; 

o digester relief and blow condensate use; 

o fourth stage brownstock washer; 

o recycle more decker filtrate; 

o install brownstock area spill collection; 

o install pulp mill liquor storage spill collection; 

o evaporator condensate recycle; 

o install evaporator area spill collection, and spare tank; 

o install bleach plant spill collection; 

o white water for vacuum, pump sealing; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash water. 

Level 2: 

o install jump-stage washing in bleach plant; 

o install green liquor dregs filter; and 

o cleaner rejects to landfill. 

014 Alkaline-Fine 

The Alkaline-Fine model mill has a raw waste load of 110. 5 kl/kkg (26. 5 
kgal/t) of production, a BODS load of 30. 5 kg/kkg (61. 0 lb/ton), and a TSS 
load of 66.2 kg/kkg (132.3 lb/ton). The corresponding raw waste load for the 
pure mill in this subcategory is: 108. 0 kl/kkg (25. 9 kgal/t), BODS 28. 7 
kg/kkg (57.4 lb/ton), and 53.4 kg/kkg (106.7 lb/ton) TSS. 
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The application of Level 1 technology items could yield the following pre
dicted Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

90.S kl/kkg 
16.7 kg/kkg 
S2. 2 kg/kkg 

(21. 7 kgal/t) 
(33.3 lb/ton) 

(104. 3 lb/ton) 

Pure 

88.4 kl/kkg 
lS.7 kg/kkg 
42.1 kg/kkg 

(21. 2 kgal/t) 
(31. 3 lb/ton) 
(84. 1 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw. was~e loads: 

Flow 
BODS 
TSS 

Model 

73.8 kl/kkg 
16.7 kg/kkg 
46. 7 kg/kkg 

(17. 7 kgal/t) 
(33.3 lb/ton) 
(93.3 lb/ton) 

Pure 

72.1 kl/kkg 
lS.7 kg/kkg 
37.6 kg/kkg 

(17.3 kgal/t) 
(31. 3 lb/ton) 
(7S.2 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below: 

Level 1: 

o segregate woodroom cooling water; 

o dispose of digester relief and blow condensate; 

o fourth-stage brownstock washer; 

o recycle decker filtrate; 

o brownstock area spill collection; 

o liquor storage area spill collection; 

o evaporator and liquor area spill collection and spare tank; 

o bleached pulp area spill collection; 

o whitewater for vacuum pump sealing; and 

o central whitewater chest installation. 

Level 2: 

o countercurrent washing in bleach plant; 

o green liquor dregs filter; 

o lime mud pond; 
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o cleaner rejects to landfill; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash water. 

OlS Alkaline-Unbleached 

The Alkaline-Unbleached model mill has a raw waste load of 46. 6 kl/kkg (11. 2 
kgal/t) of production, a BODS load of 14. 2 kg/kkg (28. 3 lb/ton), and a TSS 
load of 16. 3 kg/kkg (32. S lb/ton). The corresponding raw waste load for the 
pure mills in this subcategory making liner board is: 46. 7 kl/kkg (11. 2 
kgal/t), BODS 14. 2 kg/kkg (28. 3 lb/ton), and 16. 3 kg/kkg (32. S lb/ton) TSS. 
The raw waste load for a pure mill making bag paper is: 70.S kl/kkg (16.9 
kgal/t), BOD.1 18.9 kg/kkg (37. 7 lb/ton), and TSS 20. 7 kg/kkg (41.4 lb/ton). 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

36. 2 ·kl/kkg 
10.2 kg/kkg 
lS.S kg/kkg 

Pure Linerboard 

(8. 7 kgal/t) 
(20.3 lb/ton) 
(31. 0 lb/ton) 

Pure Bag 

36.3 kl/kkg 
10.2 kg/kkg 
lS.S kg/kkg 

Flow S4.6 kl/kkg (13.l kgal/t) 
BODS 13.S kg/kkg (27.0 lb/ton) 
TSS 19.8 kg/kkg (39.5 lb/ton) 

(8. 7 kgal/t) 
(20.3 lb/ton) 
(31.0 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS 

Model 

35.3 kl/kkg 
10.2 kg/kkg 
11.9 kg/kkg 

Pure Linerboard 

(8. S kgal/t) 
(20.3 lb/ton) 
(23. 7 lb/ton) 

Pure Bag 

35.5 kl/kkg 
10.2 kg/kkg 
11.9 kg/kkg 

Flow S3.4 kl/kkg (12.8 kgal/t) 
BODS 13.5 kg/kkg (27.0 lb/ton) 
TSS 18.7 kg/kkg (37.4 lb/ton) 

(8. S kgal/t) 
(20.3 lb/ton) 
(23. 7 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 
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o segregate woodroom cooling water; 

o use digester blow and relief condensates; 

o install fourth stage brownstock washer; 

o install improved savealls; 

o high pressure freshwater showers on machine; 

c whitewater ~1.,.. ... _.,._,,._. 
ti31.1.V ... ._4C' 

o whitewater to vacuum pumps; and 

o recycle press effluent. 

Level 2: 

o green liquor dregs filter; 

o lime mud pond; and 

o fourth-stage centricleaners. 

016 Semi-Chemical 

The Semi-Chemical model mill has a raw waste load of 32.5 kl/kkg (7.8 kgal/t) 
of production, a BODS load of 18. S kg/kkg (36. 9 lb/ton), and a TSS load of 
21. 6 kg/kkg (43. l lb/ton). The raw waste loading for the pure mill at 80 
percent semi-chemical production is the same as that for the model mill. The 
corresponding raw waste load for the pure mill extrapolated to 100% semi
chemical production is: 48.4 kl/kkg (11.6 kgal/t), BODS 19.3 kg/kkg (38.6 
lb/ton), and 38.S kg/kkg (76.9 lb/ton) TSS. -

The application of Level l technology items yields the following predicted 
Level l raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model and Pure-80% 

29. 2 kl/kkg 
16. 6 kg/kkg 
21.6 kg/kkg 

(7. 0 kgal/t) 
(33.1 lb/ton) 
(43. l lb/ton) 

Pure-100% 

43.4 kl/kkg 
17.3 kg/kkg 
38.S kg/kkg 

(10. 4 kgal/t) 
(34.6 lb/ton) 
(76.9 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 

Flow 
BODS 
TSS 

Model and Pure-80% 

21. 7 kl/kkg 
lS.6 kg/kkg 
14.S kg/kkg 

(5. 2 kgal/t) 
(31. 2 lb/ton) 
(28.9 lb/ton) 
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Pure-100% 

32.l kl/kkg 
16.3 kg/kkg 
25. 8 kg/kkg 

(7.7 kgal/t) 
(32.6 lb/ton) 
(51.6 lb/ton) 



The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

o segregate woodroom cooling water; 

o add third stage press washer; 

o recycle evaporator condensate; and 

o segregate cooling water in recovery building. 

Level 2: 

o papermill spill collection; 

o improved saveall; 

o whitewater for vacuum pumps; and 

o recycle press effluent. 

The Level 2 items normally are Level 1 controls in other subcategories. 
However, at some Semi-Chemical mills papermachine is in effect a pulp washer 
integrated with the pulp mill. In total, the Level 2 items are an expensive 
package with lesser benefits than in most other subcategories. 

017 Alkaline-Unbleached and Semi-Chemical 

The Alkaline-Unbleached and Semi-Chemical model mill has a raw waste load of 
55.8 kl/kkg (13.4 kgal/t) of production, a BODS load of 18.7 kg/kkg (37.3 
lb/ton), and a TSS load of 23.5 kg/kkg (47.0 lb/ton). The corresponding raw 
waste load for the pure mill in this subcategory is the same. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model and Pure 

35.4 kl/kkg 
13.5 kg/kkg 
18.0 kg/kkg 

(8. 5 kgal/t) 
(26. 9 lb/ton) 
(36. 0 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 
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Flow 
BODS 
TSS-

Model and Pure· 

35.4 kl/kkg 
13.S kg/kkg 
17.0 kg/kkg 

(8. 5 kg al/ t) 
(26. 9 lb/ton) 
(34. 0 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

o segregate woodroom. cooling water; 

o install fourth-stage brownstock washer or equivalent; 

o evaporator and recovery area spill collection and spare tank; 

o improved savealls; and 

o whitewater for vacuum pump sealing and recycle. 

Level 2: 

o Green liquor dregs filter. 

019 Alkaline-Newsprint 

The Alkaline-Newsprint model mill has a raw waste load of 93.8 kl/kkg (22.S 
kgal/t) of production, a BODS load of 21.1 kg/kkg (42. 2 lb/ton), and a TSS 
load of S6.7 kg/kkg (113.3 lb/ton). The corresponding raw waste load for the 
pure mill in this subcategory is the same. 

The application of Level l technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure 

67 .9 kl/kkg 
14.8 kg/kkg 
45.9 kg/kkg 

(16. 3 kgal/t) 
(29.5 lb/ton) 
(91.8 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 

Flow 
BODS 
TSS 

Model and Pure 

S7.S kl/kkg 
14.8 kg/kkg 
38.9 kg/kkg 
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(13. 8 kgal/t) 
(29.S lb/ton) 
(77. 9 lb/ton) 



The Level l and 2 modifications suggested for this subcategory are tabulated 
below. 

Level l: 

o segregate woodroom cooling waters; 

o use relief and blow condensate; 

o add fourth-stage brownstock washer; 

o recycle more decker filtrate; 

o brownstock spill collection; 

o brown.stock liquor storage tank; 

o recycle more evaporator condensate; 

o evaporator area spill collection and liquor tank; 

o pulp storage spill collection; 

o improved savealls; 

o whitewater for vacuum pumps; 

o whitewater storage; 

o recycle press effluent; and 

o segregate cooling water (utility area). 

Level 2: 

o bleaching-countercurrent washing; 

o green liquor dregs filter; 

o lime mud storage pond; 

o cleaner rejects to landfill; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash water. 

021 Sulfite-Dissolving 

The Sulfite-Dissolving model mill has a raw waste load of 256.9 kl/kkg (61.6 
kgal/t) of production, a BODS load of 153.0 kg/kkg (306.0 lb/ton), and a TSS 
load of 90.3 kg/kkg (180.6 lb/ton). The corresponding raw waste load for the 
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pure mill tn this subcategory is: 266. 4 kl/kkg (63. 9 kgal/t), BODS 168. S 
-kg/kkg (336.9 lb/ton), and 100.1 kg/kkg (200.2 lb/ton) TSS. -

The application of Level 1 technology items yield the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

197. 2 kl/kkg 
93.7 kg/kkg 
83. 7 kg/kkg 

(4 7. 3 kgal/t) 
(187 .4 lb/ton) 
(167.3 lb/ton) 

204. 7 kl/kkg 
103.2 kg/kkg 
92. 7 kg/kkg 

Fure 

(49.l kgal/t) 
(206.4 lb/ton) 
(18S. S lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 

Flow 
BODS 
TSS 

Model 

177. 2 kl/kkg 
92.7 kg/kkg 
78. 7 kg/kkg 

(42.S kgal/t) 
(18S.4 lb/ton) 
(1S7.3 lb/ton) 

183.9 kl/kkg 
102.1 kg/kkg 
87.2 kg/kkg 

Pure 

(44.1 kgal/t) 
(204.2 lb/ton) 
(174.4 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level l: 

o segregate woodroom cooling water; 

o recycle decker filtrate; 

o pulp mill spill collection; 

o improved bleach plant washing; 

o neutralize spent sulfite liquor; 

o liquor area spill collection; 

o pulp dryer spill collection; and 

o segregate utility area cooling water. 

Level 2: 

o recycle woodroom hydraulic barker water; 

o evaporate caustic stage filtrate; 

o high pressure showers for pulp dryer; 
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o whitewater to pulp mill; and 

o whitewater for vacuum pumps. 

022 Sulfite-Papergrade 

The Sulfite-Papergrade model mill has a raw waste load of 152.6 kl/kkg (36.6 
kgal/t) of production, a BODS load of 48. 7 kg/kkg (97. 3 lb/ton), and a TSS 
load of 33.1 kg/kkg (66.2 lb/ton). This loading is the same for the pure mill 
at 67 percent sulfite-papergrade production. The corresponding raw waste load 
for the pure mill making 100% sulfite pulp and on-site paper is: 203.9 kl/kkg 
(48.9 kgal/t), BODS 68.S kg/kkg (136.9 lb/ton), and 34.7 kg/kkg (69.3 lb/ton) 
TSS. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure-67% 

90.0 kl/kkg 
28.0 kg/kkg 
31. 5 kg/kkg 

(21. 6 kgal/t) 
(SS.9 lb/ton) 
(63. 0 lb/ton) 

Pure-100% 

120.S kl/kkg 
39.4 kg/kkg 
33.0 kg/kkg 

(28.9 kgal/t) 
(78.7 lb/ton) 
(66. 0 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS 

Model and Pure 67% 

87. 6 kl/kkg 
28.0 kg/kkg 
29.3 kg/kkg 

(21. 0 kgal/t) 
(SS.9 lb/ton) 
(58. 6 lb/ton) 

Pure-100% 

117. 2 kl/kkg 
39.4 kg/kkg 
30. 7 kg/kkg 

(28. 1 kgal/t) 
(78.7 lb/ton) 
(61. 4 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

0 segregate woodroom cooling water; 

0 add extra red stock washer; 

0 pulp mill spill collection; 

0 countercurrent washing in bleach plant; 

0 neutralize spent sulfite liquor; 

0 liquor preparation area spill collection; 
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o papermill spill collection; 

o color plant spill collection; 

o improved savealls; 

o control whitewater chest; 

o whitewater to vacuum pumps; 

o recycle press effluent; 

o wet lap machine for spills; and 

o lagoon for boiler blowdown water and water treatment plant ·filter 
backwash waters. 

Level 2: 

o cleaner rejects to landfill; and 

o segregate utility area cooling water. 

032 Thermo-Mechanical Pulp 

The Thermo-Mechanical Pulp model mill has a raw waste load of 60.0 kl/kkg 
(14. 4 kgal/t) of production, a BODS load of 18. 3 kg/kkg '(36. S lb/ton), and a 
TSS load of 38.7 kg/kkg (77.4 lb/ton). The corresponding raw waste load for 
the pure mill in this subcategory is the same. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Model and Pure 

Flow 
BODS 
TSS 

42.S kl/kkg 
lS.7 kg/kkg 
26. 3 kg/kkg 

(10.2 kgal/t) 
(31. 3 lb/ton) 
(S2. 6 lb/ton) 

The Level l and 2 modifications suggested for this subcategory are tabulated 
below. 

Level l: 
o segregate woodroom cooling water; 

o papermachine spill collection; 

o high-level alarms; and 

o improved savealls. 
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There are no Level 2 production process controls designated for this subcate
gory. 

033 Groundwood-CMN 

The Groundwood-CMN model mill has a raw waste load of 88. 4 kl/kkg (21. 2 
kgal/t) of production, a BOD1_ load of 18. 6 kg/kkg (37 .1 lb/ton), and a TSS 
load of 48.5 kg/kkg (97.0 lb/ton). 'lllese loadings are the same for the pure 
mill at 7 4 percent Groundwood-CMN production. The corresponding raw waste 
load for the pure mill at 100 percent Groundwood-CMN production in this sub
category would be: 134.3 kl/kkg (32.2 kgal/t), BODS 22.9 kg/kkg (45.8 
lb/ton), and TSS 77.6 kg/kkg (155.1 lb/ton). -

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model and Pure-74% 

S4.6 kl/kkg 
11.6 kg/kkg 
35. s kg/kkg 

(13. l kgal/t) 
(23.2 lb/ton) 
(71. 0 lb/ton) 

Pure-100% 

83.0 kl/kkg 
14.3 kg/kkg 
S6.8 kg/kkg 

(19 .9 kgal/t) 
(28.6 lb/ton) 

(113. 5 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS-

Model and Pure-74% 

S4.6 kl/kkg 
11.6 kg/kkg 
29.0 kg/kkg 

(13. l kgal/t) 
(23.2 lb/ton) 
(S8. 0 lb/ton) 

Pure-100% 

83.0 kl/kkg 
14.3 kg/kkg 
46.4 kg/kkg 

(19.9 kgal/t) 
(28.6 lb/ton) 
(92. 7 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level l: 

o segregate woodroom cooling water; 

o pulp mill spill collection; 

o papermill spill collection; 

o improve savealls; 

o whitewater for vacuum pumps; 

o central whitewater tanks; 

o recycle press effluent; and 

o collect pulp mill overflow. 

VI-74 



Level 2: 

o cleaner rejects to landfill. 

034 Groundwood-Fine 

The Groundwood-Fine model mill has a raw waste load of 68.4 kl/kkg (16.4 
kgal/t) of production, a BODS load of 17. 6 kg/kkg (3S. 2 lb/ton), and a TSS 
load of S3.9 kg/kkg (107.9 lb/ton). The raw waste loading for the pure mill 
at 59% groundwood production is the same as that for the modet mill. The raw 
waste load for the 100 percent groundwood pure mill in this subcategory is: 
110.9 kl/kkg (26.6 kgal/t), BODS 18.6 kg/kkg (37.2 lb/ton), and SS.2 kg/kkg 
(110.4 lb/ton) TSS. -

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure-59% 

S4. 2 kl/kkg 
13.0 kg/kkg 
37 .9 kg/kkg 

(13.0 kgal/t) 
(2S. 9 lb/ton) 
(7S.8 lb/ton) 

Pure-100% 

88.0 kl/kkg 
13.7 kg/kkg 
38. 8 kg/kkg 

(21.1 kgal/t) 
(27.4 lb/ton) 
(77.6 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS-

Model and Pure-S9% 

43.8 kl/kkg 
12.2 kg/kkg 
34.0 kg/kkg 

(10. S kgal/t) 
(24.4 lb/ton) 
(68. 0 lb/ton) 

Pure-100% 

71.9 kl/kkg 
12.9 kg/kkg 
34.8 kg/kkg 

(17.0 kgal/t) 
(25.8 lb/ton) 
(69.6 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

0 dry debarking system; 

0 segregate woodroom cooling water; 

0 pulp mill spill collection; 

0 pulp mill high level alarms; 

0 papermill spill collection; 

0 papermill wet lap machine; 
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o papermill color plant spill collection; and 

o segregate utility area cooling waters. 

Level 2: 

o reduce groundwood thickener overflow; 

o whitewater to vacuum pumps; 

o recycle press effluent; and 

o cleaner rejects to landfill. 

101 Deink-Fine and Tissue 

The Deink-Fine and Tissue model mill has a raw waste load of 81.3 kl/kkg (19.S 
kgal/t) of production, a BODS load of 48. 7 kg/kkg (97. 4 lb/ton), and a TSS 
load of 143.0 kg/kkg (286.0 lb/ton). The corresponding raw waste load for the 
pure tissue mill would be the same. The loadings for the pure fine mills in 
this subcategory are: 107.2 kl/kkg (2S. 7 kgal/t), BODS SO.O kg/kkg (99.9 
lb/ton), and 21S.7 kg/kkg (431.3 lb/ton) TSS. -

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model or Pure Tissue 

S8. 4 kl/kkg 
40. 7 kg/kkg 

130. 2 kg/kkg 

(14. 0 kgal/t) 
(81. 3 lb/ton) 

(260. S lb/ton) 

Pure-Fine 

77. 2 kl/kkg 
41.7 kg/kkg 

196.4 kg/kkg 

(18.S kgal/t) 
(83.4 lb/ton) 

(392. 8 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste load: 

Flow 
BODS 
TSS 

Model or Pure Tissue 

ss.s kl/kkg 
40.7 kg/kkg 

128.2 kg/kkg 

(13. 3 kgal/t) 
(81. 3 lb/ton) 

(2S6. S lb/ton) 

Pure-Fine 

73.4 kl/kkg 
41. 7 kg/kkg 

193.4 kg/kkg 

(17.6 kgal/t) 
(83.4 lb/ton) 

(386.8 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

o pulp mill spill collection; 

o high-pressure showers; 
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o whitewater to vacuum pumps; 

o whitewater to pulp mill; 

o wet lap machine for spills and runout; and 

o segregate cooling waters. 

Level 2: 

o cleaner rejects to landfill; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash waters. 

102 Deink-Newsprint 

The Deink-Newsprint model mill has 
kgal/t) of production, a BODS load 
load of 123.0 kg/kkg (246.0 lb/ton). 
pure mill in this subcategory is the 

a raw waste load of 67.6 kl/kkg (16.2 
of 15.9 kg/kkg (31. 7 lb/ton), and a TSS 
The corresponding raw waste load for the 

same. 

The application of Level l technology items yields the following predicted 
Level l raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model or Pure 

S7.5 kl/kkg 
13.4 kg/kkg 

118. 0 kg/kkg 

(13. 8 kgal/t) 
(26.7 lb/ton) 

(236. 0 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS 

Model or Pure 

5S.S kl/kkg 
13.4 kg/kkg 

103. 0 kg/kkg 

(13.3 kgal/t) 
(26.7 lb/ton) 

(206.0 lb/ton) 

The Level l and 2 modifications suggested for this subcategory are tabulated 
below. 

Level 1: 

o improved stock washing in pulp mill; 

o improved saveall; 
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o whitewater for vacuum pump sealing; and 

o whitewater for machine showers. 

Level 2: 

o cleaner rejects to landfill. 

111 Wastepaper-Tissue 

The Wastepaper-Tissue model mill has a raw waste load of 39.2 kl/kkg (9.4 
kgal/t) of production, a BODS load of 8.8 kg/kkg (17.S lb/ton), and a TSS load 
of 27.0 kg/kkg (S4.0 lb/ton). The corresponding raw waste load for the pure 
industrial tissue mill in this subcategory is: S6. 7 kl/kkg (13. 6 kgal/t), 
BOD1_ 13.2 kg/kkg (26.3 lb/ton), and 40.S kg/kkg (81.0 lb/ton) TSS. 

The application of Level l technology items yields the following predicted 
Level l raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

33. 4 kl/kkg 
7.5 kg/kkg 

23.0 kg/kkg 

(8.0 kgal/t) 
(14. 9 lb/ton) 
(46. 0 lb/ton) 

48.4 kl/kkg 
11.2 kg/kkg 
34.S kg/kkg 

Pure 

(11.6 kgal/t) 
(22.4 lb/ton) 
(69. 0 lb/ton) 

The Level l and 2 modifications suggested for this subcategory are tabulated 
below. 

Level l: 

o high level alarms; 

o cleaner rejects to landfill; 

o improve level of recycle of effluent to process; and 

o improve level of recycle of sludge to process. 

There are no Level 2 control items suggested for this subcategory. 

112 Wastepaper-Board 

The Wastepaper-Board model mill has a raw waste load of lS.4 kl/kkg (3. 7 
kgal/t) of production, a BODS load of 6.S kg/kkg (12.9 lb/ton), and a TSS load 
of 7. 7 kg/kkg (15. 3 lb/ton): The corresponding raw waste load for the pure 
board mill in this subcategory is: lS.4 kl/kkg (3.7 kgal/t), BODS 10.6 kg/kkg 
(21.2 lb/ton), and 9.9 kg/kkg (19.7 lb/ton) TSS. -

The application of Level l technology items yields the following modified 
Level l raw waste loads for the model and pure board mills: 
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Model Pure Board 

,,.., --- 12 'l 1 .. 1 11 ... 1 .. - (2. 0 kgal/t) 12 'l J,, /J, i,.,.. (2.0 kgal/t) L·.Luw ..., . .., 
1'..J../ """-6 ~.J ......... , ............ 0 

BODS 2.7 kg/kkg (5.3 lb/ton) 4.4 kg/kkg (8.7 lb/ton) 
TSS 1.9 kg/kkg (3.8 lb/ton) 2. 5 kg/kkg (4. 9 lb/ton) 

Pure Mill Raw Waste Load 
Flow BOD TSS 

o .... -A.,,,..-. 1'1 /J,J,~ (kgal/t) 1ct> /1c1ca (1 'h /t-) lea /le lea (lb/t '•vuu""'ir. ...... _, ........ 9 ·-91 ... -·-g , __ , _, 
--p· ----g 

Pure Mill 

Linerboard 27.9 (6. 7) 8.9 (17. 8) 10.8 (21.5) 
Corrugated 4.2 (1.0) 5.3 (10. 7) 4.0 (7.9) 
Chip & Filler 10.0 (2.4) 3.5 (6.9) 4.5 (8.9) 
Folding Box 16.3 (3.9) 6.1 (12. l) 7.1 (14.1) 
Set-Up Box 20.4 (4.9) 7.3 (14.7) 5.7 (11.4) 
Gypsum 11. 7 (2. 8) 5.8 (11.6) 15.9 (31. 8) 

Level 1 Raw Waste Load 

Linerboard 15.0 (3.6) 3.7 (7.3) 2.7 (5.3) 
.rugated 2.1 (0.5) 2.2 (4.4) 1.0 (2.0) 

p & Filler 5.4 (l. 3) 1.4 (2.8) 1.1. (2.2) 
1'.,,olding Box 8.8 (2.1) 2.5 (5.0) 1.8 (3. 5) 
Set-Up Box 10.8 (2. 6) 3.0 (6.0) 1.4 (2.8) 
Gypsum 6.3 (l. 5) 2.4 (4.8) 6.9 (13.8) 

The Level l items for this subcategory are tabulated below. 

Level 1: 

o improved savealls; 

o increased whitewater usage; and 

o high-level alarms. 

There are no Level 2 items suggested for this subcategory. 

113 Wastepaper-Molded Products 

The Wastepaper-Molded Products model mill has a raw waste load of 47.1 kl/kkg 
(11.3 kgal/t) of production, a BODS load of 5. 7 kg/kkg (11.4 lb/ton), and a 
TSS load of 10.7 kg/kkg (21.3 lb/ton). The corresponding raw waste load for 
the pure mill in this subcategory is: 52. 5 kl/kkg (12. 6 kgal/t), BODS 6. 5 
kg/kkg (13.0 lb/ton), and 11.4 kg/kkg (22.7 lb/ton) TSS. 

I 
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The application of Level l technology items yields the foll9wing predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

37 .1 kl/kkg 
4.3 kg/kkg 
s. 0 kg/kkg 

(8.9 kgal/t) 
(8. 6 lb/ton) 

(10. 0 lb/ton) 

41. 3 kl/kkg 
4.9 kg/kkg 
s. 4 kg/kkg 

The Level 1 items for this subcategory are tabulated below. 

Level 1: 

o improved recycle of effluent; and 

Pure 

(9. 9 kgal/ton) 
(9.8 lb/ton) 

(10. 7 lb/ton) 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash water. 

There are no Level 2 production process controls designated for this subcate
gory. 

114 Wastepaper-Construction. Products 

The Wastepaper-Construction Products model mill has a raw waste load of 9. 2 
kl/kkg (2.2 kgal/t) of production, a BODS load of S.8 kg/kkg (11.5 lb/ton), 
and a TSS load of 8.2 kg/kkg (16.3 lb/ton). The corresponding raw waste load 
for the pure mill in this subcategory is: 14. 6 kl/kkg (3. 5 kgal/t), BODS 7. 6 
kg/kkg (lS.2 lb/ton)~ and 19.4 kg/kkg (38.7 lb/ton) TSS. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model 

4.2 kl/kkg 
1.0 kg/kkg 
o.s kg/kkg 

(1. 0 kgal/t) 
(1.9 lb/ton) 
(1.0 lb/ton) 

6.7 kl/kkg 
1. 3 kg/kkg 
1. 2 kg/kkg 

Pure 

(1. 6 kgal/t) 
(2.S lb/ton) 
(2. 4 lb/ton) 

The pure mill with SO percent waste paper and SO percent TMP pulp has the 
following raw waste loads: 

Flow 
BOD 
TSS 

Pure-SO% WP and 50% TMP 

12.S kl/kkg 
13.9 kg/kkg 
10.2 kg/kkg 

(3.0 kgal/t) 
(27.8 lb/ton) 
(20.4 lb/ton) 

The application of Level 1 production process controls results in the follow
ing predicted Level 1 raw waste loads for the pure mill using SO percent waste 
paper and SO percent TMP pulp: 
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Flow 
BOD 
TSS 

5.8 kl/kkg 
2.3 kg/kkg 
0.7 kg/kkg 

(1.4 kgal/t) 
(4. 6 lb/ton) 
(1. 3 lb/ ton) 

The Level 1 items for this subcategory are tabulated below. 

Level 1: 

o improved saveall; 

o whitewater showers; 

o high-level alarms; and 

o more effluent recycle. 

There are no Level 2 controls designated for this subcategory. 

201 Nonintegrated-Fine 

The Nonintegrated-Fine model mill has a raw waste load of 48.5 kl/kkg. (11.6 
kgal/t) of production, a BODS load of 8.S kg/kkg (17.0 lb/ton), and a TSS load 
of 30.1 kg/kkg (60.l lb/ton). The corresponding raw waste load for the pure 
mill in this subcategory is the same. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure 

34.3 kl/kkg 
s.s kg/kkg 

22.9 kg/kkg 

(8.2 kgal/t) 
(11.0 lb/ton) 
(45.8 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS-

Model and Pure 

32.6 kl/kkg 
s.s kg/kkg 

18.7 kg/kkg 

(7.8 kgal/t) 
(11.0 lb/ton) 
(37.3 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 
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Level 1: 

o papermill stock spill collection; 

o color plant spill collection; 

o improved savealls; 

o high-pressure machine fresh water showers; 

o whitewater to vacuum pumps and recycle; and 

o segregate cooling waters. 

Level II 

o cleaner rejects to landfill; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash water. 

202 Nonintegrated-Tissue 

The Nonintegrated-Tissue model mill has a raw waste load of 73.4 kl/kkg (17.6 
kgal/t) of production, a BODS load of 13. 3 kg/kkg (26. S lb/ton), and a TSS 
load of 39. 0 kg/kkg (77. 9 lbTton). The corresponding raw waste load for the 
pure mill in this subcategory is the same. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills. 

Flow 
BODS 
TSS 

Model and Pure 

36.3 kl/kkg 
s.s kg/kkg 

24.6 kg/kkg 

(8.7 kgal/t) 
(11.0 lb/ton) 
(49 .1 lb/ton) 

Similarly, the additional application of the Level 2 technology items could 
produce the following predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS 

Model and Pure 

34.2 kl/kkg 
s.s kg/kkg 

16.3 kg/kkg 

(8. 2 kgal/t) 
(11.0 lb/ton) 
(32. 6 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 
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Level 1: 

o papermill spill collection system; 

o papermill high-level alarms; 

o papermill improved savealls; and 

o segregate cooling water. 

Level 2: 

o cleaner rejects to landfill; 

o fourth-stage centricleaner; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash waters. 

204 Nonintegrated-Lightweight 

The Nonintegrated-Lightweight model mill has a raw waste load of 266.S kl/kkg 
(63.9 kgal/t) of production, a BODS load of lS. 3 kg/kkg (30. 6 lb/ton), and a 
TSS load of 4S.6 kg/kkg (91.2 lb/ton). The corresponding raw waste load for 
the pure mill in this subcategory is the same, except for the manufacture of 
electrical paper which has the following loadings: 407.0 kl/kkg (97.6 kgal/t), 
BOD1_ 11.6 kg/kkg (23.1 lb/ton), and 37.7 kg/kkg (7S.3 lb/ton) TSS. 

The application of Level 1 technology items yields the following predicted 
Level l raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure 

213.6 kl/kkg 
10.3 kg/kkg 
28. s kg/kkg 

(Sl.2 kgal/t) 
(20.7 lb/ton) 
(S6. 9 lb/ton) 

Pure-Electrical 

326.1 kl/kkg 
2.8 kg/kkg 

23.S kg/kkg 

(78. 2 kgal/t) 
(S.6 lb/ton) 

(47.0 lb/ton) 

The additional application of the Level 2 technology items produces the fol
lowing predicted Level 2 raw waste loads: 

Flow 
BODS 
TSS-

Model and Pure 

209.4 kl/kkg 
10.3 kg/kkg 
20.2 kg/kkg 

(SO. 2 kgal/t) 
(20.7 lb/ton) 
(40. 4 lb/ton) 

Pure-Electrical 

319.8 kl/kkg 
2.8 kg/kkg 

16.7 kg/kkg 

(76. 7 kgal/t) 
(S.6 lb/ton) 

(33.4 lb/ton) 

The Level 1 and 2 modifications suggested for this subcategory are tabulated 
below. 
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Level 1: 

o spill collection; 

o high-level alarms; 

o whitewater for vacuum pumps; 

o high-pressure showers; 

o increase whitewater and broke storage; 

o segregate cooling waters; and 

o recycle effluent. 

Level 2: 

o cleaner rejects to landfill; 

o fourth-stage centricleaner; and 

o lagoon for boiler blowdown water and water treatment plant filter 
backwash waters. 

205 Nonintegrated-Filter and Nonwoven 

The Nonintegrated-Filter and Nonwoven model mill has a raw waste load of 171.8 
kl/kkg (41.2 kgal/t) of production, a BODS load of 5.0 kg/kkg (10.0 lb/ton), 
and a TSS load of 25.0 kg/kkg (50.0 lb/ton). The corresponding raw waste load 
for the pure mill in this subcategory is the same. 

The application of Level 1 technology items yields the following modified 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS-

Model and Pure 

125.9 kl/kkg 
3.5 kg/kkg 

14.8 kg/kkg 

(30.2 kgal/t) 
(7.0 lb/ton) 

(29.5 lb/ton) 

The Level 1 modifications for this subcategory are tabulated below. 

Level 1: 

o spill collection; 

o improved saveall; 
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o high pressure showers; 

o whitewater showers; 

o segregate cooling water; and 

o improved recycle and use of effluent. 

There are no Level 2 production process controls designated for this subcate
gory. 

211 Nonintegrated-Board 

The Nonintegrated paperboard model mill has a raw waste load of 102. 4 kl/kkg 
(24.6 kgal/t) of production; a BODS loading of 10.0 kg/kkg (20.0 lb/ton), and 
a TSS loading of 42.3 kg/kkg (84.S-lb/ton). The corresponding raw waste load 
for the pure mill in this subcategory is the same, except for a higher flow 
allowance of 247.3 kl/kkg (59.3 kgal/t) for the manufacture for electrical 
board. 

The application of Level 1 technology items yields the following predicted 
Level 1 raw waste loads for the model and pure mills: 

Flow 
BODS 
TSS 

Model and Pure 

62.4 kl/kkg 
6. 5 kg/kkg 

25.8 kg/kkg 

(15.0 kgal/t) 
(13.0 lb/ton) 
(51. S lb/ton) 

Pure-Electrical 

151. 0 kl/kkg 
6.5 kg/kkg 

25.8 kg/kkg 

(36. 2 kgal/t) 
(13.0 lb/ton) 
(51.5 lb/ton) 

The Level 1 control items suggested for this subcategory are tabulated below. 

Level 1: 

o whitewater to vacuum pumps; 

o whitewater to machine showers; 

o recycle press effluent; 

o segregate cooling water; 

o improve effluent recycle; and 

o add grey stock chest and cooling tower. 

There are no Level 2 controls suggested for this subcategory. 

OTHER PROCESS CONTROLS 

The bleach plant is commonly the largest contributor to water pollution at 
bleached kraft mills. For this reason, much effort in the past few years has 
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been spent on taking the bleach plant effluent back into the liquor recovery 
cycle, where the organic constituents can be burned. One process which lends 
itself to this is oxygen bleaching. The oxygen bleaching theory has existed 
for a long time, but has just recently begun to come into commercial use. 
Other processes which return bleach plant effluent to the liquor cycle are the 
Rapson-Reeve closed-cycle process and Uddeholm-Kamyr non-polluting bleach 
plant. 

Oxygen Bleaching 

Oxygen bleaching is currently used at only one mill in the United States, the 
Chesapeake Corporation in Virginia. Oxygen bleaching is used outside the 
U.S., at one mill in Canada, one in South Africa, one in France, one in Japan, 
and three in Sweden. 

The advantage of oxygen bleaching comes from the recycling of the alkaline 01 
stage effluent to the black liquor recovery system. In order to recycle the 
effluent it is necessary to keep the chloride content of the 02 stage low. 
For this reason, the 02 bleach sequences being used generally have the 02 
stage preceding any Cl2-or Cl02 stage. The exception to this is the Chesa-:
peake Corporation, which uses a°CDOD sequence and therefore cannot recycle the 
01, stage to the recovery system. 

In work done by the NCASI, effluent characteristics from conventional and 
oxygen bleaching sequences were compared. The conventional sequences CEHDED 
and CEDED were compared in the lab to those from OCEDED and OCED for both 
hardwood and softwood kraft pulps. By recycling all of the 02 stage effluent, 
a BODS reducton of 81 percent and a color reduction of 89 percent over the 
conventional sequences were achieved for softwood pulps. For hardwood, reduc-

. tions of 81 percent of BOD1_ and 92 percent of color were achieved.(84) 

The Cellulose d'Aquitaine mill in St. Gaudens, France, has reportedly reduced 
its total BODS load by about 30 percent and the total color load by SO per
cent, by converting from a CEDED sequence to an OCEDED. (95) The claimed 
operating cost for the new oxygen bleach sequence is $2.10/ton less than the 
old sequence. The Enstra oxygen bleaching operation in South Africa achieved 
a cost reduction of $5/ton with an AODED sequence. The capital cost of adding 
an oxygen stage was given as $2.0 million (1972) for a 272 kkg/day (300 ton/ 
day) mill, and $4.0 million for a 680 kkg/day (750 ton/day) mill.(96) 

Caustic Extract Stream Closeup 

The caustic extraction stage effluent is the major source of BODS and color in 
bleached kraft mills. Because of this, much work has been done to develop a 
method by which most of the organic dissolved solids can be removed from this 
stream and burned in the recovery boiler. Methods which are being investi
gated to accomplish this include the use of: adsorption resins; ul trafil
tration and reverse osmosis; and freeze concentration. These and other treat
ment processes are discussed further in Section VII of this report. 
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The adsorption resin approach is being pursued by three companies: Uddeholm
Kamyr, Rohm and Haas, and Dow Chemical Company. The Rohm and Haas and the Dow 
Chemical processes are at the pilot plant stage. The Uddeholm-Kamyr color 
removal process has been in commercia.L opera ~ion in '>KDgna.L, Sweden, since 
1973, and is now used on a full scale at a mill in Iwanuma, Japan. 

Based on the experience in these full-scale operations with the purification 
of El caustic effluent, the concept has been expanded into purification of tne 
entire effluent from the bleach plant. The first full-scale installation 
started up in the spring of 1978 at Skoghal, Sweden. In this system a full 
countercurrent 1o1ash 
the C stage after 

' .._.__ -~t!'., ·--1<-. .I!--- -L- .,.,, -~---.I-------~ --
:LS useu, anu i;.nt: t:.i:.i:.Lut=ai:. .i:cUlll 1:.111::: c..L 1:>1..ais1::: .1.;:i 1.t:Ul:lt:u uu 

two stages of decolorizatlon by resin adsorption. (97) 

The pollutants are removed by elution with caustic or oxidized white liquor. 
The eluate at 10 percent concentration is mixed wt.th the weak black liquor to 
be evaporated and burned in the recovery boiler. During the activation 
process the chlorination effluent is simultaneously decolorized. The flow 
diagram of this process is shown in Figure ~I-32. 

Acid required for activation of the resin is adequately supplied by using 
chlorination filtrate in the activation stage. The total mill BODS load is 
reduced by 30 percent and the color load by 90 percent. 

The operating costs for the Uddeholm-Kamyr system are reported as $1.20 per 
ton (1977). The investment cost of an installation for treatment of the 
effluent from a 454 kkg/day (500 ton/day) fully bleach kraft pulp bleach plant 
is in the range of $3 to $6 million (1977) depending on wood species, kappa 
number and local conditions. 

Rapson-Reeve Closed-Cycle Process 

The Rapson-Reeve closed-cycle process for kraft pulp mills encompasses what 
likely will be the standard design parameters in kraft pulp mills several 
years from now. (98) The closed-cycle mill concepts, as proposed by ERCO
Envirotech, Ltd. and illustrated in Figure VI-33 are included in the process 
being developed at Great Lakes Paper Co. Ltd., Thunder Bay, Ontario. Main 
features of the closed-cycle process include: 

o stripping of contaminated condensates for reuse; 

o closed screen room; 

o use of spill tanks; 

o countercurrent washing in bleachery; 

o use of 70 percent (:!::) chlorine dioxide in first stage; 

o recovery of salt from recovery cycle; and 
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o reuse of bleach plant filtrate. 

Of these features, the only one which is unique to the closed-cycle mill is 
the salt recovery process. In the closed-cycle mill the white liquor is 
evaporated and sodium chloride is crystalized and removed from the white 
liquor. Most of the salt is reused for generation of Cl02; however, some must 
be purged from the cycle. Figure VI-34 shows the salt recovery process. 

The major benefits of the closed-cycle mill are as follows: 

0 no contaminated effluent from the kraft pulp mill; 

0 decreased water consumption; 

0 energy savings; 

0 fiber and pulp yield gains; 

0 decreased chemical costs; and 

0 return on investment. 

Present full-scale operating experience is less favorable than the early 
literature had generally projected. At Great Lakes Paper some contaminated 
effluent is reportedly still being discharged from the bleachery. Chlorina
tion stage effluent goes to the kiln scrubber, and some "E" stage filtrate is 
sewered. The salt recovery system has been operated, but the recovered saltl 
is not used onsite. Corrosion problems have occurred, apparently even in the 
recovery furnace, and have seriously restricted full implementation of the 
closed-cycle process. 

There are a number of advantages to high chlorine-dioxide substitution in the 
c~o~ed-cycle mill. These include: 

o maximum pulp viscosity, strength, brightness, and stability; 

o increased yield; 

o reduced shives; 

o decreased pulp resin content; 

o decreased acidity load; 

o decreased sodium chloride load; and 

o decreased overall bleaching costs. 

Even in a mill which is not completely closed, the use of chlorine dioxide 
will decrease effluent BOD~, color, chemical oxygen demand (COD), dissolved 
solids and toxicity. 
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The disadvantages of high chlorine dioxide substitution for chlorine include 
increased water input with ClO~ solution and increased capital investment for 
generation of ClO~. If the mill is not completely closed, savings in NaOH 
applied to the bleach plant, and for waste neutralization, may not offset the 
cost of using ClO~ instead of Cl~. In addition, excess salt cake is produced 
if HCl is not used. The bleach sequence for the closed-cycle bleached kraft 
mill is DCEDED. The washing is straight countercurrent except on the last two 
stages. The D filtrate is split between the Dl and the E2 stages. Excess E 
filtrate goes to salt recovery process, cooking liquor. dilution, and to the 
brown stock washers. The DC filtrate goes to brown stock washing, screen room 
dilution, and to the kiln scrubber. 

The first-stage washer shower has a displacement ratio of 0.6S for D filtrate 
and 0.7S for E filtrate. This results in a total displacement ratio of 1.4. 
The only fresh water used in the bleach plant is on timed wire cleaning 
showers on each washer. Some of the E~ stage filtrate is used for caustic 
dilution. The diluted caustic is used for extraction, as a buffer, and for 
anti-chlor and pH control. 

The salt recovery process (SRP) is necessary in the closed-cycle mill in order 
to remove the sodium chloride which would otherwise build up in the system. 
The major sources of sodium chloride contamination are as follows: 

Range 
Sources of Sodium Chloride kg/kkg (lb/t) 

Salt Water Borne Logs 1 - 28 2 SS 
"Brackish" process water 2.S - 2S s so 
Saltcake .os- 7.S .1 - 1.S 
Other makeup .OS- 7.S .1 - lS 
NaOH Filtrate reuse .1 - 10 .2 - 20 
Dioxide "Spent Liquor" .os- .2S . 1 - .s 
Bleachery Filtrate Recycle 10 -175 10 - 17S 

The sodium chloride contribution from the kraft bleach plant varies dras
tically with the sequence used. 

Sequence 

CEDED 
CD E D E D 
DC E D E D 

Sodium Chloride Contribution 
kg/kkg (lb/t) 

11S 
97.S 
60 

(230) 
(19S) 
(120) 

In the SRP system the white liquor is evaporated to a high concentration of 
sodium hydroxide and sodium sulfide. This crystalizes the sodium chloride, 
sodium carbonate and sodium sulfate. The sodium chloride is separated and 
purified and then may be used for Cl02 generation. The sodium carbonate and 
sodium sulfate leave the SRP sytem as concentrated white liquor. The SRP 
system is a two-stage system which yields Na~C03 and Na2S04 from stage one, 
then NaCl from stage two. 
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The following constraints must be considered in the design of such a closed
cycle mill: 

o dry barking or closed water system; 

o brown stock washer capability for minimum soda loss; 

o closed screen room; 

o corrosion resistant construction of first bleaching stage washers; 

0 bleached washer capability for displacemeut ratio of 

o seal tanks sized for adequate accumulation; 

o extra evaporator capacity to handle spills; 

o condensate steam stripper; 

o salt recovery capabilities; and 

o extra recovery capability for more organics. 

The following is a list of acceptable materials of construction for the 
closed-cycle pulp mill: 

Digesters: 
Washers: 
Evaporators: 
Screens: 
D Stages: 

E Stages: 
Seal Tanks: 
Pumps:· 
Mixers: 
Pipes: 

Carbon steel, 304 Stainless Steel (SS), 316 SS 
Carbon steel, 304 SS, 316 SS 
Carbon steel, 304 SS, 316 SS 
304 SS, 316 SS, 317 SS 
Ti (titanium), FRP, (Fiberglass Reinforced Polyester) 
Hastelloy C-276 
High Moly Alloys or 317 SS 
FRP 
High Moly Alloys, 317 SS, 316 SS 
Ti, FRP, 316 SS, 304 SS 
High.Moly, FRP, 316 SS, 304 SS 

Recent experiences have indicated that with high recycled salt levels, even 
317 SS may be marginal. Also, a critical part of a closed cycle, or any 
minimal liquor loss pulping operation, is adequate storage to avoid accidental 
discharge of liquids. 

According to a Swedish study (72) 50 percent of chemical, fiber and liquid 
volume losses are due to accidental discharge. The capacity of spill tanks at 
Great Lakes is: fiber spills 454,000 1 (120,000 gal.); acid bleach filtrate -
681,000 1 (180,000 gal.); alkaline bleach filtrate - 870,550 1 (230,000 gal.); 
and causticizing spills - 1,022,000 1 (270,000 gal.). 

According to ERCO-Envirotech, for a closed-cycle kraft mill a 635 kkg/day (700 
air dry tons (ADT) per day), an SRP system would have a capital cost of $4.2 
million. Implementation of internal controls could run as high as $3.8 mil
lion. Additional controls required for a closed-cycle mill are: dry barking 
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or a closed wet barking system; closed screen room; countercurrent washing i~ 
bleachery; condensate steam stripping; reuse of bleach plant filtrate, andll 
spill tanks. This makes the total added cost for a closed-cycle mill $8 
million or more. The additional Cl02 generating capacity, and any major 
bleachery modifications requiring more corrosion resistant materials, will 
result in yet higher costs. 

ERCO-Envirotech have stated that the closed-cycle mill would result in the 
following operating cost savings: 1.) heat savings from decreased steam 
consumption and increased steam production; 2.) fiber savings; 3.) yield 
increase; 4.) water savings; and 5.) savings in effluent treatment costs. It 
was originally thought that chemical costs would be lower for a closed-cycle 
mill than for a conventional mill. However, actual chemical costs at Great 
Lakes Paper Co., Ltd. have been higher than those for a conventional mill. 

Present savings at Great Lakes are about $1 million. The original estimate 
was for $4 million in savings; however, this is somewhat deceiving because the 
comparison was made with a mill having none of the internal controls mentioned 
previously. Most mills, however, use many of the mentioned controls to some 
extent, with the exception of condensate steam stripping. Therefore, it is 
probably safe to assume that a mill with good internal controls could realize 
most of the cost savings that ERCO-Envirotech has attributed to their closed
cycle mill. 

Sequential Chlorination 

Another method of reducing the pollution load from the bleach plant is with 
sequential chlorination. 

MacMillian Bloedel Research views the sequential chlorination sequences as an 
interim solution while technology develops on oxygen bleaching, ClO~ genera
tion and salt recovery. When these technologies are fully developed, they 
might be incorporated with lower capital expenditures. 

Hooker Chemical has done much work on sequential chlorination. Their work has 
been exclusively on modification of fully bleached sequences. The first se
quential chlorination system studied by Hooker Chemical was the APS-I. In 
this system the standard CEHD or CEDED is modified by replacing the conven
tional chlorination with sequential chlorination at a D:C ratio of 50:50. 
Hypochlorination is substituted for the first extraction stage. The system 
can be used for hardwood or softwood pulps. Substantial reductions in ef
fluent color and toxicity, and moderate reductions in BOD~ were reported.(99) 

Chemical costs for the APS-I system were equivalent or slightly higher than 
those for the conventional sequence. Estimated capital costs range from 
$20,000 to $500,000 (1973 costs), depending on the mill size and condition of 
the existing bleach plant. Pulp quality is equivalent to that from the con
trol sequences. 

VI-94 



The Hooker APS-II and III systems operate differently than the APS-I. Chlor
ination is replaced by sequential chlorination, at a high D:C ratio (75:25), 
followed by caustic extraction. This minimizes the chloride content of the 
bleach plant effluent and permits recycling of the effluent into the kraft 
recovery system, which results in incineration of the major organic waste 
load. The APS-II and III systems suggest a sequence of antipollution steps 
which may be implemented one at a time. These steps and the BODS and color 
reductions obtained by each step are shown in Table VI-4. This - process is 
reported to ·use existing or slightly modified bleach plant equipment and 
produces pulp with properties equivalent or superior to the conventional 
processes. Hooker also claims reduced chemical and operating costs. The 
process recovers caustic, sodium sulfate, and sodium chloride which would 
normally be sewered. 

No-Sulfur Pulping 

In the past two years many semi-chemical corrugating medium mills have changed 
their pulping processes from neutral sulfite semi-chemical (NSSC) and green 
liquor processes to non-sulfur pulping. A survey conducted in early 1978 by 
Pulp and Paper magazine showed that 10 of the 41 semi-chemical mills in the 
U.S.A. and Canada had changed to non-sulfur processes and another four mills 
were considering the change.(100) 

The main reasons for changing to non-sulfur pulping included: the poor market 
for the salt cake byproduct; the high chemical costs of sodium carbonate and 
sulfur for NSSC; and the sulfur emissions problems associated with the NSSC 
process. Responses to the survey indicates that the non-sulfur mills general
ly have somewhat lower raw waste loads, as well. 

There are basically three non-sulfur processes: 1.) the Owens-Illinois pro
cess; 2.) the soda ash process; and 3.) the modified soda ash process. 
Owens-Illinois was the first to develop a no-sulfur process in 1972. Their 
process uses 15-50 percent caustic as Na~O. The remainder is soda ash. Spent 
liquor is burned in a modified kraft-type furnace or fluidized bed. 

In the soda ash process, soda ash is used at 6 to 8 percent on wood. Spent 
liquor is burned in a fluidized bed, and the soda ash is recovered. 

The modified soda ash process uses a small amount of caustic along with the 
soda ash, typically 7-8 percent NaOH (as Na~O). 

Displacement Bleaching 

There are presently only two mills in the country which use a displacement 
bleaching process. The first was at the EasTex mill in Evadale, Texas, which 
started up in 1975.(101) This was followed by the start of a system at Weyer
haeuser Corporation in Plymouth, North Carolina, in 1976. Both systems are 
Kamyr designs, with conventional D/C first stage tower and washer preceding an 
EDEDW displacement tower. The caustic is applied at the repulper of the 
conventional washer. The pulp is then pumped into the bottom of the displace-
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-TABLE VI-4 

WASTE LOAD REDUCTIONS FROM IMPLEMENTATION OF 
HOOKER APS II AND APS III SYSTEMS 

>tep No., Operation 
Effluent 
kgal/ton 

:ontrol standard 18 - 20 

' .. 
f. 

'. 

Countercurrent wash-jump 
slate, split flow 

Replace chlorination with 
sequential chlorination -
75:25 D:C ratio 

11 - 13 

11 - 13 

Recycle D/C effluent to dilute 6 - 8 
incoming brown stock 

Dilute sequential chlorination 4 - 6 
stock with part E! and recycle 
remainder to recovery via brown 
stock washers and smelt dis-
solving system 

Use salt separation process to 4 - 6 
purge NaCl and separate Na2S04 
from precipitator catch 

,PS-III 

'. Treat D/C effluent in a resin 
packed column and regenerate 
resin with a portion of El 
effluent. 

4 - 6 
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BODS % BOD~ 
lbs/ton Reduction 

25 

25 

22 12 

22 12 

10 60 

10 60 

9 64 

Color 
lbs/ton 

650 

650 

376 

376 

87 

87 

23 

% Color 
Reduction 

42 

42 

87 

87 

96 



ment tower at about 10 percent consistency. The displacement tower has a 
retention time of about 90 minutes. Each stage in the tower has a retention 
time of about 90 minutes. Each stage in the tower is followed by a stage of 
diffusion washing with the filtrate being extracted to a seal tank and then 
partially reused. 

There are four filtrate tanks for the displacement towers. These tanks are of 
a stacked design with one set of tanks for the caustic extraction and one set 
for the chlorine dioxide. Some caustic extract is generally reused back on 
the conventional washer as well as being mixed with the NaOH for the dis
placement tower. Some dioxide filtrate is also mixed with Cl02 to be reused 
on the Dl and D2 stages. Overflows from the seal tanks are sewered. Water 
use for a D/CEDED displacement bleach sequence is typically 3.0 to 4.5 kgal/t 
compared to a conventional tower washer system often exceeding 12 kgal/t. 

The benefits are primarily the lower water use and slightly lower initial 
capital costs. Based on limited data, it appears that chemical usage may be 
higher than that for conventional bleaching systems. 
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SECTION VII 

EFFLUENT TREATMENT TECHNOLOGIES 

REVIEW OF SELECTED EFFLUENT TREATMENT TECHNOLOGIES 

Introduction 

The pulp, paper and paperboard industry employs many types of wastewater 
treatment systems to reduce the levels of pollutants contained in mill ef
fiuents. This section describes and evaluates the performance of existing 
treatment systems employed within each subcategory of the industry. Also 
presented in this section is a discussion and evaluation of other applicable 
effluent treatment-technologies. 

Preliminary/Primary Treatment 

Wastewater must often be screened to remove materials that could seriously 
damage or clog downstream treatment equipment. Automatically cleaned screens 
are commonly employed prior to primary treatment. 

The primary treatment process of removing suspended organic and inorganic 
materials can _be accomplished by sedimentation (with or without flocculants or 
coagulants), flotation, or filtration. Sedimentation can involve mechanical 
clarifiers, flotation units, or sedimentation lagoons. 

the most widely applied technology for removing suspended solids from pulp, 
paper, and paperboard mill wastewaters is the mechanical clarifier. Circular 
tanks of concrete construction are normally used with rotating sludge scraper 
mechanisms mounted in the center. The wastewater effluent usually enters the 
tank through a well that is located on a center pier. Settled solids are 
raked to a center sump or concentric hopper. The solids are generally con
veyed to solids dewatering facilities prior to disposal. Floating material is 
collected by a surface skimmer attached to the rotating mechanism, discharged 
to a hopper and is then disposed of. 

Dissolved air flotation (OAF) units have also been applied to effluents from 
papermills and have in some cases effectively removed suspended solids.(102) 
OAF units are somewhat limited because of their inability to handle high 
pollutant concentrations and shock loads. 

Fine screens, microstrainers, and pressure filters are not commonly used in 
the industry for suspended solids removal. Adequate fine screening systems 
cost approximately the same as an equivalent clarifier and reportedly have 
more inherent operating problems.(103) 

Because of the biodegradable nature of a portion of the settleable solids 
present in pulp, paper and paperboard wastewaters, clarification results in 
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some BODS reduction. Typical BODS removals through primary clarification in 
integrated pulp and paper mills varies between 10 and 30 percent. The exact, 
BODS removal depends on the relative amount of soluble BODS present in the raw 
wastewater. Primary clarification can result in significantly higher BODS 
reductions at nonintegrated mills than at integrated mills. Responses to the 
data request program indicate that roughly SO percent of the raw wastewater 
BOD~ is commonly removed at nonintegrated mills through primary clarification. 

Easty(S8) has recently observed that very little reduction of fatty acids, 
resin acids or their chlorinated derivatives occurs during primary clarifi
cation. This observation suggests that these compounds are not associated 
with the suspended solids content of the wastewater. Polychlorinated bi
phenyls (PCB 1 s) have been observed to undergo significant reductions through 
primary treatment.(12) At a waste paper tissue mill, PCB's were reduced from 
25 to 2.2 micrograms per litre (ug/l) through primary clarification, while TSS 
was reduced from 2,020 to 77 milligrams per litre (mg/1).(12) It has not yet 
been established whether reductions occur for other chloro-organic compounds; 
this phenomenon is undergoing further study as part of future data evaluation 
efforts. 

Biological Treatment 

Introduction. Currently, the most common types of biological treatment used 
in the pulp, paper and paperboard industry include oxidation basins, aerated 
stabilization basins, and the activated sludge process or its modifications. 
Other biological systems include oxygen activated sludge, the Zurn/Attisholz1 

process, rotating biological contactors and anaerobic contact filters. 

A principal benefit obtained from biological treatment is the reduction of 
oxygen-consuming pollutants which can cause depletion of dissolved oxygen in 
receiving waters. Fish and other aquatic organisms are particularly sensitive 
to reduced levels of dissolved oxygen. Significant reductions in toxic pollu
tants have also been observed through application of biological treatment as 
illustrated by recent data gathering efforts (see Section V). When adequately 
designed and operated, biological treatment consistently achieves 80 to 90 
percent and higher BODS reductions when applied to pulp and paper mill ef
fluents. Biological treatment can also yield a nontoxic effluent a high 
percentage of the time.(104) 

Due to the variance of influent wastewater characteristics, specific pollutant 
removal capabilities are not readily obtainable unless long-term field sam
pling is employed. In a laboratory study, Leach, Mueller, and Thakore deter
mined the specific biodegradabilities of six toxic pollutants in pulp and 
papermill wastewater.(lOS) The relative ease with which these six compounds 
were degraded was, in descending order: dehydroabietic acid; pimaric acid; 
tetrachloroguiacol; monochlorodehydroabietic acid; dichlorodehydroabietic 
acid; and trichloroguaiacol. The researchers reported that chlorinated bleach 
plant derivatives are more difficult to degrade than are nonchlorinated wood 
derivatives. 

VII-2 



A recent study investigated influent and effluent concentrations of noncon
ventional and toxic pollutants after full-scale biological treatment.(59) 
Removal rates of these pollutants, ·as derived from the published design and 
treatment data, are shown in Table VII-1. The relative removal rates gener
ally agree with those obtained in laboratory studies.(105) 

BOD 5 and toxic pollutant removals from bleached kraft wastewater through 
application of activated sludge treatment and aerated stabilization were 
investigated in an attempt to establish a relation between pollutant concen
tration and toxicity.(104) The authors concluded that, in general, a reduc
tion in BODS to about 4S mg/l was sufficient to achieve detoxification. Also, 
a total resin and fatty acid coficentratiou of less than 1 mg/l was necessary 
to effect detoxification. The correlation between total resin and fatty acid 
content and toxicity was better than the correlation between BODS and tox
icity. 

Impact of Temperature Variations. All biological treatment systems are af
fected by temperature, particularly by large and/or sudden temperature 
changes. The effect of temperature variations on aerobic biological systems 
has been demonstrated in both theory and practice; therefore, temperature is 
of importance in the choice of design and operation of treatment systems. 
Pelczar and Reid (106) have stated that all processes of growth are dependent 
on chemical reactions and the rates of these reactions are influenced by 
environmental conditions, including temperature. The discussion below pre
sents theoretical and operating data on temperature variations and their 
effects. Included is an evaluation of the effect of temperature on biological 
treatment system as measured by BOD~ and TSS removals. 

BODS is a measurement of the dissolved oxygen used by microorganisms for the 
·biochemical oxidation of organic matter in a wastewater. BODS removal occurs 
in two stages: a first stage in which the carbonaceous (organic) matter is 
oxidized and a second stage in which nitrification occurs. The oxidation of 
the carbonaceous matter results from the biological activity of bacteria and 
other organisms in the wastewater. For a stated set of environmental condi
tions, growth of microorganisms will follow a predictable and reproducible 
pattern closely allied to the amount of BODS present in a wastewater and its 
rate of utilization by the microorganisms present.(107) 

The heterogeneous population of bacteria found in aerobic biological systems 
treating wastewaters at temperatures such as those resulting from the produc
tion of pulp and paper encompass three classified groupings of bacteria: 
psychrophilic, mesophilic, and thermophilic organisms. 

Seasonal wastewater temperature variations change the specific growth rate of 
the heterogeneous population, and to a lesser extent, the relative distribu
tion of the types of bacteria comprising the population. McKinney (108) has 
depicted the rate of growth for mesophilic organisms with the maximum rate 
occurring in the range of 3S 0 to 40°C. Similar growth rate-temperature dis
tributions exist for both psychrophilic and thermophilic organisms, with the 
optimal growth rate occurring in the range of 10° to 15°C for psychrophiles, 
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TABLE VII-1 

CALCULATED TOXIC AND NONCONVENTIONAL POLLUTANT REMOVAL RATES(a)(59) 

Resin Acids 
Abietic 
Dehydroabietic 
Isopimaric 
Pimaric 

Unsaturated Fatty Acids 
Oleic 
Linoleic 
Linolenic 

Other Acidics 
Epoxysteric Acid 
Dichlorosteric Acid 

Chlorinated Resin Acids 
Monochlorodehydroabietic 
Dichlorodehydroabietic 

Chlorinated Phenolics 
Trichloroguaiacol 
Tetrachloroguaiacol 

Chloroform 

Mill 9(b) 
10-Day 

ASB 

0.85 
1.05 
0.30 
0.10 

Mill ll(b) 
6-Day 

ASB 

0.86 
2.65 
0.37 
0.14 

0.7 
2.6 
0.4 

0.10 
0.05 

0.03 
0.02 

2.2 

Mill 12(c) 
3.5-Hr 

AS 

0.3 
0.6 
0.26 
0.3 

0.35 
0.30 

0.006 
0.019 

2.1 

Mill 13(b) 
12-Day 

ASB 

1.5 
1.85 
1.25 
0.3 

0.55 
0.15 

10.4 

0.03 
0.10 

Mill 14(b) 
7-Day 

ASB 

1.0 
1.1 
3.0 
0.1 

~) Removal rates shown as micrograms removed per milligrams/litre (mg/l) of biomass per day. 
(b) Aerated stabilization basin (ASB) biomass assumed to be 200 mg/l. 
(c) Activated sludge (AS) biomass reported to be 2,500 mg/l. 
NOTE: Blank spaces indicate no data. 

Mill 15(b) 
15-Day 

ASB 

0.45 
0. 72 
0. 12 
0.15 

o.67 
0.47 

0.03 
0.12 

0.01 
0.03 



and 60° to 6S °C 
at all normal 
philes. ( llO) 

for thermophiles.(109) 
operating temperatures 

However, the predominant group found 
in aerobic systems are the meso-

A number of studies have been conducted to quan~iry various aspects of micro
bial growth, temperature, and BODS reduction. Degradation of BODS in pulp and 
paper wastewater has been evaluated and found to proceed at rates similar to 
other wastewater sources.(111, 112, 113, 114, 115, 116, 117, 118) 

Soluble BODS removal by microorganisms approximates first-order kinetics.(110) 
A temperature decrease of 10°C from the optimal temperature would necessitate 
an increase in detention or reaction time of approximately 35 percent to 
attain the same effluent BODS level as that attained at the optimal tempera
ture. Conversely, an increase in temperature of 10°C would theoretically 
shorten the detention time by 25 percent to attain the same effluent BODS 
level. 

The above concept is of substantial practical importance in treatment system 
design, since flexiblity in design allows treatment systems to sustain effi
cient operation over a wide range of conditions (i.e., increasing microbial 
(solids) recirculation rates will increase waste/microbe contact time when 
microbial activity is reduced it.l colder temperatures). Additional studies 
relate the specific effects of changes in temperature on BODS and suspended 
solids removal to performance for specific systems.(119) 

Oxidation Basins. The first type of biological treatment systems used in the 
pulp, paper and paperboard industry were oxidation basins. These are large 
natural or manmade basins of various depths; natural aeration from the atmos
phere is relied . on as an oxygen source. Since oxidation through natural 
aeration results in a relatively low-rate process, large land areas are re
quired to implement this technology. Because of availability of land and a 
warm climate that increases bioactivity, most oxidation basins are found. in 
southern states. This technology can be more effective if settleable solids 
are removed from the wastewater before it enters the basins, since solids can 
contribute to the BOD 5 wastewater loads and an excess of settleable solids 
would tend to rapidly fill the basins. 

Typical design BODS loads range from S6 to 67 kilograms per hectare (kg/ha) of 
surface area/day (SO to 60 lb/acre/day).(37) Retention times can vary from 20 
to over 60 days.(37) This method of treatment has two principal advantages: 
1) it can be capable of handling (buffering) accidental discharges of strong 
wastewater without significant upset; and 2) it requires no mechanical devices 
with inherent maintenance problems. Thus, oxidation basins are capable of 
good performance on a continuous basis. Generally, suspended solids are 
effectively removed in oxidation basins. Literature presenting data on the 
removal of toxic and nonconventional pollutants through application of oxida
tion basin technology is limited. 

VII-5 



Aerated Stabilization Basins (ASB). The aerated stabilization basin (ASB)1 
evolved from the necessity of increasing performance of existing oxidation 
basins due to increasing effluent flows and/or more stringent water quality 
standards. Induced aeration provides a greater supply of oxygen, thus sub
stantially reducing the retention time required to achieve treatment compara
ble to that attained in an oxidation basin. Nitrogen and phosphorus (nu
trients) are usually added prior to the ASB if the wastewater is determined to 
be nutrient deficient. These additions are commonly made in the form of 
ammonia and phosphoric acid. The longer the retention period of the waste 
undergoing biological oxidation, the lower the nutrient requirement. The 
specific detention time used depends upon the characteristics of the waste
waters to be treated. Retention times of 8 to 10 days, and sometimes up to 15 
days, have been used in order to obtain BODS levels of less than 30 mg/1.(120, 
121, 122) 

Aeration is normally accomplished using either gear-driven turbine type sur
face aerators or direct-drive axial flow-pump aerators. Diffused air can also 
be employed. Oxygen transfer efficiencies under actual operating conditions 
range from 0.61 to l.S2 kilograms (kg) of oxygen per kilowatt-hour (kWh), or 
about (1.0 to 2.5 lb of oxygen per horsepower-hour) depending on the type of 
equipment used, the amount of aeration power per unit lagoon volume, basin 
configuration, and the biological characteristics of the system.(123, 124) It 
is necessary to maintain a dissolved oxygen (DO) level of 0.2 to 0.5 mg/l in 
the basin to sustain aerobic conditions. 

BODS and suspended solids levels, oxygen uptake, and DO levels throughout the 
basins are related to aerator location and performance and basin configura
tion. There have been extensive studies (12S) of eleven existing aerated 
stabilization basins that have subsequently been used in the design of other 
ASB's. 

Som~ solids accumulate in the bottom of ASB's, but these are relatively inert 
and can be removed with periodic dredging. Solids accumulation diminishes as 
the detention time and degree of mixing within the basin increases. At some 
mil ls a settling basin or clarifier is used to improve effluent clarity. 

The removal efficiency of an ASB treating unbleached kraft waste was evaluated 
over a 1-month period in late 1976. (126) Although the raw wastewater exhib
ited an LC-SO of from 1 to 2 percent by volume, all but one of the 26 treated 
effluent samples were either nontoxic or exhibited greater than 50 percent 
fish survival after 96 hours of exposure. The one failure was attributed to a 
black liquor spill at the mill. Average reductions of 87 percent BODS, 90 
percent toxicity and 96 percent total resin acids were achieved. Dehydro
abietic acid was the only resin acid identified in the treated effluent; 
pimaric, isopimaric and abietic acids tended to concentrate in the foam. 

Pilot-scale ASB treatment of bleached kraft wastewater was evaluated over a 
5-month period. (104) Two basins, one with a S-day and one with a 3-day hy
draulic detention time, were studied with and without surge equalization. The 
raw wastewater BOD 5 varied from 108 mg/l to 509 mg/l and was consistently 
toxic. The median -survival times (MST) of fish ranged from 7 to 1,440 min-
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utes, while total resin and fatty acid concentrations ranged from 2 to 8 
mg/1.(104) Mean BODS removals with surge equalization were 85 percent for the 
S-day basin and 77 percent for the 3-day basin. Mean effluent BODS levels 
with surge equalization were 40 mg/l for the S-day basin and 59 mg/1-for the 
3-day basin. Detoxification was attained 98 percent of the time by the 5-day 
basin with surge equalization, and 8S percent of the time by the 3-day basin 
with surge equalization. Mean reported effluent BODS values for the S-day and 
3-day basins without equalization were 51 mg/l and 67 mg/l, respectively. The 
detoxification rate without equalization dropped to 73 percent for the 5-day 
basin and 70 percent for the 3-day basin. The authors concluded that surge 
equalization appeared to have a more significant effect on detoxification than 
BODS removal. 

Since the surge capacity of an aerated stabilization basin is related to 
hydraulic detention time, the 6-to 10-day basins which are commonly employe·d 
in the pulp, paper, and paperboard industry in the United States should have a 
higher capacity for shock loading than those used in this study. 

Aerated stabilization basins provide a high degree of BODS reduction and also 
can remove or reduce the wastewater toxicity. ASB capital and operating cost 
may be lower than those for the activated sludge process. The treatment 
efficiency is not as dependent on ambient air temperature as with oxidation 
basins; however, efficiency can be more dependent on ambient air temperature 
for ASB's than for higher rate processes (i.e., activated sludge). 

Activated Sludge Process. The activated sludge process is a high-rate· bio
logical wastewater treatment system. The biological mass grown in the aera
tion tanks is settled in a secondary clarifier and returned to the aeration 
tanks, building up a large concentration of active biological material. There 
can be 3,000 to 4,000 mg/l of active sludge mass in the aeration basin section 
associated with an activated sludge system as opposed to the 50 to 200 mg/l 
common to aerated stabilization basins. Loadings in excess of 45.4 kilograms 
of BODS per 3S.3 litres (100 lbs of BODS per 1,000 ft3) of aeration capacity 
per day are sometimes used, allowing for relatively-small aeration tanks. 

Since biological organisms are in continuous circulation throughout the sys
tem, complete mixing and suspension of solids in the aeration basin are re
quired. Mechanical surface aerators similar to those used in aerated stabil
ization basins are normally used; diffused air can also be used. 

The characteristically short detention times tend to make the activated sludge 
process more susceptible to upset due to shock loads. When the process is 
disrupted, it may require several days for biological activity to return to 
normal. Particular operator attention is required to avoid such shock load
ings at mills utilizing this process. This effect can be avoided through 
provision of sufficient equalization to minimize the effects of shock load
ings. 

Compared with aerated stabilization basins, the activated sludge process has 
less shock load tolerance, greater solids handling problems, and higher costs. 
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However, the activated sludge process requires less land than ASB's. 'ntus i~ 
may be pref erred in cases where sufficient land for ASB installation is either 
unavailable or too expensive. 

The contact stabilization process is a variation of the activated sludge 
process in which two aeration steps are used rather than one. The incoming 
wastewater is contacted for a short period with active organisms prior to 
sedimentation. Settled solids are then aerated for a longer period to com
plete waste assimilation. Contact stabilization has been applied successfully 
to treat kraft mill effluent. 

The ability of activated sludge basins to detoxify bleached kraft mill ef
fluents was analyzed over a S-month period. (104) Two pilot-scale activated 
sludge systems (8-hr and 24-hr detention) were operated with and without surge 
equalization. Raw wastewater BOD .2_ varied from 108 'to S09 mg/1. The raw 
wastewater was consistently toxic. Reported raw wastewater median survival 
times (MST) to fish ranged from 7 to 1,440 minutes. Total resin and fatty 
acid concentrations in the raw wastewater ranged from 2 to 8 mg/l. Mean BODS 
removals for the 8-hr and 24-hr activated sludge lagoon with a 12-hr surge 
equalization basin achieved an average of 76 percent and 72 percent BOD 5 
removal, respectively. Effluent BODS concentration for the 24-hr system 
ranged from S mg/l to 263 mg/l, with-a mean of 64 mg/l. The 24-hr system 
detoxified the effluent 76 percent. of the time. 

The 8-hr activated sludge system removed an average of 72 percent of the BODS. 
Final effluent BODS concentrations ranged from 14 to 270 mg/l with a mean of 
64 mg/l. The effluent was detoxified 72 percent of the time. (104) The 24-hr 
activated sludge system, when operated without equalization, was subjected to 
more vigorous mixing plus addition of 10 mg/l alum. Under these conditions, 
an average of 90 percent BOD 5 removal was obtained and detoxification was 
achieved 100 percent of the time. The 8-hr activated sludge system, when 
operated without surge equalization, was also subjected to more vigorous 
mixing with no addition of alum. Under these conditions, an average of 84 
percent BOD 5 removal was obtained, although detoxification was attained only 
SS percent of the time.(104) The authors concluded that equalization did not 
affect BODS removal efficiency, but improved the detoxification efficiency by 
15 to 30 percent. Addition of alum to the activated sludge system appeared to 
reduce toxicity. The authors speculated that the mechanism of toxicity re
moval was a chemical reaction. (104) Failures to detoxify were attributed in 
some instances to hydraulic shocks, black liquor spills or inadequate treat
ment system operation, although in many instances, no cause could be deter
mined. (104) 

Pure Oxygen Activated Sludge System. The pure oxygen activated sludge process 
uses oxygen, rather than air, to stimulate biological activity. This scheme 
allows for a lesser detention time and lower aeration power requirement than 
activated sludge; however, additional power is required for oxygen generation 
which may result in a net increased power requirement. Solids volumes that 
must be dewatered and disposed of are similar to those produced by air acti
vated sludge systems. 
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Field test data by Union Carbide Corp. confirms that the oxygen activated 
sludge process is capable of achieving final effluent BODS concentrations on 
the order of 20 to 30 mg/l with pulp, paper, and paperboard mill wastes.(127) 
Effluent TSS after clarification was generally in the range of 40 to 60 
mg/1.(127) A summary of pilot scale information is presented in Table VII-2. 

Production Process 

Alkaline-Unbleached 
Alkaline-Unbleached 
Alkaline-Unbleached 

TABLE VII-2 

OXYGEN ACTIVATED SLUDGE TREATABILITY 
PILOT SCALE 

Retention BODS (m~/l) 
(Hrs) Influent Effluent 

1.3 - 2.2 277 - 464 20 - 41 

TSS (m~/l) 
Influent Effluent 

S7 - 86 46 - 61 
1.8 - 3.0 214 - 214 16 - 22 123 - 123 36 - 36 
2.0 - 2.9 26S - 300 2S - 30 9S - 120 60 - 70 

Sulfite/newsprint effluent was treated using an oxygen activated sludge pil~t 
plant facility over an 11-month period. BODS reductions during this time were 
over 90 percent.(128) Final BODS and TSS concentrations ranged from 23 to 42 
mg/l and 61 to 111 mg/l, respectively. (30) The effluent from the oxygen 
activated sludge system was found to be acutely toxic.(128) Total resin acids 
before and after oxygen activated sludge treatment were 2S and 6 mg/l, re
spectively. (128) Ammonia was found at levels on the order of SO mg/l. The 
treated effluent was air stripped to determine if ammonia·was the major cause 
of the high toxicity. Although air stripping reduced the ammonia concentra
tion to less than 1 mg/l and the total resin acid concentration to 1 mg/l, the 
effluent remained acutely toxic. 

Easty (S9) studied two examples of pure oxygen activated sludge systems: one 
treating an integrated bleached kraft wastewater and the other treating an 
unbleached kraft pulp mill wastewater. Both significantly reduced all identi
fied pollutants. The pollutants evaluated included resin and fatty acids, 
their chlorinated derivatives, and chloroform. The first system incorporated 
an oxygen activated sludge basin with hydraulic detention of 3 hours and 10 
minutes and a sludge recycle rate of 3S percent. The pH was maintained be
tween 6.2 and 7.S. It was determined from Easty's data that 43 to 92 percent 
of identified toxic pollutants were removed, with the chlorinated resin acids 
exhibiting relatively low removal efficiencies. This is consistent with 
observed biodegradabilities of the nonconventional pollutants.(109) 

The second oxygen activated sludge system operated with a detention time of 
3. 7 hours and a mixed liquor suspended solid (MLSS) concentration of 2, SOO 
mg/l. (59) Bench-scale alum/polyelectrolyte coagulation followed. The ef
fluent was adjusted to pH S with alum and 1 mg/l polyelectrolyte was added. 
Essentially complete removal of all identified resin and fatty acids was 
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obtained. It should also be noted that initial concentrations in the raw 
waste were relatively low. Since no data was reported for the oxygen acti• 
vated sludge system without chemically assisted clarification, the relative 
effects of each of the two processes on removal efficiencies could not be 
determined. 

Zurn/Attisholz (Z/A) Process. The Zurn/Attisholz (Z/A) process is a two-stage 
activated sludge system. The first stage operates at DO less than 1.0 mg/l 
and the second stage maintains DO at 4 to S mg/l. Nutrient and power require
ments for the two-stage system are similar to those for the conventional 
activated sludge process. A total Z/ A detention time of 4 hours may be re
quired to achieve BOD and solids reductions comparable to activated sludge and 
aerated stabilization systems. 

Seven full-scale Zurn/Attisholz systems are currently in use at pulp and paper 
mills in the United States. These installations treat wastewaters from the 
following types of manufacturing: 

Deink-Fine and Tissue 
Sulfite-Papergrade 
Integrated-Miscellaneous 

(S mills) 
(1 mill) 
(1 mill) 

Most of these mills reportedly ma·intain final effluent BODS and TSS concentra
tions in the range of 20 to 2S mg/l each.(129) One mill reportedly achieves 
BODS and TSS levels in the range of 5 to 10 mg/l each.(129) Another mill also, 
attained a 96 percent BOD~ and 99 percent TSS reduction using the Z/ A pro
cess. (130) 

A pilot study comparing a two-stage.to a single-stage activated sludge system 
has recently been ·performed. It was concluded that the two-stage system 
achieved a higher toxicity reduction in treating bleached kraft wastewater 
than did a single-stage system.(131, 132) 

Rotating Biological Contactor (RBC). This system involves a series of discs 
on a shaft supported above a basin containing wastewater. The discs are 40 to 
45 percent submerged in the wastewater and are slowly rotated; a biological 
slime grows on the disc surfaces. Closely spaced 12-ft-diameter discs mounted 
on a 25-ft shaft can result in 100,000 ft~ of surface area. 

Pilot-scale evaluations of the RBC system treating bleached kraft wastewater 
with an average influent BODS content of 235 mg/l have resulted in substantial 
BOD~ reductions.(133) The degree of removal is related to the hydraulic load
ing rate, as seen in Table VII-3. 
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Hydraulic 
Loading 

Rate 
(gpdift2) 

3 
2 
1 

TABLE VII-3 

PILOT RBC FINAL EFFLUENT QUALITY FOR 
BLEACHED KRAFT WASTEWATER 

70% 
of Time Final 
Effluent BODS 

Less Than 
(mgil) 

70 
30 
22 

90% 
of Time Final 
Effluent BODS 

Less Than 
(mgil) 

90 
45 
39 

Note: Raw Effluent BODS = 23S mg/l 

Sludge production reportedly ranged from 0. 3 to 0. S lb of solids per lb of 
BOD~ removed.(133) 

Two pilot plant evaluations (134) reported essentially complete detoxification 
of board mill, integrated kraft and magnesium-based sulfite mill effluents. 
Final efflunt BODS of S9 mg/l for the kraft mill, 6S mg/l for the board mill, 
and 338 mg/l for the sulfite mill effluent were reported. Raw wastewater BODS 
levels for these mills were 290 mg/l, 28S mg/l and 1,300 mg/l, respectively~ 
No TSS data were reported.(134) This pilot plant work indicates good toxicity 
and BODS reduction capabilities. To date, mill-scale systems in the United 
States treating pulp mill wastewater have encountered operating difficulties. 

Anaerobic Contact Filter.. This process involves use of a basin filled with 
crushed rock or other media. Wastewater is passed through the media at a 
temperature of 90 to 9S°F under anaerobic conditions; detention times on the 
order of three days are common. Steam stripping, nutrient addition, neutrali
zation and dilution of waste liquor with wash water may be required as pre
treatments. 

A laboratory study of the process showed that 80 to 88 percent BODS removal 
from sulfite wastewaters to levels as low as 34 mg/1 have been achieved.(135) 
The major advantage of the process is a low solids production (0.08 pounds of 
solids per pound BODS). This results because methane gas rather than biolog
ical solids is the byproduct of anaerobic digestion. The author concludes 
that the cost for the anaerobic process was approximately the same as that for 
aerated stabilization.(13S) 

Partial detoxification of sulfite mill wastewater was obtained in a laboratory 
study.(121) The anaerobic contact filter altered the LC-SO from 4.S percent 
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to 7. 8 percent for rainbow trout. 
pollutants was reported. 

Chemically Assisted Clarification 

No specific data concerning the toxiq 

Introduction. Dissolved and colloidal particles in treated effluents are not 
readily removed from solution by simple settling. The stability of these 
materials in solution results primarily from electrostatic forces of like 
charge.(136) Destabilization can occur through minimizing these forces by the 
addition of chemical coagulants. Once destabilized, the particles agglomerate 
and associated TSS, BOD 5 and color can be reduced through settling. This 
process can be enhanced by slow mixing and/or by the addition of small amounts 
of polyelectrolyte. The latter serve as nuclei for floe formation. Coagu
lants in common use include lime, alum, ferric chloride, ferric sulfate and 
magnesia. Detailed discussions of the chemistry of coagulants are avail
able. (136) 

Suspended solids levels and the BODS associated with the suspended solids can 
be substantially reduced at much lower coagulant dosages than are required for 
effective color removal. This is because color is primarily caused by parti
cles with diameters of 10-3 to 10-1 micrometres, while total solids are due 
primarily to colloidal clay (10-1 micrometres)' bacteria (1-10 micrometres) 
and chemical floe (102-103 micrometres).(137) Large particles generally 
settle at a faster rate.- -

I 
Rebhum (138) and others suggest that the most efficient method of pulp and 
paper mill effluent flocculation is a solids-contact type clarifier. Ives 
(139) suggested a theory for the operation of solids-contact clarifiers which 
considers their integrated roll as flocculators, fluidized beds, and phase 
separators. His theory suggests that the criterion for good performance is 
the dimensionless product of velocity gradient, time, and floe concentration. 
He suggests that model floe blanket studies can be meaningful for full-scale 
operation provided that the concentration of floe in the blanket and the 
blanket depth are the same in both model and prototype. 

Ives also suggests a number of design considerations for solids-contact clari
fiers. For floe particles to form a blanket in a circular tank, the upflow 
velocity of the water must be equal to the hindered settlement velocity of 
floe suspension. It is important that the floe removed from the blanket 
balance the rate of floe formation. The clarifier should be symmetrical; the 
inlet flow should be uniformly dispersed and the collection at the outlet 
should also be uniform. The clear water zone should have a minimum depth 
equal to half the spacing between collection troughs. 

Upon floe formation, settling is accomplished in a quiescent zone. The clar
ification process results in a sludge which must be collected, dewatered and 
disposed of. The quantity, settleability, and dewaterablity of the sludge 
depend largely on the coagulant employed. In some cases the coagulant can be 
recovered from the sludge and reused. 
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Case studies of full, pilot and laboratory-scale chemical clarification sys
tems are discussed in the following sections. 

Case Studies=Full Scale Systems. Recent eA'Perience with full-scale alum
assisted clarification of biologically treated kraft mill effluent suggests 
that with proper pH adjustment, final effluent qualities of lS mg/l each of 
BODS and TSS can be achieved. The desired alum dosage to attain these levels 
would be between 100 and lSO mg/l. A significantly lower alum dosage could 
provide insufficient floe formation, while a higher dosage would result in 
proportionately high levels of chemical solids and sludge quantities that must 
be removed and disposed of. 

Chemical clarification following activated sludge is currently being used at a 
groundwood chemi,-mechanical mill. According to data provided· by mill per
sonnel, alum is added at a dosage of about lSO mg/l to bring the pH to 6.1. 
This pH has been observed to achieve best results. Polyelectrolyte is also 
added at a rate of 0. 9 to 1. 0 mg/l to improve flocculation. Neutralization 
using NaOH is practiced prior to final discharge to bring the pH within ac
ceptable discharge limits. The chemical/biological sludge is recycled through 
the activated sludge system with no observed adverse effects on biological 
organisms. Average reported results for 12 months of sampling data (as sup
plied by mill personnel) show a raw wastewater to final effluent BODS reduc
tion of 426 mg/l to 12 mg/l and TSS reduction of 186 mg/l to 12 mg/l. 

The same groundwood chemi-mechanical mill was evaluated as part of a study 
conducted for the EPA.(140) Data obtained over 22 months shows average final 
effluent BODS and TSS concentrations of 13 and 11 mg/l, respectively. As part 
of this study, four full-scale chemically assisted precipitation systems in 
other industries were evaluated. Alum coagulation at a canned soup and juice 
plant reduced final effluent BODS concentrations from 20 mg/l to 11 mg/l and 
TSS levels from 65 mg/l to 22 mg/l. Twenty-five mg/l of alum plus 0.5 mg/l 
polyelectrolyte are added to the biologically treated wastewater to achieve 
these final effluent levels. A winery utilizing biological treatment followed 
by chemically assisted clarification was also evaluated. Final effluent of 
39.6 mg/l BODS and 15.2 mg/l TSS from a raw wastewater of 2,368 mg/l BODS and 
4,069 mg/l TSS was achieved. The influent wastewater concentrations to the 
clarifiers were not reported. The chemical dosage was 10 to 15 mg/l of 
polymer. (140) A detailed summary of the results of the study of full-scale 
systems is presented in Table VII-4.(140) 

Scott (141) reported on a cellulose mill located on the shore of Lake Baikal 
in the USSR. This mill produces 99,880 kkg (110,000 tons) of tire cord 
cellulose per year and 10,987 kkg (12,100 tons) of kraft pulp per year. Water 
use is about 287,660 m3/day (76 mgd). The pH is adjusted and nutrients are 
added prior to an activated sludge system with 8 hours hydraulic detention 
time. Return sludge is aerated for 2 hours in a separate basin. The mixed 
liquor volatile suspended solids (MLVSS) are settled for 3 hours. The settled 
effluent passes to a chemically assisted clarifier where 30 mg/l of aluminum 
oxide plus 1.0 mg/l of polyacrylamide flocculant, a nonionic polymer are added 
for color and TSS removal. The clarifier effluent flows to 22 gravity fil-
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Kajor 
Industrial Industrial 
Category Plant 6 l.ocation 

Pulp 
and 
Paper 

Synth~ttc 

Fiber 
Manufact
urer 

For "Site" System 

canned 
Food11 

Wine 
Making 

8-12 

8-1) 

8-10 

ts-ll 

Subcategory 
or Products 

Cround\olood 
Chemi-Hech. 

Dacron@ 
and ethlyene 
glycol 

canned eoup, 
juices 

Wlne 

Deacrlption of 
Biological Treatment 

Aerated Stabili&atloo 
&adn 

2 lb BODs/1000 cu.ft. /O 
Hydraulic detention 

time - 8 daya at 2.25 
llGO 

Nl trogen 6 pboaphoroua 
added 

Activated sludge 
(extended aeration) 
P/H - O.OS to 0.1 

lb. 8005 applied/lb HLSS 

HLSS - 2000-2SOO ma/l 

Hydraulic detention time 
30 hours at 2 HCD 

Nitrogen 6 phoaphoroua 
added 

2 stage trickling filter 
f 11 ter fol lowed by 
aerated lagoon with 5 
days detention with sub
surface static aeration 
18" dia1D11ter x 12 feet 
long. 

Activated sludge 
18.6 lb B00/1000 cu.ft. 
P/H • 0.07 
HLSS • 4069 
l>elention Tiaw • 8 daya 
0.116 HGD 
Phosphorous and nitrogen 
added 

TABLE :2II - 4 

SUMMARY OF CHEMICALLY ASSISTED CLARIFICATION 
TECHNOLOGY PERFORMANCE DATA ( 140) 

AVERAGE OF PERIOD - CLAllIFIEll 
Influent Effluent 

KAil.MUM DAY 
Clarifier Effluent 

OODS : TSS 

I 

BODS : TSS BODS : TSS 

I 

: I I 

Avera&• f Average : Average : Average 
of 12 lof 12 I of 12 I of 12 
months ilDOntha : months : months 
of daily I of daily I of daily I of daily 
data f data f data : data 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

H.D. l129S.7 : 140.7 : 172.8 
llb/day I lb/day : lb/day ---------t------- I _______ T ____ _ 

so4,4 I 1502.6 
lb/day I lb/day -----+-------

averaae 1averaae I averase I average 
of 10 : of 10 : of 10 : of 10 
month• 1month11 1 months I months 
of daily 1of daiiyl of daily I of daily 
~u :~u :~u l~u 
llS.S 1717.7 ' l'i8.2 \ 177.2 
lb/day : lb/day : lb/day : lb/day 

I I I 

473.J 
lb/day 

1400. 2 
lb/day 

I I I 
Data not provided~ Average f Average Data no provided. 

I 1 of 4 I of 4 I 
: I quarterly quarterli : 
I I averages I averages I 
I : vich I wtth I I I chemicah cheaicala I 
I I uJ.J lb/D 20J.8 lb/D I 

;:;:-~:~~:::~~:~J ;::::~:-:-;::::;: j ;;:;:-~:~~;:::~~~-

Annual 
average 
June 1 751 
to Hay I 
'76 : 
20 m&/l I 
No back I 
up data ~ 
provided 

Annual I 
averagel 
June 1 75 
to Hay I 
'76 I 
6S mg/11 
No back f 
up data1 
provideJ 

~ 

of 4 I of 4 I 
quarterly quarterl I 
averagea f averages I 
without I without I 
chemicals chemicals : 
151 lb/D 66S.J lb/D I 

I I 

: 
I 
I 

Hsures provided 
wlthout b•ck up 
data : 

I 
I 

11 mg/l I 22 mg/I 
.\nnual I Annual 
liverage \ aveTa8e 
.June 1 7s! June 1 75 
co Hay 
'76 

I 

to Hay 
'76 

I 
I 
I 
I 

Data not provided 
·I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

i 
I 

Average Avera8el Averase of period Data after poat: 
aeration and 
chlorination 

of perio of period from April 26, 
from I from 1976 co July 11, 

I 

HAJUlllJll JO 
CONSECUTIVE 
DAYS AVl!llAGI 

Clarifier Bfflueat 
BODS i TSS 

I 

I 
I 

Saeed 1 Baaed 
on 12 I oo 12· 
IDOD.tha 1 'llCIOthe 
of dailyl of dally 
data I data 

I 
201. J I 2SO. 5 
lb/day I lb/day -----,-----
Based I Baaed 
oolO lonlO 
IDOatba I montba 
of daUyl of daily 
data I data 
2J9. 1 I 257.9 
lb/day I lb/day 

I 

I 

Data not provided. 
I 
I 
I 
I 
I 
I 
I 
I 

------~-------
Data not provided. 

Data oo provided. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

: 
I 
I 
I 

I 
I 
I 
I 

: 
I 

Data not available 

I; 

April 2~, April 26, 1976 ; 
1976 to I 1976 to I 
July ll,: July ll. l9.6 mg/I 15.2 mg/I 
1976 I 1976 I Data after post 

I ( aeration •nd 
2368 ms/l 4069 mc.p chlorination 

70 mg/ll J6 mg/l 
for period April 26, 
1976 to July Jl, 
1976 I 

·I ·, : 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
o I I 

I 
I 
I 
I· 
I 
I 
I 
I 
I 
I 

Recent ie'*>vala 
Acroaa Clarifier 
BODS : TSS 

I 

I 
Baaed on annual 
average 

Baaed. on llM!an of 
JO consecutive day 
averaaea 
H.D. : 871 

I 
I 

;.-;;;-~j-~;;:;i--
average (10 month• 
291 : 161 
Baaed on aeao of 
30 consecutive day 
average• 
J5% : 761 

! 
Data not avail-

• able for 
calculation• 

I 
I 
I 
I 
I 
I 
I ------+.-------

Data not avail
able for 
calculattooe 

I 
I 

I 
I 
I 
I 

I 
I 
! 

No back up data 
provided for 
calculation 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

Average of perlocl 
from April 26, 
1976 to July 31, 
1976 

II 

H/A ~ 99.61 

r 
! 

Surface 
Overflow 
ilatea aad 
Oeteotioa 
Ti .. 

for annual 
ave. flow of 
1.6 llCO 
369 gal/day/ 
sq.ft. 
for au..day 
flow of 2 .8 
-641 gal/"y/ 
sq.ft. 

For annual 
average flow 
of 1.9 HGD -
4J2 gal/day 
/aq.ft. 
For iaax.day 
flow of 2 • .S 
HGO - 564 gal/ 
•" .. 

Cheaicala 
Added ond 
Doaaaa Rate 
Avaraae 

Alua -

SUtca -

Alum -
uo rq/l 
averaao 
Polymer 
o.s -alC 
avaraae 

For average Pol)'tlltr 
period flow- only 
!.2,;.:· 0;.<9.<.7...,.o;llCO=--iu tioo.ic 
220 gal/o/ 0-10 q/l 
aq.ft. l&veraae 
7 h""ra I rq/l 
deteotioo 

Por averaae 
period flow-
1.67 HGl) 

176 aa1/D/ 
ag.ft. 
1 boura 
detentlDO 

SS8 gal/day/ 
aq. ft. 
@ 4.J HGD 
• 3.5 hours 
detention 
time 

Campbell 
aoup hacl no 
record of 
when chemt
cala were 

::::: or no~ 

NPDES Permit 
Average 

Kad--. Day 
l!Olls : TSS 

I 

Avaraa• of Period 
Plant Influent 

Plow : OOOs : TSS 
I I 

I I II 
JO Doy : JO Doy HGO : 47S. 7 1 1.6 Ibo/ 
avera1a I aver•&• 1. 95 I 111/l I 1000 &•1. 
27S lb/ DI 400 lb/ D aovfor1a21• I •vorage I avaraae 

I I of 12 I of 12 
OB.DD I No. 74-69 110ntba I montha I months 
HPOBS NOJ CM>004821 of daily: of daily I of "Uy 
l July' 7.:im effective data I data I data 

I I I 
I I I 
I I I 

Average flow of 

~!.m:!; Itta •. oay 
s5o tb/o I goo lb/D 
JO og/l : 40 ma/l 

I 
I 
I 
I 

Daily I Daily 
averaao 1 averaaa 
ISO lb/ D l 1040 lb/ l 

I 
HPDBS NO. I NC000066] 
31 Dec. 73 to 
Jl Dec. 76 
Ave. flow 2. S HGD 

I 
Daily l0auy 
.u:t.ua laaxlaum 
100 lb/ 0 12000 lb/ 0 

I 
I 
I 
I 
I 
I 

Daily average -
4S og/l TSS 
Daily aaa:ialua -
90 og/l TSS 
Daily average -
JO og/l BOD5 
Daily mad11t111 -
JS -a/1 l!Olls 
NO. H221 *AD 

--------,---------r---------
1. 9. NGO I 11. 7 lba/ 

: : 1000 gal 
Average I M.D. I Averaae of 
of 10 I 110 90othe 
eontha : J of daily 
of dally l I data 
datd I I 

I I 
I I 

Data not provided. 
I I 
I I 
I I 
I I 
: I 
I : 

I I 
-----~-------r-------
Data not provided. 

1 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

4. J llCO 4 73 as/I I J64 mg/I 
average : average I average 
Number I Humber I NtUlber 
provided' provided~ pl'ovided, 
no back- 1 no back- I no back
up data I up data I up data 
provided: provided t provided 

u ... coo ""'I added at 
lasoon af
fluent weir @ 
2S ms/l I 
Polymer added 
at flow split
ting box be
fore clarifiera 
o. s mg/l 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

At average Polymer at 
flov 0.17 HGD 10-lS rq/l 
KCD Tea ting 
140 sol/D period for 

; 

' 

0.177 
llGD 

I 
I 
I 
I 
I 

I 
I 
I 
I 2168 oa11 215. s "''1 

Average of period April 26. U76 
to JulY ll. 1976 

ehift proper dosage 

Process Season -
Daily averase -
lO mg/l - OODs 
Daily madmua -
SO mg/I - BODS 
Daily average -
20 mg/l - TSS 
Dally uaiaua -
SO mg/I TSS 

Caution.not include the 
11.5 hours the pre aaon wbtch 1a the 

aoa•on o at loadtoa. 

I 

I I 
I I 
I I 
! I 



ters, each with 74.0 m2 (796 ft2) of area.(141) No data is given on the 
efficiency of the clarification process. Total plant removals are detailed in 
the discussions of filtration. 

Case Studies-Pilot and Laboratory Scale. As part of an EPA-sponsored study, 
biologically treated effluent from an alkaline kraft mill was evaluated with 
alum precipitation on a laboratory scale. (59) Existing full-scale treatment 
consisted of a primary clarifier, aerated stabilization basin and polishing 
pond. Twenty-four-hour composite samples of the polishing pond effluent were 
taken on three separate days. The samples were adjusted to pH 4.6 with alum 
and four drops of polymer per litre of sample were added. The results are 
summarized below: 

Total Resin and Fatty Acids 
Total Chlorinated Derivatives 
Chloroform 
BODS 

Polishing Pond Effluent 
Range (mg/l) 

2.82 
0.43 
0.025 

43. 

- 3.75 
- 0.45 
- 0.032 
- 51. 

Alum-Treated Effluent 
Range (mg/l) 

Undetected 
Undetected - 0.04 
0.018 - 0.022 
0. - 14. 

As part of a study of various solids reduction techniques, Great Southern 
Paper Co. supported a pilot study of chemical clarification. (142) Great 
Southern operates an integrated unbleached kraft mill. Treatment consists of 
primary clarification and aerated stabilization followed by a holding pond. 
The average suspended solids in the discharge from the holding pond were 65 
mg/l for the period January 1, 1973 to December 31, 1974. In tests on this 
wastewater 70 to 100 mg/l of alum at a pH of 4.5 provided optimum coagulation. 
Three alum dosages were tested. At the optimum dosages, the removals after 24 
hours of settling ranged from 83 to 86 percent. Influent TSS of the sample 
tested was 78 mg/l. Effluent TSS concentrations ranged from 11 to 13 mg/l. 

In a recent EPA-sponsored laboratory study, alum, ferric chloride and lime in 
combination with five polymers were evaluated in further treatment of biolog
ical effluent from four pulp and paper mills. ( 143) Of the three chemical 
coagulants, alum provided the most consistent flocculation at minimum dosages, 
while lime was the least effective of the three. The optimum alum dose was 
determined for four of the effluents and ranged between 40 and 180 mg/l at a 
constant dosage of 2 mg/l polymer. Column tests were run on three of the four 
effluents, with and without chemical addition. Initial TSS levels were 110 
mg/l, 5.5 mg/l and 70 mg/l, respectively. After 6 hours of settling, the 
samples to which alum was added showed a small net increase in TSS. This was 
attributed to more solids being introduced into suspension as a result of alum 
than were removed.(143) The untreated samples remained at about the same TSS 
level during the 6-hour test. These results are largely inconclusive and 
conflict with previous data presented. This may be due in part to inherent 
differences in laboratory~ full-scale and pilot-scale conditions. 
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Althof and Eckenfelder report on the use of ferric sulfate, lime and alum to 
effect effluent color reductions at two bleached kraft mills and one un-1 

bleached kraft paperboard mill. (144, 145) Their results, as shown in Table 
VII-5, provide both an optimum pH and optimum dosage for each case. 

All three coagulants were able to achieve a reduction in color of from 1,000 
to 300 platinum-cobalt (Pt-Co) units to 125 to 300 Pt-Co units. Note that the 
dosage required for color reduction is higher than that generally applied for 
BOD~ and TSS reduction only. 

Chemically assisted clarification will improve effluent quality as documented 
by numerous full, pilot and laboratory-scale studies conducted on pulp, paper, 
paperboard and other wastewaters. Therefore, chemically assisted clarifica
tion has been included as an alternative treatment option in Sections VIII and 
IX of this document. 

Filtration 

This process refers to granular bed (rather than membrane) filtration. The 
granular material may be sand, or sand with other materials such as coal, 
diatomaceous earth and/or garnet in combination with sand. The various media, 
grain sizes and bed depths may be varied for optimal results. It is common to 
vary grain sizes, with the larger sizes at the top of the filter bed to im
prove TSS removal and extend filter run time between backwashings. The addi
tion of a proper chemical flocculant prior to filtration can further improve -
performance. 

Filtration technology was evaluated as part of a recent study conducted for 
the EPA.(140) Results obtained during this study of nine pulp and paper and 
other industrial effluents utilizing filtration are shown in Tables VII-6 and 
VII-7. Also summarized in the tables are the results of pertinent published 
results from other filtration studies. Table VII-6 summarizes those systems 
not utilizing coagulants prior to filtration, while Table VII-7 addresses 
tho.se employing coagulants. 

As seen, those facilities not utilizing chemical coagulants achieved final 
effluent levels of TSS ranging from 5.9 to 35 mg/l with reductions of 45 to 70 
percent across the filter. Those using coagulants prior to filtration 
achieved final effluent TSS levels ranging from 5 to 27.5 mg/l with removals 
of 52 to 85 percent. At the paperboard mill employing 1>ingle medium sand 
filtration without chemical addition, an effluent TSS level of 7 mg/l was 
attained subsequent to filtration. 

An EPA-sponsored laboratory study evaluated the efficiency of sand filtration 
on four pulp and paper mill effluents.(143) A flow rate of 5 gpm/ft~ was used 
and the results are shown in Table VII-8. 

As seen, in one of the two cases where coagulation was not employed prior to 
filtering, substantially better results were obtained than when coagulants 
were added. It was explained by the authors that natural coagulation which 
may have occurred during shipment of samples could have affected the results. 
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TABLE VII-5 

COLOR REDUCTIONS ACHIEVED USING 
FERRIC SULFATE, ALUM, AND LIME (144, 145) 

Ferric Sulfate Alum Lime 
Optimum Percent Final Optimum Percent Final Optimum Percent Final 
Dosage Color Color Value Optimum Dosage Color Color Value Optimum Dosage Color Color Value Optimum 

Mi 11 Ty.£!:_ (mg/l) Reduction (Pt-Co.Units*) EH (mg/l) Reduction (Pt-Co.Units*) EH (mg/l) Reduction (Pt-Co.Units*) EH 

Bleached 500 92 250 3.5-4.5 400 92 200 4-5 1,500 92 300 12.-12.5 
Kraft 

Bleached 275 91 125 3.5-4.5 250 93 100 4-5 1,000 85 200 12.-12.5 
Kraft 

llnb lea died 250 95 150 4.5-5.5 250 91 100 5-6 1,000 85 150 12.-12.5 
Krafl 
Paperboard 

*Platinum-Cobalt Units 
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"""""" of n ... So·-·- nf u--""ewater 

A-I OU refinery 

A-2 011 refinery 

A-3 01 l refin~ry 

A-7 Paperboard products 

A-4 Hanmade fiber pro-
ceasing 

l.ite:ratun~ kraft neutral -
Greater South- sulfite aemichem-
thern Paper Co. ical pulp & paper 
Cedar Sp rinse, 
GA, Pilot study 

LJ terature food processing 
Clinton Corn 
Processing Co. 
Clinton. IA 

Lltel"ature grape processing 
Welch Foods 
~rocltton. NY 

l.ite;ratuE"e pulp mill 
New Brunswick. 
Research & Pro-
ductivity Council 
Pilot Plant 

Based on one grab aample. 

J> • No Data 

TABLE 1Zll- 6 

TSS REDUCTION CAPABILITIES AND RELATED FACTORS 
FOR THE FILTRATION TECHNOLOGY 

WHEN NO CHEMICALS ARE USED (140) 

Filter Influent TSS Filter Influent Filter Media: Ho. of 

Biological Treatment Process concentration 6 TSS Size - Media, Depth, U.S. 1 E.S., 
Deecrintfon Source of Data Percent < 111crona* Hvdraultc Loadina 1'vne of Flltratioo 

Activated sludge: F/H - 0.3 10.8 mg/l average <l.25 - 19.0 at 4.37 llGD & 3 2 media: coal, sand -
HI.SS - 1200 mg/ l of daily data for <2. 5 - 57.0 filters - coal - 18", 0.6 to 0.8 aa 
Capacity of 2 basins - ND June 1976 <5.0 - 89.8 3.2 gpm/aq ft sand - 9'' 0.4 to 0.5 mar. 
Detention time - ND in depth filtration 
Average flow - 4. 37 HGD 
DO min - 1.0 mg/l 

Activated sludge: 10 lb 80D/ ND <l.25 - 28.5 at 1.15 HGD & 3 2 media: coal, sand -
1000 cu ft, F/H - ND <2.S - 76.3 filters - coal - 24"; UC - HD 
HI.SS - ND, DO min - <S.O - 89.2 2.4 gpm/aq ft ES - ND. sand - 12" 
Detention time - 24 h-rs @ UC - ND, ES - ND 
l. lS MGD. Hechanical Aeration in depth filtration 
Average flow - 1.15 HCD 

Activated sludge: complete ND <l.25 - 53.0 at 19.ll HGD 6 9 2 media: coal, sand -
mix, F/H - .02 lb 80D/lb <2.5 - 88. 3 filters - coal - 24"; UC - HD 
HI.USS, HI.SS - 3,500 mg/l <S.O - 97 .5 3.5 gpm/aq ft ES - HD. sand - 12" 
DO min - UC - ND, ES - ND 
Detention time - 12 hrs @ in depth filtration 
23 MGD • Hechanlcal Aeration 
Average flow - 19.11 MGO 

Activated aludge - coaaplete ND <l.25 - 69.3 at 2.0 HGD & 3 l media: sand 
mix, 20. S lb BOD/1000 cu ft <2.5 - 91.6 filtera - sand - 6'011

; ES -

F/H - • 5, HI.SS - 3, 500 mg/l <5.0 - 95.8 3. 7 gpm/eq ft 2-3 mm, Sp.Gt. - 2. 7 
DO min -
Detention time - 12 hra @ 

2 MGD 
Aveu1ge flow - 2.0 HGO 

' 
Activated sludge - 18 lb 80D/ 49.5 mg/l average ND at 2. 63 llGD & 3 4 medias: 2 coal, aand, 
1000 cu ft. F/H - of 2 monthly averages filters - garnet -
HI.SS - Does not include old 2.15 gpm/aq ft Coal - 12" Sp.Cr.-1.4~ 
DO min - aeration system flow UC & ES - ND 
Detention time - 48 hrs @ Coal - 1211 Sp.Cr.-1.S 
0. 5 HGD UC&ES-ND 
Ave-rase flow - 2.8 HGD Sand - 9 11

, UC 6.t!:S - ND 
Carnet - J" • UC & ES -
ND 

Aerated stablliz.ation baaln: average for 3 ND 2 g~m/aq ft ND 
rune -
68 mg/l 

Activated sludse complete mix ND 
F/H -
HI.SS -
DO min -
Detention time -
Average flow -

Activated sludge season average - HD 
28 mg/l 

Aerated lagoon - lb 80D/1000 40 mg/l grab aamplea <So - 60% 2.4 to 3.6 gpm/aq 3 media - 1" of coarse 
cu ft - DO min - between S & lOJJ ft coal, 3" medium sand -
Detention time - 12. S days 30% ES - . 56, UC - 1.32 
Total aeration only 8 days 5" of coarse sand -
Average flow - ES - 1.42, UC - 1.34 
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Percent Removal 
Aero•• Filter, Avg. 

TSS Filter Effluent for Period of Data 

5.9 ms/I, average TSS - 45% 
of daily data June 
1976 

ND HD 

11 mg/1, average HD 
of 12 monthly 
averages 

1.0 mall. average ND 
of ~ llODthly aver-
agea Feb 76-June 76 

16. 2 mg/l, average 67%, includes poet 
of 2 monthly aver- aeration 
age a 

average for 3 SO'l 
runs -
35 mg/l Reported by 

Researchers 

77%, Nov. 25, 1974 
to Feb. 16, 1975 

8.4 mg/l season 701, aeaaon aver-
average age 

21 mg/l SO% 



Sourco of Dato Type of Wutttewatcr 

A-9 Coqu.H Yarn Dyeing 

·-· Mun-modt! f !bur 
pro"csa tnu 

A-S Recouatitutcd 
tobacco 

•-8 Poper towels 
and napk Ins 

·-· t'et fouJ 
munufocturur 

Llleruturo - 1'1re cord cellulose 
Cellu lotie mll l OU 11nd kraft paper pulp 
Luku Ua1kol US::Ht 

full scale 
intit11l lal1on 

l.!Le1'"Lure- 011 reflnJnK 

Amoco Ull 
Yorktuwn •VA. 

l'l'ES: "'UuucJ 011 llllt! ti,1·11b tmmplu. 
NU ... No 11111 u 

TSS REDUCTION CAPABILITIES AND RELATED FACTORS 
FOR THE FILTRATION TECHNOLOGY 

WHEN CHEMICALS ARE USED ( 140) 

Filter Influent TSS Filler Influent Hydraulic Loadtna Filter Media I of Medias, 
Bloluglcal Treatment Proceea Concentration and TSS St ze - Percent Cal. Per Hin. ... Depth u.c .• B.S. I TSS lo Filter 

Description Source of Data (Microns ,,. Square Foot Type of FUtution Effluent 

Activated sludie - extended air N.D. l.25u - 46.4 at 0.44 HGD and l Media -coal 1a811d,1aruet 20.2 •1/l 
16 lb BOD5/lOOO cu. ft. 2.5u - 78.5 2 filters Coal - 18" Averaae of 11 
FH - 5.0u __ 93. 5 1. 9 gpm/aq. ft. UC - N.D. aootbly averace• 
HI.SS - 1500-4000 ma/ l l!S - N.D. 
DO Hin - Sand - 10" 
Detention time - 48 hrs. UC - N.D. 
@ 0.5 HGD ES - H.D. 
Average flow - 0.44 HCD Carnet - 9" 

UC - N.D. 
ES - N.D. 

Activated eludge - 53. 2 mg/l l.2Su - 29.7 at 2.8l HGD and 4 Media - 2 coal 0sand.sarnet 1.1 •a/1 
18 lb 8005/1000 cu. ft. Average of 10 monthly 2.Su - 83.9 3 filtere Coal - 12 11 Average of 10 
F/H - avaraaea - from grab 5.0u - 91.1 2.15 gpm/sq.ft. Sp Gr - 1.45 monthly av•iragea 
HI.SS - sample a UC & l!S - M.D. following: poet-
no Hin. - Does not include old Coal - 12" aeration ' 
Detention time - 26 hrs @ anotton system flow Sp.Cr. - 1.S actlvated c:arbon 
2.83 HGD UC & l!S - N.O. 
Average flow - 2. 83 HGD Sand - 9 11 

UC & ES - N.D. 
Garnet - l" 
UC & l!S - N.D. 

Al'tlvatcd sludge - N.D. 1.25 u - 21.2 at 1.0 KCD and 2 Kedia - coal ,sand M.D. 
IS. I lb BODs/1000 cu.ft. 2.5u - S2.9 3 filters Coal - 24" 
F/H - . 07 5.0u - 78.2 46 gpm/aq.ft. ES - 1.2 ""' 
HLSS - 3500 mg/ l OC - N.D. 
00 Htn - Sand - 19" 
Detention time - 120 hro ES - O.S 11111 
@ 1.0 HGD UC - M.D. 
AVl!rQ.if,O flow - l. 0 HCD 

2 Hediaa-coal ,sand N.D. 
Aerated aubtltution 143 mg/l 1. 25u - 49.8 4 gp•/aq.ft. Coal - 18" 
baa in Averase of 6 monthly 2.Su - 84.2 ES-1.San 

averagt!s of one grab Sand - 12" 
sample 5.0u - 90.4 ES - O. 7 mm 

A~ttvatcd sluJgc - complete mix N.D. l.25u - 30 @ .J HGD and 2 Hedi a- coal• sand •. s mall 
N.D. 2.5u - SS l filters Coal - l6" average f1>r 

~'/H - N.IJ. 5.0u - 85 2 gpm/sq. ft. Sand - 24" April 197•; 
HJ.SS - 3500 mg/l 
00 Hin -
OelentJon timu - IJO hrs 
@: O,J HGD 
Heclumical scrution 
Avcrasc flow - O.J HGD 

ActivutcJ sludge - N.O. N.D. 2.7 spm/sq.ft 
HI.SS - 2500 mg/l l Kedia - sand 5 mg/1 
00 Hin - l!S-1.2-2.0 ... followins 6 hr. 
UcnmtJon time - 8 hrs 9.6 ft deep settling lagoon 
@ 76 HGO 6. 6 hr aerated 
Average flaw - lagoon 

. 
Aerated S7.6 mg/l J.6 gpm/sq. ft. lagoon - N.D. l Hedia-coal 0 sand,garnet 27.5 mall 
FfM - Coal - 22" Average of S 
HLSS - Sand - ll 11 period averages 
uo. Hin. - lllmenlte - 7" June 1971 to 
DettmtJon time - December 1972 
Average flow -

VlI-19 

Percent Reawal 
Acroea Filter Ave. 
fol' Period of Data Cheaicala Added 

N.D. Alua - 80-120 .. /1 
poly-.or - l.S q/l 
Added juat ahead of 
aecoQdary clarifier 

8Sl Alua - 10 qfl 
Polymer -- 0.1 q/l 
Activated CarbOA - lS ag/l 
added tn-Uoo just ahead 
filten 

' 

H.D. Polymer added at overflow 
wetr of aeration baatn 
Doaa1e - N.D • 

H.D. N.D. 

N.O. Cationic polymer added 
to flow just ahead of 
clarUler 

Dos.age - N.O. 

N.D. Alum - lO mg/ l 
Polymer - 1.0 mg/I 
nonionic 
ahead of chemical 
clertf ter 

S2l Alum - juat. ahead. 
fUten 



Filtration is an available technology for application in treating pulp, paper 
and paperboard wastewaters. If properly designed and operated, filtration can( 
yield significant solids removals. 

TABLE VII-8 

SAND FILTRATION RESULTS(l43) 

TSS Removal (%) 
Mill No. Initial TSS (mg/l) w/chem w/o chem 

1 110 64 14 
2 s.s 36 
3 70 71 68 
5 60 23 

Activated Carbon Adsorption 

Currently, there are two basic approaches for the use of activated carbon: 1) 
use in a tertiary 'sequence following conventional primary and biological pro
cesses; and 2) use in a "physical-chemical" treatment in which raw wastewater 
is treated in a primary clarifier with chemical coagulants prior to carbon 
adsorption. 

The tertiary approach attempts to reduce organics to the carbon system to 
provide longer carbon life. The physical-chemical treatment process removes 
biodegradable and other impurities using activated carbon. Activated carbon 
can achieve high removals of dissolved and colloidal pollutants in water and 
wastewater. When applied to a well treated secondary effluent, it is capable 
of reducing BOD~ to less than 2 mg/1.(147) 

The primary means by which removal occurs is by surface adsorption. The key 
to the carbon adsorption process is the extremely large surface area of the 
carbon, typically 500 to 1 ,400 square metres per gram (m2/ g), (17, 335 to 
48,538 ft~/lb).(146) -

Activated carbon will not remove certain low molecular weight organic sub
stances, particularly methanol, a common constituent of pulping ef
fluents. (148) Additionally, carbon columns do a relatively poor job of re
moving turbidity and associated organic matter. (149) Some highly polar or
ganic molecules such as carbohydrates also will not be removed through carbon 
columns. (149, 150) However, most of these materials are biodegradable and 
therefore should not be present in appreciable quantities in a well bio
oxidized secondary effluent. 

Activated carbon may be employed in several forms including: 1) granular; 2) 
powdered; and 3) fine. The ultimate adsorption capacities for each may be 
similar. (151) The optimal carbon form for a given application should be 
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determined by laboratory and/or pilot testing. Each of the three forms of 
carbon listed above is discussed in the following sections. 

Granular Activated Carbon. Granular activated carbon has been used for many 
years by municipalities and industry to purify potable and process water. In 
recent years it has also been used for removal of organics in industrial and 
municipal wastewater treatment plants.(152) 

The granular activated carbon (GAC) process usually consists of one or more 
trains of carbon columns, consisting of one or more columns per train. The 
fiow scheme may be down through the column, up through the packed carbon bed 
or up thri:>ugh the expanded carbon bed. 

The optimum column configuration, flow scheme and carbon requirements can best 
be determined through field testing. Design aspects for various systems are 
readily available in the literature.(146) 

It is economically advantageous in most granular activated carbon applications 
to regenerate the exhausted carbon. Controlled heating in a multiple-hearth 
furnace is currently the best procedure for removing adsorbed organics from 
activated carbon .. 

Typically, the regeneration sequence is as follows: 

1. Pump exhausted carbon in a water slurry to regeneration system for de
watering. 

2. After dewatering, feed carbon to a furnace at 816 to 927°C (1,500 to 
1, 700°F) where the adsorbed organics and other impurities are oxidized 
and volatized. 

3. Quench regenerated carbon in water. 

4. Wash carbon to remove fines; hydraulically transport regenerated carbon 
to storage. 

5. Scrub furnace off-gases and return scrubber water to plant for treatment. 

The West Wastewater Treatment plant at Fitchburg, Massachusetts treats com
bined papermill and sanitary wastes at a 15-mgd chemical coagulation/carbon 
adsorption facility. (154) Approximately 90 percent of the flow originates 
from three papermills, with the remaining 10 percent originating from muni
cipal sanitary wastewater. The industrial wastewater undergoes 5 minutes of 
rapid mixing and 30 minutes of flocculation prior to mixing with the chlori
nated sanitary wastewater. The combined waste is then settled after lime and 
alum addition. This pretreatment has resulted in a 96 percent suspended 
solids reduction and a 39 percent BOD 5 reduction. The wastewater is then 
pumped through granular activated carbon filters that yield a 99 percent 
suspended solids reduction and 97 percent BOD 5 reduction over the raw ef
fluent. Final effluent concentrations are reported as 5.0 mg/l BODS and 7.0 
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mg/l TSS. No data has been reported concerning toxicity or toxic pollutant 
removal/ reduction from the plant. 

Pilot testing by Beak Consultants, Ltd. (1S4 ), with laboratory analysis con
firmed by B.C. Research, indicate that approximately 80 percent of each of the 
following resin and fatty acids were removed from raw bleached kraft effluent 
by application of granular carbon adsorption: pimaric, isopimaric, abietic, 
dehydroabietic, oleic, linoleic and linolenic. Initial total resin acid 
content was 10.6 to 12.6 mg/l and was reduced to a total fatty acid content of 
2.2 to 3.9 mg/l after treatment. A contact time of 7.S minutes with a carbon 
exhaustion rate of S to 6 pounds per 1,000 gallons was employed in the study. 
Detoxification of the raw wood room wastewater was successful. However, the 
authors report that the carbon system, did not detoxify whole mill effluent 
during a simulated black liquor spill, even with a contact time of 30 minutes. 

It is noteworthy that the carbon exhaustion rate for BODS removal was 20 times 
shorter than that for toxicity removal. These results- imply that 1) carbon 
life may be significantly increased if competing organics are removed prior to 
carbon adsorption; and 2) the carbon adsorption capacity for resin and fatty 
acids is greater than that for other biodegradable organics. 

Several researchers have considered the reuse of wastewaters following carbon 
adsorption treatment. Kimura (lSS) showed that the use of activated carbon 
following biological treatment and sand filtration was capable of completely 
detoxifying kraft board mill wastewater. In this application, the final ef
fluent was recycled as process water. 

According to Smith and Berger (1S6), pulp and papermill wastewater suitable 
for reuse can be obtained using granular carbon without a biological oxidation 
step, particularly if the raw waste exhibits a BODS of 200 to 300 mg/l. Color 
due to refractory organic compounds contained in pulping effluents can also be 
reduced by such treatment. Table VII-9 presents the pilot plant results 
obtained by the authors. 

Condensate streams account for only 2 to 10 percent of the flow, but contrib
ute significantly higher or proportions of toxicity and BODS when discharged. 
Tests by Hasen and Burgess (157) showed that 70 to 7S percent of the BODS, COD 
and TOC in kraft evaporator condensate could be removed using 3.8 lb of carbon 
per 1,000 gallons of wastewater. Treatment with granular activated carbon was 
also able to reduce the effluent toxicity effects on bay mussels by a factor 
of up to 17. The toxicity removal efficiency was found to be much more depen
dent on contact time than were BODS and COD removals. For example, a contact 
time of 30 minutes and carbon dosage of 40,000 mg/l (0.334 lb/gal.) resulted 
in an 80 percent COD reduction to 186 mg/l and 85 percent larval survival in a 
10 percent condensate solution. However, an extended contact time of 19 hours 
under otherwise similar conditions resulted in an increase to only 82 percent 
COD reduction or 163 mg/l, while larval survival in 10 percent solution in
creased to essentially 100 percent. 

Weber and Morris (158) found that the adsorption capacity of granular acti
vated carbon increased with a decrease in pH. The effect on the rate of 
adsorption with changes in temperature is not well defined. 
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TABLE VII-9 

RESULTS OF GRANULAR ACTIVATED CARBON COLUMN 
PILOT PLANT TREATING UNBLEACHED KRAFT MILL WASTE(156) 

Colurnns(a) 
Preceded by Lime 

Precipitation and 
Biological Oxidation 

Influent Effluent Removal 

BODS, {mg/1) 48 
COD~ (mg/l) 
SS, (mg/1) 
Turbidity, (JTU) 
Color, (Pt-Co Units)-
Odor 365 
pH 
TSS {mg/l) 

23 

13 

(a)Columns loaded at 3.6 - 4.0 gpm/ft~ 

52% 

96% 

Colurnns{a) 
Preceded by Lime 

Precipitation 
Influent Effluent Removal Influent 

102 32 

185 23 

69% 

88% 

82 
320 
115 

35 
28 

11. 9 
1,285 

Effluent Removal 

12 85% 
209 35% 

74 36% 
35 0% 

0 100% 

10.5 12% 
1,205 6% 



Powdered Activated Carbon . A recent variation of activated carbon technology. -
consists of the addition of powdered activated carbon to biological treatment 
systems. The adsorbant quality of carbon, which has been known for many 
years, aids in the removal of organic materials in the biological treatment 
unit.(1S9) This treatment technique also enhances color removal, clarifica
tion, system stability, BODS and COD removal.(160, 161) Results of pilot 
testing (162, 163) indicate that this type of treatment, when used as a part 
of the activated sludge process, is a viable alternative to granular carbon 
systems. Pilot tests (163) have also shown that powdered activated carbon can 
be used successfully with rotating biological contactors. 

One chemical manufacturing complex has installed a full-scale, 40-mgd powdered 
activated carbon system that started up during the spring of 1977.(16S) This 
system includes carbon regeneration. The waste sludge, which contains pow
dered carbon, is removed from the activated sludge system and is thickened in 
a gravity thickener. The sludge is then dewatered in a filter press prior to 
being fed to the regeneration furnace. The regenerated carbon is washed in an 
acid solution to remove metals as well as other inorganic materials. Fresh 
carbon is added as make-up to replace the carbon lost in the overflow from the 
activated sludge process .or in the regeneration system. 

The process was originally developed because biological treatment alone could 
not adequately remove the poorly biodegradable organics in the effluent. 
Average values for six months of data on a laboratory scale powdered activated 
carbon unit using a carbon dosage of 160 mg/land 6.1-hr hydraulic retention, 
yielded results shown in Table VII-10.(166) 

TABLE VII-10 

POWDERED ACTIVATED CARBON 
OPERATING DATA ON A CHEMICAL PLANT WASTEWATER(166) 

Parameter 

Soluble BODS (mg/l) 
Color (APHA-Units) 

Raw Effluent 

300 
1,690 

Final Effluent 

23 
310 

% Removal 

92.3 
81.6 

The powdered activated carbon is thermally regenerated and acid-washed prior 
to reuse.(166) 

It is noteworthy that the estimated capital costs of using powdered activated 
carbon vs conventional activated sludge systems for the plant are within 10 
percent of each other. Operating cost of the powdered activated carbon system 
was estimated at about 25 percent above that for conventional activated sludge 
alone.(166) 
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The powdered activated carbon system described above is a very comprehensive 
treatment system that includes operations which may not be required at all 
installations. The need for a filter press system or acid cleaning system as 
well as a carbon regeneration furnace should be determined on a case-by-case 
basis. 

In a follow-up study on the full-scale powdered activated carbon activated 
sludge plant the average results of three months of data are reported in Table 
VII-11. The carbon dosage was 182 mg/l, while the hydraulic retention was 
14. 6 hours. (16 7) 

Parameter 

Soluble BODS (mg/l) 
Color (APHA-Units) 

TABLE VII -11 

FULL SCALE "PACT"·PROCESS RESULTS 
ON CHEMICAL PLANT WASTEWATER(167) 

Raw Effluent 

504 
1,416 

Final Effluent 

15.2 
311 

Percent Reduction 

95 
78 

Comparison of the laboratory and full-scale results in Tables VII-10 and 
VII-11 reflect an increase in BOD 5 and color removal with the full-scale 
system. 

Fine Activated Carbon. The fine activated carbon system studied by Timpe and 
Lang is the subject of a patent application.(151) It is a multi-stage, coun
tercurrent, agitated system with a continuous transfer of both carbon and 
liquid. One of the major aspects of the fine activated carbon system is the 
use of an intermediate size carbon in an attempt to combine the advantages of 
both powdered and granular carbon while minimizing their limitations. Equip
ment size and carbon inventory are decreased due to the increased adsorption 
rate of the intermediate carbon. Timpe and Lang reported that the fine acti
vated carbon system showed distinct advantages over the granular activated 
carbon system. 

Timpe and Lange (151) ran extensive pilot plant tests for treating unbleached 
kraft mill wastewater with granular and fine activated carbon. Their 30-gpm 
pilot plant utilized four different treatment processes, as follows: 

1. clarification followed by downflow granular carbon activated columns; 

2. lime treatment and clarification followed by granular activated carbon 
columns; 
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3. biological oxidation and clarification followed by granular activated 
carbon colulll:lls; and 

4. lime treatment and clarification followed by fine activated carbon ef
fluent treatment (subject of a patent application.) 

All treatment processes were operated in an attempt to obtain a treated ef
fluent with less than 100 APHA color units and less than 100 mg/l TOC. This 
would allow for reuse of the wastewater in the process. The lime-carbon 
treatment achieved the desired effluent criteria and was considered the most 
economical of three processes utilizing carbon columns. A relatively small 
lime dosage of 320 to 600 mg/l CaO without carbonation prior to carbon treat
ment was reported to be the optimum operating condition for the lime-carbon 
process. It was de.termined that the effluent should contain about 80 mg/l Ca 
for successful optimization of treatment. The required fresh carbon dosage 
was 2.5 lb of carbon per 1,000 gallons treated. 

Timpe and Lang (151) reported lower rates of adsorption, resulting in larger 
projected capital and operating costs, for the biological-carbon and primary 
carbon processes for treating unbleached kraft mill effluent. The lower rates 
of adsorption were believed to be caused by coagulation of colloidal color 
bodies on the carbon surface. They also determined that the use of sand 
filters prior to the activated carbon was not necessary. The carbon colunms 
operated with a suspended solids concentration of 200 mg/l without problems 
when backwashed every day or two. Filtration or coagulation of the effluent 
from the fine activated carbon process was necessary in order to remove the 
color bodies that formed on the outer surfaces of the activated carbon gra
nules. 

It was found that nonadsorptive mechanisms accounted for a significant amount 
of color and TOC removal in the clarification-carbon process. It was felt 
that the rem.ovals were not due to any biological degradation which might have 
occurred with the carbon columns. The color colloids were subsequently re
moved as large settleable solids during the backwashing process. (151) Table 
VII-12 tabulates the pilot plant results obtained from Timpe and Lang's in
vestigation. 

Existing Activated Carbon Installations. It is estimated that there are 100 
full-scale activated carbon systems currently treating industrial and/or 
municipal wastewater treatment. (168) A summary of selected municipal and 
industrial carbon treatment systems is presented in Tables VII-13, VII-14 and 
VI I-15. 

Foam Separation 

This process involves physical removal of surface active substances. This is 
accomplished by the injection of fine air bubbles into a basin containing the 
effluent. Surface-active substances in the effluents (i.e., resin acids) are 
attracted to the large surface area of the air bubbles. The air bubbles cause 
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Description of 
Carbon Process 

Hydraulic 
Load (gpm/ft~) 

Carbon 

Contact Time, Min. 

BOD (mg/l) 

TOC (mg/l) 

Turbidity (JTU) 

Color, Units 

Fresh Carbon 
Dosage 

pH 

(lb carbon/ 
1000 gal.) 

(a)Filtered 

Columns 
Preceded By 
Biological 
Oxidation & 

Clarification 
Inf. Eff. Removal 

2.13 

Granular 

140 

148 57 61% 

740 212. 71% 

8 

TABLE VIl-12 

RESULTS OF ACTIVATED CARBON PILOT PI.ANTS 
TREATING UNBLEACHED KRAFT MILL EFFLUENT(168) 

Columns 
Preceded By 

Primary 
Clarification 

Inf. Eff. Removal 

1.42 

Granular 

220 83 62% 

Columns 
Preceded By 

Primary 
Clarification 

Inf. Eff. Removal 

0. 71 

Granular 

310 121 61% 

925 185 80% 1160 202 83% 

20.5 28 

UTT-?7 

Columns 
Preceded By 

Lime Treatment 
& Clarification 

Inf. Eff. Removal 

1.42 

Granular 

108 

26% Removal 

177 100 44% 

5-15 

252 76 70% 

2.5 

11.3 

FACET sxstem 
Inf. Eff. Removal 

N.A. 

Intermediate 

158 101 36% 

157 

3.9 



TABLE VII-13 

INDUSTRIAL WASTEWATER TREATMENT ACTIVATED CARBON INSTALLATIONS (169) 

Design Contact 
Installation Flow Rate Organic Time Adsorber Carbon 

Indust!)'. Location Date pooo g2d) Contaminants Pretreatment (min) Tz:2e Regeneration 

l. Carpet Mill, British 6/73 50 Dyes Screens Moving bed None 
Columbia 

2. Textile Mill, Virginia 7/70 60 Dyes Filtration 57 Moving bed None 
3. Oil Refinery, Califomial!!l 3/71 4200 COD Equalization, 60 Gravity beds Multiple hearth 

oil flotatton in parallel furnace 
4. Oil Refinery, Pennsylvania ill 3/73 2200 BOD Equalization, Moving bed Multiple he:uth 

oil flotation, furnace 
filtration 

5. Detergent, New Jersey 6/72 15 Xylene None 540 Downflow beds Multiple hearth 
alcohols, TOC in series furnace 

6. Chemicals, Alabama 11/72 500 Phenolics, Chemical 173 Moving beds Multiple hearth 
resin, inter- clarification furnace 
mediates 

7. Resins, New York 3/73 22 Xylene, phe- Chemical 30 Downflow beds Rotary kiln 
nolics, re- clarification in series 
sorcinol 

8. Herbicide, Oregon 11/69 150 ehlorophenols,None 105 Upflow beds Multiple hearth 
cresol in series furnace 

9. Chemicals, New York 3/69 15 Phenol, COD Equalization 200 Down flow beds None 
in series 

10. Chemicals, Texas 11/71 1500 Nitrated Activated 40 Moving beds Rotary kiln 
aromatics sludge filtration 

11. Chemicals, New Jersey 100 Pol yo ls Equalization, Moving bed Multiple hearth 
clarification furnace 

12. Explosives, Switzerland 3/72 5 Nitrated Equalization 150 Downflow beds None 
phenols in series 

13. Pharmaceuticals, Switzerland 10/72 25 Phenol Equalization, 90 Downflow beds None 
pH adjusted in series 
settling 

14. Insecticide, England 1962 ehlorophenol Equalization, Downflow beds Rotary kiln 
clarification in series 

15. Wood Chemicals, Mississippi 8/73 3000 roe pH adjustment. 50 Moving beds Multiple hearth 
flotat.lon fil- furnace 
tration 

16. Dyestuffs, Pennsylvania 8/73 1500 Color, TOe Equalization, 50 Moving beds Multiple hearth 
clarification, furnace 
filtration 

M Used only during periods of high rainfall. 
ill No longer in operation. 
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TABLE VII-14 

MUNICIPAL CARBON ADSORPTION SYSTEMS FOLLOWING BIOLOGICAL TREATMENT (16 9) 

Average Total 
Plant No. Of Contact Hydraulic Carbon Effluent 

Capacity Con tac tor Con tac tors Time(a) Loading Depth Carbon Requi.rements 
Site (mgd) Tn~e In Series (Min-) - (g(!m/ft2) (ft) Si.ze (Ox)'.'.gen Demand) 

1. Arlington, Virginia 30 Down flow 1 38 2.9 15 8 x 30 BOD 3 mg/l 
Gravity 

2. Colorado Springs, Colo 3 Down flow 2 30 5 20 8 x 30 BOD 2 mg/l 
Present 

3. Dallas, Texas 100 Up flow 10 8 10 8 x 30 BOD 10 mg/l 
Packed BOD 5 mg/l 

(by 1980) 

4. Fairfax County, VA 36 Down flow 36 3 15 8 x 30 BOD 3 mg/l 
Gravity 

5. Los Angeles, Calif. 5fil Down flow 2 50 4 26 8 x 30 COD 12 mg/1 
Gravity 

6. Montgomery County,MD 60 Up flow 30 6.5 26 8 x 30 BOD 1 mg/1 
Packed COD 10 mg/l 

7. Occoquan, V'a. 18 Up flow 30 5.8 24 8 x 30 BOD 1 mg/l 
Packed COD 10 mg/1 

8. Orange Cty, Calif. 15 Up flow 30 5.8 24 8 x 30 COD 30 mg/l 
Packed 

9. Piscataway, Md 5 Down flow 2 37 6.5 32 8 x 30 BOD 5 mg/l 
Pressure 

10. St. Charles, MD 5.5 Down flow 30 3.7 15 8 x 30 
Gravity 

11. South Lake Tahoe, CA 7.5 Up flow 17 6.2 14 8 x 30 BOO 5 mg/l 
Packed COD 30 mg/l 

12. Windhoek, South 1. 3 Down flow 2 30 3.8 15 2 x 40 COD 10 mg/l 
Africa Pressure 

J.!!2.Empty bed (superficial) contact time for average plant flow. 
fil50 mgd ultimate capacity 
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TABLE VII-15 

MUNICIPAL PHYSICAL-CHEMICAL CARBON ADSORPTION TREATMENT FACI.LITIF.5(169) 

Average Total 
Plant No. Of Contact Hydraulic Carbon Effluent 

Cap11city Cont11ctor Con tac tors Time(a) Loading Depth r.arbon Requirements 
Site (mgd) T>'.12e In Series (Min-) - (g12m/ft2) (ft) Size (Oxigen Demand) 

1. Cortland, NY 10 Oownflow or 2 30 4.3 17 8 x 30 TOD 35 mg/l 
Pressure 

2. Cleveland Westerly, 50 Down flow 35 3.7 1 7 8 x 30 BOD 15 mg/I 
Ohio Pressure 

3. Fitchburg, Mass 15 Down flow JS J.3 15. 5 8 x JO BOD 10 mg/l 
Pressure 

4. Garland, Texas JOfil Up flow 2 JO 2.5 10 8 x 30 BOD 10 mg/l 
Down flow 

s. LeRoy, NY Down flow 2 27 7.3 26.8 12 x 40 BOD 10 mg/l 
Pressure 

6. Niagara Falls, NY 48 Down flow 20 3.3 9 8 x 30 COO 112 mg/l 
Gravity 

7. Owosso, Michigan 6 Up flow 2 J8 6.2 30 12 x 40 BOD 7 mg/l 
Packed 

8. Rosemount, Minn. 0.6 Up flow 3 66 4.2 J6 12 x 40 BOD 10 mg/l 
Down flow (max.) (max.) (max.) 
Pressure 

9. Rocky River, Ohio 10 Down flow 26 4.J 15 8 x 30 BOO 15 mg/ 1 
Pressure 

10. Vallejo, Calif. 13 Up flow 26 4.6 16 12 x 40 BOO 45 mg/l 
Expanded (90% of time) 

_hlEmpty bed (superficial) contact time for average plant flow 
fil90 mgd ultimate capacity 
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generation of foam in which surface active compounds are concentrated. The 
air bubbles float to the surface where the resulting foam can be removed. The 
process works most efficiently when the effluent is adjusted to pH 8. 0. (170) 

Foam generation techniques have been evaluated on a pilot scale for pulp, 
paper, and paperboard wastewaters. 'nlis is a significant aspect of the pro
cess since the air bubble size determines the surface area available for 
pollutant attraction. Jet air dispersion was found to be the most efficient 
technique when compared to turbine and helical generation systems.(171) 

Black liquor· from kraft pulp mills may contain 2 to 3 percent soaps which 
produce a very stable foam. The technology for foam breaking is available. 
Commercial systems including turbine and centrifugal processes have been 
developed which can successfully break this foam. Pilot investigations show 
turbine foam breaking to be most advantageous for the foam produced. (171) 
Several full-scale foam separation facilities have been built for the removal 
of detergents from municipal wastes.(172, 173) The Los Angeles County Sani
tation District system operated on a flow of 12 mgd at a 7-minute detention. 
Water reclamation was the primary purpose of the unit, which operated success
fully and trouble-free during two years of continuous operation. (170) This 
system, like other municipal systems, has ceased operation due to regulations 
that require the use of biodegradable detergents. 

Bleached kraft whole mill effluent, was analyzed for total resin acid content 
before and after pilot~scale foam separation.(170) Two mill effluents treated 
a 2-hour detention using a foam pilot unit. The resin acid content in all 
cases was reduced by between 46 and 66 percent. The range of total resin acid 
content in the influents and effluents were 2.6 to S.l mg/land 0.1 to 1.0 
mg/l, respectively. In all cases the treated effluent was rendered nontoxic 
to fish. 

Pilot studies have been performed using foam separation as a pretreatment for 
activated sludge and for aerated stabilization treatment of bleached kraft 
effluent. (174) These studies have shown the detoxification efficiency of 
biological treatment to improve from SO to 8S percent of the time without foam 
separation to over 90 percent of the time with foam.(174) 

Micros training 

At two nonintegrated papermills, full-scale coagulation/micros training faci
lities are used for treating rag pulp and fine paper effluents. (175, 176) 
Coagulant usage include addition of 1 mg/l polymer plus addition of alum or 
caustic for pH adjustment. Typically solids and BODS removals of 97 percent 
to 10 mg/l and 67 percent to so mg/l, respectively, are achieved. Thus, when 
properly operating, treatment approaching that achievable by biological treat
ment has been obtained. Upsets to flocculation have occurred for many rea
sons, for example, papermachine wash as with high alkaline cleaners. (l 7S) 

VII-31 



Electrochemical Treatment 

Electrochemical treatment technology involves the application of an electrical 
current to the effluent to convert chloride to .chlorate, hypochlorite and 
chlorine. The chlorine and hypochlorite can oxidize organic compounds and be 
reduced again to chloride ions. The process then repeat in a catalytic 
fashion. The oxidation of organic compounds reduces the BOD 5, color and 
toxicity of the effluent. A significant advantage of the process is that no 
sludge is produced. 

Oher (177) found that whole mill bleached kraft effluent could be reduced in 
color by 80 percent and caustic extract by more than 90 percent by electro
chemical treatment. Utilizing a lead dioxide anode similar effluent results 
were achieved when compared with a graphite anode. The lead dioxide anode 
required a fraction of the energy. No toxicity or toxic pollutant data was 
reported. 

In a variation of the process, Barringer Research Ltd. (178) investigated the 
use of a carbon fiber electrochemical reactor on kraft caustic bleach ex
tracts. The high surface to volume ratio of the carbon greatly decreased 
reactor volume (a 1. 6-mgd unit required a 17-cubic-meter reactor). At an 
effluent to water volume ratio of 60 percent (v/v) toxicity was reported to be 
reduced from 100 percent mortality in 22 hrs (60 percent) to 0 percent mor
tality in 96 hrs. Color reduction of 90 percent 1,300 Pt.-Co. and BOD5 and 
COD reductions of 50 percent and 60 percent, to 540 mg/l and 1,164 °iii:g/l, 
respectively, were reported. This process is in full-scale use in the mining 
industry but has had no pilot or mill-scale facility in the pulp, paper, and 
paperboard industry.(179) The primary drawback of the process is failure of 
the carbon cell to perform for extended periods.(179) 

Another variation to this process involves the use of hydrogen gas bubbles 
generated in the process to float solids and separate scum. Selivanov (180) 
found that an electrochemical unit with graphite anodes and stainless steel 
cathodes could cause coagulation in kraft whitewater. Release of hydrogen 
bubbles in the process caused solids removal by floatation. Total suspended 
solids were reduced to 2 to 4 mg/l. No toxicity data was reported. 

Herer and Woodard (181) found significant color and TOC reductions in bleach
ing wastes by application of electrolytic cells using an aluminum anode. 
Color removals for chlorination and caustic extraction effluents were 92 
percent and 99 percent, respectively, while TOC removals were 69 percent and 
89 percent, respectively. Specific concentrations, however, were not re
ported. 

Ion Flotation 

This process involves the addition of a surfactant ion of opposite charge to 
the ion to be removed. The combining of these ions results in a precipitate 
(the colligend). The colligend is removed by passage of air bubbles through 
the waste and collection of the resulting floating solids. 

VII-32 



Many of the chromophoric (color producing) organics in pulp, paper, and paper
board mill wastewaters are negatively charged, making this process suitable 
for the removal of color. Chan (182) investigated the process on a laboratory 
scale. A variety of commercial grade cationic surfactants were tested and 
Aliquat 221 produced by General Mills was found very effective. 'Ihe process 
removed over 95 percent of the chromophoric compounds from bleached kraft 
effluents. No specific removals of toxicity or toxic pollutants were 
reported. 

Air/Catalytic/Chemical Oxidation · 

Complete oxidation of organics in pulp and paper wastes to carbon dioxide and 
water is a significant potential advantage of these processes. Partial oxida
tion coupled with biological treatment may have economic and/or technical 
advantages over biological treatment alone. 

Past studies of oxidative processes have dealt principally with COD or TOC as 
a measure of performance. Barclay (183) has done a thorough compilation of 
related studies, and found that most were performed with wastewater other than 
those from pulp and paper operations. Some tentative conclusions, though, may 
still be drawn: 

1. Complete oxidation with air can occur under extreme tempera tu re and 
pressure; high intensity irradiation; with air at ambient conditions with 
excessive amounts of strong oxidants (03, H202 or Cl02)~or air or oxygen 
in the presence of catalysts such as certain-metal oxides. 

2. Sulfite wastes can be partially detoxified by simple air oxidation for a 
period of seven days. 

3. Ozone oxidation achieved only slight detoxification of sulfite wastes 
after 2 hours, and partial detoxification after 8 hours.(183) 

4. Maj or BOD 1 reductions can only be achieved under conditions similar to 
those required for nearly complete oxidation. 

No data specifically relating to toxic pollutant removal was reported. 

Steam Stripping 

Steam stripping involves the removal of volatiles from concentrated streams. 
Hough (184) reports that steam stripping is capable of removing 60 to 85 per
cent of the BOD 5 from condensate streams. The ability of the process to 
remove specific pollutants (including the toxic and nonconventional pollu
tants) depends on the relative boiling points of the pollutants with respect 
to that of water (i.e., the pollutants must be volatile). Resin acids have 
boiling points in the range of 250°C (185) and thus are not readily stripped 
by the process. 
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Steam stripping was evaluated for its ability to detoxify condensates from 
sulfite waste liquor evaporators. (186) This stream accounted for 10 percent' 
of the whole mill effluent toxicity and 28 percent of the total BODS load. 
Toxicity in the condensate stream was attributed to acetic acid, furfural, 
eugenol, juviabone and abietic acid. Steam stripping had no observable effect 
on the toxicity of the stream, although the total organic content was reduced. 

Steam stripping of kraft mill digester and evaporator condensates was employed 
on a mill scale for control of total reduced sulfur compounds and toxici
ty. ( 186) The 96-hour LC-50 of the condensate was altered from 1.4 percent to 
2.7 percent~ Thus, the stream remained highly toxic after steam stripping. 
The process did remove 97 percent of the Total Reduced Sulfur (TRS) compounds, 
which may have accounted for some of the toxicity reduction. Production 
process changes, (including minimizing condensate volume, installation of a 
spill collection system, reduction of fresh water use and conversion to dry 
debarking) along with steam stripping resulted in a nontoxic effluent. 

Ultrafiltration 

Ultrafiltration utilizes membranes of a specified molecular size to treat 
wastewater. The process relies on an external pressure (i.e., pumping) to 
input the driving force to the wastewater as it is transported through the 
membranes. The size opening for the ultrafiltration membrane depends on the 
size molecules to be removed from the wastewater. 

Data is available from Easty (59) for nonconventional pollutant removal of two 
bleached kraft caustic extraction effluents utilizing two types of ultra
filtration systems. Good removals of epoxystearic and dichlorostearic acids 
and trichloro-and tetrachloroguaiacol were obtained in each case. Chlorinated 
resin acids were effectively removed by one system but not the other. 

The first system employed only one spiral wound membrane, with a surface area 
of 40 ft~. Filtration of suspended solids· larger than 10 micrometres was 
performed prior to ultrafiltration. The 7.5-gpm system operated with a pH of 
11 to 11. 5. The system achieved 50 to 80 percent reduction of chlorinated 
phenolics and other acidics, but only 0 to 15 percent removal of chlorinated 
resin acids. The lower percent removals of chlorinated resin acids reflect a 
low initial concentration of these pollutants in the waste. 

The second system treated an effluent volume of 3.3 gpm by a tubular cellu
lose acetate membrane with a surface area of 12.l ft2. The system operated at 
a pH of 9.5 to 10.5 and inlet and outlet pressures of 220 psi and 100 psi, 
respectively. Filtration of all particles larger than 10 micrometres was 
performed prior to ultraf iltration. This system achieved removals of 73 to 93 
percent of all chlorinated resin acids, chlorinated phenolics and other aci
dics. 

Color, lignosulfonate, COD and solids removals from sulfite liquor by ultra
filtration were studied by Lewell and Williams.(188) Removals on the order of 
30 to 50 percent were observed for color, lignosulfonate, COD and TSS. No 
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toxicity or toxic pollutant data was reported. Costs (1971) were estimated at 
$1.50/kgal for a 1.0-mgd permeate flow. It was concluded that ultrafiltration 
could not compete economically with lime as a means of removing lignosul
fona te, color, COD and solids.(188) 

Reverse Osmosis 

Reverse osmosis employs pressure to force a solvent through the membrane 
against the natural osmotic force. 'nlis is the same ~ype of process as ultra
fil tration except that the membranes used for reverse osmosis reject lower 
molecular weight solutes. 'nlis means that lower flux rates occur along with a 
need for higher operating pressure difference across the membrane than those 
experienced with ultrafiltration. 

Reverse osmosis is employed at a midwest NSSC mill producing 272 kkg/day (300 
tons/day) of corrugating medium. 'nle system allows the mill to operate a 
closed whitewater system. Easty (59) reported that the system achieved BOD2_ 
reductions of approximatel~ 90 percent and removed essentially all resin and 
fatty acids. The 85-gpm reverse osmosis unit employs 288 modules, each with 
16.7 ft2 of area provided by 18 cellulose acetate tubes. The system operates 
at 100 psi and 38°C. During Easty's testing, the whitewater feed contained 
300 mg/l TSS and 4,000 to 6,000 mg/l total dissolved solids. Initial resin 
and fatty acid levels were: abietic, 1.5 mg/l, dehydroabietic, 262 mg/l; 
isopimaric, 2.75 mg/l; pimaric, 0.82 mg/l; oleic, 4.86 mg/l; linoleic, 7.23 
mg/l; and linolenic, 0.27 mg/1.(59) The maximum removal capacity is not known 
since final concentrations were below detection limits. 

Reverse Osmosis/Freeze Concentration 

Reverse osmosis can be followed by freeze concentration whereby the effluent 
is frozen to selectively remove pollutants. Freeze concentration takes advan
tage of the fact that when most aqueous solutions freeze, the ice crystal is 
almost 100 percent water. 

This process was evaluated by Wiley (189) on three bleach plant effluents. 
Reverse osmosis alone resulted in a concentrate stream of roughly 10 percent 
of the volume of the raw feed. Freeze concentration reduced the concentrate 
stream volume by a factor of five while essentially all the impurities were 
retained in the concentrate. Thus the two processes employed in tandem re
sulted in a concentrate stream consisting of roughly 2 percent of the original 
feed volume containing essentially all of the dissolved solids.(189) It was 
reported that the purified effluent was of sufficient quality that it could be 
returned to the process for reuse.(189) Wiley did not investigate final dis
posal of the concentrate. 
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Amine Treatment 

This treatment is based upon the ability of high molecular weight amines to 
form organophillic precipitates. These precipitates are separated and re
dissolved in a small amount of strong alkaline solution (whitewater). By so 
doing, the amine is regenerated for use, with no sludge produced. 

The Pulp and Paper Research Institute of Canada (PPRIC) conducted a study 
(190) to determine the optimum process conditions for employing high molecular 
weight amines for color, BODS and toxicity reductions of bleached kraft mill 
effluents. While no specific toxic or nonconventional pollutants were re
ported, whole mill bleached kraft effluent remained toxic after application of 
the treatment in two reported tests. Likewise, acid bleach effluent could not 
be detoxified. However, alkaline bleaching wastewater was detoxified in three 
out of four samples at 65 percent dilution. Final effluent concentrations for 
BOD 5, COD and color of bleached kraft whole mill wastewater were 80 to 350 
mg/~ 380 to 760 mg/l, and 2,670 APHA units, respectively. Reported removals 
were 10 to 74 percent, 36 to 78 percent and 90 to 99 percent, respectively, 
using Kemaminest-1902D in a solvent of Soltrol 170. 

Polymeric Resin Treatment 

Polymeric resin treatment involves the use of resins in columns to treat 
wastewater. The process utilizes adsorption and ion exchange mechanisms to 
remove pollutants from the wastewater. The columns are regenerated after a 
treatment cycle is completed. Regeneration can be achieved by utilizing an 
alkaline solution. 

The Rhom and Haas process involves the use of amberli te XAD-8 resin to de
colorize bleaching effluent after filtration. The resin can be regenerated 
without producing waste sludge as a byproduct. This regeneration may be 
accomplished by using mill white liquor. 

In one study (191) the adsorption capacity of amberlite XAD-2 resin was com
pared to Filtrasorb 300 activated carbon. The resin was more effective in 
removing most aromatic compounds, phthalate esters and pesticides while carbon 
was more effective at removing alkenes. Neither adsorbant was effective at 
the removal of acidic compounds. The tests involved use of laboratory solu
tions of 100 organic compounds at an initial concentration of 100 ug/1. 

Another study (192) has shown synthetic resin to be capable of removing a 
higher percentage of COD from secondary effluent than carbon. Also, resin 
treated wastewater quality was improved when further treated with carbon, 
although the reverse was not true. The economics of this system could prove 
favorable since resin may be regenerated in situ. Thus, total regeneration 
costs may be more economical than for either system alone since carbon life 
could be significantly extended. 

Elimination of toxic constituents from bleached kraft effluents has been 
achieved with Amberlite XAD-2 resin.(193, 194) Wilson and Chappel (195) have 
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reported that treatment with Amberlite XAD-2 resin resulted in a nontoxic 
semi-chemical mill effluent. 

EVALUATION OF CURRENT TREA'.IMENT TECHNOLOGIES 

Identification Of Current Treatment Technologies 

Biological treatment systems are currently employed extensively by pulp, 
paper, and paperboard mills to reduce BODS and TSS loads. A summary of treat
ment systems currently employed in the pulp, paper and paperboard industry is 
shown in Table VII-16. As seen, aerated stabilization is the most common 
treatment process employed at mills discharging directly to a receiving water. 
At a relatively large number of plants in the nonintegrated and secondary 
fiber subcategories only primary treatment is employed. Primary treatment 
can often achieve substantial BODS reductions if BODS is predominantly con-
tained in suspended solids. - -

The mills with treatment systems exhibiting the greatest percent BOD.2_ and TSS 
removals are shown in Table VII-17 for each subcategory. BODS removals for 
these mills range from 70 to 99 percent with effluent concentrations between 9 
and 235 mg/l. Activated sludge is employed at 9 of the 18 mills. 

Performance of Current Treatment Technologies 

Utilizing the treatment system design information collected through the data 
request program, profiles of the primary and biological treatment systems 
utilized by the mills were developed. These design information summaries will 
be utilized at a later date to assist in evaluating the long-term wastewater 
data obtained as part of the verification survey and the data to be collected 
in the supplemental data request program. 

A primary clarifier design criteria summary for existing systems is tabulated 
in Table VII-18. A summary of the ASB aeration basin detention times is 
presented by subcategory in Table VII-19. These values were determined from 
reported wastewater flows and aeration basin volumes. Approximately 42 per
cent of the mills reporting sufficient data had ASB detention times in the 
range of 6 to 10 days. Approximately 30 percent had systems with over 10 days 
detention, and the remaining 28 percent had systems with less than 6 days' 
detention. 

Activated sludge basin detention times are shown in Table VII-20. About 46 
percent of the mills for which sufficient data were reported had aeration 
basin detention times of six hours or less. Approximately 28 percent had 
detention times over 12 hours with the remaining 26 percent between 6 and 12 
hours detention time. 

Installed aeration capacity was also evaluated both on an organic and mixing 
basis. The following criteria were established for means of comparison of the 
existing systems: 
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TABLE VII-17 

MILLS REPORTING BEST PERCENT REMOVAL OF BODS & TSS BY SUBCATEGORY 

Final Effluent Avera8e DaI Percent 
Production Flow BODS TSS Treatment Reduction 

Subcategory (tons/day) (kgal/t) lb/ton (mg/1) lb/ton (mg/l) Type BODS TSS 

011 Alkaline-Dissolving l,1S2 s 7 .2 H.9 34 28.99 61 ASB 86 82 
012 Alkaline-Market 722 41.1 5.4 16 6.1 18 ASBw/Hold. 94 BB 
013 Alkaline-BCT 314 44.8 4.2 11 7.7 21 ASB 94 91 
014 Alkaline-Fine 76S 16.8 1. 2 9 3.9 30 Act.SL 97 94 
OlS Alkaline-Unbleached 1,074 11.6 1.5 16 3.3 34 ASB 94 99 
016 Semi-Chemical 491 8.1 2.S 38 2,9 43 Act.SL 95 97 
017 Alkaline-Unbleached and 

Semi-Chemical 1,700 12.S 4.1 40 6.9 67 Act.SL 87 86 
019 Alkaline-Newsprint l,S6S 23.6 4.6 23 4.7 24 ASB 91 9S 
021 Sulfite-Dissolving 387 41.6 81. 7 23S 22.2 64 ASB 71 92 

< 022 Sulfite-Papergrade 493 22.2 10.2 60 14.8 80 ASB 87 9Z 
H 032 Thenno-Mechanical Pulp 15S 19.S 11.1 68 SB.7 360 Act.SL 71 29 H 
I 033 Ground wood-CMN 982 28.4 12.7 S4 9.0 38 Act.SL 70 90 w 

\0 034 Groundwood-Fine 787 13.9 1.0 9 3.9 34 Act.SL 9S 96 
101 Deink-Fine & Tissue 84S 21. 7 6.9 38 12.S 69 Act. Sl. 9S 97 
111 Wastepaper-Tissue 164 21.1 2.6 lS 0.8 s Act.SL 93 99 
112 Wastepaper-Board 322 1.4 0.1 11 o.s 41 ASB 99 98 
201 Nonintegrated-Fine 411 26.4 3.5 16 5.4 25 ASB w/Hold. 88 94 
202 Nonintegrated-Tissue 194 16.4 4.2 31 1.1 9 No Sec.Trtmt 86 99 
204 Nonintegrated-Lightweight 64 53.8 16.1 36 4.7 10 Trick. Filter 86 98 
205 Nonintegrated-Filter & 

Nonwoven 43 69.1 4.1 7 6.2 11 ASB 87 92 

Note: Data represents 1976 calendar year. 



TABLE VII-18 

PRIMARY CLARIFIER OVERFLOW RATE SUMMARY 

Number Overflow Rate - g~d/ft2 Exceeding Insufficient 
of Mills Less Than Over Design Data 

Subcategory Reporting Average 400 400 to 600 600 Capacity Rate/Design 

011 Alkaline-Dissolving 2 465 1 1 0 0 0/0 
012 Alkaline-Market 4 445 2 2 0 o· 0/1 
013 Alkaline-BCT 8 473 4 2 2 2 0/2 
014 Alkaline-Fine 13 900 0 7 6 0 0/1 
015 Alkaline-Unbleached 22 389 12 8 1 1 1/2 
016 Semi-Chemical 8 577 4 2 2 0 0/1 
017 Alkaline-Unbleached and 

Semi-Chemical 6 800 1 2 3 2 0/0 
019 Alkaline-Newsprint 3 474 1 1 1 0 0/1 
021 Sulfite-Dissolving 2 667 0 l l l 0/0 
022 Sulfite-Papergrade 11 680 0 5 5 4 '. 1/1 
032 Thermo-Mechanical Pulp 1 920 0 0 1 0 0/1 
033 Groundwood-CMN 3 508 1 0 1 0 1/1 

< 034 Groundwood-Fine 6 439 2 4 0 0 0/0 H 
H 101 Deink-Fine & Tissue 10 457 4 3 3 0 0/1 I 
-!:'- 102 Deink-Newsprint 0 0 

*Secondary Fiber Miscel. 4 455 2 0 2 0 0/1 
111 Wastepaper-Tissue 1 650 0 0 1 1 0/0 
112 Wastepaper-Board 44 697 10 10 14 4 10/22 
113 Wastepaper-Molded Products 1 657 0 0 1 1 0/0 
114 Wastepaper-Construction 2 1, 171 0 0 1 0 1/1 
201 Nonintetrated-Fine 0 
202 Nonintegrated-Tissue 0 
204 Nonintegrated-Lightweight 0 
205 Nonintegrated-Filter 0 

and Nonwoven 
211 Nonintegrated-Paperboard 0 

*Integrated-Miscellaneous 43 565 11 16 14 5 2/5 
*Nonintegrated-Miscel. 3 1,251 1 1 1 1 0/0 

Products 

TOTAL 199 640 56 65 60 22 18/43 

*Misrel lanPnns:i. mi 11 orn11nc - nnf- aaah." a.+-on.n....-,7 



ubcategory 

11 Alkaline-Dissolving 
12 Alkaline-Market 
13 Alkaline-BCT 
14 Alkaline-Fine 
15 Alkaline-Unbleached 
16 Semi-Chemical 
17 Alkaline-Unbleached and 

Semi-Chemical 
19 Alkaline-Newsprint 
22 Sulfite-Papergrade 
32 Thermo-Mechanical Pulp 
33 Groundwood-CMN 
01 Deink-Fine & Tissue 
02 Deink-Newsprint 
11 Wastepaper-Tissue 
l~stepaper-Board 
1 stepaper-Molded Products 
01 Nonintegrated-Fine 
02 Nonintegrated-Tissue 
04 Nonintegrated-Lightweight 
11 Nonintegrated-Paper.board 

*Integrated-Miscellaneous 
*Secondary Fiber Miscel. 

TOTAL 

TABLE VII-19 

AERATED STABILIZATION 
BASIN DETENTION TIME SUMMA.RY 

Mills Detention Time 
Reporting Over 6 to 

Data 10 Days 10 Days 

, n 1 
.L v ... 
5 l 3 
8 5 0 
5 1 1 

15 4 4 
11 4 3 

8 1 4 
2 1 0 
3 0 3 
0 
l 0 0 
2 0 l 
0 
0 

21 1 3 
1 0 0 
0 
0 
0 
0 

27 5 8 
1 0 1 

112 23 32 

Miscellaneous mill groups - not subcategories. 

Under 
6 Days 

n 
v 

l 
0 
0 
3 
l 

2 
0 
0 

0 
l 

3 
0 

8 
0 

21 

:)TE: Subcategories not included had no mills reporting appropriate data. 
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Insufficient 
Data 

0 
0 
3 
3 
4 
3 

1 
1 
0 

1 
0 

14 
1 

5 
0 

36 



TABLE VII-20 

ACTIVATED SLUDGE 
DETENTION TIME SUMMARY 

Mills Detention Time-Hours 
Reporting Less Than More Than Insufficient 

Subcategory Data 4 4 to 6 6 to 8 8 to 12 12 Data 

012 Alkaline-Market 1 0 0 0 0 1 0 
014 Alkaline-Fine 5 1 1 1 1 0 1 
015 Alkaline-Unbleached 6 1 2 0 1 1 1 
016 Semi-Chemical 2 0 0 0 0 2 0 
017 Alkaline-Unbleached 1 1 0 0 0 0 0 

& Semichemical 
019 Alkaline-Newsprint 1 1 0 0 0 0 0 
021 Sulfite-Dissolving 1 0 0 0 0 1 0 
022 Sulfite-Papergrade s 0 0 0 0 2 3 _. 
033 Groundwood-CMN 1 0 0 0 0 1 0 -0 

j _. 034 Groundwood-Fine 7 1 2 0 0 2 2 I 
!' 101 Deink-Fine & Tissue 7 1 2 0 0 0 4 ..., 

112 Wastepaper-Board ·3 0 0 1 0 0 2 
114 Wastepaper-Construction 

Products 1 0 0 0 0 0 1 
*Nonintegrated-Miscel. 2 1 1 0 0 0 0 
*Integrated-Miscel. 16 4 1 2 4 1 4 
*Secondary Fiber Misc. 2 0 0 0 l 1 0 

TOTAL 61 11 9 4 7 12 18 

*Miscellaneous mill groups - not subcategories. 
Note: Subcategories not included had no mills reporting appropriate data. 



1. 

2. 

Organic Loading 
ASB 
AS 

Mixing 
ASB & AS 

36 pounds of BOD.2_ per day per hp 
30 pounds of BOD.2_ per day per hp 

10 hp per million gallons of volume 
for the basins. 

Table VII-21 shows the comparison for mills with aerated stabilization basins 
(ASB), and Table V.LI-22 shows the comparison ,. - ........ __ .__.1 ror ac~J.va~ea sludge 

Table VII-23 summarizes reported secondary clarifier overflow rate informa
tion. As seen, about 24 percent of those mills reporting sufficient data show 
a rate greater than 600 gpd/ft2. Also 19 percent reporting show an existing 
secondary clarifier rate exceeding the reported design rate for that clari
fier. 

In order to more accurately assess current effluent qualities, more recent 
data has been and will be requested from selected mills. This data will not 
only provide recent treatment levels, but will also provide a basis on which 
effluent quality variablity may be evaluated. 

Model Mill Existing Effluent Treatment Facilities 

The existing model mill for each subcategory is assumed to have an adequately 
designed and properly operating effluent treatment system capable of attaining 
BPT effluent limitations. 

Based on existing effluent treatment systems employed in the industry and 
their capability of removing pollutants, the direct discharging model mill in 
each subcategory is considered to have the effluent treatment processes indi
cated in Table VII-24. Mills discharging to publicly owned treatment works 
(POTW's) are assumed to have no on-site effluent treatment. 

PROJECTED EFFLUENT TREATMENT TECHNOLOGIES FOR MODEL MILLS 

Selection of Effluent Treatment Technology Options 

Production process controls and effluent treatment technologies have been 
identified which can be implemented at mills in the pulp, paper and paper
board industry to improve the raw wastewater and/or final effluent quality. 
Effluent treatment options have been selected for cost analyses and evaluation 
of effluent quality attainable. 

The selection of . proposed treatment options involved a consideration of ex
pected treatment efficiency, availability, and the anticipated cost of imple
mentation of the various technologies. In order to assess the overall econo-
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TABLE VII-21 

AERATED STABILIZATION BASIN 
AERATOR HORSEPOWER SUMMARY 

Mills HP for BODS HP for Mixing 
Reporting Above Below Insufficient Above Below Insufficient 

Subcategory Data Criteria Criteria Data Criteria Criteria Data 

011 Alkaline-Dissolving 1 1 0 0 0 1 0 
012 Alkaline-Market 5 4 1 0 1 4 0 
013 Alkaline-BCT 8 5 0 3 0 7 1 
014 Alkaline-Fine 5 1 1 3 2 3 0 
015 Alkaline-Unbleached 15 6 5 4 6 9 0 
016 Semi-Chemical 11 8 0 3 11 0 0 
017 Alkaline-Unbleached 8 3 4 1 5 3 0 

and Semi-Chemical 

<: 019 Alkaline-Newsprint 2 0 1 1 0 2 0 
H 022 Sulfite-Papergrade 3 3 0 0 3 0 0 
H 
I 023 Sulfite-Papergrade 1 0 0 1 1 0 0 

.i:-
~ 033 Groundwood-CMN 1 0 0 1 0 1 0 

101 Deink-Fine & Tissue 2 0 0 2 2 0 0 
112 Wastepaper-Board 21 5 2 14 18 2 1 
113 Wastepaper-Molded 1 0 0 1 0 0 1 

Products 
211 Nonintegrated-Paperboard 1 1 0 0 1 0 0 

*Integrated-Miscel. 27 13 5 9 13 13 1 
*Secondary Fiber Misc. 1 0 0 1 1 0 0 

TOTAL 112 50 19 43 63 45 4 

*Miscellaneous mill groups - not subcategories 
Note: Subcategories not included had no mills reporting appropriate data. 



TABLE VII-22 

ACTIVATED SLUDGE 
AERATOR HORSEPOWER SUMMARY 

Mills HP for BODS HP f 0tr Mixin8 
Reporting Above Below Insufficient Above Below InsufficiEmt 

Subcategory Data Criteria Criteria Data Criteria Crite:ria Data 

012 Alkaline-Market 1 0 l 0 l 0 0 
014 Alkaline-Fine 5 1 2 2 5 0 0 
015 Alkaline-Unbleached 6 3 2 1 5 0 . 1 
016 Semi-Chemical 2 2 0 0 2 0 0 
017 Alkaline-Unbleached and 

Semi-Chemical 1 0 1 0 1 0 o· 
019 Alkaline-Newsprint 1 1 0 0 1 0 0 
021 Sulfite-Dissolving l 1 0 0 l 0 0 

< 022 Sulfite-Papergrade 5 2 0 3 4 0 1 
H 033 Groundwood-CMN l 1 0 0 1 0 0 H 
I 034 Ground wood-Fine 7 5 0 2 6 0 1 ~ 
~ 101 Deink-Fine & Tissue 7 3 1 3 5 0 2 

112 Wastepaper-Board 3 0 1 2 3 0 0 
114 Wastepaper-Construction 1 0 0 1 0 0 l 

Products 
*Nonintegrated-Miscel. 2 1 1 0 2 0 0 
*Integrated-Miscel. 16 5 5 6 12 1 3 
*Secondary Fiber-Miscel. 2 2 0 0 2 0 0 

TOTAL 5 27 14 20 51 1 9 

*Miscellaneous mill groups - not subcategories 
Note: Subcategories not included had no mills reporting appropriate data. 



TABLE VII-23 

SECONDARY CLARIFIER 
OVERFLOW RATE SUMMARY 

Exceeding 
Reported 

No. Mills Overflow Rate-s~d/ft2 Design Insufficient 
Reporting Less Than Over Overflow Data 

Subcategory Data Averase . 400 400 to 600 600 Rate Rate/Design 

012 Alkaline-Market l 418 0 1 0 0 0/0 
014 Alkaline-Fine 8 619 3 2 3 1 0/0 
015 Alkaline-Unbleached 6 444 2 4 0 1 0/0 
016 Semi-Chemical 5 718 0 1 3 2 1/1 
017 Alkaline-Unbleached & 

Semi-Chemical l 392 l 0 0 0 0/0 
019 Alkaline-Newsprint 2 284 1 0 0 0 1/1 
021 Sulfite-Dissolving 1 875 0 0 1 1 0/0 

< 022 Sulfite-Papergrade 7 408 2 4 1 2 0/1 
H 032 Thermo-Mechanical Pulp 1 909 0 0 1 0 0/0 H 
I 033 Groundwood-CMN 1 639 0 0 1 1 0/0 ~ 
0\ 034 Groundwood-Fine 6 447 1 3 1 1 1/1 

101 Deink-Fine & Tissue 6 885 0 4 1 0 1/1 
Wastepaper-Board 11 574 3 4 1 0 3/3 

113 Wastepaper-Molded 1 456 0 1 0 1 0/0 
*Nonintegrated-Misc. 2 194 2 0 0 0 0/0 
*Integrated-Miscel. 21 443 9 8 4 4 0/1 
*Secondary Fiber-Miscel. 2 606 0 1 1 0 0/0 

TOTAL 82 532 24 33 18 14 7/9 

*Miscellaneous mill groups - not subcategories. 
Note: Subcategories not included had no mills reporting appropriate data. 



TABLE VII-24 

MODEL MILL EXISTING EFFLUENT TREATMENT 

Subcategory 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-BC! 
014 Alkaline-Fine 
015 Alkaline-Unbleached 
016 Semi-Chemical 
017 Alkaline-Unbleached and 

Semi-Chemical 
019 Alkaline-Newsprint 
021 Sulfite-Dissolving 
022. Sulfite-Papergrade 
032. Thermo-Mechanical Pulp 
033 Groundwood-CMN 
034 Groundwood-Fine 
101 Deink-Fine & Tissue 
102 Deink-Newsprint 
111 Wastepaper-Tissue 
112 Wastepaper-Board 
113 Wastepaper-Molded Products 
114 Wastepaper-Construction 

Products 
201 Nonintegrated-Fine 
202 Nonintegrated-Tissue 
204 Nonintegrated-Lightweight 
205 Nonintegrated-Filter & 

Nonwoven 
211 Nonintegrated-Paperboard 

P - Primary 
B - Biological 
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Treatment 

P/B 
P/B 
P/B 
P/B 
P/B 
P/B 
P/B 

P/B 
P/B 
P/B 
P/B 
P/B 
P/B 
P/B 
P/B 
P/B 
p 

P/B 
P/B 

P/B 
p 
p 
p 

p 



mic impact of future effluent limitations and standards on the pulp, paper and 
paperboard industry, three discharge characteristics have been chosen: 1) 
direct discharge; 2) indirect discharge; and 3) new point source mills. 

Direct Discharge Mills 

Direct discharge mills are those mills where discharge is direct to a receiv
ing water. The levels of treatment applicable at direct discharge mills are 
summarized as follows: 

Level 1. Level. 1 technology comprises implementation of production process 
controls expected to yield significant reductions in raw waste discharges of 
BODS and flow, as outlined in Section VI. 

·, 

Level 2. Level 2 technology consists of additional production process con
trols which can be implemented in addition to those specified in Level 1. 
These are expected to result in significant reductions in TSS raw waste loads, 
with additional reduction in flow and/or BODS. 

Level 3. Level 3 technology involves the addition of chemically assisted 
clarification to provide for additional treatment of Level 2 raw waste loads. 
Implementation of Level 3 technology is expected to yield further reductions 
in final effluent TSS, BODS, and toxic and nonconventional pollutants will be 
removed to the extent that they are contained in TSS. 

Level 4. Addition of chemically assisted clarification and carbon adsorption 
to further treat Level 2 raw waste loads to yield further reductions in final 
effluent BODl, and TSS. Significant removals of toxic and nonconventional 
organic pollutants are anticipated •. 

Indirect Discharge Mills 

Based on responses to the data request program, there are 230 pulp, paper, or 
paperboard mills where discharge is to publicly or privately owned treatment 
works (POTW's). In several of the integrated mill subcategories under invest
igation, there are no indirect dischargers; while some of the nonintegrated 
subcategories have 10 or more indirect dischargers. 

As part of the BATEA review program, it is required that pretreatment stan
dards for facilities discharging to POTW' s be established. The toxic and 
nonconventional pollutants under investigation are of primary importance. Be
cause the subcategories under investigation have few or no indirect dis
chargers, costs for implementation of pretreatment options at indirect dis
charging mills were not evaluated. This included the following subcategories: 
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Alkaline-Dissolving (0) 
Alkaline-BCT 
Alkaline-Unbleached and Semi-Chemical(!) 
Alkaline-Newsprint (0) 
Sulfite-Papergrade (1) 
Thermo-Mechanical Pulp (O) 
Groundwood-Fine (1) 

( ) Number of indirect discharging mills. 

Alkaline-Market (O) 
Alkaline-Unbleached (1) 
Semi-Chemical (2) 
Sulfite-Dissolving (0) 
Groundwood-CMN (1) 

Three levels of technology have been developed for application at the indirect 
discharge mills and are summarized below: 

Level 1. Level 1 technology for indirect discharge mills involves imple
mentation of production process controls expected to yield significant reduc
tions in raw wastewater·discharges of BODS and flow, with associated reduction 
in toxic pollutants (production process controls specified in option Level 1 
for direct discharging mills). 

Level 2. Implementation of additional production process controls in addition 
to those specified in Level 1, (these are expected to result in significant 
reductions in TSS raw wastewater load with additional reduction in flow and/or 
BODS) plus the addition of primary clarification. 

Level 3. For all subcategories under consideration, Level 3 provides for the 
addition of effluent treatment technology' to provide further treatment of 
Level 2 effluent. 

For the Alkaline-Fine, Deink-Fine and Tissue, and Deink-Newsprint subcate
gories, Level 3 effluent treatment would be biological treatment. Preliminary 
analysis of data for the remaining subcategories under consideration indicates 
that low levels of toxic and nonconventional pollutants will be present after 
implementation of Level 2 technology. For ·the Wastepaper-Tissue, Waste
paper-Board, Wastepaper-Molded Products, Wastepaper-Construction Products, 
Nonintegrated-Fine, and Nonintegrated-Tissue subcategories, Level 3 effluent 
treatment would involve the addition of chemicals to improve the efficiency of 
the primary clarification system. In the event that future analysis of data 
for these subcategories indicates the presence of significant levels of toxic 
pollutants, the addition of activated carbon adsorption to treat the effluent 
from chemically assisted clarification has been contemplated. 
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New Point Source Discharge Mills 

In this evaluation, one level of technology has been considered for applica
tion at new point sources. The technology presented includes production 
process controls and effluent treatment technology. Production process con
trols under consideration are those included in Level 1 for direct discharge 
mills. After application of these production process controls, implementation 
of chemically assisted clarification has been assumed at new mills in the 
following subcategories: 

Wastepaper-Molded Products 
. Nonintegrated-Fine· 
Nonintegrated-Tissue 
Nonintegrated-Lightweight 
Nonintegrated-Filter and Nonwoven 

At new mills in the Wastepaper-Tissue, Board and Construction Products sub
categories, zero discharge is predicted upon the installation of Level 2 
production process controls. This is supported by the observation that many 
of these mills are currently achieving zero discharge. 

At new mills in the remaining subcategories it has been assumed that produc
tion process controls, primary clarification, biological treatment, and chem
ically assisted clarification technologies will be employed. 

Design Criteria for Selected Effluent Treatment Technologies 

In order to estimate the cost associated with implementation of the various 
control and treatment options, design criteria for each unit process have been 
developed. These criteria are summarized in Table VII-25 and are discussed in 
the following paragraphs. The equipment and installation criteria presented 
on the following pages are the basis on which capital costs have been esti
mated in Section IX. 

Preliminary Treatment. Many foreign objects enter mill sewers, either through 
mill floor drains or process sewers. These objects, such as wood chips, bark, 
wet strength paper, etc., could interfere with the treatment processes or 
increase wear on the process equipment. Consequently, it is necessary that 
these objects be removed from the mill sewers prior to treatment. A mechan
ically cleaned bar screen is generally used at most pulp, paper, and paper
board mills for preliminary treatment. The mill sewers containing larger 
amounts of solids flow into this facility, with the low solids sewers by
passing it. The bar screen assumed is a mechanically operated, self-cleaning 
travelling bar screen with a bar spacing of 1-2 inches. A bypass channel and 
manual bar screen are incorporated into the design to allow for screening 
during periods of maintenance on the mechanical bar screen. A "dumpster" unit 
is used for containment of the removed solids. 
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TABLE VII-25 

EFFLUENT TREATMENT DESIGN CRITERIA SUMMARY 

Preliminary Treatment 
Bar Screen - mechanically operated 
Flow monitoring - parshall flume 
Continuous sampling 

Wastewater Pumping 
Design Flow: 1.3 to 2.0 x average annual flow depending on subcategory 
Basis for power cost - 40ft. TDH, 70% efficient 

Primary Clarification 
Thickener type clarifier with rotary sludge scraper-and scum collection 

equipment 
Two parallel units used for flows greater than 5 mgd 
Design overflow criteria - 600 gpd/f t2 at average flow rate 
Sidewater .depth - 12 ft -

Aerated Stabilization Basin 
Number of basins: 1 
Loading rate (use larger value) 

Biological detention - SO lbs/ac.-ft/day 
Hydraulic detention - 11 days (10 days aeration, 1 day settling) 

Aeration: l.2S lbs 02/lb BODS removed 
37 lb 02/HP-day -

Sidewater depth: l2 feet 
Nutrient addition: BODS:N:P = lOO:S:l 

Activated Sludge Basin 
Number of basins: 2 
Loading rate (use larger value) 

SO lbs/BOD/1,000 cu. ft./day 
8 hour hydraulic retention time 

Nutrient feed: BOD5:N:P = 100:5:1 

Aeration design requirements: 
1 lb 02/lb BODS removed 
37 lb 02/aerator hp-day 

Length/width-ratio: 4/1 
Side water depth: 12 ft 
Side slope: 1/1 

Chemically assisted clarification - Solids contact clarifier 
2 units for flows greater than 5 mgd 
Overflow rate = SOO gpd/ft2 
Sidewater depth = 14 ft -
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TABLE VII-25 (Continued) 

Chemical dosage: 
Alum 150 mg/ 1 
Polyelectrolite 1 mg/l 

Neutralization 
Number of units: 1 
Detention time: 1 min at peak daily flow 
Mixer: 1 hp/1,000 gal 
Dosage: 10 mg/l sodium hydroxide 

Activated Carbon Adsorption 
Design flow: 4 gpm/f t2 
Contact time: 30 min -
Carbon exhaustion rate: 3,000 lb/million gallons 
Regeneration furnace: (for flow exceeding 0.25 mgd only) 

Hearth area: 40 lbs carbon/day/ft2 
Allow for 40 percent downtime -

Solids Dewatering 
Horizontal belt filter press 
700 lbs of dry solids per hour per meter of belt width 
8 lbs of polymer/tons of solids 

Dissolved Air Flotation Thickening for Secondary Solids 
Sludge loading rate - 2 lbs/hr/ft2 
Hydraulic loading rate - .8 gpm/ft2 

Sludge to Landfill 
Sludge solids content - 30 percent primary and biological sludge 

20 percent alum sludge 

Foam Control Facility: 
Detention time: 5 minutes 
Freeboard: maintain 12 ft for foam buildup 

Outfall 
1,000 foot length 

Multiple Port Diffuser 
12 ft diffuser length per mgd 
Minimum velocity in diffuser - 2.5 fps 
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It is advantageous to monitor and sample the flow to the treatment process. 
Therefore, the preliminary treatment facility includes the necessary flumes 
and monitoring and sampling equipment for complete flow measurement and samp
ling. The capital costs prepared for the preliminary treatment facility 
include the necessary excavations, backfill, concrete, mechanical equipment, 
flow monitoring equipment (with necessary ancillary equipment), and the super
structure. 

Mill Effluent Pumping. Normally, the topography of the effluent treatment 
site is not conducive to gravity flow through the entire treatment process. 
Consequently, it is necessary to construct an effluent pumping facility which 
is capable of pumping the maximum daily flow of the treatment facility. The 
pumping facility used includes a wet well and dry well. The mill effluent 
flows into the wet well (with detention time of five minutes at maximum daily 
flow), while the variable speed pumps are located in a dry well adjacent to 
the wet well. The construction costs prepared for the mill effluent pumping 
facility include excavation, backfill, concrete, pumps, variable speed con
trols, ancillary piping and equipment, and superstructure. 

A flow peaking factor was used in the design of pumping facilities. The 
peaking factor used for each model ·mill was derived from mill survey data and 
varied from 1. 3 to 2. 0, depending· on the subcategory. A summary of the peak
ing factor used for the model mills in each subcategory is presented in Table 
VII-26. 

Primary Clarification. Sizing of primary clarification equipment assumes 
fiber recovery is already being accomplished to the extent possible in the 
mill. Therefore, external fiber recovery for reuse has not been considered in 
the treatment process design. All mill sewers containing suspended solids are 
combined prior to primary clarification. For purposes of determining the 
amount of sludge produced, reductions by primary clarification of 75 to 80 
percent of total suspended solids were used. The clarifier used for the cost 
model is a heavy-duty thickener type with rotary sludge scraper, and scum 
removal capabilities. The units were sized based on an average design over
flow rate of 600 gpd/ft2. The rotary sludge scraper drive mechanism is sized 
for a torque rating of-15D2. For flows in excess of 5 mgd, two parallel 
units, each capable of handling SO percent of the daily flow, were used. 
Waste solids are withdrawn by pumping from the primary clarifier at an antic
ipated solids content of 3 to 4 percent to a mechanical dewatering device. 
Scum collected in the clarifier discharges into a storage tank where it is 
then pumped to the dewatering units. The cap~tal costs calculated for primary 
clarification include excavation, backfill, concrete, mechanical, electrical, 
instrumentation equipment, scum facilities, waste sludge pumps, and yard 
piping. 

Aerated Stabilization Basin. Aerated stabilization basins provide a high 
degree of BOD 1 reduction with minimal decreases in efficiencies due to shock 
loadings. Nutrients are added in proportion to the organic (BODS) loading of 
the facility. The ratio used for the cost analysis is lOO:S:l, BOD5:N:P. 
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TABLE VII-26 

HYDRAULIC PEAKING FACTORS USED FOR WASTEWATER PUMPING 

Subcategory Factor 

011 Alkaline-Dissolving 1.3 
012 Alkaline-Market 1.3 
013 Alkaline-BCT 1.6 
014 Alkaline-Fine 1.3 
015 Alkaline-Unbleached 1.5 
016 Semi-Chemical 1.5 
017 Alkaline-Unbleached and Semi-Chemical 1.3 
019 Alkaline-Newsprint 1.7 
021 Sulfite-Dissolving 1.3 
022 Sulfite-Papergrade 1.3 
032 Thermo-Mechanical Pulp 1.4 
033 Groundwood-CMN 1.3 
034 Groundwood-Fine 1.5 
101 Deink-Fine and Tissue 1.3 
102 Deink-Newsprint 1.3 
111 Wastepaper-Tissue 1.7 
112 Wastepaper-Board 2.0 
113 Wastepaper-Molded Products 1.5 
114 Wastepaper-Construction Products 1.5 
201 Nonintegrated-Fi~e 1.5 
202 Nonintegrated-Tissue 1.5 
204 Nonintegrated-Lightweight 1.3 
205 Nonintegrated-Filter and Nonwoven 1.5 
211 Nonintegrated-Paperboard l.S 
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The basins chosen for calculating the cost was a single cell earthen-basin. 
In most instances the basins are constructed in areas where the soils are 
impervious, or can be made impervious by lining with an impervious soil. For 
cost purposes it is assumed that an impervious soil liner will be required to 
make the basin watertight. The cost of a synthetic liner is not included. 

Aeration for the ASB was sized with mechanical aerators under actual operating 
conditions for 1. S4 pounds of 02 per horsepower-hour or 3 7 lbs of 02 per 
horsepower day. An aerator capacity of 10 horsepower per million gallons of 
basin volume was also used to ensure adequate mixing in the basin. Th.e larger 
of the two aerator horsepower determinations was used. 

The sizing of the aerated stabilization basins was evaluated on both organic 
loading rate and detention time design criteria. 'nle design detention time is 
11 days, which assumed 10 days of aeration with one day of quiescent settling. 
The design organic loading is SO lb BODS per acre-ft per day. The basin sizes 
obtained for the above cited detention-time and organic loading were compared 
to determine which criteria was the governing value. The larger volume of the 
two methods was selected. 

The capital costs prepared for the aerated stabilization basin include excava
tion, dike construction, impervious soil material, nutrient feed systems, yard 
piping, stone slope protection, instrumentation, and electrical costs. 

Activated Sludge Basin. The activated sludge process has numerous modifi
cations in detention times, organic loadings, and oxygenation. The process 
selected for consideration in this report is commonly referred to as the 
conventional activated sludge process (6 to 8 hours detention .time). Nutri
ents are added in proportion to the organic (BODS) loading to the facility. A 
BOD1,:N:P ratio of lOO:S:l is used for cost analysis. 

Final clarifiers are required with the activated sludge basin to allow separa
tion of the biological mass and treated stream. Th.is biological mass is 
necessary to achieve high removal efficiencies. The high rate activated 
sludge system also generates large quantities of biological solids which are 
not oxidized as in ASB systems. It is necessary, therefore, to continuously 
remove excess biological solids. Th.ese excess solids (waste activated sludge) 
can be extremely gelatinous with a solids concentration of approximately O.S 
to 1.0 percent by weight. 

In an activated sludge system, most of the biological solids settled in the 
secondary clarif iers are recycled to the aeration basin to maintain an active 
biological mass in the aeration basin. Pumping capacity is provided for a 
maximum recycle rate of 7S percent of the average daily flow with an average 
recycle rate of 40 percent of the average daily flow. 

The .costs prepared for the activated sludge basin are based on a two-cell 
concrete tank. The cells would be operated in parallel to provide operational 
flexibility. 
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The activated sludge system requires approximately one lb of oxygen/lb of BODS 
removed. Mechanical aerator performance for the activated sludge (AS) system 
was assumed to be the same as that described earlier for the ASB. An aerator 
capacity of 10 horsepower per million gallons of basin volume was also used to 
ensure adequate mixing in the basin. 'nle larger of the two aerator horsepower 
determinations was used. 

Sizing of the activated sludge system is based on both detention time and 
organic loading. The detention time is 8 hours (excluding recycle), while the 
organic loading rate is SO lb BODS per 1000 cubic ft of aeration volume. The 
larger volume of the two values was selected for cost analysis. 

The capital costs prepared for the activated sludge· basins (presented as a 
function of the basin capacity) includes excavation, tank construction, con
crete, nutrient feed systems,. yard piping, electrical and instrumentation 
costs. 

Chemically Assisted Clarification. A solids-contract type clarifier is re
quired to accomplish flocculation, settling and sludge removal. The effluent 
flows into a flocculation chamber .in the clarifier. In this chamber floccu
lants such as alum and polymer are added to the wastewater stream. Low-speed 
mixers disperse the flocculants throughout the chamber allowing for coagula
tion and floe formation. The wastewater stream then flows into the clarifier 
area for solids separation. 

For flows in excess of S mgd, two parallel 
of the daily flow, were assumed to be used. 
clarifiers, excluding flocculation area, is 
would be designed for a torque of lODl_. 

units, each capable of SO percent 
The design overflow rate for the 

500 gpd/ftl_. 'nle drive mechanism 

At mills where activated sludge treatment is employed, the chemical clarifi
cation design reflects an additional solids contact clarifier following the 
existing secondary clarifier. It is likely that at many mills, an existing 
secondary clarifier would be modified to allow for chemically assisted clarif
ication; this would result in less capital expenditure. The additional clari
fier however, would al low sludge recycle to occur without being affected by 
chemical addition, and would provide for the possibility of chemical recovery 
if it becomes economically advantageous. 

The primary flocculant used in the design is alum. Polymer is added to im
prove settling. Addition of 150 mg/l alum and 1 mg/l polymer is assumed. 
Alum addition tends to lower the pH of the effluent. Optimum alum floccula
tion is reached at a pH of 5.S to 6.0. If the effluent pH changes to a value 
where the effectiveness of flocculation deteriorates and/or the effluent does 
not meet pH limitations, neutralization may be required. Therefore, neutral
ization is included whenever chemically assisted clarification is applied. 
Sodium hydroxide is used for neutralization and an average dosage of 10 mg/l 
is assumed for cost purposes. 
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The capital costs presented for chemically assisted clarification include 
excavation, backfill, concrete, recycle pumps, mechanical equipment, elec
trical, instrumentation, yard piping, chemical storage and mixing equipment, 
and ancillary equipment for proper operations. 

Neutralization. Pulping processes significantly change the pH of a waste
water. Such variations in pH can affect the wastewater treatment process. 
Therefore, it is necessary to add chemicals to the wastewater for neutraliza
tion. Sodium hydroxide at a dosage of 10 mg/l was utilized for the neutrali
zation chemical. 

The capital cost for pH adjustment includes excavation, backfill, concrete, 
mixer, chemical feed system, electrical and instrumentation costs. The flash 
mix tank provides a 1-minut~ detention time at peak flow with a mixer sized at 
1 hp/1000 gal. capacity of mix tank. 

Carbon Adsorption. The carbon adsorption design assumes downflow granular 
activated carbon columns. The columns have a design flow rate of 4 gpm/ft2, 
and a contact time of 30 minutes. One to ten spare columns are considered~ 
depending on effluent flow. 

The carbon dosage rate is assumed to be 3000 lb carbon per million gallons of 
treated effluent. On-site carbon regeneration is assumed for all flows 
greater than 0. 25 mgd. Flow under 0. 25 mgd was determined to operate more 
economically on a carbon throw-away basis. A regeneration furnace hearth area 
of 40 lb carbon per day per square foot is assumed. The furnace capacity is 
designed for 40 percent down time. 

The topography of many mill sites may require effluent pumping prior to carbon 
adsorption. TI1erefore, an additional pump facility has been assumed when 
carbon adsorption is applied. The design of the pump facility is similar to 
that described earlier. The peaking factor, however, is 1.3 for all subcate
gories. 

Sludge Dewatering. Several unit processes are used by the pulp and paper 
industry for sludge dewatering. A method which is gaining wide acceptance is 
horizontal belt filter press. Many different types of horizontal belt filter 
presses are available. However, they basically achieve sludge dewatering 
through the use of gravity draining of the sludge through a continuously 
moving belt filter and then further dewater the sludge in a one or two-stage 
pressure zone. The pressure is applied to the sludge by a second belt which 
converges on the main belt at the start of the initial pressure zone. These 
belts rotate continuously over and around a series of varying size rollers 
which are utilized to exert the pressing action on the sludge mat between the 
two belts. Some models of the horizontal belt filter press utilize a vacuum 
system to aid in the initial dewatering prior to the pressure zone(s). 
Blades, which are at the end of the final stage of the belt filter press, 
scrapes the dewatered sludge off the belts. The solids content achievable in 
the dewatered sludge will depend upon the sludge being handled. 
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Primary sludge usually has a solids content of 3 to 5 percent. 'lbese sludges 
normally contain fibrous material that enhance filterability. Biological 
sludge can be extremely gelatinous and difficult to dewater, and require 
thickeni~g prior to dewatering. Biological sludge may be added to primary 
sludge to further improve dewatering characteristics of a biological sludge. 

Chemical coagulants are often added to improve dewaterability, although pri
mary sludge may sometimes be dewatered without coagulants. For cost purposes, 
8 lbs of polymer per ton of solids are assumed for both primary and secondary 
sludge dewatering. A final solids concentration of 30 percent is assumed for 
the combined sludge. 

Alum sludge is also very gelatinous and difficult to dewater. Mixing with 
primary sludge and addition of polymer, however, can improve dewaterability. 
For cost purposes, the dewatering of alum sludge was determined based on the 
design of a separate horizontal belt filter press dewatering facility. An 
addition of 8 lb of polymer per ton of solids was assumed for alum sludge de
watering. Due to its gelatinous nature, a final solids concentration of 20 
percent was assumed for dewatered alum sludge. In an actual mill, the de
watering of alum sludge could be performed by modifying existing facilities 
used for current sludge dewatering. 

The horizontal belt filter press was assumed to have a design loading rate of 
700 lb of solids per hour per metre of belt width. Actual throughput rates 
vary depending on the solids level of the sludge being dewatered and the type 
of sludge being handled. They can range from 500 to 2,000 lb/hr/metre of belt 
width. Smaller units have been designed to operate at 8 hrs/day, while larger I 
systems operate 16 hrs/day. 

The capital costs for horizontal belt filtration include: solids storage tank 
and sludge pumping building, mechanical equipment and appropriate ancillary 
equipment, piping, electrical and instrumentation. 

Dissolved Air Flotation Thickening. Waste biological and/or biological
chemical solids from the secondary clarification process require thickening 
before they can be efficiently dewatered. If these solids are not thickened 
prior to dewa tering the capacity of the horizontal belt filter press is 
greatly reduced. Air flotation was selected as the thickening process used 
for the development of costs. Air flotation requires addition of a flocculant 
such as a polymer to assist in the thickening process. The polymer is added 
to the waste solids prior to introduction into the flotation unit. 

Air flotation requires the diffusion of air into the waste solids. This may 
be accomplished by a so-cal led "pressurization system". Basically, three 
types of pressurization systems are available: total, partial, and recycle 
pressurization. 

The pressurized influent enters the flotation unit and the diffused air bub
bles are allowed to surface. Diffusion of the air bubbles promotes coagu
lation and transports the sludge to the surface where it is skimmed off. It 
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is anticipated that air flotation will.increase the secondary waste solids to 
3 to 4 percent solids. 'l'he filtrate and scum from the air flotation is re
cycled back to the treatment process. There are numerous process variables to 
be considered in sizing air flotation units. For this study it was assumed 
that the hours of operation of the flotation thickening equipment wouid vary 
depending on the solids loading. 

An air flotation loading rate of 2 lb of dry solids/ft2/hour was used in 
design of these facilities. 'l'he capital costs for air flotation thickening of 
waste biological and biological-chemical solids include building process 
equipment, chemical feed system, electrical, instrumentation, and ancillary 
equipment. 

Solids Disposal. Solids are assumed to be disposed of in a landfill opera
tion. The cost of a landfill is dependent on a variety of factors including 
sludge characteristics, hydrogeologic conditions of the disposal site, and 
proximity of the site to the mill. Due to this wide variability, no specific 
landfill technique was selected for the model mill. 

Literature on several acceptable landfill techniques with associated require
ments and estimated costs has been published by EPA relating to municipal 
sludges.(196) The techniques evaluated by EPA include: area fill layer, area 
fill mount, diked containment, narrow trench, wide trench, co-disposal with 
soil, and co-disposal with refuse. 

The fiber presen,t in pulp. and paper wastewater can aid in solids dewatering 
resulting in sludge with a relatively low 100isture content. The presence of 
clay and aluminum hydroxide in sludges would generally make dewatering more 
difficult and could result in higher disposal costs. Therefore, mid-range 
disposal costs for the cited techniques have been assumed for primary and 
secondary sludge disposal, while upper-range costs of disposal are assumed for 
chemical sludge disposal. A hauling distance of 10 miles has been considered 
in development of sludge transportation cost estimates. 

Primary Solids Production. Primary suspended solids removal depends upon the 
relative size and weight of the particles involved. Usually, nonintegrated 
mills tend to achieve a higher percent TSS removal in primary treatment than 
integrated mills, due to the fine particles released during pulping processes. 
Other factors affecting solids removal include the type and amount of addi
tives including inorganic clays employed in papermaking. 

Based on information obtained through data request program, model mill primary 
solids removal rates were developed as shown in Table VII-27. Although these 
removal rates are believed to be representative, the primary solids removal 
for a given mill will vary. The primary solids yield may be estimated by the 
following: 
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Yl = CP 

where: Yl a Primary Clarification, Solids Yield (lb/mil gal.) 

P = Influent TSS to Primary (lb/mil gal.) 

C = Constant (percent solids removal in primary, see Table 

VII-27). 

TABLE VII-27 

PERCENT RAW TSS REMOVAL IN PRIMARY CIARIFIER 

Subcategory 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-BCT 
014 Alkaline-Fine 
015 Alkaline-Unbleached 
016 Semi-Chemical 
017 Alkaline-Unbleached & Semi-Chemical 
019 Alkaline-Newsprint 
021 Sulfite-Dissolving 
022 Sulfite-Papergrade 
032 Thermo-Mechanical Pulp 
033 Groundwood-CMN 
034 Groundwood-Fine 
101 Deink-Fine & Tissue 
102 Deink-Newsprint 
111 Wastepaper-Tissue 
112 Wastepaper-Board 
113 Wastepaper-Molded Products 
114 Wastepaper-Construction Products 
201 Nonintegrated-Fine 
202 Nonintegrated-Tissue 
204 Nonintegrated-Lightweight 
205 Nonintegrated-Filter & Nonwoven 
211 Nonintegrated-Paperboard 
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Biological Solids Production. 'lhe BODS content of wastewaters is converted to 
cell mass by biological treatment systems. These cells in turn die and become 
assimilated by other cells. 'lhe energy required for these processes results 
in a net reduction in BODS. Typically, the net biological solids yield, Y, is 
O. 6S lbs cells per lb BODS utilized. Mean death rate, kd, is usually 0. iO 
day-.!.. -

The secondary solids produced in model mill aerated stabilization basins 
undergo settling in a quiescent zone following the completely mixed aeration 
basin. Biological solids removed in this manner are degraded in the sludge 
blank.3t which fo!'!!!S en the bottom of the basin. Therefore, a secondary clari
fier is not considered for aerated stabilization. Occasionally, the sludge 
blanket may accumulate to the point where solids are removed by dredging. 
This wo~ld be an intermittant operation, if required. 

'lhe activated sludge process characteristics allow the effluent quality to be 
controlled by the mean cell residence time, Qc(lll). 'lhis is based on the 
fact that to control the growth rate of microorganisms and hence their degree 
of waste stabilization, a specified percentage of cells must be wasted 
daily.(111) 'lb.is cell recycle also results in a lower sludge yield per pound 
of BODS utilized. 'lherefore, a biological solids yield of 0.32 lb biomass per 
lb BODS utilized was considered in estimating activated sludge biological 
solids production. 

The solids removed in the activated sludge secondary clarifier would also 
include some nonbiological solids that were not removed during primary clar
ification. To approximate the solids from these inorganics, the activated 
sludge clarifier solids is estimated to remove one tenth of the total sus
pended solids content of the primary influent. 'lherefore, the total (biolog
ical plus inorganic) solids yield of the activated sludge secondary solids 
removal is estimated by the following: 

Y2 = 0.32B + O.lP 

Where: Y2 = Total Activated Sludge Solids Yield (lbs/MG) 
B = Secondary Influent BODS (lbs/MG) 
P = Primary Influent TSS (lbs/MG) 

Chemical Solids Production. 'lhe design criteria for chemically assisted 
clarification considered the following coagulant dosage: 

Alum lSO mg/l 
Polyelectrolyte 1 mg/l 

After solution in the wastewater, the alum dosage results in about 39 mg/l of 
aluminum hydroxide. With the polyelectrolyte floe added this increases to 
approximately 40 mg/l, or 334 lb solids per million gallons of wastewater. 
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The additional wastewater solids removal with chemically assisted clarifi
cation is considered to be 0.1 times the primary influent TSS load. There
fore, the total chemical plus wastewater solids yield for chemically assisted 
clarification is estimated by the following: 

Y3 = O.lP + 334 

Where: Y3 = Total Chemically Assisted Solids Yield 
P = TSS to Primary (lbs/MG) 

Design Organic Loading to Biological Treatment Systems. The organic load to 
aerated stabilization basins is considered to be the raw BODS load minus BODS - -removal in the primary clarifier. Data obtained through the data request 
program confirms previous data used in BPCTCA guidelines development, that a 
significantly higher BODS removal in primary treatment of nonintegrated mill 
wastewaters than for integrated mills. The design organic loading to acti
vated sludge systems is higher than an aerated stabilization basin treating 
the same wastewater. This results from the additional BODS load contributed 
by the sludge.recycle process. Therefore, based on these criteria, the fac
tors shown in Table VII-28 were developed to estimate the portion of the raw 
organic load that is used for indirect• and new point source biobasin design 
calculations. 

TABLE VII-28 

PERCENT OF RAW BODS LOADING ON 
WHICH INDIRECT AND NEW POINT SOURCE BIOBASIN DESIGN IS BASED 

Subcategory Aerated Stabilization Activated Sludge 

011 Alkaline-Dissolving 90 100 
012 Alkaline-Market 90 100 
013 Alkaline-BCT 90 100 
014 Alkaline-Fine 90 100 
015 Alkaline-Unbleached 90 100 
016 Semi-Chemic al 90 100 
017 Alkaline-Unbleached & Semi-Chemical90 100 
019 Alkaline-Newsprint 90 100 
021 Sulfite-Dissolving 90 100 
022 Sulfite-Papergrade 90 100 
033 Groundwood-CMN 90 100 
034 Ground wood-Fine 90 100 
101 Deink-Fine & Tissue 40 50 
102 Deink-Newsprint 40 so 

Note: Only those subcategories where biological treatment is considered 
for indirect and new point source model mills are presented. 
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Foam Control. In many alkaline pulping installations, foam control is very 
critical. Included in the cost calculations, as required, is a foam control 
tank with adequate capacity for storage of foam. The foam builds up in the 
facility and eventually collapses because of its inability to support its own 
weight. Tne foam control tank provides for a 5-minute hydraulic detention. 

Outfall Sewer. The outfall sewer is defined as the sewer required to connect 
the mill to the treatment facility and the treatment facility to the diffuser. 
For this analysis, 1000 ft of outfall sewer is assumed to be required to make 
these connections. 

Diffuser. Discharge from the outfall sewer is assumed to be through a multi
ple-port diffuser which will facilitate mixing of the treatment facility 
effluent with the receiving water. Such induced mixing will minimize any 
horizontal and vertical stratification of the effluent in the receiving 
waters. The design includes 12 ft of diffuser length per mgd. This can vary 
substantially depending on the desired diffusion characteristics. The capital 
costs include excavation backfill, and laying and jointing of the diffuser 
pipe. 
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SECTION VIII 

EFFECTIVENESS OF CONTROL AND TREATMENT OPTIONS 

INTRODUCTION 

Sections VI and VII have presented several levels of production process con
trols and effluent treatment technologies which can reduce raw waste loads and 
effluent pollutant levels discharged by the pulp, paper and paperboard indus
try. In Section VI, two levels of production process controls have been 
ielenti.ri.ea and their effectiveness has been evaluated. Information on tht:! 
effluent treatment technologies under consideration and their effectiveness 
has been presented in Section VII. The purpose of this section is to summa
rize the overall effectiveness of the control and treatment options. The pure 
mill situation is evaluated in this section as it is anticipated that effluent 
limitations and standards will be developed on the basis of pure mills. 

Under investigation are three classifications of pulp, paper and paperboard 
mills: direct discharge mills; indirect discharge mills; and new point source 
mills. Direct discharge mills are those mills where discharge is direct to a 
receiving water. Indirect discharge mills are those mills where discharge is 
to publicly or privately owned treatment works (POTW). New point source mills 
can include newly constructed mills or expansions of existing mills. Subse
quent discussions of the effectiveness of control and treatment options will 
present effluent quality data for each discharge classification, where applic
able. 

A comprehensive. data base has been developed for conventional, toxic, and 
nonconventional pollutants. This data has been gathered from existing data 
sources (i.e., literature, research), industry responses to the data request 
program, and sampling surveys. This section will primarily present data on 
the conventional pollutants that have been developed through evaluations of 
existing data and responses to the data request program. Continuing efforts 
by the E.C. Jordan Co. will supplement the data on the conventional pollutants 
and assess the levels of toxic and nonconventional pollutants being discharged 
by the industry. 

ATTAINABLE EFFLUENT QUALITY 

Production process control technologies and effluent treatment technologies 
have been identified that, upon implementation, will result in improved ef
fluent quality. This section presents preliminary estimates of the overall 
effluent quality attainable through implementation of the identified technolo
gies. The fol lowing basic approach has been utilized: 1) raw waste loads 
have been developed for pure mills in each subcategory (see Section VI); and 
2) the performance of the identified effluent treatment technologies has been 
evaluated (see Section VII). 
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Development of the raw waste loads for the pure mill in each subcategory -
included the identification of in-place production process controls and their( 
extent of application. Based on industry data provided in response to the 
data request program, raw waste loads were projected for existing pure mills, 
sometimes based on an extrapolation of data to the pure mill situation (see 
Section V). An assessment has been made of the overall raw waste load reduc
tions that could be anticipated with the implementation of various production 
process control technologies at the pure mills. 

The application of and effectiveness of BPCTCA effluent treatment technology 
on the Level 1 and 2 raw waste loads has been evaluated. In reviewing BATEA 
technology, the treatabilities of pulp, paper and paperboard wastewaters have 
been determined based on the assumption that well-designed and operated BPCTCA 
technology is in-place. 

Tables VIII-1 through VIII-39 present final effluent quality projected after 
implementing designated production process controls and effluent treatment 
technologies at the pure mills established for each subcategory. The effluent 
quality data is presented in terms of units per unit of production, expressed 
as kl/kkg (kgal/t) for flow and kg/kkg (lb/t) for effluent BODS and TSS 
levels. BODS and TSS levels are also shown as concentrations (mg/1):- adjusted 
where appropriate to show the impact of reduced flow levels achieved through 
implementation of production process controls. The data is presented sepa
rately for the three types of mill discharges, i.e., direct discharge, indi
rect discharge and new point s.ources. Blank spaces in the tables indicate 
that discharge types and technology levels were determined as not being ap- -
plicable to the respective subcategory. 

In continuing project investigations, additional data analysis efforts will 
establish wastewater treatability by subcategory. Data on the variability of 
effluent discharges will also be developed. At this time a treatability level 
of 30 mg/l BODS and SO mg/l TSS has been assumed after application of biologi
cal treatment to Level 1 and 2 raw waste loads. Two subcategories which are 
exceptions are the De ink-Fine and Tissue and Deink-Newsprint subcategories. 
Based on data currently available, a treatability level of 100 mg/l after 
biological treatment was established for TSS. This figure will be confirmed 
by supplemental data gathering as outlined below. 

Section VII summarized data on the effectiveness of chemically assisted clar
ification (CAC) and granular activated carbon adsorption (GAC) in treating 
pulp, paper and paperboard wastewaters, as well as other industrial and munic
ipal wastewa ters. Data has been presented for full-scale and pilot-scale 
installations. Treatability levels have been presented in the tables for the 
application of CAC and GAC (Levels 3 and 4) to biologically treated pulp, 
paper and paperboard effluents. These levels will be reviewed following the 
acquisition of supplemental data as outlined below. 

CONTINUING DATA ANALYSIS EFFORTS 

In the coming months, additional data analyses will be undertaken for conven
tional, toxic and nonconventional pollutants under investigation. 
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For the conventional pollutants, continuing efforts will focus on defining the 
effluent quality which can be achieved using well-designed and operated bio
logical treatment technology. At the time of the data request program, BPCTCA 
technologies had not been fully implemented. Ongoing efforts will include 
assessment of additional data fer approximately 60 mills obtained since the 
data request program. 

Preliminary review of this additional data on conventional pollutants has 
indicated the need for further supplemental data to better assess conventional 
pollutant treatability and treatment system variability on a subcategory 
basis. At the recommendation of the E.C. Jordan Co., the EPA will request 
aaai i:ional long-term conventional pollutant <la ta for numerous pulp, paper and 
paperboard mills. 

Statistical analysis of the conventional pollutant data will also be under
taken to determine the variability of the data. The specific statistical 
procedures for this effort will be selected following a review of existing and 
supplemental data received. 

For the toxic and nonconventional pollutants, ongoing efforts will include 
further assessment of the levels of pollutants discharged by the pulp, paper 
and paperboard industry, as well as further assessment of the capabilities of 
in-place technology to reduce or remove the pollutants under investigation. 

Through the verification program, data has been generated on the discharge of 
toxic and nonconventional pollutants from pulp, paper and paperboard mills. 
Final data developed through sampling surveys conducted by the E.C. Jordan Co. 
has only recently become available for the 57 surveyed mills. 
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llischarge Type 
& 

Parameter 

Flow kl/kkg 
(kgal/ton) 

BODS mg/l 
Direct. kg/kkg 

(lb/t) 

TSS mg/l 
kg/kkg 

Ex ls ting (lb/t) 

Source Flow kl/kkg 
(kgal/ton) 

Mills 
BODS mg/l 

<: kg/kkg H 
H Indirect (lb/ t) H 
I 
p. 

TSS mg/l 
kg/kkg 
(lb/t) 

New F'low kl/kkg 
(kgal/ton) 

Souece BODS mg/l 
kg/kkg 
(lb/t) 

Mil ls 
TSS mg/l 

kg/kkg 
(1 b/ t) 

TABLE VLLC-1 
PREIHC'J'tm E~'l'LUENT QUALfT'i OF PURE MILLS 

SUBCATr:OR'i 011 - ALKAL 1NIHJISSOLVING 

Existing Raw Waste L(}ad Levels 
Levels 
--0- 2 3 

221.4 207.2 198.S 198.S 
(53.1) (l19.7) (47.6) (47.6) 

294 191 195 l9S 
62. 2 39.6 38.8 38.8 

(130. 3) (79 .1) (71. S) (77.S) 

437 391 383 383 
96.8 81.L 76.0 76.0 

(193.5) (162. 2) (151.9) (151. 9) 

Raw Waste Load 

198.S 
(47.6) 

195 
38.8 

(77. 5) 

383 
76.0 

(151. 9) 

Existing Final Ef: fluent Levels 
Levels 

4 -0-- 1 2 3 4 

198.5 221.4 207.2 198.S 198.5 198.S 
(47.6) (S3. 1) (49. 7) ( 4 7. 6) (47.6) (47.6) 

19S 30 30 30 lS s 
38.8 6.6 6.2 6.0 3.0 1.0 

(77.S) (13. 3) (12.4) (11. 9) (6.0) (2.0) 

383 so so so lS 7 
76.0 11.0 10.4 9.9 3.0 1.4 

(151. 9) (22 .1) (20. 7) (19. 9) (6.0) (2. 8 

Fina L Effluent 

198.S 
(47.6) 

lS 
3.0 

(6.0) 

lS 
3.0 

(6. 0) 



TABLE V. 
PlrnllICTlrn EFFLUENT QUAL F PURE MILLS 

SUllCAn:GOR'f 012 - A, lNE-MARKET 

Discharge Type Existing Raw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Parameter 
--0-- 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 164.7 13 7. 6 123,0 123. 0 123. 0 164.7 13 7. 6 123.0 123.0 123.0 
(kgal/ton) (39. s) (33.0) (29.S) (29. S) (29.S) (39.S) (33. 0) (29. S) (29. 5) (29. S) 

BOD5 mg/l 229 187 206 206 206 30 30 30 lS s 
llirec t kg/kkg 37.7 2S.7 25.4 25.4 25.4 4.9 4.1 , 3.7 1.3 0.6 

(lb/ t) (7S. 3) (51. 4) (50. 7) (SO. 7) (SO. 7) (9.9) (8. 2) (7 .4) (3. 7) (1. 2) 

TSS mg/l 294 334 331 331 331 so so so lS 7 
kg/kkg 48.4 !16. l 40.8 40.8 40.8 8.2 6.9 6.2 1. B 0.9 

1\Kl.:;ting (lb/t) (96. 7) (92 .1) (81. 5) (81.S) (81.5) (16.5) (13. 8) (12. 3) (3. 7) (1. 7) 

Source Flow kl/kkg 
(kga l/ton) 

Mi.Us 
BODS mg/l 

<: kg/kkg ..... 
f.ndirect (lb/t) H 

H 
I 

U> 
TSS mg/l 

kg/kkg 
(lb/t) 

Raw Waste Load Fina 1 Ef fluent 

N"w flow kl/kkg 123.0 123.0 
(kga l /ton) (29. 5) (29. 5) 

Source llOOS mg/l 206 lS 
kg/kkg 25.4 1.8 
(lb/t) (SO. 7) (3. 7) 

Mi.Us 
TSS mg/l 331 15 

kg/kkg 40.8 1.8 
{lb/t) (81.S) (3. 7) ------



Discharge Type 
& 

Pa ram~ter 

Flow kl/kkg 
(kgal/ton) 

BODS mg/l 
Direct kg/kkg 

(lb/ t) 

TSS mg/l 
kg/kkg 

Ex ls ting (lb/t) 

Source Flow kl/kkg 
(legal/ ton) 

Mills 
BODS mg/l 

<: kg/kkg H 
H lndirec t (lb/t) H 
I 
O' 

TSS mg/l 
kg/kkg 
(lb/t) 

New Flow kl/kkg 
(kgal/tun) 

Source BODS mg/l 
kg/kkg 
(lb/t) 

Mi.lls 
TSS mg/1 

kg/kkg 
(lb/ t) 

TAllLE Vl ll-) 
PREil {CTEIJ EFFLUENT QUALITY 01' l'Ulrn MILLS 

SUBCATECOllY 013 - ALKAL INE-BCT 

Existing Raw Waste Load Levels 
Levels 
--0- 1 2 J 

152.2 12.5.9 102. 2 102.2 
(36.5) (30. 2) (24. 5) (21,.5) 

300 205 253 253 
45.7 25.8 25.8 25.8 

(91.3) (51. 6) (51.6) (51. 6) 

279 308 35S 3SS 
42.5 38.9 36.3 36.3 

(8S.O) (77. 7) (72. 5) (72. 5) 

Raw Waste Load 

102.2 
(24.5) 

253 
25.8 

(51.6) 

355 
36.3 

(72.5) 

Existing Fina 1 Effluent Levels 
Levels 

4 -0-- 1 2 3 4 

102.2 152.2 125.9 102.2 102.2 102.2 
(24.5) (36.5) (30. 2) (24. 5) (24. 5) (24.5) 

25) 30 30 30 15 5 
25.8 ''"6 3.9 3.1 l. 5 0.5 

,(51.6) (9 .1) (7. 8) (6.1) (3.1) (1.0) 

3SS so so so 15 7 
36.3 7.6 6.3 5.1 1. s 0.7 

(72.5) (15. 2) (12.6) (10.2) (3. 1) (1.4) 

Final Effluent 

102.2 
(24. 5) 

15 
1. 5 

(3 .1) 

15 
1. 5 

(3.1) 



TAllLE Vll. 
PllEIHCTlm l>HLIJENT QllAJ. F Plllrn MlLLS 

SUBCATEGORY 014 - ; . AL f.NE-FINE 

Discharge Type Ex ls ting Raw Waste Load Levels Existing Fina 1 Effluent Levels 
& Levels Levels 

Parnmett!r 
--0- 1 2 3 4 0-- 1 2 3 4 

Flow kl/kkg 108.0 88.4 72.1 72.l 72. l 108.0 88.4 72.1 72.1 72.1 
(kgal/ton) (25. 9) (21. 2) (17. 3) (17. 3) (17. 3) .(25.9) (21. 2) (17.3) (17. 3) (17.3) 

1Wll5 mg/l 266 177 217 217 217 30 30 30 15 5 
lll.rect kg/kkg 28.7 15.7 15. 7 15.7 15.7 J.2 2.6 2.2 1.1 0.4 

(lb/t) (5 7. 4) (31. J) (31. 3) (31. 3) (31.3) (6. 5) (5. 3) (4. J) (2.2) (0. 7) 

TSS mg/l 494 476 521 521 521 50 50 50 15 7 
kg/kkg 53.4 42.l 37.6 37.6 37.6 5.4 4.4 3.6 1. l 0.5 

Ex ls ting (lb/t) (106. 7) (84 .1) {75. 2) (75.2) (75. 2) (10.8) (8.8) ( 7. 2) (2.2) (l. 0) 

Soun..:e: Flow kl/kkg 108.0 88.11 72. 1 72. l 72. l 108. 0 88.4 72.1 72.l 
(kgal/ton) (25. 9) (21. 2) (17. 3) (17. 3) (17. 3) (25.9) (21. 2) {17.J) ( 17. J) 

Ml.l ls 
<: llOD5 mg/l 266 177 217 217 217 266 177 196 JO 
H kg/kkg 28. 7 15.7 15.7 15.7 15.7 28.7 15.7 14.1 2.2 H 
H 

ln1Hrect (lb/t) (57.4) (31. 3) (31.3) (31.3) (31.3) (5 7. 4) (31. 3) (28.2} (4. 3} I ,, 
TSS mg/l 494 476 521 521 521 494 476 157 so 

kg/kkg 53.4 42.l 37.6 37.6 37.6 SJ.4 42.1 11. 3 3.6 
(lb/t} (106. 7) (84 .1) (75.2) (75.2) (7 5. 2) (106. 7) (84 .1) (22.6) (7.2} 

Raw Waste Load Fina 1 Ef fluent 

New Flow kl/kkg 72.1 72.1 
(kgal/ton} (17.3) (17.3) 

Source BODS mg/l 217 15 
kg/kkg 15.7 1.1 
(lb/t) (31.3) (2.2) 

Mil ls 
TSS mg/l 521 15 

kg/kkg 37.6 1.1 
(lb It} (75.2) (2. 2} 



Discharge Type 
& 

Parameter 

Flow kl/kkg 
(kgal/ton) 

BODS mg/l 
Direct kg/kkg 

(lb/ t) 

TSS mg/l 
kg/kkg 

Existing (lb/t) 

Source Flow kl/kkg 
(kgal/ton) 

Mills 
<: BODS mg/l .... 

kg/kkg H .... 
Indirect (lb/t) I 

CF> 

TSS mg/l 
kg/kkg 
{lb/t) 

New Flow kl/kkg 
{kgal/ton) 

Sour~e BODS mg/l 
kg/kkg 
(lb/t) 

M.i.l ls 
TSS mg/l 

kg/kkg 
(lb/t) ----·----

TABLE VI U-5 
PREIHCTEO EH'LUENT QUALITY OF PURE MILLS 

SUllCATH;()RY 015 - ALKALINE UNllL~'.ACHEn - LitrnRllOARI) 

Existing Raw Waste Load Levels 
Levels 
--0- l 2 3 4 

46. 7 '36.3 35.5 35.5 35.5 
( 11. 2) (8. 7) (8. 5) (8.5) (8.5) 

303 280 286 286 286 
14.2 10.2 10.2 10.2 10.2 

(28.3) (20.3) (20.3) (20.3) (20. 3) 

348 427 334 334 331, 
16.3 15.5 11.9 11.9 11.9 

(32.5) (31. 0) (2 3. 7) (23. 7) (23. 7) 

Raw Waste Load 

35.5 
(8. 5) 

286 
10.2 

(20. 3) 

334 
l l.9 

(:0. 7) 

Existing Final Ef fluent Levels 
Levels 
-0-- 1 2 3 4 

46.7 36.3 35.5 35.5 35.5 
(ll. 2) (8. 7) (8.5) (8.5) (8.5) 

30 30 30 15 5 
1.4 1.1 1.1 0.5 0.2 

(2.8) (2. 2) (2.1) (1.1) (0. 4) 

50 50 50 15 7 
2.3 1. 8 1. 8 0.5 0.2 

(4. 7) (3. 6) (3.S) (1. 1) (0.5) 

Final Effluent 

35.5 
(8. 5) 

15 
o.s 

(1.1) 

15 
0.5 

(1.1) 



TABLE .6 
PREDICTED EVfLUENT QUAL Of PURE MlLLS 
SUllCATn;mlY 015 - ALKALINE lJNllLEACllEll - BAG 

Discharge Type Existing Raw Waste Load Levels ExisUng Final EE fluent Levels 
& Levels Levels 

Parameter --0- l 2 3 4 -0-- 1 2 3 4 

!".low kl/kkg 70.S 54.6 SJ.4 SJ.4 53.4 70.S 54.6 SJ.4 S3.4 S3.4 
(kg al/ ton) (16.9) (l'.l. l) (12. 8) (12.8) (12.8) (16.9) (13. 1) (12.8) ( 12. 8) (12. 8) 

ll01l5 mg/1 268 24 7 'l.S3 253 253 30 30 30 IS 5 
Direct kg/kkg 18.9 13.S 13.5 13.5 13. 5 2.1 1. 6 1.6 0.8 0.3 

(lb/t) (37. 7) (27.0) ('l."1.0) (2"1. 0) (27.0) («. 2) (3. 3) (3. 2) (1.6) (0. 5) 

TSS mg/l 29l1 362 350 350 350 50 so 50 15 7 
kg/kkg 20.7 19.8 18. 7 18.7 18.7 3.5 'l.. 7 2.7 0.8 0.4 

l\xlsting (lb/t) (41.4) 09.S) (37.4) (37.4) (3 7. 4) (7. 0) (5.5} (S.S} (l..§2_ (0.8} -
Source now kl/kkg 

(kgal/ton) 
Mi.L ls 

<: BODS mg/ l 
H 
H kg/kkg 
H 
I lnd I.re.: t (lb/t) 
'° 

TSS mg/1 
kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 53.4 53.4 
(kga l I ton) (12.8) (12.8) 

Source BODS mg/l 2S3 15 
kg/kkg 13. s 0.8 
(lb/t) (2 7. 0) (1. 6) 

Mi.lls 
TSS mg/l 350 15 

kg/kkg 18.7 0.8 
(lb/t) (37.4) (1. 6) 



Discharge Type 
& 

Parameter 

Flow kl/kkg 
(kgal/ton 

BODS mg/l 
Direct kg/kkg 

(lb/t) 

TSS mg/l 
kg/kkg 

llxls ting (lb/t) 

Source Flow kl/kkg 
(kga l/ ton) 

Ml Us 
< BODS mg/l 
H kg/kkg H 
H lndirect (lb/t) I ..... 
0 

TSS mg/l 
kg/kkg 
(lb/t) 

-----· 

New Flow kl/kkg 
(kgal/ton) 

Source BODS mg/l 
kg/kkg 
(lb/ t) 

Mills 
TSS mg/l 

kg/kkg 
(lb/ t) 

TAllLE VH l-7 
l'REUICTED EFFLUENT QllALITY OF PURE MILLS 

SUBCAH:CORY 016 - SE~I-CHliMICAL (80%) 

Ex:ls ting Raw Waste Load Levels 
Levels 
_I_)_ 

2 3 

32.5 29.2 21. 7 21. 7 
(7. 8) (7. 0) (5.2) (5.2) 

567 567 719 719 
18.5 16.6 15.6 15.6 

(36.9) (33. l) (31. 2) (31. 2) 

662 738 666 666 
21.6 21.6 14.5 14.5 

(43.1) (43.1) (28. 9) (28.9) 

Raw Waste Load 

21. 7 
(5. 2) 

719 
15.6 

(.31.2) 

666 
14.5 

(28.9) 

Existing Final Ef fluent Levels 
Levels 

4 -0- 1 2 3 4 

21. 7 32.5 29.2 21. 7 21. 7 21. 7 
(5.2) (7. 8) (7. 0) (5. 2) (5. 2) (5.2) 

719 30 30 30 15 5 
15.6 1.0 0.9 0.6 0.3 0.1 

(31. 2) (2.0) (1. 8) (1. 3) (0. 7) (0. 2) 

666 50 50 50 15 7 
14.5 1.6 1.5 1. l 0.3 0.2 

(28. 9) (3.3) (2.9) (2.2) (0. 7) (0.3) 

Final Effluent 

21. 7 
(5. 2) 

15 
0.3 

(0. 7) 

15 
0.3 

(0. 7) 



TAllLE VII. 
PREDCCTEU EFFLUENT QUAL f PURE MILLS 

SUBCATEGORY 016 - SEMI-CHEMICAL (100%) 

Ills cha rgc Type E>Cis ting Raw Waste Load Levels Exlsting Final Effluent Levels 
& I.eve Ls Levels 

Parume tcr 
--0-

1 2 3 4 -0- 1 2 3 4 -----· 
Flow kl/kkg 48. 4 l13. 4 32.1 32.l 32.l 48.4 43.4 32.1 32. l 32.1 

(kgal/ton) (11.6) (10.4) (7. 7) (7. 7) (7. 7) (11. 6) (10. 4) (7. 7) (7. 7) (7. 7) 

1101l5 mg/l 399 399 508 508 508 30 30 30 15 5 
Dir.ect kg/kkg 19.3 17.3 16.3 16.3 16.3 l. 5 l. 3 1.0 0.5 0.2 

(lb/t) (38.6) (34. 6) (32.6) (32.6) (32.6) (2. 9) (2. 6) (1. 9) (l. 0) (0. 3) 

TSS mg/l 795 887 804 804 804 so so so lS 7 
kg/kkg 38.5 38.S 25.8 25.8 25.8 2.4 2.2 1. 6 0.5 0.2 

F.xlsting (lb/t) (76.9) (76. 9) (51. 6) (51.6) (51. 6) (4. 8) (4. 3) (3.2) (1. 0) (0.4) 

Source Flow kl/kkg 
(kgal/ton) 

M ll. ltl 

<: BODS mg/I 
H kg/kkg ,_, 
H lmllrect (lb/t) 
I ..... 

..... 
TSS mg/l 

kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 32.1 32.1 
(kga l /ton) (7. 7) (7. 7) 

Source BODS mg/l 508 lS 
kg/kkg 16.3 o.s 
(lb/ t) (32.6) (1. 0) 

M ii.ls 
TSS mg/l 804 lS 

kg/kkg 2S. 8 o.s 
(lh It) (51.6) (1. 0) 



llischarge Type 
& 

Parameter 

Flow 

BODS 
Direct 

TSS 

1•:><isting 

St.Harc.e now 

Mills 
BOBS 

<: 
H 
H 
H Indirect 
I ..... 

N 
TSS 

New now 

Source llODS 

M.il 1 s 
TSS 

TABLE VU l-9 
l'REIJICTED lffFLlJl•:N'f QUALITY OF !'URE Mll.LS 

SUllCAHXa>H.Y 017 - ALKALUIE UNllLEACHEIJ & SEMJ:-CHEMlCAL 

Existing Raw Waste Load l.evels 
Levels 
--0-

2 3 4 

kl/kkg 55.9 35.5 35.5 35.5 35.5 
(kgal/ton) (l3.4) (8.5) (8. 5) (8.5) (8. 5) 

mg/1 334 380 380 380 380 
kg/kkg 8. 7 ] 3. 5 13.5 ] 3. 5 13.5 
(lh/t) (37.3) (26.9) (26.9) (26.9) (26. 9) 

mg/l 421 508 480 480 480 
kg/kkg 23.5 18.U 17.0 17.0 17.0 
(lb/t) ( 4 7. 0) (36.0) (34. 0) (34. O) (34. 0) 

kl/kkg 
(kga l I ton) 

mg/l 
kg/kkg 
(lb/ t) 

mg/l 
kg/kkg 
(lh/t) 

Raw Waste Load 

kl/kkg 35. 5 
(kgal/ton) (8.5) 

mg/l 380 
kg/kkg 13.5 
{lb/t) (26. 9) 

mg/l 480 
kg/kkg 17.0 
lb /t) (34.0) 

E>eis ting Final Effluent l,evels 
Levels 
-0-- 2 3 4 

55.9 35.S 35.S 35.S 35.5 
(13.4) (8. 5) (8. 5) (8. 5.) (8.5) 

30 30 30 15 5 
1. 7 l. l l. l 0.5 0.2 

(3.4) (2. l) (2.l) (1.1) (0.4) 

so 50 so 15 7 
2.8 1.8 l.8 0.5 0.2 

(5. 6) (3.5) (3.5) {l. l) (0.5) 

Final Ef fluent 

35.5 
(8. 5) 

15 
0.5 

(1.1) 

15 
0.5 

(1. 1) 



TABLE Vll. 
PREDICTEO t::Fl'LUEN'l' QIJAL l' l'IJRE MILLS 

SUl~CATr:GDRY 019 - ALK , NE-N"-'WSPRINT 

Discharge Type l(:d.sting Raw Waste Load Levels Eidsting Final Effluent Levels 
& Levels Levels 

Parame·tcr 
--0- l 2 3 4 -0-- 1 2 3 4 

How kl/kkg 93.8 68.0 57.5 57. 5 57. 5 93.8 68.0 57.5 57.5 57.5 
(kgal/ton) (22.5) (16. 3) (13. 8) (13. 8) (13.8) (22.5) (16. 3) (13.8) (13. 8) ( 13. 8) 

BOOS mg/l 225 217 256 256 256 30 30 30 lS 5 
Direct kg/kkg 2l. l 14.8 14.8 14.8 14.8 2.8 2.0 1. 7 0.9 0.3 

(lb/t) (42. 2) (29. 5) (29. 5) (29. 5) (29. 5) (5.6) (4 .1) (3. 4) (1. 7) (0. 6) 

TSS mg/l 604 675 677 677 677 so 50 so lS 7 
kg/kkg 56.7 45.9 39.0 39.0 39.0 4.7 3.4 2.9 0.9 0.4 

li>tlsting (lb/t) (113.3) (91. 8) (77. 9) (77. 9) (77. 9) (9. 4) (6.8) (5.8) (1. 7) (0.8) 

Source ~·tow kl/kkg 
(legal/ ton) 

Mil.ls 
BODS mg/l 

< kg/kkg .... .... f.nd lrec t (lb/t) .... 
• ...... 

mg/l w TSS 
kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New flow kl/kkg 57.S 57.5 
(kgal/ton) (13.8) (13. 8) 

Source BODS mg/l 256 15 
kg/kkg 14.8 0.9 
(1 b/ t) (29. 5) (1. 7) 

M.il.ls 
TSS mg/l 677 lS 

kg/kkg 39.0 0.9 
lb/ t) (77.9) (1. 7) 



Discharge Type 
& 

Parameter 

Flow kl/kkg 
(kgal/ton) 

ll01l5 mg/l 
lHrect kg/kkg 

(lb/t) 

TSS mg/l 
kg/kkg 

Existing (lb/t) 

Source flow kl/kkg 
(kgal/ton) 

Mil ls 
BODS mg/l 

<: kg/kkg H 
H 

Indirect (lb/t) H 
I ,.., ._, 

TSS mg/l 
kg/kkg 
(lb/ t) 

New now kl/kkg 
(kgal/ton) 

Source llOl.>5 mg/l 
kg/kkg 
(lb/t) 

Mills 
TSS mg/l 

kg/kkg 
(lb/t) 

TAllLE VlU-11 
PHED[CTED EFFLUENT QUALITY OV PUKE MlLLS 

SUllCATECORY 012 - SULFin;-DISSOLVlNG 

Existing Raw \~aste Load Levels 
Levels 
-0- 2 3 

266.4 204.7 lll3. 9 183.9 
(63.9) (l19.L) (44 .1) (44 .1) 

632 504 555 555 
\(,8. 5 103.2 102.L 102.1 

(3J6. 9) (206.4) (Z04. 2) (204. 2) 

376 453 474 4 7l1 

100. l 92.7 87.2 87.2 
(200. 2) (185. 5) (174.4) (174.4) 

Raw Waste Load 

183.9 
(44.l) 

555 
102.l 

(204. 2) 

474 
87.2 

(17l1.4) 

Existing Fina L Ef fluent Levels 
Levels 

4 -0-- l 2 3 4 

183.9 266.4 204.7 183. 9 183.9 183.9 
(44 .1) (63. 9) (49 .1) (l14. l) (44 .1) (44 .1) 

555 30 30 30 15 5 
102. l 8.0 6.2 5.5 2.8 0.9 

(204. 2) (16.0) (12. 3) (11.0) (5. 5) (1. 8) 

474 50 50 50 15 7 
87.2 13. 3 10. 2 9.2 2.8 l. 3 

(1711.4) (26. 6) (20.5) (18.3) (5. 5) (2. 6) 

Final Effluent 

183.9 
(44.1) 

15 
2.8 

(5.5) 

15 
2.8 

(5.5) 



<: 
H 
H 
H 
I ,_. ,,, 

Exl.sti ng 

Sllurce 

Mi.Us 

New 

Sl)U rce 

MU ls 

Dlscharge Type 
& 

l'aranu.!ter 

Flow 

llOUS 
Direct 

'l'SS 

Flow 

BODS 

Ind lrect 

TSS 

Flow 

BODS 

TSS 

kl/kkg 
(kgal/ton) 

mg/l 
kg/kkg 
·(lb/ t) 

mg/L 
kg/kkg 
(lb/t) 

kl/kkg 
(kgal/ ton) 

mg/l 
kg/kkg 
(lb/t) 

mg/l 
kg/kkg 
(lb/t) 

kl/kkg 
(kga l I ton) 

mg/l 
kg/kkg 
(lb/t) 

mg/l 
kg/kkg 
(1 b It) 

TABLE Vlf. 
PlrnDICTED EFl•'LllENT QllAI F Plllrn MU.LS 
SllllCATEC:ORY 022 - SULFl' , APERGRADE (6 77.) 

Existing Raw Waste Load Level:; 
Levels 
-0- l 2 3 4 

152.6 90.l 87.6 87.6 87.6 
(36.6) (21.6) (21. 0) (21. 0) (21. O) 

319 310 319 319 319 
48. 7 28.0 28.0 28.0 28.0 

(97. 3) (55.9) (55.9) (SS. 9) (55.9) 

217 3SO )34 3311 334 
33. l 31.5 29.3 29. 3 29.3 

(66.2) (63.0) (S8.6) (58.6) (S8.6) 

Raw Waste Load 

87.6 
(21. l) 

319 
28.0 

(55.9) 

33l1 
29.3 

(58.6) 

Existing Final Ef fluent Levels 
Levels 
-0-- 1 2 3 4 

152.6 90.1 87.6 87.6 87.6 
(36. 6) (21. 6) (21.0) (21. 0) (21.0) 

30 30 30 15 15 
4.6 2.7 2.6 1. 3 0.4 

(9. 2) (S .4) (S .1) (2. 6) (0.9 

50 50 50 15 7 
7.6 4.S l1. 4 1. 3 0.6 

(15. 3) (9. 0) (8.8) (2. 6) (1. 2) 

Final Effluent 

87.6 
(21. 0) 

15 
1. 3 

(2.6) 

lS 
l. 3 

(2.6) 



Discharge Type 
& 

Parameter 

Flow kl/kkg 
(kgal I ton) 

BODS mg/l 
Direct kg/kkg 

(lb/ t) 

TSS mg/l 
kg/kkg 

E><Ls U.ng (lb/t) 

S1..>u L~ce ~·tow kl/kkg 
(kgal /ton) 

Mll ls 
< BODS mg/l H 
H kg/kkg H 
I [ndtrect (lb/t) ..... 
a-

TSS mg/l 
kg/kkg 
(lb/t) 

tfow Flow kl/kkg 
(kgal /ton) 

Source BODS mg/l 
kg/kkg 
(lb/t) 

Mi I ls 
TSS mg/l 

kg/kkg 
(lb/t) 

TAl!Lf. VL((-13 
PREIJICTEU En'LUENT QllAl.LTY OF l'lllrn MU.LS 
SUBCATEGORY 022 - SLJLFI'C~:-l'APERGRAM: (100%) 

Ex is t.l.ng Raw Waste Load Levels 
Levels 
--0- l 2 3 4 

203.9 120.5 117. 2 117.2 117. 2 
(48.9) (28. 9) (28 .1) (28. 1) (28. 1) 

336 326 336 336 336 
68.S 39.4 39.4 39.4 39.4 

(136. 9) (78. 7) (78. 7) (78. 7) (78. 7) 

170 274 262 262 262 
34.7 33.0 :rn. 7 30.7 30. 7 

(69. 3) (66.0) (61.4) (61.4) (61.4) 

Raw Waste Load 

117.2 
(28.1) 

336 
39.4 

(78. 7) 

262 
30. 7 

(61.4) 

Extsting Final Effluent Levels 
Levels 
-0-- 1 2 3 4 

203.9 120.S 117. 2 117. 2 117. 2 
(48.9) (28. 9) (28. l) (28.1 (28. l) 

30 30 30 15 5 
6.1 3.6 3.S t.8 0.6 

(12. 2) (7. 2) (7 .0) (3. 5) (1. 2) 

50 so so 15 7 
10. 2 6.0 5.8 1. 8 0.8 

(20. 4) (12.0) (11. 7) (3.5) (l. 6) 

Final Effluent 

117. 2 
(28. l) 

15 
1. 8 

(3. 5) 

15 
1. 8 

(3. 5) 



TAllLr: VL. 
!'REil [CTED lffFLlJEN'f QUA!. OF PURE M[J.LS 

SUBCAH:GORY 032 - Tlll\llMO-MECHANICAL PULP 

Discharge Type EK ls ting Raw Waste Load Levels EKisting Final Effluent Levels 
& Levels Levels 

Parame.tcr 
--0- 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 60.0 42.5 42.5 42.5 42.5 60.0 42.5 42.5 42.5 42.5 
(kgal/ton) (14. 4) (10.2) (10. 2) (10. 2) (10. 2) (14. 4) (10. 2) (10. 2) (10.2) (10. 2) 

llOD5 mg/l 304 368 368 368 368 30 30 JO 15 5 
Direct kg/kkg 18.3 15.7 15. 7 15.7 15.7 l. 8 l. 3 1. 3 0.6 0.2 

(lb/t) (36.5) (31. 3) (31.3) (31.3) (31. 3) (3.6) (2. 5) (2. 5) (1. 3) (0. 4) 

TSS mg/l 644 618 618 618 618 50 50 50 15 7 
kg/kkg 38.7 26.3 26.3 26.3 26.3 3.0 2.1 2.1 0.6 0.3 

E><Ls ting (lb/t) (77.4) (S2. 6) (52.6) (52.6) (S2. 6) (6.0) (11. 3) (4. 3) (~. 3) (0.6) 

Source Flow kl/kkg 
(kga I./ ton) 

MU ls 
BODS mg/l 

< kg/kkg .... 
H lndtrec t (lb/t) , ... 
I .... ._, 

TSS mg/l 
kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New now kl/kkg 42.5 S2.S 
(kgal /ton) (10.2) (10.2) 

Sol1rcc BOOS mg/l 368 15 
kg/kkg 15.7 0.6 
(lb/t) (31.3) (i. J) 

M"i.lls 
TSS mg/l 618 lS 

kg/kkg 26.3 0.6 
(lh/ t) (52.6) (1. 3) ---·---



<1 
H 
H 
H 
I 

I-' 
co 

Source 

Mil ls 

New 

SouL·ce 

Mllls 

Discharge Type 
& 

Parameter 

Flow 

BODS 
Direct 

'fSS 

now 

BODS 

[ndirect 

TSS 

Flow 

11005 

TSS 

kl/kkg 
(kgal/ton) 

mg/l 
kg/kkg 
(lb/t) 

mg/l 
kg/kkg 
(Lb/t) 

kl/kkg 
(kga 1/ ton) 

mg/l 
kg/kkg 
(lb/t) 

mg/l 
kg/kkg 
(lb/t) 

kl/kkg 
(kgal I ton) 

mg/l 
kg/kkg 
(lb/t) 

mg/l 
kg/kkg 
(lb/t) 

TAllU: Vlll-15 
PREIHCTtm EFFLUl\NT QlJALCTY m· PURE Ml.LLS 

SUllCA'l'l((;ORY OD - GROUNDWOOD-CMN (74%) 

Existing Raw Waste Load Levels 
Levels 
--0- 2 3 

88.4 51;. 6 54.6 54.6 
(21. 2) (13. 1) (13. L) (13.l) 

210 212 212 212 
18.6 11.6 11.6 11. 6 

(37. l) (2 3. 2) (2 3. 2) (2 3. 2) 

51,9 650 531 531 
l1 ). 5 35.5 29.0 29.0 

(9 7. 0) (7l.O) (58.0) (58.0) 

Raw Waste Load 

54.6 
(13.1) 

212 
11.6 

(23. 2) 

531 
29.0 

(58.0) 

Ex ls ting Final Ef fluent Levels 
Levels 

4 -0-- 1 2 3 4 

S4.6 88.4 S4.6 54.6 54.6 54.6 
(13. l) (21. 2) (13.1) (13. 1) (13. l) (13 .1) 

212 30 30 30 lS s 
ll .6 2.6 1.6 1.6 0.8 0.3 

(2 3. 2) (5. 3) (3. 3) (3.3) (1. 6) (0. 5) 

531 so 50 so lS 7 
29 .0 4.4 2.7 2. 7 0.8 0.4 

(58.0) (8.8) (5.5) (5.5) (1. 6) (0.8) 

Final Effluent 

54.6 
(13. 1) 

15 
0.8 
(1~6) 

15 
0.8 

(1. 6) 



TABLE V. 
l'Rrn [C'l'tm liFl'l.lrnNT QUA·- OF l'URI~ MILLS 

SUllCATEr;o1n O'l3 - GROUNDWOOD-CMN (100%) 

Discharge Type Ex ls ting Raw Waste Load Levels Exls ting Final Effluent L1!vels 
& Levels Levels 

Parametel:' 
--0- 2 3 4 0- 1 2 ] 4 

Flow kl/kkg 134. 3 83.0 83.0 83.0 83.0 134. 3 83.0 8J.O 8:1.0 83.0 
(kgal/ton) (32. 2) (19.9) (19.9) (19. 9) (19. 9) (32.2) (19.9) (19.9) (19. 9) (19.9) 

ll01l5 mg/l 170 172 172 172 172 JO 30 JO l'.i 5 
Df.rect kg/kkg 22.9 14.3 14.3 14.3 14.3 4.0 2.5 2.5 l. 2 0.4 

(lb/t) (/•5. 8) (28. 6) (28.6) (28.6) (28.6) (8. 1) (5. 0) (5.0) (:!.5) (0. 8) 

TSS mg/l 577 684 558 558 558 so so so 1 .. -' 7 
kg/kkg 77.6 56.8 46.4 46.4 46.4 6.7 4.1 4.1 !.2 0.6 

Ex ls ting (lb/t) (155.1) (llJ. 5) (92. 7) (92. 7) (92. 7) (13.4) (8.3) (8.3) (:~. 5) (1. 2) 

Sou r(:e now kl/kkg 
(kga 1/ ton) 

MHls 
BOUS mg/l 

<: kg/kkg H 
H I.ndirec t (lb/t) H 
I .... 
"' TSS mg/l 

kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 83.0 83.0 
(kgal/ton) (19. 9) (19.9) 

Source llODS mg/l 172 15 
kg/kkg 14.3 1. 2 
(lb/t) (28.6) (2.5) 

Mills 
TSS mg/l 553 15 

kg/kkg 46.4 l. 2 
(lb/ t) (92. 7) (2.5) 



TAllLE Vl [f-17 
PREIHCTEU El•'FLUENT QIJALil"I' OF l'tllrn MILLS 

SUllCATr:GORY 0311 - GROUN0\~000-FINE (S'J%) 

Discharge Type Exis tlng Raw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Parameter --0-- 1 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 68.4 51,. 2 43.8 43.8 43.8 68.4 54.2 43.8 43.8 43.8 
(kgal/ton) (16.4) (1.1.0) (10. 5) (10.5) (10.5) (16.4) (13. 0) (10.5) (10.5) .(10. 5) 

ll0D5 mg/l 257 239 279 279 279 30 30 30 15 5 
Direct: kg/kkg 17.6 L3.0 12.2 12.2 12.2 2.0 1. 6 1. 3 0.7 0.2 

(lb/ t) (JS.2) (25.9) (24.4) (24. 4) (24. 4) (4 .1) (3. 3) (2. 6) (1.3) (0.4) 

TSS mg/L 789 699 776 776 776 50 50 50 15 7 
kg/kkg 53.9 37.9 34.0 34.0 31,.0 3.4 2.7 2.2 0. 7 0.3 

Ex ls ting (lb/t) (107.9) (75.8) (68.0) (68. 0) (68.0) (6.8) (5.4) (4.4) (1. 3) (0.6) 

Source Flow kl/kkg 
(kgal/ton) 

Mills 

.:: BODS mg/l ,_, 
kg/kkg ,_, ,_, 

fndit·ect (lb/t) I 
N 
0 

TSS mg/I 
kg/kkg 
(lb/t) 

Raw Waste Load Final Effluent 

New flow kl/kkg 43.8 43.8 
(kgal /ton) (10. 5) (10. 5) 

Sout:ce llOD5 mg/l 279 15 
kg/kkg 12.2 0.7 
(lb/ t) (24. 4) (1. 3) 

Mills 
TSS mg/l 776 15 

kg/kkg 34.0 0.7 
(lb/t) (68.0) (1. 3) 



TABLE V.8 
PREU IC'l'Ell l!:FFLlJENT Qll, OF l'lJI{~; Mii.LS 

SlJllCA'rnGORY 034 - GIWlJ WOllO-FINI( (100%) 

Discharge Type Existing Raw Waste Vrnd Levels Exlsting Final Effluent L•~vels 
& Levels Levels 

Parameter -0- 1 2 3 4 -0- l 2 3 4 

Flow kl/kkg lL0.9 88.0 71.9 71.9 71.9 110.9 88.0 71.9 n.9 71. 9 
(kg al I ton) (26. 6) (21. L) (17. 0) (17. 0) (17. 0) (26. 6) (21.1) (17. 0) (17. O) (17. 0) 

ll01l5 mg/l 168 156 182 182 182 30 30 30 1'" .> 5 
lli.rect kg/kkg 18.6 13. 7 12.9 12.9 12.9 3.4 2.6 2.1 1.1 0.4 

(lb/ t) (3 7. 2) (2 7. 4) (25.8) (25.8) (2 5. 8) (6. 7) (5. 3) (4. 2) (:~. l) (0. 7) 

TSS mg/l 498 41tl 491 491 491 50 50 50 15 7 
kg/kkg 55.2 38.8 31,, 8 34.8 34.8 5.5 4.4 3.5 J.. l 0.5 

Exl.s ting (lb/ t) (110. 4) (77. 6) (69.6) (69.6) (69. 6) (11. l) (8.8) (7. l) (2.1) (1. 0) 

Source Flow kl/kkg 
(kg al I ton) 

Mills 
<! 11005 mg/l H 

·~ kg/kkg H 
I J:ndlrect (lb/ t) 
'" ..... 

TSS mg/l 
kg/kkg 
(lb It) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 71. 9 71. 9 
(kg al I ton) (17. 0) ( 17. 0) 

Source 11005 mg/L 182 15 
kg/kkg 12.9 l. l 
(lb/t) (2 5. 8) (2 .1) 

M:Ll ls 
TSS mg/l 491 15 

kg/kkg 34.8 l. l 
(lb/ t) (69. 6) (2 .1) 



TAllLI~ Vl U-19 
PREIHCTED lffl'LUrnT qUALITY OF PURE MILLS 

SUllCAn:coRY 101 - DELNK F[NE ANO TISSUI<: - PURE TlSSUE 

Discharge Type E><ls ting Raw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Parameter --0- 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 81.3 58.4 55.3 55.3 55.3 81. 3 58.4 55.3 55.3 55. 3 
(kgal/ ton) (19.5) (14.0) (13.3) (13.3) (13.3) (19. 5) (14.0) (13. 3) (13.3) (13. 3) 

BODS mg/l 599 696 733 733 733 30 30 30 15 5 
Direct kg/kkg 48.7 40.7 40. 7 40.7 40.7 2.4 1. 7 1. 7 0.8 0.3 

(lb/t) (97. 4) (81. 3) (81. 3) (81. 3) (81.3) (4.9) (3. 3) (3. 3) (1. 7) (0. 6) 

TSS mg/l 1,759 2,231 2,312 2,312 2,312 100 100 100 15 7 
kg/kkg 143. 0 130.3 128. 3 128. 3 128. 3 8.2 5.8 5.6 0.8 0.4 

Existing (lb/t) (286. 0) (260. 5) (256.5) (256. 5) (256. 5) (16. 3) (11. 7) (l l. 1) (1. 7) (0. 8) 

Source Flow kl/kkg 81. 3 58.4 55.3 '>5.3 55.3 81.3 58.4 55.3 55.3 
(kgal/ ton) (19. 5) (14. 0) (13. 3) (13. 3) (13. 3) (19. 5) (14.0) (13. 3) (13. 3) 

<: Mi.Us H 
H ll01l5 mg/1 599 696 733 733 733 599 696 366 30 H 
I kg/kkg 48.7 40.7 40. 7 40.7 40. 7 48. 7 40.7 20.3 1. 7 '" N Ind.i. rec t (lb/t) (97.4) (81. 3) (81.3) (81.3) (81.3) (97. 4) (8 l. 3) (40. 6) (3. 3) 

TSS mg/l 1, 759 2,231 2,312 2,312 2,312 1,759 2,231 462 50 
kg/kkg 143.0 130. 3 128.3 128.3 128.3 143. 0 130. 2 25.2 2.8 
(lb/t) (286.0) (260.5) (256. 5) (256. 5) (256.5) (286. 0) (260. 5) (51.3) (5. 6) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 55. 3 55.3 
(kgal/ton) (13. 3) (13. 3) 

Source 11005 mg/l 733 15 
kg/kkg 40.7 0.8 
(lb/ t) (31. 3) (1. 7) 

Mills 
TSS mg/ l 2,312 15 

kg/kkg 128.3 0.8 
(lb/t) (256. 5) (1. 7) -------



PREDICTED 
TABLE Vll. 

EFFLUENT QUA OF PURE MILLS 
SUBCATEGORY 101 - Dl':INK FINK AND TISSUI': - PURE HNI~ 

Di.seharge Type [\xis ting Raw Waste Loa<l Leve ls Existing Final Effluent Levels 
& Levels Levels 

Parameter 
--0- 1 2 3 4 -0-- l 2 3 4 

Flow kl/kkg 107.2 77 .2 7J.l1 73.4 73.4 107 .2 77. 2 73.4 73.4 73.4 
(kgal/ton) (25. 7) (18. 5) (17.6) (17. 6) (17.6) (25. 7) (18.5) (17. 6) (17.6) (17. 6) 

llOD5 mg/ l 466 5l10 568 568 568 30 30 30 i·· .) 5 
Direct kg/kkg 50.0 41. 7 41. 7 41. 7 41. 7 3.2 2.3 2.2 1.1 0.4 

(lb It) (99.9) (33. 4) (83.4) (83. 4) (8 3. 4) (6.4) (4. 6) (4 .4) (:~. 2) (O. 7) 

TSS mg/l 2,012 2,546 2,635 2,635 2,635 100 100 100 l" .> 7 
kg/kkg 215.7 196.t. 193.4 193.4 193.4 10. 7 7. 7 7.3 l. l 0.5 

l•:xisU.ng (lb/ t) (431. 3) (392.8) (386. 8) (386. 8) (386. 8) (21.4) (15.lt) (14. 7) (:~. 2) (1. 0) 

Sour.ce Flow kl/kkg 107. 2 77.2 73.4 73.4 73.4 107. 2 77.2 73.4 7:1.4 
(kgal/ ton) (25. 7) (18. 5) (17. 6) (17.6) (17. 6) (25. 7) (18. 5) (17 .6) (U .6) 

<: Mt I.ls H 
H IJOD5 mg/l 466 540 568 568 568 466 540 284 30 H 
I kg/kkg 50.0 41. 7 41. 7 41. 7 41. 7 50.0 41. 7 20.8 2.2 ,..., 
w Indirect (lb/t) (99. 9) (83.I•) (83.4) (83. 4) (83.4) (99. 9) (8 3. 4) (41. 7) (l1. 4) 

TSS mg/l 2,012 2,546 2,635 2,635 2,635 2,012 2,546 527 50 
kg/kkg 215.7 196.4 193.4 193.4 193.11 215.7 196.4 38.7 ].7 
{lb/t) (431.3) (392. 8) (386. 8) (386. 8) (386. 8) (431.3) (392. 8) (77. 4) (7. 3) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 73.4 73.4 
(kga l I ton) (17 .6) (17. 6) 

Source BODS mg/l 568 15 
kg/kkg l1 l. 7 l.1 
(lb/t) (83.4) (2.2) 

Mil.ls 
TSS mg/l 2,635 15 

kg/kkg 193.4 1.1 
{lb/t) (386.8) (2. 2) 



TAllLE VI l (-21 
PREIHCTEO EFFLUENT QUAL('l'Y OF PUtrn MILLS 

SUBCATEGORY 102 - DE INK NEWSPRINT 

Oischarge Type Eidsting Raw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Parameter 
--0- 1 2 3 4 

_(_)_ 
1 2 3 4 

Flow kl/kkg 6 7. 6 57.S S5.5 S5.S S5.S 67.6 S7. s 55.S 55.5 SS.5 
(kgal/ton) (16.2) (13.8) (13.3) (13.3) (13.3) (16.2) (13. 8) ( 13. 3) (13. 3) (13.3) 

BODS mg/l 234 232 241 241 241 30 30 30 15 5 
lll.rect kg/kkg 15.9 13.4 13.4 13.11 13.4 2.0 1. 7 l. 7 0.8 0.3 

(lh/t) (31.7) (26. 7) (26. 7) (26. 7) (26. 7) (4. 0) (3. 4) (3. 4) (1. 7) (0. 6) 

TSS mg/l 1,821 2,050 1,857 1,857 l,8S7 100 100 100 15 7 
kg/kkg 123.0 118.0 103.0 103.0 103.0 6.8 5.8 5.5 0.8 0.4 

llxl.s ti.ng (lh/t) (246.0) (236.0) (206. 0) (206. 0) (206.0) (13.5) (l l. 5) (11. 1) (l. 7) (0.8) 

Source now kl/kkg 6 7 .6 57.5 55.5 55.5 55.S 6 7. 6 5 7. 5 55.5 55.S 
(kgal/ ton) (16. 2) (13. 8) (13. 3) (13. 3) (13.3) (16. 2) (13.8) (13. 3) (13. 3) 

Mills 
BODS mg/l 234 232 241 241 241 234 232 120 30 

<: 
kg/kkg 15.9 13.4 13.4 13.4 13.4 15.9 13.4 6.7 1. 7 H 

H 
Indirect (lb/t) (31. 7) (26. 7) (26. 7) (26. 7) (26. 7) (31. 7) (26. 7) (13.4) (). 3) H 

I 
N _,,_ 

TSS mg/l 1,821 2,050 1,857 1,857 1,857 1,821 2,050 371 50 
kg/kkg 123.0 1L8.0 103.0 103.0 103.0 123.0 118.0 20.6 2.8 
(lb/t) (246. 0) (236.0) (206. 0) (206.0) (206. 0) (246. 0) (236.0) (41. 2) (5.6) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 5.5. 5 55.5 
(kgal/ton) (13. 3) (13. 3) 

Source BODS mg/l 241 15 
kg/kkg 13 .11 0.8 
(lb/ t) (26. 7) (1. 7) 

Mi.lls 
TSS mg/l 1,857 15 

kg/kkg 103.0 0.8 
(lb/t) (2~6. 0) (1. 7) 



TAllLE V.2 
PR~:u [CTlm EF~'LUENT Qll' OL' PURE MILLS 

S UIJCATEt;ORY l l I - WASn~PAPEI( TISSUE-100% INDUSTIUAL 

lli.scharge Type Existing Raw Waste Load Lcvel.s Existing Fina 1 Ef fluent Levels 
& Levels Levels 

Parameter --0- 1 2 ) 4 -0-- 1 2 3 4 

How kl/kkg 56. 7 48.4 48.4 !18. 4 48.4 56.7 48.4 48.4 !18.4 48.4 
(kgal/ton) (13.6) (11. 6) (ll.6) (l l. 6) (ll.6) (lJ.6) (11. 6) (11. 6) (ll. 6) (11. 6) 

IJ0ll5 mg/l 2)2 231 231 231 231 116 11.6 ll6 25 5 
Direct kg/kkg 13.2 l l. 2 11.2 11. 2 11. 2 6.6 5.6 5.6 1. 2 0.2 

(lb/ t) (26. 3) (22.4) (22.4) (22.4) (22.4) (13. l) (11. 2) (11. 2) (2. 4) (0.5) 

TSS mg/l 714 713 713 713 713 141 143 143 12 7 
kg/kkg 40.S v •. 5 34.S 34.S 34.5 8.0 6.9 6.9 0.6 0.3 

E><lsting (lh/t) (81. 0) (69. 0) (69. 0) (69.0) (69.0) ( 16. 0) (lJ.8) (lJ. 8) (1. 2) (0. 7) 

Sour.cc Flow kl/kkg 56.7 48.4 48.11 48.4 48.4 56.7 l18. L1 48.11 48.4 
< (kgal/ton) (U.6) (l l. 6) (ll.6) (11. 6) (11. 6) (13. 6) (11.6) (11.6) (l l. 6) 
•-< 
H Mllls 
H 

IJOD5 mg/l 2)2 2)1 231 2)1 231 232 2)1 116 5 I 
N 

kg/kkg 13.2 11. 2 11. 2 11. 2 11. 2 13.2 l l. 2 5.6 0.2 "' 
Indirect (lb/ t) (26. J) (22.4) (2 2. 4) (22. 4) (22. 4) (26. 3) (22.4) (11. 2) (0. 5) 

TSS mg/l 714 713 713 713 713 714 713 143 7 
kg/kkg 40. 5 )4.5 34.5 34.5 3L,. 5 40. 5 )4.5 6.9 0.3 
(lb/t) (81.0) (69. 0) (69.0) (69. 0) (69. 0) (81. 0) (69. 0) (13.8) (0. 7) 

Raw Waste Load Final Effluent 

Nt<W !'low kl/kkg 48.4 
(kg al I ton) (l l. 6) 

St1t1r.cc IJOD5 mg/l 231 Zero 
kg/kkg l l. 2 
(lb/t) (22. 4) Discharge 

Mills 
TSS mg/l 713 

kg/kkg 34.5 
(1 b/ t) (69. 0) 



TAllLll Vl[[-23 
PREil [CTEU En'LUENT QUALlTY OF PURE MU.LS 
SUBCATliGORY l l2 - \~ASTt~l'APER BOARD - BOARD 

D1';charge Type Existing Raw Waste Load Levels · Ex ls ting Hnal Effluent Levels 
& Levels Levels 

Parametet· 
--0-

l 2 3 4 
_l_)_ 

1 2 3 4 

Flow kl/kk1i 15.4 8. 3 8.3 8.3 8. 3 15 .4 8.3 8.3 8.3 8.3 
(kgal/ton) (3. 7) (2. 0) (2.0) (2. 0) (2.0) (3. 7) (2. 0) (2. 0) (2. 0) (2.0) 

BODS mg/l 687 sn 522 522 522 30 30 30 15 5 
Direct kg/kkg 10.6 4.4 4.4 4.4 4.4 0.4 0.2 0.2 0.1 0.04 

(lb/t) (21. 2) (8. 7) (IL 7) (8. 7) (8. 7) (0.9) (0. 5) (0. 5) (0. 3) (0.08) 

TSS mg/l 638 294 294 294 294 so 50 50 15 7 
kg/kkg 9.9 2 .. 5 2.S 2.5 2.5 0.8 0.4 0.4 0.1 0.06 

~:xis t:lng (lb/t) (19. 7) (4.9) ( 4. 9) (4. 9) (4. 9) (1. 5) (0.8) (0.8) (0. 3) (0.12) 

Source Flow kl/kkg 15.4 8.3 8.3 8.3 8.3 15.4 8.3 8.3 8.3 
(kgal /ton) (3. 7) (2.0) (2.0) (2. 0) (2.0) (3. 7) (2. 0) (2. O) (2. 0) 

MU ls 
<: BODS mg/l 687 S22 s')·• S22 522 687 522 260 s 
H '-" 
H kg/kkg 10.6 4.4 4.4 4.4 4.4 10.6 4.4 2.2 0.04 
H 
I lndlrect (lb/t} (21. 2) (8. 7) (8. 7) (8. 7) (3. 7) (21.2) (3. 7) (4. 3) (0. 08) 
'" a-

TSS mg/l 638 294 294 294 294 638 294 59 7 
kg/kkg 9.9 2.S 2.S 2.S 2.S 9.9 2.5 0.5 0.06 
(lb/t} (19. 7) (4. 9) (4. 9) (4. 9) (4.9) (19. 7) (4. 9) (1.0) (0 .12) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 8.3 
(kgal/ton) (2. 0) 

Source BODS mg/l 522 Zero 
kg/kkg 4.4 
(lb/t) (8. 7) Discharge 

M:l.l ls 
TSS mg/l 294 

kg/kkg 2.5 
(lb/ t) (4. 9) 



PREil [CTEO 
TAllLE V.4 

EFFLUENT <iUI\ OF PURE MU.LS 
SUBCATt-:C:ORY ll2 - WASTKPAPER BOARD - LINE!ttlOARD 

ll.iscliarge Type Exlsting Raw Waste Load Levels Existing Final Effluent Lt~vels 
& Levels Levels 

Pura~ter 
--0- l 2 3 4 -0-- l 2 ] 4 

Flow kl/kkg 27.9 15.0 15.0 15. 0 15.0 27.9 15.0 15.0 15.0 15.0 
(kgal/ton) (6. 7) (3.6) (3.6) (3.6) (3.6) (6. 7) (3.6) (3. 6) (3. 6) (3. 6) 

llOIJ5 mg/l 319 243 21,3 243 243 30 30 30 15 5 
Ill met kg/kkg 8.9 3.7 3.7 3.7 3.7 0.8 0.4 0.4 0.2 0.1 

(lb/ t) (17.8) (7.3) (7. 3) (7. 3) (7. 3) (1. 7) (0.9) (0.9) (O. 5) (0. 2) 

TSS mg/l 385 176 176 176 176 50 so 50 15 7 
kg/kkg 10.8 2.7 2.7 2.7 2.7 1.4 0.8 0.8 0.2 o. l 

Exlsti.ng (lb/t) (2l. 5) (5.3) (5.3) (5. 3) (5.3) (2.8) (1.5) (l. 5) (0. 5) (0. 2} 

Source Flow kl/kkg 27. 9 15.0 15.0 15.0 15.0 'l.7. 9 15.0 15.0 15.0 
(kga 1 I ton} (6. 7) (3. 6) (3. 6) (3. 6) (3. 6) (6. 7) (3. 6) (3. 6) (3. 6) 

<: MHlti 
H BOOS mg/l 319 243 243 243 243 319 243 122 5 
H 
H kg/kkg 8.9 3.7 3.7 3.7 3.7 8.9 3.7 l.8 0.1 
I 

"" ln<lircct (lb/ t) (17 .8) (7. 3) (7. 3) (7. 3) (7. 3) (17.8) (7. 3) (3. 7) (0. 2) 

TSS mg/l 385 176 176 176 176 385 176 35 7 
kg/kkg 10.8 2.7 2.7 2.7 2. 7 10.8 2.7 0.5 0.1 
(lb/t} (21. 5) (5. 3} (5. 3) (5. 3) (5.3) (21.5) ( 5. 3) (l. l) (0. 2) 

Raw Waste Load l'inal Effluent 

New Flow kl /kkg 15.0 
(kgal/ ton) (3. 6) 

Source BODS mg/l 243 Zero 
kg/kkg 3.7 
(lb/ t) (7. 3) Discharge 

Mills 
TSS mg/l 176 

kg/kkg 2.7 
(lb/t} (5.3) 



TAllLE VU: l-25 
PREll lCTED EFFLUENT t)UAl.l'f'i OF PUlrn MILLS 

SUllCA'fEC;ORY 112 - l~ASTl<:l'AP~:I{ llOARD - CORRUGATEU 

Dlscha rge Type Exi.stlng Raw Waste Load I.eve ls Eds ting Final Effluent Levels 
& Levels Levels 

Parameter --0- 1 2 3 4 -0- 1 2 3 4 

Flow kl/kkg 4.2 2.1 2. l 2.1 2.1 4.2 2.1 2.1 2.1 2.1 
(kg al /ton) (l.O) (0. 5) (0.5) (0.5) (0. 5) (1. 0) (0.5) (0. 5) (0. 5) (0. 5) 

BOll5 mg/l 1, 28:.1 1,055 1,055 1,055 1,055 30 30 30 15 5 
IHrect kg/kkg 5.3 2.2 2.2 2.2 2.2 0.1 0.06 0.06 0.03 0.01 

(lb/t) (10. 7) (11. 4) (4. 4) (4. 4) (4.4) (0. 3) (0. 12) (0.12) (0.06) (0.02) 

TSS mg/l 911 7 480 480 !180 480 • 50 50 50 15 7 
kg/kkg 4.0 1.0 1.0 1.0 1.0 0.2 0.1 0.1 0.03 0.01 

l~x LH t lng (lb/t) (7. 9) (2. 0) (2.0) (2.0) (2.0) (0.4) (0. 2) (0. 2) (0.06) (0.03) 

Soucce now kl/kkg 4.2 2.1 2.1 2. l 2.1 4.2 2.1 2.1 2.1 
(kgal/ton) (1. 0) (0. 5) (0. 5) (0. 5) (0. 5) (1. 0) (0. 5) (0. 5) (0. 5) 

< MU ls , ... 
mg/l 1, 283 1,055 1,055 1,055 1,055 H ll01l5 1,283 1,055 528 5 .... 
kg/kkg 5.3 2.2 2.2 2.2 2.2 5.3 2.2 1.1 0.01 I 

N 
GO Ind.ircct (lb/t) (10. 7) (4.4) (!L 4) (4.4) (4. 4) (10. 7) (4. 4) (2. 2) (0. 02) 

TSS mg/l 947 480 480 480 480 94 7 480 96 7 
kg/kkg 4.0 l.0 1.0 1.0 1.0 4.0 1.0 0.2 0.01 
(lb/t) (7. 9) (2.0) (2.0) (2.0) (2.0) (7. 9) (2. 0) (0. 4) (0.03) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 2.1 
(kgal/ton) (0. 5) 

Source llOOS mg/l 1,055 Zero 
kg/kkg 2.2 
{lb/t) (4.4) Discharge 

Mllls 
TSS mg/l 480 

kg/kkg 1.0 
(lb/t) (2. 0) 



TAllLI•'. Vl.6 
Pl{Ell lCTED E~'FLUlrnT QUA OL' PURE MlLLS 

SIJllCA'H:GilRY 112 - WASTEl'Al'ER BOARL> - CHIP & ~'ILLER 

IHscharl\e Type Existing Raw Waste Load Levels lixisting Final Effluent L<>vels 
& Levels Levels 

Parameter --0- l 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 10.0 S.4 S.4 S.4 S.4 10.0 S.4 S.4 S.4 S.4 
(kgal/ton) (2.4) (l. 3) (l. 3) (l. 3) (1. 3) (2.4) (1. 3) (1. 3) (1. 3) (1. 3) 

BODS mg/l 34S 2S8 2S8 2S8 2S8 30 30 30 lS s 
lltrec t kg/kkg 3.5 1.4 1.4 1.4 1.4 0.3 0.2 0.2 0.1 0.03 

(lb/t) (6.9) (2. 8) (2.8) (2. 8) (2. 8) (O. 6) (O. 3) (0. 3) (0. 2) (0. 06) 

TSS mg/l 445 203 203 203 203 so so so 15 7 
kg/kkg 4.5 l. l l. l 1.1 1.1 o.s 0.3 0.3 0.1 0.04 

Ex ls ting (lb/ t) (8.9) (2.2) (2.2) (2.2) (2. 2) (1. 0) (0.5) (0. 5) (0.2) (O. 08) 

SourcC! I' low kl/kkg 10.0 5.4 5.4 5 .l1 S.4 10.0 S.4 S.4 S.4 
< (kgal/ton) (2. 4) (1. 3) (1. 3) (l. 3) (1. 3) (2. 4) (1. 3) (l. 3) (1. 3) 
H M.ll.ls .... 
H BODS mg/l 345 2S8 258 258 2S8 345 2S8 129 s I 

'" kg/kkg 3.5 l. 4 1.4 l.4 l. l1 3.S 1.4 0.7 0.03 "' lnd.irect (lb/ t) (6. 9) (2.8) (2. 8) (2. 8) (2. 8) (6.9) (2. 8) (1.4) (O. 06) 

TSS mg/l 445 203 203 20) 203 445 203 41 7 
kg/kkg 4.5 1.1 1.1 1.1 1.1 4.S 1.1 0.2 0.04 
(lb/t) (8.9) (2.2) (2.2) (2.2) (2. 2) (8.9) (2. 2) (0.4) (0. 08) 

Raw Waste Load Final Effluent 

New ~·low kl/kkg 5.4 
(kgal/ ton) (l. 3) 

Source llOOS mg/l 2)8 Zero 
kg/kkg 1.4 
(lb/ t) (2.8) Discharge 

M.i.l ls 
TSS mg/l 203 

kg/kkg 1.1 
(lb/ t) (2. 2) 



TAllLE Vl l l-2 7 
PREIJICTW E~· FLUENT QUAJ. LTY OF PURE MlLLS 

S UllCAH:t:ORY ll2 - WASTEPAPER llOARD - FOLJHllC BOX 

lli sch a t:ge Type l\i<:Lsting Raw Waste Load Levels Extsting Final Effluent Levels 
& Levels Levels 

Pacametcr -1)-- 1. 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 16.3 !l. 8 8.8 8.8 8.8 16.3 8.8 8.8 8.8 8.8 
(kgal/ ton) (3. 9) (2. L) (2. 1) (2.1) (2. 1) (3. 9) (2.1) (2. 1) (2. l) (2.1) 

BODS mg/l 372 285 285 285 285 JO 30 30 15 5 
Dit:ect kg/kkg 6.1 2.5 2.5 2.5 2.5 0.5 0.3 0.3 0.1 O.Oto 

(lb/ t) (12.l) (5 .0) (5.0) (5. 0) (5. 0) (1.0) (0. 5) (0. 5) (0. 3) (0. 08) 

TSS mg/l 434 200 200 200 200 50 so so lS 7 
kg/kkg 7. L 1.8 l. 8 1. 8 1.8 0.8 0.4 0.1; 0.1 0.06 

EK Lt< ting (lb/t) (14. 1) (3.5) (3. 5) (3. S) (3. S) (l. 6) (0. 9) (0. 9) (0.3) (0.12) 

Source Flow kl/kkg 16.3 8.8 8.8 8.8 8.8 16.3 8.8 8.8 8.8 
(kgal/ ton) (3.9) (2.1) (2.1) (2. l) (2.l) (3.9) (2. l) (2. l) (2. 1) 

< Mills ..... 
..... BODS mg/1 372 285 285 285 285 372 28S 143 5 ...... 
I kg/kkg 6.1 2.5 2.S 2.S 2.5 6.1 2.S l. 2 0,04 
w 
0 Indirect (lb/ t) (12. l) (5.0) (5. 0) (S.O) (S. 0) (12. l) (5. 0) (2. 5) (0. 08) 

TSS mg/l 434 200 200 200 200 434 200 40 7 
kg/kkg 7.l 1.8 1.8 l. 8 l. 8 7.1 1. 8 0.4 0.06 
(lb/t) ( 14. 1) (3.5) (3.S) (3.S) (3. 5) (14. 1) (3. 5) (0. 7) (0.12) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 8.8 
(kgal/ ton) (2. 1) 

Source BODS mg/l 285 Zero 
kg/kkg 2.S 
(lb/ t) (5. 0) Discharge 

Mi.I ls 
TSS mg/l 200 

kg/kkg l.8 
(lb/t) (3. 5) 



TAIH.•: VL. 
PRIW[CTED EFFLUENT QUA O~ PURE MLLLS 

SUllCA'rnGORY ll2 - WASTEl'A , l BOARD - SETUP llOX 

Discharge Type Existing Raw Waste Load Levels Existing Final Effluent Levels 
I. Levels Levels 

Parameter 
--0- 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 20.4 10.8 10.8 10.8 10. 8 20.4 10.8 10.8 10. 8 10.8 
(kgal/ton) (/<-9) (2.6) (2.6) (2.6) (2.6) (4. 9) (2.6) (2.6) (2. 6) (2.6) 

ll01J5 mg/l 360 277 277 277 277 30 30 30 15 5 
lllrect kg/kkg 7.3 3.0 3.0 3.0 3.0 0.6 0.3 0.3 0.2 0.05 

(lb/ t) (14. 7) (6. 0) (6. 0) (6. 0) (6. 0) (1. 2) (0. 7) (0. 7) (0. 3) (0. 1) 

TSS mg/l 279 129 129 129 129 so so 50 15 7 
kg/kkg 5.7 L'• 1.4 1.4 1.4 1.0 0.5 0.5 0.2 0.1 

E>d.s ting (lb/t) (11.4) (2.8) (2.8) (2.8) (2. 8) (2. 0) (l. 1) (1. 1) (0. 3) (0.2) 

Source Flow kl/kkg 20.4 10.8 10.8 10.8 10.8 20.4 10.8 10.8 10.H 
(kgal/ton) (4.9) (2.6) (2. 6) (2.6) (2. 6) (4.9) (2. 6) (2. 6) (2.6) 

Mi.Us 
ll01l5 mg/l 360 277 277 277 277 360 'J.77 138 5 

<: 
kg/kkg 7.3 3. () 3.0 3.0 3.0 7.3 3.0 1. 5 0.05 H 

H 
Intllrect (lb/ t) (14. 7) (6. 0) (6.0) (6.0) (6. O) (14.7) (6.0) (3.0) (0. l) H 

I 
w .... 

TSS mg/l 279 129 129 129 129 279 129 26 7 
kg/kkt\ 5.7 1./1 1.4 1. 4 1.4 5.7 1.4 0.3 o. ). 
(lb/ t) (11.4) (2.8) (2.8) (2.8) (2. 8) (11. 4) (2.8) (0.6) (0. :~) 

Raw Waste Load Final Effluent 

Nc."'1 Flow kl/kkg 10.8 
(kgal/ton) (2. 6) 

Source llOD5 mg/l 277 Zero 
kg/kkg 3.0 
(lb/ t) (6.0) Discharge 

Mills 
TSS mg/l 129 

kg/kkg l. 4 
(lb/ t) (2. 8) 



TAllLE Vl l l-29 
PIOm [CTED EFFLUl-:NT QUALITY OF PURE MILLS 
SUUCAH:l:ORY 11.2 - WASn:PAPER llOARD - GYPSUM 

Discharge Type Existing Raw Waste Load Levels Existing Final Effluent Levels 
& I.eve ls Levels 

Parameter 
--0- 1 2 3 4 

-0--
1 2 3 4 

Flow kl/kkg l l. 7 6.3 6.3 6.3 6.3 ll. 7 6.3 6.3 6.3 6.3 
{kgal I ton) (2.8) (1.5) (1. 5) (1. S) {l. 5) (2.8) (1. S) (l. S) (l.S) (1. S) 

BODS mg/l 497 384 384 384 384 30 30 30 lS s 
Direct kg/kkg 5.8 2.4 2.4 2.4 2.4 0.4 0.2 0.2 0.1 0.03 

(lb/t) {l l. 6) (4. 8) (4. 8) (/L 8) (IL 8) (0. 7) (0. 4) (0. 4) (0. 2) '(0.06) 

TSS mg/l l,362 l, 103 l ,103 l,103 1,103 50 so 50 lS 7 
kg/kkg IS.9 6.9 6.9 6.9 6.9 0.6 0.3 0.3 0.1 0.04 

i•:xlsti.ng (lb/t) (H.8) (13. 8) (L3.8) (13. 8) (13.8) (l. 2) (0.6) (0. 6) (0. 2) (0.08) 

Source Flow kl/kkg 11. 7 6.3 6.3 6.3 6.3 11. 7 6.3 6.3 6.3 
{kg al I ton) (2. 8) (l. S) (1. S) (1. S) (1. 5) (2. 8) {l. S) (1. S) (1. 5) 

Mills 
<: BODS mg/l 497 38l1 384 384 384 497 384 192 5 
H 
H kg/kkg 5.8 2.4 2.4 2.4 2.4 5.8 2.4 1. 2 0.03 
H 
I Ind:trec t (lb/t) {11.6) (4. 8) (/L 8) (4. 8) (4. 8) (11.6) (4. 8) (2. 4) (0. 06) 
w 
Iv 

TSS mg/l 1,362 l, 103 1,103 l, 103 l, 103 l,362 1,103 221 7 
kg/kkg 15.9 6.9 6.9 6.9 6.9 lS.9 6.9 l. 4 0.04 
{lb/t) (31. 8) (13. 8) (13.8) ( 13. 8) (13.8) (31. 8) (13.8) (2.8) (0.08) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 6.3 
(kg al I ton) (1. 5) 

Source BODS mg/l 384 Zero 
kg/kkg 2.4 
(lb/ t) (4. 8) Discharge 

Mil ls 
TSS mg/l 1,103 

kg/kkg 6.9 
{lb/ t) (13.8) 



TAB.ll-30 
P[(EillCn:n EFFLUliN' LITY OF PURE MU.LS 

SUBCATEGORY L L3 - WAS ~:PAPER - MOLDlm PRODUCTS 

ll.ischarge Type Exis t.ing Raw Waste Load Levels Ex ls ting Final Effluent Levels 
& Levels Levels 

Par anlC te r --0- l 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 52. 5 41. ·3 41. 3 41. 3 41. 3 52.5 41.3 41. 3 41. 3 41.3 
(kgal/ton) (12.6) (9. 9) (9. 9) (9. 9) (9. 9) (12. 6) (9. 9) (9. 9) (9. 9) (9. 9) 

llOllS mg/l 124 119 119 119 119 30 30 30 15 5 
Direct kg/kkg 6.5 4.9 4.9 4.9 4.9 1.6 l. 2 l. 2 0.6 0.2 

(1 b It) (l3. 0) (9. 8) (9 .8) (9. 8) (9. 8) (3. 2) (2. 5) (2. 5) (1. 2) (0. 4) 

TSS mg/l 216 130 130 130 130 50 50 50 15 7 
kg/kkg l l.4 5, l, 5.4 5.4 5.4 2.6 2. l 2.1 0.6 0.3 

""istlng (lb/t) (22. 7) (10. 7) (IO. 7) (10. 7) (10. 7) (5.3) ( 4 .1) ( 4. 1) (l. 2) (0.6) 

Sllll rce Flow kl/kkg 52.5 41. 3 41. 3 41. 3 41. 3 52.5 4 l. 3 41. 3 41.3 
<' (kg al/ ton) (12. 6) (9 .9) (9 .9) (9. 9) (9 .9) (12. 6) (9. 9) (9.9) (9. 9) 
H 

Mills ,_, 
H 

BODS mg/l 124 1L9 119 119 119 124 119 59 5 I 
VJ 

kg/kkg 6.5 4.9 4.9 4.9 4.9 6.5 4.9 2.4 0.2 VJ 

Ind.irect (lb/t) (13. 0) (9. 8) (9.8) (9. 8) (9.8) (U.O) (9. 8) (4. 9) (0. 4) 

TSS mg/l 216 130 130 130 130 216 130 26 7 
kg/kkg 11.4 5.4 5.4 5.4 5.4 11.4 5.4 1.1 0.3 
(lb/ t) (2 2. 7) (10. 7) (10. 7) (10. 7) (10. 7) (2 2. 7) (10.7) (2. 1) (0. 6) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 41. 3 41. 3 
(kgal/ton) (9. 9) (9. 9) 

Source IJOU5 mg/1 119 15 
kg/kkg 4.9 0.6 
(lb/ t) (9. 8) (1. 2) 

Mi.I ls 
TSS mg/l 130 15 

kg/kkg .5.4 0.6 
(lb/t} (10.7) (1. 2) 



TAllLI' VL U-31 
l'Rtm [CTEU EFFLUENT QUAUTY OF l'Ulrn MILLS 

S !JllCATEC;ORY 1 L4 - WASTEPAPER CONSTtWCTJON PROO!JCTS - 100% WASTEPAPER 

DI scha rge Type Eidsting Raw Waste Loa ct Levels Ex ls ting Final Effluent Levels 
& Levels Levels 

Parameter --0- 1. 2 3 4 -0-- 2 3 4 

Flow kl/kkg 14.6 6.7 6.7 6.7 6.7 14.6 6.7 6.7 6.7 6. 7 
(kgal/ton) (3. 5) (1. 6) (1. 6) (1. 6) (l. 6) (3.5) (1. 6) (1. 6) (l. 6) (1. 6) 

llOIJS mg/l 521 Ul7 187 187 187 30 30 30 15 5 
1H1:ect kg/kkg 7.6 1. 3 1.3 1.3 l. 3 0.4 0.2 0.2 0.1 0.03 

(lb/ t) (15. 2) (2 :s) (2.5) (2. 5) (2. 5) (0.9) (0.4) (0. 4) (0. 2) (0. 06) 

TSS mg/l 1,326 180 180 UlO 180 50 50 50 15 7 
kg/kkg 19.4 1..2 1. 2 l. 2 1. 2 0.8 0.3 0.3 0.1 0.04 

l~Ki.s ting (lb/t) (38. 7) (2.4) (2.4) (2.4) (2.4) (1. 5) (0. 7) (0. 7) (0. 2) (0. 08) 

Source Flow kl/kkg 14.6 6.7 6.7 6.7 6.7 14.6 6.7 6.7 6.7 
<:: (kgal/ton) (3. 5) (1.6) (1. 6) (1.6) (1. 6) (3. 5) (1. 6) (1. 6) (1. 6) 
H Mills H 
H BODS mg/l 521 187 187 187 187 521 1.87 93 5 I 
w kg/kkg 7.6 l. 3 1. 3 l. 3 1. 3 7.6 1. 3 0.6 0.03 .{>-

l nd.i rec t (lb/t) (15. 2) (2.5) (2.5) (2. 5) (2. 5) (l 5. 2) (2. 5) (1. 2) (0. 06) 

TSS mg/l l,326 180 180 180 180 1,326 180 36 7 
kg/kkg 19.4 l. 2 1. 2 l. 2 1. 2 19.4 1. 2 0.2 0.04 
(lb/t) (38. 7) (2.4) (2. '•) (2.4) (2.4) (38. 7) (2.4) (0. 5) (0.08) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 6.7 
(kgal/ ton) (1.6) 

Source llODS mg/l UH Zero 
kg/kkg l. 3 
(lb/ t) (2. 5) Discharge 

Mi.l ls 
TSS mg/l 180 

kg/kkg 1. 2 
(lb/t) (2.4) 



TAllLE V.2 
PRElllCTlm l!:FFLLIENT Qll OL' PURE MU.LS 

S llllCATEl;ORY 114 - WAST!lPAP, ONSTIWC'l' WN PRODUCTS 
50% WP ANO 5U% TMP 

D.ischarge Typ<> Existing Raw Waste Loa<l Levels Existing ~'ina l Effluent Levels 
[, Levels Levels 

Pat·ameter -0- l 2 3 4 -0- 2 ? _, 4 

Flow kl/kkg 12.5 5.8 S.8 S.8 5.8 12.S 5. 8 S.8 5.8 S.8 
(kga 1 I tun) (3. 0) (1. 4) (1. 4) (1. 4) (1.4) (3. 0) (1. 4) (1.4) (1. 4) (1.4) 

BOU5 mg/l l, 111 394 394 394 394 30 30 30 lS s 
Di.r:ect kg/kkg 13.9 2.3 2.3 2.3 2.3 0.4 0.2 0.2 0.1 0.03 

(lb/ t) (2 7. 8) (4. 6) (4.6) (4. 6) (/L 6) (0.8) (0.4) (0.4) (0. 2) (0.06) 

TSS mg/l 815 ll l 111 UL 111 so so 50 lS 7 
kg/kkg 10.2 0. 7 0.7 0.7 0.7 0.6 0.3 0.3 0.1 0.04 

Exlstlng (lb/ t) (20.4) (1. 3) (1. 3) (1. 3) (1. 3) (1. 3) (0. 6) (0. 6) (0. 2) (0.08) 

s,rn rce Flow kl/kkg 12.5 .5. 8 S.8 5.8 5.8 12.S 5.8 5.8 5.8 
(kg al I ton) (3. 0) (1.4) (1. 4) (1. 4) (1. 4) (3. 0) (1.4) (1.4) (1. 4) 

< Mi. ll.s H 
H BODS mg/l l, ll l 394 394 394 39l1 l, 111 394 197 s H 
I kg/kkg 13.9 2.3 2.J 2.3 2.3 13.9 2.3 l. 2 0.03 w 

V> 
Indirect (lb/ t) (2 7. 8) (4. 6) (4. 6) (4. 6) (1 •• 6) (27.8) (4. 6) (2. 3) (O. 06) 

TSS mg/l 815 111 ll l 111 l ll 81S lll 22 7 
kg/kkg 10. 2 o. 7 0. 7 0.7 0.7 10. 2 o. 7 0.1 0.04 
(lb/ t) (20.4) ( l. 3) (l. 3) (1. 3) (l. 3) (20. 4) (1. 3) (0. 3) (0.08) 

Raw Waste Load Hnal Effluent 

New now kl/kkg S.8 
(kga l /ton) (1. 4) 

Source BODS mg/l 394 Zero 
kg/kkg 2.3 
(lb/ t) (4. 6) Discharge 

Mills 
TSS mg/l lll 

kg/kkg 0.7 
(I b/ t) (1. 3) 



TAllLE VII l-33 
PREil lCTEll EHLU~:NT QUALrTY OF PURE MILLS 

SUBCAn:t;llRY 201 - NONINTEGRATEIJ-FINE 

Discharge Type Existing Raw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Pac.::tmetcr 
--0- l 2 3 4 -0-- l 2 3 4 

Flow kl/kkg 48.4 34.2 32.5 32.5 32. 5 48.4 34.2 32.5 32. 5 32.5 
(kgal/ ton) (11. 6) (8.2) (7. 8) (7 .8) (7. B) (11.6) (8. 2) (7.8) (7. 8) (7. 8) 

BODS mg/l 175 161 169 169 169 30 30 30 15 5 
llir.ect kg/kkg 8.S 5.S 5.5 S.5 5.5 l.4 1.0 1.4 o.s 0.2 

(lb/ t) (17. 0) (11.0) (11. 0) (11.0) (11.0) (2.9) (2.0) (2. 8) (l.O) (0. 3)' 

TSS mg/l 621 670 S73 573 573 so so so 15 7 
kg/kkg 30. l 22.9 18. 7 18.7 18. 7 2.4 1. 7 1.6 0.5 0.2 

Eds ting (lb/t) (60.l) (45.8) (3 7. 3) (3 7. 3) (3 7. 3) (4. 8) (3.4) (3. 2) (1. 0) (0. 5) 

Source Flow kl/kkg 48.11 34.2 32.5 32.S 32.5 48.4 34.2 32.S 32.5 
(kgal/ton) (1L.6) (8. 2) (7. 8) (7. 8) (7. 8) (11.6) (8. 2) (7. 8) (7. 8) 

MU ls 
< llOUS mg/l 17 5 161 169 169 169 175 161 85 5 H 
H 

kg/kkg 8.S 5.5 5.5 5.5 5.5 8.5 5.5 2.8 0.2 H 
I 

Indirect (lb/ t) (17. 0) (11.0) (11.0) (11.0) (11.0) (17.0) (11.0) (5. S) (0. 3) w 

"' 
TSS mg/l 621 670 573 573 573 621 670 115 7 

kg/kkg 30.1 22.9 18. 7 18. 7 18.7 30.1 22.9 3.7 0.2 
(lb/t) (60. 1) (45.8) (3 7. 3) (3 7. 3) (3 7. 3) (60. l) (/15.8) (7. 5) (0. 5) 

Raw Waste Load Final Effluent 

New Flow kl/kkg 32.5 32.5 
(kgal/ton) (7. 8) (7 .8) 

Source BODS mg/1 169 15 
kg/kkg 5.S 0.5 
(lb/t) (11. 0) (1. 0) 

Mi.Us 
TSS mg/l 57:.1 15 

kg/kkg 18.7 0.5 
(lb/ t) (37.3) (1. 0) 



TAllLE VL. 
PRIO:ll rcnm liffLUEN'f QUAL OF PUlrn MU.LS 

SUBCA'rnCORY 202 - NONINl'liCRATW-TISSIJI' 

lllscha rge Type Existing Raw Waste Load Levels Ex ls ting Final Effluent Levels 
& Levels Levels 

Parame tcr 
--0- 1 2 3 4 

_(_)_ 
1 2 3 4 

Flow kl/kkg 73.4 J6.3 Jl1. 2 34.2 34.2 73.4 36.3 3l1. 2 34. 2 34. 2 
(kgal/ton) (17.6) (B. 7) (8.2) (B. 2) (B.2} (17 .6) (8. 7) (B. 2) (B. 2} (8.2) 

ll0ll5 mg/ 1 181 152 161 161 161 91 76 80 25 5 
Direct kg/kkg 13.3 5.5 5.5 5.5 5.5 6.7 2.8 2.8 0.9 0.2 

(lb/t) (26. 5) (ll. 0) (11.0) (11. 0) (l l. 0) (13. 3) (5. 5) (5. 5) (L 7) (0. 3) 

TSS mg/l 531 677 477 477 477 106 135 95 12 7 
kg/kkg 39.0 24.6 16. 3 16. 3 16.3 7.B 4.9 3.3 0.4 0.2 

lixl;;ti.ng (lb/ t) (77. 9) (49. 1) (32. 6) (32.6) (32.6) (15.6) (9. 8) (6. 5) (0. 8) (0. 5) 

Source F'J.LlW kl/kkg 73.4 36.3 34.2 34.2 34.2 73.4 36.3 34.2 34.2 
(kga 1/ ton) (17. 6) (8. 7) (8. 2) (8. 2) (8. 2) (17.6) (8. 7) (8. 2) (8. 2) 

MU. Ls 
ll01l5 mg/l 181 152 161 161 161 181 152 80 5 

<: 
kg/kkg 13.3 5.5 5.5 5.5 5.5 13.3 5.5 2.8 0.2 .... 

H 
Intl.i rec t (lb/ t) (26.5) (11. 0) (11.0) (11. 0) (ll.O) (26.5) (ll.0) (5. 5) (0. 3) H 

I 
w 

TSS mg/l 531 677 477 477 477 531 677 Y5 7 
kg/kkg 39.0 24.6 16. 3 16.3 16.3 39.0 24.6 3.3 0.2 
(lb/t) (77. 9) (49.1) (32.6) (32.6) (32.6) (77. 9) (49.l) (6. 5) (0. 5) 

Raw Waste Load Final Effluent 

N<.!w Flow kl/kkg 3l1. 2 34.2 
(kgal I ton) (8.2) (8. 2) 

Source ll0U5 mg/l 161 25 
kg/kkg 5.5 0.9 
(lb/t) (11. 0) (1. 7) 

M:ll l,; 
TSS mg/l 477 12 

kg/kkg 16.3 0.4 
(1 b/ t) (32. 6) (O. B) ------



TAil Lt~ Vltl-35 
1'10"1 lCTIW £1' l'Ll1"N'f QJJAl.LT\' 01' PURE M[l.LS 

SU II CATEGORY 204 - NONIJfrnGRATEl>-Lf(;H'l1~Ell;Jff 

1>1. sch a rge Type Eidsting Ruw Waste Load Levels Existing Final Effluent Levels 
& Levels Levels 

Paranteter 
--()--

1 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 266.5 213.5 209.3 209.3 209.3 266.5 213. 5 209.3 209.3 209.3 
(kgal/ton) (63. 9) (5 l. 2) (50.2) (50.2) (50.2) (63. 9) (5 l. 2) (50.2) (50. 2) (50.2) 

BODS mg/ l 57 48 49 49 49 29 24 25 25 5 
lllcec t kg/kkg LS.3 10.4 10.li 10.11 10.4 7.6 5.2 5.2 5.2 l.0 

{lb/t) (30. 6) (20. 7) (:W. 7) (20. 7) (20. 7) (15. 3) (10. 4) (10. 5) (L0.5) (2. l) 

TSS mg/l l7L 133 96 96 96 86 27 19 12 7 
kg/kkg 4 5. 6 28.5 :w. 2 20.2 20.2 22.8 5. 7 4.0 2.5 1.5 

Ex Ls ting (lb/ t) (91. 2) (56.9) (40. 4) (40.4) (40.4) (45. 6) (11. 4) (8 .1) (5. 0) (3. 0) 

Source Flow kl/kkg 266.S 213. 5 209.3 209.3 209.3 266.S 213.5 209.3 209.3 
(kgal/ton) (63.9) (51. 2) (SO. 2) (50. 2) (50.2) (63.9) (51.2) (50.2) (50. 2) 

M ll Ls 
BOJJS mg/l 57 48 49 49 49 57 48 25 5 

kg/kkg 15.3 10.4 10.4 10.4 10.4 15.3 10.4 5.2 1.0 

<: Indirect (lb/ t) (30. 6) (20. 7) (20. 7) (20. 7) (20. 7) (30. 6) (20. 7) (10. 5) (2.1) 
H 
H 
H TSS mg/L 171 133 96 96 96 171 133 19 7 I 
w kg/kkg 45.6 28.5 20.2 20.2 20.2 45.6 28.5 4.0 1. 5 00 

(lb/ t) (91. 2) (56.9) (40.4) (40.4) (40.4) (91.2) (56. 9) (8 .1) (3.0) 

Raw Waste Load Final Effluent 

New Flo"' kl/kkg 209.3 209.3 
(kgal/ton) (50. 2) (50. 2) 

Source BOOS mg/l 49 25 
kg/kkg 10.4 5.2 
(lb/t) (20. 7) (10.S) 

Mllls 
TSS mg/l 96 12 

kg/kkg 20.2 2.5 
(lb/ t) (40.4) (5.0) 



TAllLE VII. 
L'REIJICT!m ~~'FLUENT QUA!. JF PUIU: M[LLS 

SUBCATEGORY 204 - NONlNTEGRAT1'1l-LICl\TWEit:llT ELECTRICAL 

J)j.scharg•" Type Extsting Raw Waste Load Levels Eds ting Fina 1 Ef fluent Levels 
& Levels Levels 

Paramc tee 
--0- 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 407 .o 326.l 319.8 319.8 319.8 407.0 326.1 319.8 319.8 319.8 
(kgal/ton) (97.6) (78. 2) (76. 7) (76. 7) (76. 7) (97.6) (7 8. 2) (76. 7) (76. 7) (76. 7) 

BODS mg/l 28 9 9 9 9 14 9 9 8 5 
IHr.ect kg/kkg ll. 6 2.8 2.8 2.8 2.8 5.8 2.8 2.8 2.5 1.6 

(lb/t) (23.1) (5. 6) (5. 6) (5. 6) (5.6) (11.6) (5. 6) (5. 6) (5. l) (3. 2) 

TSS mg/l 93 72 52 52 52 46. 3 72 52 12 7 
kg/kkg 3 7. 7 23.5 16.7 16.7 16.7 13.8 23.5 16.7 3.8 2.2 

Ex ls t.lng (lb/t) (75.3) (47 .0) (33.4) (33.4) (33. 4) (37.7) ( 4 7. 0) (33.4) (7. 7) (4.5) 

Sou rel! now kl/kkg 407 .0 326.l 319.8 319 .8 319.8 407.0 326.1 319.8 319.8 
(kg al I ton) (9 7. 6) (78. 2) (76. 7) (76.7) (76. 7) (97. 6) (7 8. 2) (76.7) (76. 7) 

Mt! ls 
BODS mg/l 28 9 9 9 9 28 9 9 5 

kg/kkg 11. 6 2.8 2.8 2.8 2.8 l l. 6 2.8 2.8 1.6 
<! Indirect (lb/t) (23 .1) (5.6) (5. 6) (5. 6) (5.6) (23.1) (5. 6) (5. 6) (3. 2) H 
H 
H 
I TSS mg/l 93 72 52 52 52 93 72 10 7 w 

'° kg/kkg 37.7 23.5 16.7 16.7 16.7 37.7 23.5 3.3 2.2 
(lb/t) (75.3) (4 7. O) (33. 4) (33.4) (33. 4) (75.3) ( 4 7. 0) (6. 7) (4. 4) 

Raw Waste Load Final Effluent 

New l'low kl/kkg 319.8 319.8 
(kgal/ton) (76. 7) (76. 7) 

Source BODS mg/l 9 8 
kg/kkg 2.8 2.5 
{lb/t) (5.6) (5 .1) 

Mllls 
TSS mg/l 52 12 

kg/kkg 16.7 3.8 
(lb/ t) (33. 4) (7. 7) 



Disclw rge Type 
& 

Parameter 

Flow kl/kkg 
(kgal/ton) 

ll0D5 mg/l 
llirect kg/kkg 

(lb/ t) 

TSS mg/l 
kg/kkg 

Exis t:Lng (lb/ t) 

Source Flow kl/kkg 
(kgal/ton) 

M'i.l ls 
llOD5 mg/l 

<: kg/kkg 
H Indirect (lb/ t) H 
H 
I .._, 

TSS mg/l 0 

kg/kkg 
(lb/t) 

New Flow kl/kkg 
(kgal/to11) 

Sou t·1..~u llODS mg/l 
kg/kkg 
(lb/t) 

Mills 
TSS mg/l 

kg/kkg 
(lb/t) 

TAllLlc Vlll.-37 
l'RED lC'L'ED EFFLUENT QllALI'l'Y 01' l'UIU: M [I.LS 

SULICATECORY 205 - NONlN'l'i\GRATl\ll-FILTER AND NON\WVEN 

Exis t.ing Raw Waste Load Levels -----
Levels 
--0- 1 2 3 4 

171. 8 125.9 125.9 125.9 . 125.9 
(41. 2) (30. 2) oo. 2) (30. 2) (30. 2) 

57 54 5t, 54 54 
9.8 6.9 6.9 6.9 6.9 

(19.6) (13.7) (13. 7) (13. 7) (13. 7) 

227 183 183 183 183 
39.l 23.l 23.l 23. l 23.1 

(7 8. 1) (46.l) (46.1) (!16. l) (46.1) 

171.8 125.9 125. 9 125. 9 125.9 
(41. 2) (30. 2) (30. 2) (30. 2) (30. 2) 

57 54 54 54 5!1 
9.8 6.9 6.9 6.9 6.9 

(l 9. 6) (13 .. 7) (13. 7) (13. 7) (13. 7) 

227 183 183 183 183 
39.l 23. 1 23.1 23.1 23.l 

(7 8. l) (46. l) (46.l) (46.1) (1+6.1) 

Raw Waste Load 

125.9 
(30. 2) 

54 
6.9 

(13.7) 

183 
23.1 

(46. l) 

Existing Hnal Effluent Levels 
Levels 
-0-- 2 3 4 

171. 8 125.9 125.9 125. 9 125.9 
(41.2) (30. 2) (30. 2) (30. 2) (30. 2) 

28 27 27 12 5 
4.9 3.4 3.4 1. 5 0.6 

(9. 8) (6.9) (6.9) (3. 0) (1. 2) 

45 37 37 12 7 
7.8 4.6 4.6 1. 5 0.9 

(15.6) (9. 2) (9. 2) (3.0) (1. 8) 

171. 8 125.9 125.9 125.9 
(41.2) (30. 2) (30. 2) (30. 2) 

57 54 27 5 
9.8 6.9 3.4 0.6 

(19.6) (13. 7) (6. 9) (1.2) 

227 183 37 7 
39 .1 23.1 4.6 0.9 

(7 8 .1) ( 4 6 .1) (9. 2) (1. 8) 

Final Effluent 

125.9 
(30. 2) 

12 
1.5 

(3. 0) 

12 
1. 5 

(3. 0) 



TABLE VII. 
PREDICTED EFFLUENT QllAL F PURE MILLS 

SUBCATECLlRY 21 l - NONINTEl:tlATr:D-BOARD 

lli sch a rge Type Existing Raw Waste Load Levels Existing Final ~:ffluent Levels 
& Levels Levels 

Parameter --0- 1 2 3 4 -0-- 1 2 3 4 

Flow kl/kkg 102.6 62.6 62.6 62.6 62.6 102.6 62.6 62.6 62.6 62.6 
(kgal/ton) (24.6) (15.0) (15. 0) (15.0) (15.0) (24.6) (15. 0) (15.0) (15.0) (15. 0) 

BODS mg/l 98 104 104 ·101, 104 49 52 52 25 5 
llii:ec t kg/kkg 10.0 6.5 6.5 6.5 6.5 5.0 3.2 3.2 l. 6 0.3 

(lh/t) (20. 0) (13. 0) (13. 0) (13. 0) (Ll.0) (10. 0) (6. 5) (6. 5) (3 .1) (0. 6) 

TSS mg/l 412 412 412 412 412 82 82 82 12 7 
kg/kkg 42.3 25.8 25.8 25.8 25.8 8.4 5.2 5.2 0.8 0.4 

E><is ting (lb/t) (84. 5) (51.5) (51.5) (51. 5) (51.5) (16.9) (10.3) (10.3) (1. 5) (0.9) 

Sou rec Flow kl/kkg 102.2 62.6 62.6 62.6 62.6 102.6 62.6 62.6 62.6 
(kga l/ ton) (24. 6) (15. O) (15.0) (15. 0) (15.0) (24.6) (15. 0) (15.0) (15. 0) 

Mil.ls 
BOOS mg/l 98 104 104 '104 104 98 104 52 5 

kg/kkg 10.0 6.5 6.5 6.5 6.5 10.0 6.5 3.2 0.3 
Intllrect (lh/t) (20. 0) (l:l. O) (13. 0) (13. 0) (13. 0) (20.0) (13. 0) (6. 5) (0. 6) 

< TSS mg/l 412 412 412 412 412 412 412 82 7 H 
H kg/kkg 42.3 25.8 25.8 25.8 25.8 42.3 25.8 5.2 O.t1 H 
I (lb/t) (84. 5) (51.5) (51.5) (51. 5) (51. 5) (84. 5) (51.5) (10.3) (0.9) .,.. ._. 

Raw Waste Load Fi rial Effluent 

New now kl/kkg 62.6 62.6 
(kgal/ton) (15.0) (15. 0) 

Sou rel! BOOS mg/l 104 25 
kg/kkg 6.5 1. 6 
(lh/ t) (13.0) (3 .1) 

Mi.lls 
TSS mg/l 412 12 

kg/kkg 2.5. 8 0.8 
(1 b/ t) (51. .5) (1. 5) 



TAllLE VJ.I l-39 
PREIJIC'J'ED l'l'l'LUENT QUALCTY OF PURE MILLS 

S UllCAn:Gt lRY 2ll - NONIN'l'El:tl.ATEU BOARll-ELl,CTRICAL 

ll.i.scha rge Type Exl.s ting Raw Waste l,ia<l Levels Exi.s ting Final Effluent Levels 
f, Levels Levels 

l'at·ametet' 
--0- z ) 4 -0-- 1 2 3 4 

Flow kl/kkg 2117. 3 151.0 151. 0 151.0 151. 0 24 7.) 151. 0 151. 0 151. 0 151.0 
(kgal/ton) (59. 3) (36. 2) (36. 2) (36.2) (3 6. 2) (59. 3) (36. 2) (36. 2) (36.2) (36.2) 

BODS mg/l 40 ti) 43 43 L1) 20 22 22 15 5 
Direct kg/kkg 10.0 6.5 6.5 6.5 6.5 5.0 3.2 3.2 2.8 0.7 

(lh/t) (20. 0) (U. 0) (13. 0) (13. 0) (13. 0) (10. 0) (6. 5) (6. 5) (4. 5) (1. 5) 

TSS mg/l 171 171 171 171 171 34 34 34 12 7 
kg/kkg 42.3 25.8 25.8 25.8 25.8 8.4 5.2 5.2 1. 8 1.0 

l•:xi.stJng (lb/t) (84.5) (51.5) (51.5) (51.5) (51. 5) (16. 9) (10. 3) (10. 3) (3.6) (2.1) 

S1.lu cl!e Flow kl /kkg 24 7. 3 151.0 151.0 . 15 l. 0 151.0 24 7. 3 151.0 151.0 151. 0 
(kga l/ton) (59. )) (36.2) (36.2) (36. 2) (36. 2) (59. 3) (36. 2) (36.2) (36. 2) 

Mi I ls 
ll01l5 mg/l 40 43 43 !1) L1) 40 1,3 22 5 

kg/kkg I 0. 0 6.5 6.5 6.5 6.5 10.0 6.5 3.2 0.8 
Indirect (lb/ t) (20.0) (LI. 0) (U. 0) (13. 0) (1:3. 0) (20.0) (13.0) (6. 5) (1. 5) 

<! 
mg/l 171 171 17l 171 171 34 ... TSS 171 171 7 

H 
H kg/kkg 42.3 25.8 25.8 25.8 25.8 42.3 25.8 5.2 1. 0 
I ,,.. (lb/t) (84.5) (51.5) (51. 5) (51.5) (51.5) (84.5) (51. 5) (10.3) (2. 1) 

N 

Raw Waste Load Final t<:ffluent 

New ~' l (l>I kl/kkg 15 l.O 151.0 
(kgal/ ton) (36. 2) (36.2) 

Sour ct.! llOD5 mg/l 43 15 
kg/kkg 6.5 2.8 
(lh/t) (13. 0) (4.5) 

MU ls 
TSS mg/l 17t 12 

kg/kkg 25.8 l. 8 
(lb/ t) (51.5) . (3. 6) 



SECTION IX 

COST, ENERGY AND NON-WATER-QUALITY ASPECTS 

INTRODUCTION 

As part of the Effluent Limitations Guidelines Review Program for the Pulp, 
Paper, and Paperboard Industry, the E.C. Jordan Co. is addressing the cost, 
energy, and non-water-quality aspects of the technologies available to achieve 
the various levels of control. Previous sections have described production 
process controls and effluent treatment technologies available for imple
mentation. Levels of control have been developed and associated effluent 
quality has been determined for each control and treatment option. This 
section summarizes the cost, energy, and non-water-quality impacts of the 
various control and treatment options. The non-water-quality aspects to be 
addressed are: 

1. air pollution; 

2. noise pollution; 

3. solid waste; 

4. byproduct recovery; and 

5. implementation. 

DEVELOPMENT OF COSTS 

Introduction 

Compliance with effluent limitations guidelines and standards requires the 
implementation of production process controls and effluent treatment techno
logies. This section will describe how representative cost data has been 
developed relative to the implementation of various control and treatment 
options. 

Full assessment of the cost of implementing each control and treatment option 
at each of over 700 pulp, paper or paperboard mills would require numerous 
detailed engineering studies that would be extremely costly and beyond the 
scope of this investigation. The actual cost of implementing production 
process controls and effluent treatment options can vary at each individual 
facility, depending on the design and operation of the production facilities. 
Local conditions and effluent treatment costs reported by the industry vary 
greatly from one installation to another, depending, in part, upon bookkeep
ing procedures. To provide a representative estimate of implementation costs, 
the cost analyses in this document are based on the model mill concept, thus 
reflecting raw waste characteristics and control and treatment methods that 
are representative of each subcategory of the pulp, paper and paperboard 
industry. 
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In order to assess the overall impact of future effluent regulations on the 
pulp, paper and paperboard industry, three discharge characteristics have been 
studied: 1) direct discharge; 2) indirect discharge; and 3) new point source 
mills. 

Model Mills 

As a result of current subcategorization investigations, the pulp, paper and 
paperboard industry has been divided into 24 discreet subcategories, plus 
miscellaneous mill groupings. Previous sections of the report have summarized 
the development of representative model mills for each subcategory. In-place 
production process control and effluent treatment technology have been sum
marized, including raw waste and final effluent characteristics. Estimates 
have been made of the resulting raw waste and final effluent characteristics 
after implementation of the various levels of controls at a model mill. These 
waste characteristics are summarized in Table IX-1. 

As noted earlier, the purpose of establishing a model mill for each subcate
gory has been to develop representative cost data as presented in this section 
of the report. In order to assess the variability of the costs, factors af
fecting costs are also presented in this section. Model mills have been 
developed for several production capacities within the size range found in 
each subcategory. The model mil ls, therefore, reflect the significance of 
size (economies of scale) affecting the cost of implementing the technology. 
The selected mill sizes for each subcategory are shown in Tables IX-2, 3, and 
4. 

The miscellaneous mill groupings are not addressed by the model mill concept. 
Mills in these groupings generally employ several processes at one site, and 
therefore cannot be represented by a single model mill. In order to assess 
the cost of control technology implementation at these mills, a methodology 
has been developed and is discussed subsequently in this section. Mills in 
the nonwood pulping group of the integrated miscellaneous mill grouping are 
not included in the cost data development. 

Cost Criteria 

In order to develop cost estimates for the various control and treatment 
options under consideration, criteria have been developed relating to capital 
costs, operating/maintenance costs and energy expenditures. These criteria 
are shown in Table IX-5. The pre-engineering cost estimates developed for 
this study are considered to have a variability of plus or minus 30 percent. 
Information on which these criteria are based is summarized in the following 
discussions. 

Capital Cost Criteria 

All costs presented in this section except as noted are in tenns of first 
quarter 1978 dollars. Since construction costs escalate, this may be adjusted 
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TABLE IX-1 

MODEL MILL RAW WASTE LOADS RESULTING FROM LEVEL 1 AND 2 
PRODUCTION PROCESS CONTROL MODIFICATIONS 

Subcate~ori Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

011 Alkaline-Dissolving 
Model Mill RWL 198. 1 (47.5) 53.8 (107. 6) 76.8 (153. 7) 
Level 1 Reduction 12. 9 ( 3. 1) 21. 2 ( 42.3) 12.3 ( 24.5) 
Level 1 RWL 185.2 ( 44. 4) 32.6 ( 65.3) 64.5 (129.2) 
Level 2 Reduction 8.0 ( 1. 9) 0.6 ( 1. 3) 4.3 ( 8. 6) 
Level 2 RWL 177. 2 (42.5) 32.0 ( 64.0) 60.2 (120.6) 

012 Alkaline-~1arket 

Model Mill RWL 178.2 (42. 8) 41. 5 ( 83.0) 31. 8 ( 63.6) 
Level 1 Reduction 29.l ( 7.0) 13.2 ( 26.4) 1.5 ( 3. 0) 
Level 1 RWL 149.l (35.8) 28.3 ( 56.6) 30.3 ( 60.6) 
Level 2 Reduction 15.9 ( 3.8) 0.4 ( 0. 8) 3.5 ( 7.0) 
Level 2 RWL 133.2 (32.0) 2 7. 9 ( 55.8) 26.8 ( 53.6) 

013 Alkaline-BCT 
Model Mil 1 RWL 152.2 (36.5) 45.7 ( 91. 3) 42.5 ( 85.0) 
Level 1 Reduction 26.3 ( 6.3) 19.9 ( 39. 7) 3.6 ( 7.3) 
Level 1 RWL 125.9 (30.2) 25.8 ( 51. 6) 38.9 ( 77. 7) 
Level 2 Reduction 23.7 ( 5. 7) 2.6 ( 5.2) 
Level 2 RWL 102.2 (24.5) 25.8 ( 51. 6) 36.3 ( 72. 5) 

014 Alkaline-Fine 
Model Mil 1 RWL 110. 5 (26.5) 30.5 ( 61. 0) 66.2 (132.3) 
Level 1 Reduction 20.0 ( 4. 8) 13.8 ( 2 7. 7) 14.0 ( 28.0) 
Level 1 RWL 90.5 (21. 7) 16.7 ( 33.3) 52.2 (104.3) 
Level 2 Reduction 16.7 ( 4.0) 5.5 ( 11.0) 
Level 2 RWL 73.8 (17. 7) 16.7 (33.3) 46. 7 ( 93.3) 

015 Alkaline-Unbleached 
Model Mil 1 RWL 46.6 (11.2) 14.2 (28.3) 16.3 ( 32.5) 
Level 1 Reduction 10.4 ( 2.5) 4.0 ( 8.0) 0.8 ( 1. 5) 
Level 1 RWL 36.2 ( 8.7) 10.2 (20.3) 15.5 ( 31. 0) 
Level 2 Reduction 0.9 ( 0. 2) 3.6 ( 7.3) 
Level 2 RWL 35.3 ( 8.5) 10. 2 (20.3) 11. 9 ( 23. 7) 

016 Semi-Chemical 
Model Mill RWL 32.5 ( 7.8) 18.5 (36.9) 21. 6 ( 43. 1) 
Level 1 Reduction 3.3 ( 0. 8) 1. 9 ( 3. 8) 
Level 1 RWL 29. 2 ( 7.0) 16.6 (33. 1) 21. 6 ( 43.1) 
Level 2 Reduction 7.5 ( 1. 8) 1.0 ( 1. 9) 7.1 ( 14.2) 
Level 2 RWL 21. 7 ( 5.2) 15.6 (31.2) 14.5 ( 23.9) 
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TABLE IX-1 (Continued) 

Subcate~orx: Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

017 Alkaline-Unbleached and Semi-Chemical 
Model Mill RWL 55.8 (13.4) 18.7 (37.3) 23.5 ( 47.0) 
Level 1 Reduction 20.4 ( 4. 9) 5.2 (10. 4) 5.5 ( 11. 0) 
Level 1 RWL 35.4 ( 8.5) 13.5 (26.9) 18.0 ( 36.0) 
Level 2 Reduction 1.0 ( 2.0) 
Level 2 RWL 35.4 ( 8.5) 13.5 (26. 9) 17.0 ( 34.0) 

019 Alkaline NewsErint 
Model Mill RWL 93.8 (22.5) 21.1 (42.2) 56.7 (113. 3) 
Level 1 Reduction 25.9 ( 6.2) 6.3 (12. 7) 10.8 ( 21.5) 
Level 1 RWL 67.9 (16.3) 14.8 (29. 5) 45.9 ( 91. 8) 
Level 2 Reduction 10.4 ( 2.5) 7.0 ( 13. 9) 
Level 2 RWL 57.5 (13. 8) 14.8 (29.5) 38.9 ( 77.9) 

021 Sulfite-Dissolving 
Model Mil 1 RWL 256.9 (61. 6) 153.0 (306.0) 90.3 (180.6) 
Level 1 Reduction 59.7 (14.3) 59.3 (118. 6) 6.6 ( 13.3) 
Level 1 RWL 197. 2 (47.3) 93.7 (187.4) 83.7 (167.3) 
Level 2 Reduction 20.0 ( 4.8) 1.0 ( 2. 0) 5.0 ( 10. 0) 
Level 2 RWL 177. 2 (42. 5) 92.7 (185.4) 78.7 (1.3) 

022 Sulfite-Pa2ergrade 
Model Mil 1 RWL 152.6 (36. 6) 48.7 ( 97.3) 33.l ( 66.2) 
Level 1 Reduction 62.6 (15.0) 20.7 ( 41. 4) 1.6 ( 3.2) 
Level 1 RWL 90.0 (21. 6) 28.0 ( 55.9) 31. 5 ( 63.0) 
Level 2 Reduction 2.4 ( o. 6) 2.2 ( 4.4) 
Level 2 RWL 87.6 (21. 0) 28.0 ( 55.9) 29.3 ·( 58.6) 

032 Thermo-Mechanical PulE 
Model Mil 1 RWL 60.0 (14.4) 18.3 ( 36.5) 38.7 ( 77.4) 
Level 1 Reduction 17.5 ( 4.2) 2.6 ( 5. 2) 12.4 ( 24.8) 
Level 1 RWL 42.5 (10.2) 15.7 ( 31. 3) 26.3 ( 52.6) 
Level 2 Reduction 
Level 2 RWL 42.5 (10.2) 15.7 ( 31.3) 26.3 ( 52.6) 

033 Groundwood-CMN 
Model Mill RWL 88.4 (21.2) 18.6 (3 7. 1) 48.5 (97.0) 
Level 1 Reduction 33.8 ( 8. 1) 7.0 (13.9) 13.0 (26. 0) 
Level 1 RWL 54.6 (13.1) 11. 6 (23.2) 35.5 (71. 0) 
Level 2 Reduction (--) (--) 6.5 (13. 0) 
Level 2 RWL 54.6 (13. 1) 11. 6 (23.2) 29.0 (58.0) 

034 Ground wood-Fine 
Model Mill RWL 68.4 (16.4) 17.6 (35.2) 53.9 (107.9) 
Level 1 Reduction 14.2 ( 3. 4) 4.6 ( 9. 3) 16.0 (32.1) 
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TABLE IX.-1 (Continued) 

Subcategory Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Level 1 RWL 54.2 (13. 0) 13.0 (25.9) 37.9 ( 75.8) 
Level 2 Reduction 10.4 ( 2.5) 0.8 ( 1. 5) 3.9 ( 7. 8) 
Level 2 RWL 43.8 (10.5) 12.2 (24. 4) 34.0 ( 68.0) 

101 Deink-Fine and Tissue 
Model Mill RWL 81. 3 (19.5) 48.7 (9 7. 4) 143.0 (286. 0) 
Level 1 Reduction 22.9 ( 5.5) 8.0 (16. 1) 12.8 ( 25.5) 
Level 1 RWL 58.4 (14.0) 40.7 (81. 3) 130.2 (260.5) 
Level 2 Reduction 2.9 ( o. 7) 2.0 ( 4.0) 
Level 2 RWL 55.5 (13.3) 40.7 (81. 3) 128.2 (256. 5) 

102 Deink-News12rint 
Model Mill RWL 67.6 (16.2) 15.9 (31. 7) 123.0 (246.0) 
Level 1 Reducton 10.1 ( 2.4) 2.5 ( 5.0) s.o ( 10.0) 
Level 1 RWL 57.5 (13.8) 13.4 (26. 7) 118.0 (236. 0) 
Level 2 Reduction 2.0 ( o. 5) 15.0 ( 30. 0) 
Level 2 RWL 55.5 (13. 3) 13. 4 (26. 7) 103.0 (206.0) 

111 Was tepa12er-Tis sue 
Model Mil 1 RWL 39. 2 ( 9.4) 8.8 (17.5) 27.0 ( 54.0) 
Level 1 Reduction 5.8 ( 1. 4) 1. 3 ( 2.6) 4.0 ( 8.0) 
Level 1 RWL 33.4 ( 3.0) 7.5 (14.9) 23.0 ( 46.0) 
Level 2 Reduction 
Level 2 RWL 33.4 ( 8.0) 7.5 (14.9) 23.0 ( 46.0) 

112 Wastepaper-Board 
Model Mill RWL 15.4 (3. 7) 6.5 (12.9) 7. 7 (15.3) 
Level 1 Reduction 7.1 (1. 7) 3.8 ( 7.6) 5.8 (11.5) 
Level 1 RWL 8.3 (2.0) 2.7 ( 5. 3) 1. 9 ( 3.8) 
Level 2 Reduction 
Level 2 RWL 8.3 (2.0) 2.7 ( 5. 3) 1. 9 ( 3.8) 

113 Wastepaper-~olded Products 
Model Mil 1 RWL 47.1 (11.3) 5.7 (11.4) 10.7 (21.3) 
Level 1 Reduction 10.0 ( 2.4) 1.4 ( 2.8) 5.7 (11.3) 
Level 1 RWL 37.1 ( 8.9) 4.3 ( 8.6) 5.0 (10. 0) 
Level 2 Reduction 
Level 2 RWL 37.1 ( 8.9) 4.3 ( 8.6) 5.0 (10.0) 

114 Waste12aper-Construction Products 
Model Mill RWL 9.2 ( 2.2) 5.8 (11.5) 8.2 (16. 3) 
Level 1 Reduction 5.01 ( 1. 2) 4.8 ( 9.6) 7.7 (15.3) 
Level 1 RWL 4.2 ( 1. 0) 1.0 ( 1. 9) 0.5 ( 1. 0) 
Level 2 Reduction 
Level 2 RWL 4.2 ( 1. 0) 1. 0 ( 1. 9) 0.5 ( 1. 0) 
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TABLE IX-1 (Continued) 

Subcategory Raw Waste Load (RWL) 
Flow BODS TSS 

No. Name kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

201 Nonintegrated-Fine 
Model Mill RWL 48.5 ( 11. 6) 8.5 (17. 0) 30.1 (60. 1) 
Level l Reduction 14.2 ( 3.4) 3.0 ( 6. 0) 7.2 (14.3) 
Level 1 RWL 34.3 ( 8.2) 5.5 (11.0) 22.9 (45.8) 
Level 2 Reduction 1. 7 ( 0.4) 4.2 ( 8.5) 
Level 2 RWL 32.6 ( 7.8) 5.5 (11.0) 18.7 (37.3) 

202 Noninte~rated-Tissue 
Model Mil 1 RWL 73.4 ( 17.6) 13.3 (26.5) 39.0 (77. 9) 
Level 1 Reduction 3 7 .1 ( 8.9) 7.8 (15. 5) 14.4 (28.8) 
Level 1 RWL 36.3 ( 8. 7) 5.5 (11.0) 24.6 (49.1) 
Level 2 Reduction 2.1 ( 0.5) (--) 8.3 (16.5) 
Level 2 RWL 34.2 ( 8.2) 5.5 (11.0) 16.3 (32.6) 

204 Nonintegrated-Lightwei~ht 

Model Mill RWL 266.5 ( 63.9) 15.3 (30.6) 45.6 (91. 2) 
Level 1 Reduction 52. 9 ( 12.7) 5.0 ( 9. 9) 17.1 (34.3) 
Level 1 RWL 213. 6 ( 51.2) 10.3 (20. 7) 28.5 (5 6. 9) 
Level 2 Reduction 4.2 ( 1. 0) 8.3 (16.5) 
Level 2 RWL 209.4 ( 50.2) 10.3 (20. 7) 20.2 (.) 

205 Nonintegrated-Filter 
Model Mil 1 RWL 171. 8 ( 41. 2) 5.0 (10.0) 25.0 (50.0) 
Level 1 Reduction 45. 9 ( 11. 0) 1.5 ( 3.0) 10.2 (20.5) 
Level l RWL 125.9 ( 30.2) 3.5 ( 7.0) 14.8 (29.5) 
Level 2 Reduction 
Level 2 RWL 125.9 ( 30.2) 3.5 ( 7.0) 14.8 (29.5) 

211 Nonintegrated-Paperboard 
Model Mill RWL 102.4 ( 24.6) 10.0 (20. 0) 42.3 (84.5) 
Level 1 Reduction 40.0 ( 9. 6) 3.5 ( 7. 0) 16.5 (33.0) 
Level 1 RWL 62.4 ( 15.0) 6.5 (13.0) 25.8 (51. 5) 
Level 2 Reduction 
Level 2 RWL 62.4 ( 15.0) 6.5 (13.0) 25.8 (51. 5) 
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TABLE IX-2 

MODEL MILL SIZES 
DIRECT DISCHARGE MILLS 

Model Mill Size 
Small Medium Large 

Subcategory kkg/day (t/d) kkg/d (t/d) kkg/d (t/d) 

011 Alkaline-Dissolving 907 (l ;000) 
012 Alkaline-Market 318 (350) 544 (600) 1,452 (1,600) 
013 Alkaline-BCT 272 (300) 726 (800) 1,180 (1, 300) 
014 Alkaline-Fine 181 (200) 726 (800) 1,089 (1,200) 
015 Alkaline-Unbleached 408 (450) 907 (1, 000) 1,361 (1,500) 
016 Semi-Chemical 181 (200) 386 (425) 544 (600) 
017 Alkaline-Unbleached and 

Semi-Chemical 635 (700) 1,361 (1,SOO) 2,3S9 (2,600) 
019 Alkaline-Newsprint 907 (1,000) 1,270 (1,400) 
021 Sulfite-Dissolving 408 (450) S44 (600) 681 (750) 
022 Sulfite-Papergrade 91 (100) 408 (450) 907 (1,000) 
032 Thermo-Mechanical Pulp 318 (3SO) 
033 Groundwood-CMN 4S (SO) S44 (600) 907 (1,000) 
034 Groundwood-Fine 68 (7S) 454 (SOO) 681 (7SO) 
101 Deink-Fine and Tissue 4S (50) 163 (180) 726 (800) 
111 Wastepaper-Tissue 9 (10) 41 (4S) 
112 Wastepaper-Board 4S (SO) 145 (160) 63S (700) 
113 Wastepaper-Molded Products 18 (20) 45 (SO) 136 (150) 
114 Wastepaper-Construction 

Products 91 (100) 20S (22S) 318 (3SO) 
201 Nonintegrated-Fine 32 (3S) 125 (21S) 907 (1,000) 
202 Nonintegrated-Tissue 32 (35) 163 (180) 907 (1, 000) 
204 Nonintegrated-Lightweight 9 (10) S4 (60) 181 (200) 
205 Nonintegrated-Filter and 

Nonwoven 4 (S) 18 (20) 41 (4S) 
211 Nonintegrated-Paperboard 9 (10) 36 (40) 68 (75) 
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TABLE IX-3 

MODEL MILL SIZES 
INDIRECT DISCHARGE MILLS 

Model Mill Size 
Small Medium Large 

Subcategory kkg/day (t/d) kkg/d (t/d) kkg/d (t/d) 

014 Alkaline-Fine 336 (370) 726 (800) 1,070 (1,180) 
101 Deink-Fine and Tissue 68 (7 S) 163 (180). 34S (380) 
102 Deink-Newsprint 363 (400) 
111 Wastepaper-Tissue 9 (10) 32 (3S) 77 (8S) 
112 Wastepaper-Board 45 (SO) 127 (140) 372 (410) 
113 Wastepaper-Molded Products 18 (20) so (S5) 168 (18S) 
114 Wastepaper-Construction 

Products 91 (100) 204 (225) 318 (3SO) 
201 Nonintegrated-Fine 14 (lS) 104 (llS) S31 (S85) 
202 Nonintegrated-Tissue 9 (10) 82 (90) 263 (290) 
204 Nonintegrated-Lightweight 23 (25) 27 (30) 32 (35) 
20S Nonintegrated-Filter and 

Nonwoven s cs) 14 (15) 41 (4S) 
211 Nonintegrated-Paperboard 9 (10) 23 (2S) 45 (SO) 
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TABLE IX-4 

MODEL MILL SIZES 
NEW POINT SOURCE MILLS 

Model Mill Size 
Small Medium Large 

Subcategory kkg/day (t/d) kkg/d (t/d) kkg/d (t/d) 

011 Alkaline=Dissolving nn-r 
( 1 """' 7V I \.&. ,vvv; 

012 Alkaline-Market ' 318 (3SO) S44 (600) l,4Sl (1,600) 
013 Alkaline-BCT 272 (300) 726 (800) 1,179 (1,300) 
014 Alkaline-Fine 181 (200) 726 (800) 1,089 (1,200) 
015 Alkaline-Unbleached 408 (4SO) 907 (1,000) 1, 361 (l,SOO) 
016 Semi-Chemical 181 (200) 386 (42S) S44 (600) 
017 Alkaline-Unbleached and 

Semi-Chemical 63S (700) 1, 361 (l,SOO) 2,3S9 (2' 600) 
019 Alkaline-Newsprint 907 (1,000) 1,270 (1,400) 
021 Sulfite-Dissolving 408 (4SO) 544 (600) 680 (750) 
022 Sulfite-Papergrade 91 (100) 408 (4SO) 907 (1, 000) 
032 Thermo-Mechanical Pulp 318 (350) 
033 Groundwood-CMN 45 (SO) S44 (600) 907 (1, 000) 
034 Groundwood-Fine 68 (7 S) 454 (SOO) 680 (7SO) 
101 Deink-Fine and Tissue 4S (SO) 171 (189) 726 (800) 
102 Deink-Newsprint 363 (400) 
111 Wastepaper-Tissue 9 (10) 41 (45) 
112 Wastepaper-Board 45 (50) 14S (160) 635 (700) 
113 Wastepaper-Holded Products 18 (20) 45 (SO) 136 (lSO) 
114 Wastepaper-Construction 

Products 91 (100) 204 (225) 318 (350) 
201 Nonintegrated-Fine 32 (35) 195 (215) 907 (1, 000) 
202 Nonintegrated-Tissue 32 (3S) 163 (180) 907 (1,000) 
204 Nonintegrated-Lightweight 9 (10) 54 (60) 181 (200) 
20S Nonintegrated-Filter and 

Nonwoven s (S) 18 (20) 41 (45) 
211 Nonintegrated-Paperboard 9 (10) 36 (40) 68 (75) 
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TABLE IX-5 

COST CRITERIA(38, 196, 197, 198, 199, 200, 201) 

1. Capital costs - February, 1978; ENR = 2,683 

2. Annual fixed costs: 
General 15 percent of capital expenditures. 

Solids disposal 24 percent of capital expenditures for solids disposal.· 

3. · Energy: 
Electrical 
Fuel 

4. Operation/maintenance: 

Labor: 
General 
Solids disposal 

Chemicals: 
Alum 
Polymer 
Phosphoric Acid 
Anhydrous ammonia 
Sodium hydroxide 
Granular Activated Carbon 

3.25 cents per kWh 
$12.00/barrel 

$10.00/hr 
$ 8.00/hr 

$100/ton, dry basis 
$2.50/lb 
$0.20/lb - 85% 
$1.40/ton, dry basis 
$150/ton - 50% 
$0.40/lb 

IX-10 



by appropriate cost indices to represent the time reference necessary. The 
most accepted and used cost index in the engineering field is the Engineering 
News-Record (ENR) construction cost index. The ENR index value of 2,683 used 
in this report was taken from the "U.S. - 20 Cities Average" for February, 
1978. (197) 

Equipment costs were based upon supplier quotes, published literature, engi
neering experience and data request program mill responses. Capital costs 
include allowances for lost production during construction or for additional 
power facilities as warranted. Additional costs such as engineering and 
contingencies are based on a percentage of capital and vary from 15 to 25 
percent depending on the technology .. 

A total labor rate of $23.00 per hour was used for installation of production 
process controls. This wage rate is based upon a $19.00 national average wage 
rate including fringe benefits plus a net supervision rate of $4 per laborer 
hour. (202) Construction and i_nstallation cost estimates for effluent treat
ment were based on a varying percentage of capital items. 

The cost for land may vary from $500 per acre to $10,000 per acre, depending 
on the particular location of a facility. The U.S. pulp, paper and paperboard 
mills vary in location from densely populated areas to isolated mills located 
several miles from neighboring communities. Consequently, the costs associ
ated with land acquisition may vary significantly from mill to mill. There
fore, in developing the cost estimates, the cost of land acquisition has not 
been included except as noted. 

Annual Fixed Charges. The annual fixed charges are those operating costs 
which are directly related to the construction of the pollution abatement 
facilities. These charges commonly include such items as depreciation of the 
control equipment and the interest on the capital borrowed for construction. 
In addition, such costs as maintenance materials, spare parts, insurance and 
taxes are expressed as a percentage of initial capital expenditures. 

The useful life of each structure and mechanical unit varies depending on the 
physical wear or duty of it. Such pieces of mechanical equipment which expe
rience high service wear may have a useful life of 5 to 10 years as compared 
to a structure (such as a building) which will have a useful life of 40 to 50 
years. Depreciation costs are those accounting charges for the eventual 
replacement of a given asset (equipment or structure) at the end of its useful 
life. 

The depreciation rate will vary depending on the complexities of the system. 
A system with large quantities of earthwork and structures may have a depre
ciation rate of 6 percent, as compared to a system with complex mechanical 
equipment having a useful life of 10 to 15 years, which may have a deprecia
tion rate of 8 percent. 

Depreciation of the capital assets may be by accumulation of digits (rapid 
depreciation) or method of averages (straight-line). Recent tax regulations 
allow for the rapid 60-month depreciation of capital assets for pollution 
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abatement. Review of data from private communications indicates that this is 
not a widely used method in this industry. This is confirmed by a NCASI 
report which showed an average depreciation rate of 16.5 years.(203) 

Interest is that annual charge for financing the capital expenditures for 
construction of a facility. Such financing may be through corporate bonds, 
conventional lending markets, or tax-exempt municipal revenue bonds. Munici
pal revenue bonds have lower interest rates compared to corporate bonds. A 
NCASI report states that 44 percent of the pollution abatement expenditures in 
1976 were financed through tax-exempt municipal bonds; the average annual 
interest rate reported was 7.1 percent(203). 

The annual interest rate on tax-exempt municipal bonds is currently between 6 
and 7 percent. For some mills it may be required that facilities be financed 
through either corporate bonds or conventional lending markets. Such bonds 
are likely to have interest rates of 10.5 to 11 percent. Based on the above 
data, a depreciation period of 15 years and an interest of 9 percent have been 
utilized for the cost data development. This results in a capital recovery 
factor of approximately 12.S percent. 

NCASI (203) reported the average 1976 taxes for pollution abatement in the 
pulp and paper industry to be 0. 42 percent of the capital spent for that 
purpose from 1967 to 1976. This low rate reflects the large percentage of 
environmental protection expenditures claimed for property and/or sales tax 
relief. Therefore, a tax rate of 0. SO percent has been assumed for this 
analysis. 

, Costs for insurance, spare parts, and maintenance materials are often ex
pressed as a percentage of the capital investment. Although these costs may 
vary, factors of 1.5 percent for insurance and 0.5 percent for spare parts are 
considered reasonable. For the purposes of calculating annual costs, an 
average fixed charge of 15 percent of the capital expenditure was used which 
includes all of the above items. It is realized that these charges may vary 
and are dependent upon several items, such as the complexities of the system 
installed, financing availability, insurance coverage, property tax credits, 
spare parts inventory, and maintenance materials. 

Energy Costs. An average national electric power cost for large industrial 
users (200,000 kWh, 1,000 kW demand) was estimated at 3.66 cents per kilo
watt-hour (kWh). This figure is derived from average cost information by 
state, which is based on electric rates from approximately 200 public and 
private utilities.(198) Information concerning actual revenues from ap
proximately 200 public and private utilities indicates a cost of 2.81 
cents/kWh.(198) Energy costs are estimated at 3.25 cents per kWh, an average 
of the two figures. 

Fuel for steam generation was estimated at $12 per barrel(38). 

Operating and Maintenance Labor. The average nonsupervisory labor rate in the 
pulp and paper industry was reported to be $7.14 per hour in February 
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1978. (199) Average total benefits for the pulp, paper, lumber and furniture· 
industry for the year 1977 are reported as 34 percent of wages.(200) Although 
no industry-wide data concerning supervisory costs was available, the proposed 
technologies under consideration are anticipated to require only minimal 
supervisory labor. 

A supervisory and benefits cost of 45 percent of the labor rate has been 
assumed. This results in a total labor rate of $10. 00/hr or approximately 
$21,000 per man-year, which is assumed in all cases except in estimating 
solids disposal costs. The total labor rate for solids disposal is estimated 
at $8.00/hr and reflects the lower level of skill required of operating per
sonnel. 

Chemicals. Many of the technologies under evaluation include the use of 
chemicals. These chemicals include alum, polymer, phosphoric acid, anhydrous 
ammonia and sodium hydroxide which are required for optimizing the technology 
processes. Make-up carbon is also required for activated carbon adsorption. 

Based on quotes from chemical suppliers and chemical marketing reports, the 
following chemical costs have been assumed:(201) 

Alum 
Polymer 
Phosphoric Acid 
Anhydrous Ammonia 
Sodium Hydroxide 
Granular Activated Carbon 

Production Process Control Costs 

$100/ton, dry basis 
$2. SO/lb 
$0.20/lb - 85% 
$1.40/ton, dry basis 
$150/ton - 50% 
$0.40/lb 

Previous sections of the report have detailed the production process controls 
being considered in the development of technology options applicable at mills 
in the various subcategories of the pulp, paper and paperboard industry. As 
outlined, these production process controls have been classified as technology 
Levels 1 or 2. The Level 1 controls are those that result in significant 
reductions in BOD 5 and flow. The Level 2 items are those that result in 
significant reductions of TSS in addition to reductions in flow and/or BODS. 
Table IX-6 presents a summary of the production process controls being con
sidered in the development of the technology options. 

Costs for the production process controls are based on flow schematics pre
sented previously. Costs are based on the application or technology at a 
representative model mill of the typical sizes and configuration of mills that 
have been placed in each respective subcategory. Table IX-7 presents the 
number of pulp lines, bleach lines, and papermachines used, where appropriate, 
as a basis for production process control development. 

Capital costs were prepared for each technology. Equipment manufacturers were 
contacted for cost estimates in February 1978 dollars. These estimates were 
supplemented by the use of standard cost estimating procedures for pipelines 
and small equipment items. Other factors such as freight, engineering and 
contingencies are included in the total capital costs. 
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TABLE l 

PROIJUCTlON PROCESS CONTROLS 
LEVEi, l AND 2 

_____________ 0--'1_1_0_1_2_0_1_3;__014 015 016 017 019 021 022 032 033 034 101 102 111 112 113 114 201 202 204 205 2ll 

Wood room 
Close-up or dry operat.lon 
Segregate cooling water 

~Mill Digester 
Dispose relief and blow 

condensate 

Grinder 
Reduce-thick overflow 

Washer 
Add 3rd or 4th stage 

or press 

Screen 
Recycle more decker 

filtrate 
Cleaner reject landfill 
Eliminate side hill 

screens 

Spill Collectlon 
Brownstock area and 

waste paper 
Pulp mill liquor 

storage 

Rle'!,.<:_~!.!!Jl 
C.C. or jump stage wash 
Ev;ip. caustic extract 

fHtr>ite 

Evaporat.lon and Recovery 
Recycle cond. 
Replace bar<Jmetric con-

densor 
Boil out tank 
Neutralize SSI, 
Segregate coo ling water 

~Coll_ectlon 

2 

2 

Evap. and recov. 1 
Liquor preparation l 
Spare li<Juor. tank l 

2 

2 2 2 2 

2 2 2 

2 
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Liquid Pr_~J'aration-Caustic 
Green -liquor dreg-;----

f il t"r 2 
Ltme mud pond 

~ollectlon 
Paper machine and 

bleached pulp 
Color. plant 

Pape~cll!_ne or. -~e_i: 
Improve saveall 
!Ugh pressure fr. 

water shower 
W.W. to vacuum pump 
W.W. showers 
W.W. storage and/or to 

pulp mil L 
Recycle press water 
Recycle v:icunm pump water 
Brok·~ storage 
Wet lap machi.ne 
Segregate cooling w:1 ter 
Cleaner rejects to land 

fill 2 

Stea~_P._lant and Utlli!J'.. 
Segregat•.! coollng water 
!1nprove recycle of 

effluent 
Lagoon for boiler blow

down & backwash 
waters 

C.C. - Counter-current 
W.W. - Whtte w:1ter 

2 

S.S.t. - Spent sulflte liqnor 

TABLE l (Contlnned) 

011 012 013 014 015 016 017 019 021 022 032 033 034 101 ll!.2_!_!:_1_!_!_2___..!:_!_3 __ 1!_4_~~~-~?-~.Q_4__2Q_5_2!_~-

2 2 

2 2 

2 2 

2 
2 

2 

2 

2 
2 

l 
l 
1 

2 

2 

2 
2 

2 
1 

2 2 
2 

2 

2 

2 
2 

2 

2 

l 
l 

2 

2 

2 

2 

2 
2 

2 2 

2 2 2 



TABLE IX-7 

SUMMARY OF PULP LINES, BLEACH LINES, AND PAPERMACHINES 
IN MODEL MILLS 

Subcategory 

011 Alkaline-Dissolving 

012 Alkaline-Market 

013 Alkaline-BCT 

014 Alkaline-Fine 

015 Alkaline-Unbleached 

016 Semi-Chemical 

017 Alkaline-Unbleached 
& Semi-Chemical 

019 Alkaline-Newsprint 

Small 

1 Pulp Line 

1 Pulp & Bleach Line 
3 Papermachines 

1 Pulp & Bleach Line 
3 Papermachines 

1 Pulp Line 
1 Papermachine 

1 Line 
1 Papermachine 

2 Pulp Lines & 1 Semi
Chemica l 

2 Papermachines 

1 Pulp Line & GWD 
4 Papermachines 

Model 

2 Pulp Lines 

1 Pulp Line 

2 Pulp & Bleach Lines 
3 Papermachines 

2 Pulp & Bleach Lines 
4 Papermachines 

2 Pulp Lines 
1 Papermachine 

1 Line 
1 Papermachine 

2 Pulp Lines & 1 Semi
Chemica l 

3 Papermachines 

1 Pulp Line & GWD 
4 Papermachines 

Large 

3 Pulp Lines 
(washer, bleaching 
& dryers) 

2 Pulp Lines 
3 Bleach Lines 
4 Papermachines 

2 Pulp & Bleach Lines 
8 Papermachines 

2 Pulp Lines 
2 Papermachines 

2 Lines 
3 Papermachines 
(1 extra washer) 

3 Pulp Lines & 1 Semi
Chemical 

4 Papermachines 
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TABLE IX-7 (continued) 

SUMMARY OF PULP LINES, BLEACH LINES, AND PAPERMACHINES 
IN MODEL MILLS 

Subcategor Small Model 

021 Sulfite-Dissolving 1 Pulp & Bleach Line 1 Pulp & Bleach 

022 SulEite-Papergrade 1 Pulp & Bleach Line 1 Pulp & Bleach 
2 Papermachines 4 Papermachines 

032 Thermo-Mechanical 1 Pulp Line 
Pulp 2 Papermachines 

033 Groundwood-CHN 1 Pulp Line Molded 1 Pulp Line 
2 Papermachines 

034 Groundwood-Fine 1 Pulp & Bleach Line 1 Pulp & Bleach 
1 Papermachine 3 Papermachines 

101 De ink-Fine & Tissue 1 Deink Line 1 Deink Line 
2 Papermachines 3 Papermachines 

102 De ink-Newsprint 1 Deink Line 
1 Papermachine 

111 Wastepaper-Tissue 1 Papermachine 1 Papermachine 

112 Wastepaper-Board Board Machine 1 Board Machine 

Large 

Line 2 Pulp & Bleach Lines 

Line 2 Pulp & Bleach Lines 
4 Papermachines 

1 Pulp Line 
6 Papermachines 

Line 1 Pulp & Bleach Line 
4 Papermachines 

1 Deink Line 
9 Papermachines 

6 Board Machines 
(2 new Savealls) 
(2 relocated Savealls) 
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TABLE IX-7 (continued) 

SUMMARY OF PULP LINES, BLEACH LINES, AND PAPERMACHINES 
IN MODEL MILLS 

Subcategory Small Model 

113 Wastepaper Molded 2 Molding Machines 8 Molding Machines 
Products 

114 Wastepaper-Construe- 1 Machine 1 Machine 
ti.on 

201 Nonintegrated-Fine 2 Papermachines 2 Papermachines 

202 Non integrated-Tissue 1 Papermachine 2 Papermachines 

204 Non integrated-Light- 2 Papermachines 3 Papermachines 
weight (l Saveall) 

204 Nonintegrated-Filter 1 Papermachine 1 Papermachine 
& Nonwoven 

211 Nonintegrated-Paperboard 1 Board Machine 1 Board Machine 

Large 

20 Molding Machines 

3 Machines 

8 Papermachines 

11 Papermachines 

6 Papermachines 

3 Papermachines 

3 Board Machines 



The costs developed for the model mill were then adjusted for mills and sub
categories of different size or type from that used for the base estimate. 
The exponent-based technique of estimating was utilized in adjusting the 
costs. The appropriate exponent factors were used in development of estimates 
for each type of equipment or construction. Such methodology provides a 
reliable technique for preliminary evaluations such as those required in 
assessing the economic impact of implementation of each level of techno
logy. (204) 

Net operating and maintenance (materials, power, chemicals, labor) costs were 
estimated for each technology option and compar-erl with expected s<'lvings in 
power, fiber, heat, and chemicals resulting from application of each tech
nology option. Maintenance costs are assumed to range from 3 to 5 percent of 
the capital costs as appropriate. The operating and maintenance costs pre
sented reflect net costs. Gross savings and costs for operating, maintenance, 
and energy are presented separately for comparative purposes. In cases where 
savings are equal to or greater than the associated operation, maintenance, 
and energy costs, net costs are assumed to be zero. 

Table IX-8 presents a sample cost summary for a 726 kkg/day (800 ton/day) 
Alkaline-Fine mill. 

Effluent Treatment Costs 

As part of the data analysis efforts, effluent treatment system design cri
teria and operating procedures have been reviewed in order to establish repre
sentative design criteria and standard operating procedures for the cost 
analysis .. The design criteria associated with each treatment technology are 
discussed in Section VII. Table IX-9 presents a summary of effluent technolo
gies considered for each level of treatment by subcategory. The technologies 
are generally cumulative by level (i.e., Level 4 technology also includes 
Level 3 technology). The only exception occurs for.Level 2, primary clari
fication for indirect dischargers. In this case, primary treatment is modi
fied to include the addition of chemicals (chemically assisted clarification) 
for Level 3, where the installation of biological treatment is not antici
pated. One level of treatment has been contemplated for new point source 
mills; "x" is used to identify treatment type in this case. For levels where 
no effluent control technology is indicated, only production process controls 
are proposed. 

Treatment technology equipment was sized based on the appropriate design 
criteria at various flows characteristic for the subcategory. Quantity esti
mates were prepared for large equipment and material items such as tanks, 
basins, and yard piping. Several manufacturers were contacted to obtain 
quotations for major pieces of process equipment. 

The construction costs for these facilities are those defined as the capital 
expenditures required to implement the treatment technology. Included in 
these costs are the traditional expenditures for such items as mechanical and 
electrical equipment, instrumentation, yard and process piping, earthwork, 
unit construction, site preparation and grading, equipment installation and 
testing, and engineering. 
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A. Capital Costs 

Item No. 

TABLE IX-8 

LEVEL 2 PRODUCTION PROCESS CONTROLS 
SAMPLE COST CALCULATION 

1 Segregate cooling water in wood room 

2 Reuse digester relief and blow condensate 

3 Fourth-stage brown stock washer 

4 Recycle all screen room decker filtrate and modify 
heat recovery system 

5 Spill collection for pulp mill brownstock area 

6 Spill collection for liquor storage in digester, 
washer area 

7 Full countercurrent washing for bleaching 

8 Spill collection and spare liquor tank-evaporator 
and causticizing area 

9 Green liquor dregs filter with removal to landfill 

10 Lime mud pond to collect surges, spills 

11 Spill collection for bleached pulp and papermachine 
areas including wet lap machines for stock recovery 

12 Spill collection for color plants and size press 

13 Pulp cleaner rejects removed to landfill 

14 Machine whitewater used on vacuum pumps 

15 Central whitewater chest and increased whitewater 
use in pulp mill 

16 Machine vacuum pump water recycled to whitewater system 

17 Lagoon for separate discharge of boiler blowdown and 
water treatment backwash 

18 Lost production, added construction labor. Electric 
substations and power distribution 

Total Capital Cost 

IX-20 

$ 31,800 

23,000 

973,700 

143,200 

268,500 

30,000 

2,661,000 

274,80~ 

198,000 

335,000 

532,800 

132,000 

23,500 

65,000 

130,700 

118,000 

144,500 

380,500 

$6,466,000 



TABLE IX-8 (continued) 

B. Energy Requirements 

Increase in elect. 
Item No. Power kwhr/t 

1 

2 

3. 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

Segregate cooling water in wood room 

Reuse digester condensate 

Fourth-stage washer 

Recycle decker filtrate 

Spill Collection - Pulp Mill 

Spill Collection - Liquor Storage 

Full countercurrent wash - bleach 

Spill collection evaporator -
causticizing 

Green liquor - dregs filter 

Lime mud pond 

Spill collection - bleach pulp 
and machine 

Spill collection - color plant 

Pulp cleaner rejects to landfill 

Whitewater to vacuum pumps 

Central whitewater chest 

Recycle vacuum pump water 

Lagoon for boiler blowdown water 
and water treatment plant filter 
backwash 

Total 

0.30 

1.20 

7.50 

'3.00 

2.40 

2.40 

2.10 

1. so 

0.30 

2.40 

3.00 

0.42 

0. 15 

1. 23 

1.23 

1. 23 

0.45 

25-95 

Cost of electric power $.0325/kwh x 25.95 kwh/t 
Steam saving 191 x 1100 BTU/lb x $1.24/million BTU 
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Reduction in Steam 
used - lb/t 

.84/t 
(.25/t) 

27 

82 

72 

10 

191 



TABLE IX-8 (Continued) 

Steam cost based on $2.4/million BTU fuel cost less $.94/10£ BTU net increase 
in electric cost because of lost back pressure power. 

Net increase in cost of energy $.59/ton 

C. Net Annual Costs 

As an example of the details of the annual cost - Item 4 - recycle screen 
room decker filtrate - is used. 

1. 

2. 

3. 

4. 

5 

Fixed cost = 15% of $152,200 capital cost (includes 
Item 18 - misc. cap. costs prorated) for interest, 
depreciation, taxes. 

Maintenance 4.5% of capital cost 

Added labor 

Electric power 3.0 kwhr/ton x $.0325/kwhr 
x 281,600 ton/year 

Cost for misc. items, contracts, etc. 

Annual Cost 

$22,800 

6,800 

0 

27,500 

0 

$57,100 

Savings - Items 3 and 4 are actually combined and save both salt cake with 
better washing and steam system. 

The typical mill has a blow heat recovery system to heat fresh water for 
brownstock washing. When the decker filtrate is closed up by using this for 
brownstock washing, the temperature is sufficient for washing without heating 
provided warm water showers are used on the decker and cold water makeup in 
screening is held to a minimum. As a result, papermachine whitewater is 
pumped to the heat recovery system for the model mill, heated and used for 
both decker showers and bleach washing. The steam saved is in bleaching with 
650 gpm whitewater being used and the temperature 80°F. above the typical 
fresh water temperature for 6 months of the year. Steam saved at a net cost 
of $1.24/million BTU's. 

Saving= 650 gpm x lb/hr/gpm x 80°F. x 6 mos/12 mos x $1.24/million BTU 
x 24 hr/day x 35 days/yr = $136,200 

7. No savings were taken as more than the annual cost so net cost is zero. 
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TABLE IX-9 

SUMMARY OF IUENT I FIED EF l<'LUENT TREATMENT TECHNOLOGY 

Subcategory No. Proposed Effluent 
Treatment Technology(a) ~012 013 014 015 016 017 019 021 022 032 033 034 101 102 111 112 113 114 201 202 204 205 211 

Direct 

Wastewater Pumping 
Chemical Clarification 
Solids Dewatering 
Landfill 
Carbon Adsorption 

Indirect 

Preliminary Screening 
Wastewater Pumping 
Primary Clarification 
Biological Treatment 
Secondary Clarification 
Chemical Clarification 
Solids Dewatering 
Landfill 
Carbon Adsocption 
Outfall 

New Point Source 

Preliminary Screening 
Wastewater Pu:nping 
Primary Clarification 
Biological Treatment 
Secondary Clarification 
Chemical Clarification 
Solids Dewatering 
Landfill 
Outfall 
Dif Euser 

3 
3 
3 
3 
4 

3 
3 
3 
3 
4 

x x 
x x 
x x 
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x x 
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x 
x 
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(a)\.Jhere .1w numbers or "x's" are shown only production process controls are proposed. 
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x 
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(Table indcates level to which technology is assigned (i.e., Level 2, 3 or 4); all New Point Source technologies are 
at the same level (designated as "x"). 



The sum of both the quantity estimates and process equipment estimates com
prises the base capital cost. For estimates of this nature, it is not feas
ible to obtain detailed estimates for items such as electrical, instrumenta
tion, process piping, and site preparation. Therefore, these items are in
cluded in the capital construction costs as a percentage of the base capital 
cost. These percentages vary for the different control technologies. 

The annual operating costs are those associated with proper and continued 
operation of the facility and include: 

1. operating labor; 

2. maintenance labor; 

3. energy requirements; and 

4. chemicals. 

Operating labor costs are based on the annual manhours required to perform the 
tasks necessary to ensure proper operation, administration, quality control, 
and monitoring. The maintenance costs are the annual manhours required for 
preventive maintenance· tasks such as lubrication, equipment inspection, minor 
parts replacement, and painting. Major equipment repair and/or replacement 
and miscellaneous yard work is considered to be performed by the existing mill 
personnel. The cost estimates do not include major equipment repair or re
placement; depreciation accounting includes costs for writeoff or replacement 
of the equipment. 

Chemical cost estimates are based on anticipated quantities required to opti
mize operation of the particular technology under consideration. Chemicals 
are normally required to optimize the flocculation and solids dewatering 
processes associated with chemically assisted clarification. 

The cost of a landfill is dependent on a variety of factors including sludge 
characteristics and hydrogeologic conditions of the disposal site. Therefore, 
a deviation from considering a specific technology was made in the case of 
sludge disposal. Several acceptable sludge landfill techniques with associ
ated requirements and estimated costs have been outlined in a recent publica
tion. (196) The techniques evaluated include: area fill layer, area fill 
mound, diked containment, narrow trench, wide trench, co-disposal with soil, 
and co-disposal with refuse. The range of costs for these various methods is 
shown in Figures IX-1 and IX-2~(196) 

The fiber present in pulp and paper wastes can aid in solids dewatering, 
resulting in sludge with a relatively low moisture content. The presence of 
clay and aluminum hydroxide in alum sludge, however, would hinder dewatering 
and increase disposal costs. Therefore, mid-range disposal costs are assumed 
for primary and secondary sludge handling, while upper-range costs are assumed 
for alum sludge disposal. 

Capital, operating and energy cost relations were developed for each treatment 
technology based on a standard design parameter (i.e., flow, BOD~' TSS,). 

IX-24 



Cl) ,.., 
OI 
~ 

a: 
0 
IL. 

z 
0 
I-
I-
LU 
~ ...... 
(It 

I-
(/) 

0 
CJ 

so.o 

40.00 

30.00 

20.00 

15.00 

10.00 

5.00 

4.00 

3.00 

2.00 

FIGURE IX-1 

TYPICAL SITE CAPITAL COST 

FOR SLUDGE LANDFILLING 11961 

1.00+------+----+--t--+------4-----1---..... --+--• 
200 300 400 500 10 20 30 40 50 100 

SLUDGE QUANTITY RECEIVED (WET TONS /DAVI 

IX-25 



co ,... 
0) .. 
a: 
0 
u. 

z e ... 
w 
3: 

t; 
0 
(,) 

FIGURE IX-:-2 
TYPICAL SITE OPERATING COST 

FOR SLUDGE LANDFILLING I 1961 

50.00 

1.00+-~~~~+-~~-+-~-+-~+-~~~~-+-~~~~+---~+-~-t-~+ 

10 20 30 40 50 100 200 300 400 500 

SLUDGE QUANTITY RECEIVED I WET TONS/ DAY I 

IX-26 



Based on the raw waste and final effluent characteristics developed as a 
result of data analysis, costs were developed for the specific model mills. 
The methodology utilized allows for variations of such factors as peak flows, 
quantity of solids generated, and BODS loading. An example of the calculation 
of design parameters from raw waste characteristics follows. Associated unit 
process costs for Level 4 treatment for the direct discharge Alkaline-Fine 
model mill is shown in Table IX-10. Design parameters used to develop the 
process costs for Level 4 treatment are calculated below. 

SUBCATEGORY Oi4 - ALKALii'IE-~li'IE (800 t/d) 

Raw Waste Characteristics: 

Design Parameters: 

Flow: 

Flow 
BODS 
TSS 

17.7 kgal/t; 
33.3 lb/t; and 
93.3 lb/t. 

800 t/d x 17.7 kgal/t = 14,160 kgal/d = 14.2 mgd 

Raw Wastewater TSS: 
800 t/d x 93.3 lb/t = 74,660 lb/day 

Chemical Solids Production (Dry 
74,600 lb TSS/day x 0.1 

+ 334 lb Al(OH)~/mil.gal. 

COST ESTIMATES BY SUBCATEGORY 

Basis): 
= 7,460 lb/day 

x 14.1 mgd = 4,709 lb/day 
= 12,169 lb/day 

Capital, operating, and annual fixed costs for various production and effluent 
control and treatment technology options are presented in this section for 
each subcategory of the pulp, paper and paperboard industry. The costs pre
sented herein have been developed for the purpose of assessing the overall 
industry expenditure for compliance with effluent limitations. 

Costs have been developed for three types of dischargers: direct dischargers, 
indirect dischargers, and new point source mills. Tables IX-11, 12, and 13 
summarize the costs for the model mills for each respective discharge charac
teristic. The capital costs have been developed as discussed above. The 
operating and maintenance costs include operating and maintenance labor, 
energy requirements, and chemicals. The annual fixed charges include depreci
ation and interest, insurance, taxes, spare parts, and miscellaneous mainte
nance materials. These items are included as 15 percent of the investment 
costs, except as noted. Total annual costs include operating and maintenance 
costs plus the annual fixed charges. 

IX-27 



Treatment 

Effluent Treatment Technology 
Wastewater Pumping (Peaking 
Factor = 1. 3) 

H Neutralization 
~ Chemicals for Neutralization I 
N Secondary Clarification ()) 

Chemical Coagulants 
Wastewater Pumping (Peaking 
Factor = 1. 3) 
Carbon Adsorption 
Make-Up Carbon for Carbon 

Adsorption 
Horizontal Belt-Filter 
Dewatering Polymer 
Alum Sludge Landfill at 20% 

Solids 

Subtotal 

TABLE IX-10 
UNIT PROCESS EFFLUENT TREATMENT COST SUMMARY 

LEVEL 4 TREATMENT COSTS 

800 ton/day Alkaline-Fine Model Mill 
Effluent Flow = 14.2 mgd 

Solids (Dry Basis) = 12,169 lb/day 

Capital Amortized 
Cost Capital 0 & M 

($1000) ($1000) ($1000/~r) 

716. 107. 22. 
43. 6. 15. 

0. 0. 62. 
2995. 449. 51. 

0. 0. 420. 

716. 107. 22. 
9632. 1445. 407. 

0. 0. 409. 

685. 1.03. 4. 
0. 0. 44. 

349. 84. 126. 

15135. 2302. 1582. 

Total 
Energy Annual 

($1000/~r) ($1000/~r) 

31. 160. 
3. 24. 
0. 62. 

23. 522. 
0. 420. 

31. 160. 
180. 2031. 

0. 409. 

28. 135. 
0. 44. 

0. 209. 

296. 4179. 



H 
~ 
I 

N 

'° 

Level 
of 

Treatment 

l 
2 
3 
4 

Capital 
($1000) 

4,830 
6,096 

15,049 
39,744 

TABLE IX-11 

DIRECT DISCHARGE TREATMENT COSTS 

Amortized Total 
Capital 0 & M Energy Annual 

($1.000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

Oll Alkaline Dissolving 
lOOOt/d 

725 302 1,027 
914 293 1,207 

2,315 1,820 298 4,433 
6,020 3,698 1,043 10,761 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

012 Alkaline Market 
350 t/d 

1 1,471 221 73 294 
2 1,940 291 77 368 
3 5,874 898 586 145 1,629 
4 15,747 2,362 1,534 246 4,141 

012 Alkaline Market 
600 t/d 

H 1 1,856 278 126 404 ~ 
I 2 2,565 385 132 517 VJ 

0 3 8 '713 1,307 1,075 179 2,561 
4 21, 139 3,197 1,937 507 5,641 

012 Alkaline Market 
1600 t/d 

l 3,768 565 336 901 
2 5,539 831 353 1,184 
3 16,537 2,481 2,499 430 5,409 
4 47,74"3 7,161 5,070 962 13,193 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & 11 Energy Annual 

Tr:-eatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

013 Alkaline BCT 
300 t/d 

1 1,794 269 80 349 
2 2,144 322 72 394 
3 5,369 820 436 126 1,381 
4 11,473 1,736 978 241 2,954 

013 Alkaline BCT 
H 800 t/d 
::< 
I 
w l 3,165 475 213 688 I-' 

2 3,951 593 192 785 
3 9, 773 1,498 936 293 2,726 
4 23,135 3,503 1,985 576 6,064 

013 Alkaline BCT 
1300 t/d 

l 4,356 653 346 999 
2 5,670 851 312 1,163 
3 13,485 2,070 1,412 454 3,936 
4 33,102 5,012 2,913 895 . 8 ,820 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

014 Alkaline Fine 
200 t/d 

1 1, 271 191 35 226 
2 2,690 404 40 444 
3 4' 788 729 277 77 1,083 
4 8,198 1,241 629 135 2,005 

014 Alkaline Fine 
800 t/d 

H 
>:: 
I 1 2,894 434 140 574 (,,.) 

N 2 6,503 975 162 1, 137 
3 11,290 1, 725 744 247 2 '716 
4 21,638 3 ,277 1,582 458 5,316 

014 Alkaline Fine 
1200 t/d 

1 3,942 591 210 801 
2 9 '770 1,466 243 1,708 
3 15,862 2,423 1,031 353 3,806 
4 30,083 4,556 2,141 657 7,354 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

015 Alkaline Unbleached 
450 t/d 

l 1,162 1.74 37 211 
2 1,619 243 49 292 
3 3,781 577 279 86 942 
4 7,421 1,122 648 149 1,919 

015 Alkaline Unbleached 
1000 t/d 

H 
:><! 1. 2,101 315 81 396 I 
VJ 2 2,953 443 110 553 VJ 

3 6,433 981. 485 168 1,634 
4 13 '321 2,014 1,082 300 3,396 

015 Alkaline Unbleached 
1500 t/d 

J 2,670 401. 122 523 
2 3,829 574 165 739 
3 8,252 1,259 658 240 2,157 
4 1.7 '723 2,680 1,435 431 4,546 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tr.ea tmen t ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

016 Semi-Chemical 
200 t/d 

l 812 122 6 19 147 
2 1,306 196 10 32 238 
3 2,354 357 152 52 562 
4 3,619 547 339 71 956 

016 Semi-Chemical 
425 t/d 

H 
1 1, 113 167 2 40 209 :><: 

I 
2 1,858 279 69 347 w 

~ 
3 3,504 533 213 98 844 
4 5,865 887 487 137 1,511 

016 Semi-Chemical 
600 t/d 

l 1,288 193 56 249 
2 2,194 329 97 426 
3 4,200 640 268 132 1,040 
4 7,297 1,104 588 185 1,877 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tr.ea tment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

017 Alkaline Unbleached and Semi-Chemical 
700 t/d 

l 2,639 396 85 481 
2 2,837 426 86 512 
3 5,638 860 382 135 1,377 
4 10,795 1,633 858 229 2,721 

017 Alkaline Unbleached and Semi-Chemical 
1500 t/d 

H l 3, 725 559 182 741 
~ 
I 2 4,121 618 185 803 
w 

3 8,526 1,304 671 262 2,237 \Jl 

4 17 ,997 2, 725 1,447 452 4,624 

017 Alkaline Unbleached and Semi-Chemical 
2600 t/d 

l 5,153 773 316 1,089 
2 5,797 869 320 1,189 
3 11, 929 1,828 1,049 431 3,308 
4 26,627 4,033 2,194 748 6,975 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & t1 Energy Annual 

Treatment. ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

019 Alkaline Newsprint 
1000 t/d 

l 3,060 459 33 492 
2 4,365 655 40 695 
3 9,312 1,429 731 124 2,284 
4 19,428 2,946 1,553 329 . 4,828 

019 Alkaline Newsprint 
1400 t/d 

H 
~ l 3,784 568 47 615 I 
w 2 5,437 816 57 872 
"' 3 11,496 1,766 958 161 2,885 

4 24,696 3,746 1,996 440 6,182 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tr:ea tment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

021 Sulfite Dissolving 
450 t/d 

1 14,257 2,139 286 587 3,012 
2 14,948 2,242 318 534 3,094 
3 20,544 3, 116 1,244 635 4,995 
4 33,635 5,079 2,275 911 8,265 

021 Sulfite Dissolving 
600 t/d 

H l 17,387 2,608 247 782 3,637 :x: 
I 2 18, 271 2,741 306 712 3,759 w 

-...J 3 24,929 3,782 1,365 835 5,982 
4 41,393 6,252 2,637 1,195 10,084 

021 Sulfite Dissolving 
750 t/d 

l 20,457 3,069 237 978 4,284 
2 21,552 3,233 149 890 4,272 
3 29,171 4,427 1,578 1,034 7,039 
4 48,837 7, 377 3,083 1,476 11,936 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tr:ea tment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

022 Sulfite Papergrade 
100 t/d 

1 1,883 282 282 
2 1,962 294 294 
3 3,468 525 197 27 749 
4 5,744 866 465 64 1,395 

022 Sulfite Papergrade 
450 t/d 

~ 
]_ 3,930 590 590 

I 2 4,071 611 611 
w 3 7,686 1,170 523 62 1,756 CXl 

4 15,147 2,289 1,160 207 3,656 

022 Sulfite Papergrade 
1000 t/d 

I. 6,821 1,023 1,023 
2 6,976 1,046 1,046 
3 12,816 1,955 989 105 3,050 
4 26,390 4,072 2,092 407 6,572 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

032 Thermo-Mechanical Pulp 
350 t/d 

l 892 134 134 
2 892 134 134 
3 3,038 466 281 38 784 
4 6,525 989 638 98 1, 725 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

033 Groundwood CMN 
50 t/d 

l 376 56 56 
2 376 56 56 
3 1,196 181 118 16 314 
4 2,150 324 276 30 630 

033 Groundwood CMN 
600 t/d 

H 
>:: 
I l 1,813 272 272 +--. 

0 2 1,837 276 276 
3 5,176 794 472 58 1,324 
urn 11,674 1,769 1,041 181 2,992 

033 Groundwood CMN 
1000 t/d 

2, 714 407 407 
2 2,745 412 412 
3 7,257 l, 116 691 79 1,886 
4 16. 964 2 ,572 1,484 275 4,331 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

034 Groundwood Fine 
75 t/d 

l 695 104 6 110 
2 749 112 7 119 
3 1,686 256 138 18 413 
4 2,746 416 306 34 755 

034 Groundwood Fine 
500 t/d 

H 
:><: l 1,943 291 291 I 
.p.. 

2 2,200 330 330 I-' 

3 4, 971 762 368 48 1,177 
4 9,708 1,472 814 134 2,420 

034 Groundwood Fine 
750 t/d 

l 2,577 387 387 
2 2,840 426 426 
3 6,344 973 485 60 1,518 
4 12,214 1,948 l,055 183 3,186 



TABLE IX-11 

DIRECT DISCHARGE TREATMENT COSTS 

I.evel Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

101 Deink Fine & Tissue 
50 t/d 

1 230 35 10 45 
2 266 40 10 50 
3 1,230 190 151 21 362 
4 2,184 333 309 34 677 

H 101 Deink Fine & Tissue 
x 180 t/d I ..,.. 
N 

l 491 74 74 
2 557 84 84 
3 2,500 391 259 37 688 
4 5,029 771 546 79 1,396 

101 Deink Fine & Tissue 
800 t/d 

l 1,500 225 225 
2 1,669 250 250 
3 6,307 1,000 688 82 l, 771 
4 14,513 2,231 1,377 244 3,852 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

111 Wastepaper Tissue 
10 t/d 

l 126 19 30 49 
2 126 19 30 49 
3 432 65 92 7 165 
4 524 79 154 10 243 

111 Wastepaper Tissue 
45 t/d 

H 1 275 41 34 75 :>:: 
I 2 275 41 34 75 

.i::-
w 3 898 136 129 13 278 

4 1,511 228 253 21 502 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

112 Wastepaper Board 
so t/d 

1 286 43 31 74 
2 286 43 31 74 
3 597 90 93 7 196 
4 689 104 155 10 269 

112 Wastepaper Board 
160 t/d 

H 
:><: 
I 1 558 84 43 127 +--

+-- 2 558 84 43 127 
3 1,093 165 127 11 303 
4 1,581 238 237 17 492 

112 Wastepaper Board 
700 t/d 

l 1,284 193 86 279 
2 1,284 193 86 279 
3 2,428 383 241 21 645 
4 4,019 631 459 47 1,137 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

113 Wastepaper Molded Products 
20 t/d 

l 244 37 12 1 50 
2 244 37 12 1 50 
3 644 98 82 10 189 
4 820 129 191 13 333 

113 Wa~tepaper Molded Products 
50 t/d 

H 
x l 377 57 19 3 78 I 
+:-- 2 377 57 19 3 78 ll1 

3 963 146 108 15 268 
4 1,576 238 233 23 493 

113 Wastepaper Molded Products 
150 t/d 

l 718 108 36 8 152 
2 718 108 36 8 152 
3 1,849 280 184 29 492 
4 3,406 514 394 52 961 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

114 Wastepaper Construction Products 
100 t/d 

l 363 54 25 8 87 
2 363 54 25 8 87 
3 665 100 87 16 203 
4 758 114 149 18 281 

114 Wastepaper Construction Products 
H 225 t/d 
><: 
I 

+:--
l 533 80 11 18 109 °' 2 533 80 11 18 109 
3 933 141 81 27 249 
4 1,109 167 190 30 387 

114 Wastepaper Cont ruction Products 
350 t/d 

1 696 104 28 132 
2 696 104 28 132 
3 1,213 182 84 39 304 
4 1,701 256 194 46 495 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

201 Non-Int. Fine 
35 t/d 

]. 366 55 1 56 
2 396 59 2 61 
3 1,187 138 86 11 235 
4 1,675 211 196 17 424 

201 Non-Int. Fine 
215 t/d 

H 
:::< 

l 814 122 122 I 
.i::-

875 -....J 2 131 131 
3 2,278 347 183 26 555 
4 4,203 636 423 56 1,115 

201 Non-Int. Fine 
1000 t/d 

1 2, 117 318 318 
2 2,202 330 330 
1 5,605 859 470 58 1,386 
4 12,040 1,824 1,035 180 3,039 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tceatmenl ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

202 Non- Int. Tissue 
35 t/d 

1 113 17 2 19 
2 229 34 3 37 
3 746 113 84 14 211 
4 1,234 186 194 20 401 

202 Non- Int. Tissue 
180 t/d 

H 
~ l 552 83 8 91 I 
+'- 2 612 92 15 107 CXl 

3 1,900 290 168 38 496 
4 3,644 551 395 65 1,011 

202 Non-Int. Tissue 
1000 t/d 

l 1,313 197 45 242 
2 1,547 232 82 314 
3 5,015 770 482 141 1,392 
4 11, 710 1, 775 1,065 269 3, 108 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

LeveJ Amortized Total 
of Capital Capital 0 & M Energy Annual 

Tr.ea tment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

204 Non-Integrated Lightweight 
10 t/d 

l 310 47 11 58 
2 345 52 12 64 
3 983 149 107 13 269· 
4 1, 714 258 243 22 523 

204 Non-Integr~ted Lightweight 
60 t/d 

H 1 717 108 18 126 ~ 
I 2 779 117 20 1 138 +--
'° 3 2,555 388 250 113 751 

4 5,573 841 573 164 1,578 

204 Non-Integrated Lightweight 
200 t/d 

l 874 131 25 156 
2 1,602 243 26 269 
3 5,242 800 555 62 1,417 
4 L3,078 1,975 1,218 215 3,408 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & t1 Energy Annual 

T r:ea trnen t ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

205 Non-Int. Filter & Non-Woven 
5 t/d 

78 12 7 19 
2 179 27 7 34 
3 576 88 77 9 173 
4 753 114 185 12 312 

205 Non-Int. Filter & Non-Woven 
20 t/d 

H 1 364 55 12 67 :x 
I 2 364 55 12 67 Vl 

0 3 1,099 166 117 14 298 
4 1,944 293 265 26 584 

205 Non-Int. Filter & Non-Woven 
45 t/d 

l 637 96 19 115 
2 637 96 19 115. 
3 l,810 274 171 21 466 
4 3,460 522 390 46 958 



TABLE IX-11 (Continued) 

DIRECT DISCHARGE TREATMENT COSTS 

Leve] Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

211 Non-Int. Paperboard 
10 t/d 

1 114 17 5 1 23 
2 152 23 5 1 29 
3 454 69 67 8 144 
4 547 83 129 11 223 

211 Non-Int. Paperboard 
40 t/d 

1-l 1 269 40 6 1 47 ~ 
I 2 269 40 6 1 47 U1 
I-' 3 1,028 156 115 16 287 

4 1,872 283 263 28 574 

211 Non-Int. Paperboard 
75 t/d 

l 412 62 7 2 71 
2 412 62 7 2 71 
3 1,491 227 152 22 401 
4 2,855 432 346 43 821 



TABLE IX-12 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

-------

014 Alkaline Fine 
370 t/d 

1 1,836 275 65 340 
2 6,627 1,017 140 142 1,299 
3 (AS) 9,626 1,471 485 230 2,186 
3 (ASB) 9,042 1,379 382 288 2,049 

H 
014 Alkaline Fine 

~ 800 t/d 
I 

Vi 
N 

I. 2,894 434 140 574 
2 10,691 1,644 199 275 2,118 
3 (AS) 15,945 2,440 814 450 3,704 
3 (ASB) 14,797 2,260 650 591 3,501 

014 Alkaline Fine 
ll80 t/d 

l 3,888 583 207 790 
2 14' 105 2,168 239 390 2,797 
:3 (AS) 21,152 3,490 1,081 639 5,210 
3 (ASB) 1.9 ,511 3,233 868 855 4,956 

AS = ActivaLed Sludge 
ASH = Aerated Stabilization Basin 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Leve.I. Amortized Total 
of Capital Capital 0 & 11 Energy Annual 

Treatn1e11t ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

101 Dei.nk Fine and Tissue 
75 t/d 

l 278 42 42 
2 1,655 266 118 33 417 
J (AS) 2,604 409 290 60 759 
3 (ASB) 2,557 400 238 65 703 

101 Dei.nk Fine and Tissue 
H 180 t/d 
:>:: 
I 

V1 
l 491 74 74 w 
2 2,703 435 180 so 665 
3 (AS) 4,380 690 493 104 1,287 
3 (ASB) 4,276 691 408 127 1,206 

101 Dei.nk Fine and Tissue 
380 t/d 

828 124 124 
2 4,216 682 209 71 962 
3 (AS) 7,075 l, 117 772 175 2,064 
3 (ASB) 6,809 1,071 636 234 1,941 

AS = Activated Sludge 
ASl3 = Aerated Stabilization Basin 



Level 
of 

T rea tmen t 

l 
2 
3 (AS) 
3 (ASB) 

Capital 
($1000) 

1,486 
5,329 
7,122 
6, 715 

AS = Activated Sludge 
ASH = Aerated Stabilization Basin 

TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Amortized 
Capital 

($1000/yr) 
0 & M 

($1000/yr) 

102 Deink Newsprint 
400 t/d 

223 
854 

1, 118 
1,052 

195 
677 
564 

Energy 
($1000/yr) 

69 
121 
190 

Total 
Annual 

($1000/yr) 

223 
1, 118 
1,916 
1,806 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Trea t.ment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

-----

111 Wastepaper Tissue 
10 t/d 

l 127 19 30 49 
2 410 63 61 7 131 
3 (CC) 542 83 130 10 223 
3 (CA) 634 97 192 13 301 

111 Wastepaper Tissue 
35 t/d 

H 
x 
I 

l 255 38 27 65 1J1 
\J1 

2 764 117 70 12 199 
3 (CC) 1,028 159 173 18 350 
3 (CA) 1,516 232 283 24 539 

111 Wastepaper Tissue 
85 t/d 

l 432 65 38 103 
2 l,237 191 97 18 306 
3 (CC) 1,670 263 241 26 530 
J (Cl\) 2,624 406 399 39 844 

cc = Chemical Cla r:i fie a ti on 
Cl\ = Carbon Adsorption 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

112 Wastepaper Board 
50 t/d 

l 274 41 30 2 73 
2 515 78 58 8 144 
3 (CC) 642 96 120 11 227 
3 (CA) 734 110 182 13 305 

112 Wastepaper Board 
140 t/d 

H 
:><: 
I 

l 514 77 25 6 108 VI 
(J"\ 

2 911 138 61 14 213 
3 (CC) 1,173 176 151 20 347 
3 (CA) 1,661 249 262 26 537 

112 Wastepaper Board 
410 t/d 

l 945 142 18 160 
2 1,652 251 49 31 331 
3 (CC) 2,085 313 182 39 534 
3 (CA) 3,145 472 350 55 877 

cc = Chemical Clarification 
CA = Carbon Adsorption 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

I.eve! Amortized Total 
of: Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

--------·--·-·-

113 Wastepaper Molded Products 
20 t/d 

l 300 45 12 l 58 
2 530 81 44 7 132 
3 (CC) 708 106 113 11 230 
3 (CA) 884 133 222 14 369 

113 Wastepaper Molded Products 
55 t/d 

H l 400 60 20 3 83 :x 
I 2 857 130 60 . 12 201 V1 

-._j 3 (CC) 1,199 183 163 19 365 
3 (CA) 1,930 293 300 29 622 

113 Wastepaper Molded Products 
185 t/d 

l 800 120 40 10 170 
2 1,722 262 98 27 386 
3 (CC) 2,322 356 270 38 664 
:i (Ci\) 4,157 631 503 66 1,201 

cc = Chemical CL1 r i. fie a tion 
Ci\ = Car.hon Adsorption 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Trea tmeut ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

114 Wastepaper Construction Products 
100 t/d 

363 54 25 8 87 
2 560 84 51 13 148 
2 (CC) 685 103 107 16 226 
3 (CA) 777 117 169 18 304 

114 Wastepaper Construction Products 
225 t/d 

H l 553 83 10 18 111 
x 2 839 127 36 24 187 I 
\.fl 3 (CC) 1,045 157 111 29 297 00 

3 (CA) 1,222 183 219 32 434 

114 Wastepaper Construction Products 
350 t/d 

l 698 105 28 133 
2 l, 053 159 35 36 230 
3 (CC) 1,297 195 119 41 355 
3 (CA) 1,785 268 230 47 545 

cc = Chemical Cla r:ification 
CA = Carbon Adsorption 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

114 Wastepaper Construction Products 
100 t/d 

I 363 54 25 8 87 
2 560 84 51 13 148 
2 (CC) 685 103 107 16 226 
3 (CA) 777 117 169 18 304 

H 114 Wastepaper Construction Products !><: 
I 225 t/d Vl 
\0 

l 553 83 10 18 111 
2 839 127 36 24 187 
3 (CC) 1,045 157 111 29 297 
3 (CA) 1,222 183 219 32 434 

114 Wastepaper Construction Products 
350 t/d 

l 698 105 28 133 
2 1,053 159 35 36 230 
3 (CC) 1,297 195 119 41 355 
3 (CA) l,785 268 230 47 545 

cc = Chemical Cla r:i fie a tion 
CA = Carbon Adsorption 



H 
~ 
I 

°' 0 

Level 
of 

Treatment 

I. 
2 
3 (CC) 

3 (CA) 

.I. 
2 
3 (CC) 
3 (CA) 

l 
2 
3 (CC) 
3 (CA) 

Capital 
($1000) 

252 
553 
705 
797 

618 
1,538 
2,033 
3,1.97 

1,514 
3,793 
5,042 
9,276 

cc = Chcnri ca I C.Lar.ification 
Cl\ = Car.bo11 Adsorption 

TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Amort~.zed 

Capital 
($1000/yr) 

0 & M 
($1000/yr) 

201 Non-Integrated Fine 
15 t/d 

38 5 
84 37 

108 110 
122 171 

201 Non-lntegrated E'ine 
115 t/d 

93 
237 62 
319 219 
493 396 

201 Non-Jntegrated Fine 
585 t/d 

227 
587 118 
805 502 

1,44.L 913 

Energy 
($1000/yr) 

7 
11 
14 

19 
28 
45 

44 
60 

136 

Total 
Annual 

($1000/yr) 

43 
128 
229 
307 

93 
:ns 
566 
934 

227 
749 

1,367 
2,490 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Trea t111e11t ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

-----

202 Non-Integrated Tissue 
10 t/d 

l 97 15 1 16 
2 366 56 29 8 93 
3 (CC) 495 76 95 11 182 
3 (CA) 588 90 157 13 260 

202 Non-Integrated Tissue 
90 t/d 

H ] 364 55 4 59 ix: 
I 2 1,146 176 55 24 255 °' I-' 3 (CC) 1,571 246 193 32 470 

3 (CA) 2,525 389 351 45 785 

202 Non-Integrated Tissue 
290 t/d 

l 704 106 13 119 
2 2,257 348 86 53 487 
3 (CC) 3,084 487 334 66 887 
J (CA) 5 ,613 866 621 107 1,594 

cc = Chem.i.ca I Clarification 
CA -- Carbon Adsorption 



TABLE IX-12 (Continued) 

INDIRECT DISCHARGE TREATMENT COSTS 

Level Amortized Total 
of Capital Capital 0 & M Energy Annual 

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

204 Non-Integrated Lightweight 
25 t/d 

1 475 71 15 86 
2 1,267 192 67 13 272 
3 (CC) 1,800 275 225 23 523 
3 (CA) 3,357 509 436 47 992 

204 Non-Integrated Lightweight 
30 t/d 

l 518 78 16 94 
H 2 l,389 211 71 14 296 :><: 
I 3 (CC) l,895 301 233 25 559 "' N 3 (CA) 3,638 563 459 52 1,074 

204 Non-Integrated tightweight 
35 t/d 

l 557 84 10 94 
2 1,513 229 71 15 315 
3 (CC) 2,155 329 249 28 606 
3 (CA) 4,169 632 497 59 1,188 

cc = Chemical Clari fie a ti on 
CA = Carbon Adsorption 



!;:l 
I 

°' w 

Level 
of 

Treatment 

I. 
2 
3 (CC) 
3 (CA) 

J 
2 
3 (CC) 
3 (CA) 

2 
3 (CC) 
3 (CA) 

Capital 
($1000) 

188 
429 
643 
819 

300 
771 

1,063 
l,794 

637 
1,467 
2,014 
3,665 

cc ·- Chemical Clarification 
CA = Carho11 Adsorption 

TABLE IX-12 (Continued) 

lNUJRECT IHSCHARGE TH£ATMENT COSTS 

Amortized 
Capital 

($1000/yr) 
O & M 

($1000/yr) 

205 Non-Integrated Filter and Non-Woven 
5 t/d 

28 7 
65 37 
98 108 

124 217 

205 Non-Integrated Filter and Non-Woven 
15 t/d 

45 10 
117 49 
162 147 
272 284 

205 Non-Integrated Filter and Non-Woven 
45 t/d 

96 19 
223 73 
308 230 
556 448 

Energy 
($1000/yr) 

5 
10 
13 

9 
15 
25 

14 
25 
50 

'l'otal 
Annual 

($1000/yr) 

35 
107 
216 
354 

55 
175 
324 
580 

115 
310 
563 

l,055 



H 
:x: 
I 

O' 
+--

Level 
of 

Treatment 

J_ 

2 
3 (CC) 
3 (CA) 

J 
2 
3 (CC) 
:i (CA) 

2 
3 (CC) 
j (CA) 

Capital 
($1000) 

153 
432 
584 
676 

221 
730 

l,037 
.I. ,650 

307 
1,028 
J,442 
2,396 

cc = Cht:mi cal CJ a rifica ti on 
CA = Cadion Adsorption 

TABLE IX-12 (Continued) 

INDIRECT DlSCHAHGE TREATMENT CdSTS 

Amortized 
Capital 

($1000/yr) 
0 & M 

($1000/yr) 

211 Non-Integrated Paperboard 
10 t/d 

23 4 
66 35 
90 108 

104 170 

211 Non-Integrated Paperboard 
25 t/d 

33 4 
112 49 
160 156 
252 280 

211 Non-Integrated Paperboard 
50 t/d 

46 2 
158 58 
225 194 
368 352 

Energy 
($1000/yr) 

8 
11 
14 

1 
12 
19 
27 

3 
18 
25 
39 

Total 
Annual 

($1000/yr) 

27 
109 
209 
288 

38 
173 
335 
559 

51 
234 
444 
759 



H 
:x: 
I 

"' l..Jl 

NSPS - AS 
NSPS - ASB 

Capital 
($1000) 

33,524 
30,404 

AS = Activated Sludge 
ASB = Aerated Stabilization Basin 

TABLE IX-13 

NEW POINT SOURCE TREATMENT COSTS 

Amortized 
Capital 

($1000/yr) 
0 & M 

($1000/yr) 

011 Alkaline Dissolving 
1000 t/d 

5,157 
4,675 

3,041 
2,709 

Energy 
($1000/yr) 

1,036 
1,470 

Total 
Annual 

($1000/yr) 

9,234 
8,854 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

--------

012 Alkaline MKT 
350 t/d 

NSPS - AS 12,970 1,984 1,039 328 3,350 
NSPS - ASB 11, 840 1,808 883 423 3,114 

012 Alkaline MKT 
600 t/d 

H NSPS - AS 18,308 2,803 1,532 524 4,859 ::.<: 
I NSPS - ASB 16,554 2,531 l,324 691 4,546 °' °' 

012 Alkaline MKT 
1600 t/d 

NSPS - AS 36,188 5,546 3,352 1,276 10,175 
NSPS - ASB 32,164 4,926 2,976 1,737 9,639 

AS = Activated Sludge 
ASU = Aerated Stabilization Basin 



TABI.E IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1.000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

013 Alkaline BCT 
300 t/d 

NSPS - AS 10,993 1,685 855 280 2,821 
NSPS - ASB 10,323 1,580 718 341 2,639 

013 Alkaline BCT 
800 t/d 

H NSPS - AS 20,758 3,189 l, 720 659 5,568 
::.<: NSPS - ASB 19,254 2,953 1,487 827 5,267 I 

°' -..J 

013 Alkaline BCT 
1300 t/d 

NSPS - AS 29,000 4,458 2,519 1,025 8,002 
NSPS - ASB 26,720 4,102 2,204 1,302 7,608 

AS = Activated Sludge 
ASR = Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital. 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

014 Alkaline Fine 
200 t/d 

NSPS - i\S 8,474 l.,299 595 163 2,057 
NSPS - /\SB 7,990 1,224 495 186 1,905 

014 Alkaline Fine 
800 t/d 

H NSPS - AS 20,366 3 J l.34 1,496 519 5,150 
:x: NSPS - ASB 18,988 2,920 l.,294 613 4,827 I 

°' 00 

014 Alkaline Fine 
1200 t/d 

NSPS - l\S 26,956 4,150 2,033 743 6 ,926 
NSPS - !\SB 25,030 3,850 1, 776 886 6,512 

l\S = i\ctivatcd Sludge 
/\SB = Aerated Stal.1i.lization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

-------

015 Alkaline Unbleached 
450 t/d 

NSPS - AS 7,568 1,158 579 184 1,920 
NSPS - ASB 7,212 1,101 476 219 1,796 

015 Alkaline Unbleached 
1000 t/d 

NSPS - AS 12,780 1,959 957 360 3,276 
NSPS - ASB 12,165 1,860 806 442 3,107 

H :x: 
I 015 Alkaline Unbleached 
"' '° 1500 t/d 

NSPS - AS 16,170 2,481 1,269 514 4,263 
NSPS - ASB 15,271 2,338 1,079 639 4,057 

AS = Ac tiva led Sludge 
ASB =Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

016 Semi-Chemical 
200 t/d 

NSPS - AS 4,541 695 367 120 1,181 
NSPS - ASB 4, 712 718 289 145 1,152 

016 Semi-Chemical 
425 t/d 

NSPS - AS 7,084 1,086 537 224 1,848 
NSPS - ASH 7,294 1, 113 425 280 1,819 

H 
>:: 016 Semi-Chemical I 
-.i 

600 t/d 0 

NSPS - AS 8,695 1,334 666 302 2,303 
NSPS - ASR 8,931 1,364 532 383 2,279 

AS = Activated Sludge 
ASH = Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1.000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

017 Alkaline Unbl. & Semi-Chem. 
700 t/d 

NSPS - AS 11, 168 1, 714 832 314 2,860 
NSPS - ASH 10,896 1,667 689 391 2,747 

017 Alkaline Unbl. & Semi-Chem. 
1500 t/d 

NSPS - AS 17,875 2,748 1,413 615 4, 775 
H 
><: NSPS - ASB 17,231 2,642 1,193 783 4,618 
I 

"'-J 
t-"' 

017 Alkaline Unbl. & Semi-Chem. 
2600 t/d 

NSPS - AS 25,780 3,764 2,150 1,017 6,931 
NSPS - ASB 24,619 3,576 1,840 1,312 6, 728 . 

AS = Activated Sludge 
ASH = Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

019 Alkaline Newsprint 
1000 t/d 

NSPS - AS 18,426 2,849 1,529 419 4,797 
NSPS - ASB 17 '363 2,680 1,322 527 4,528 

019 Alkaline Newsprint 
1400 t/d 

NSPS - AS 22,959 3,551 1,974 559 6,083 
H NSPS - ASB 21,553 3,330 1,721 710 5,760 
~ 
I 

-...J 
N 

AS = Activated Sludge 
ASB = Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

021 Sulfite Dissolving 
450 t/d 

NSPS - AS 34,567 5,276 2,309 1,301 8,886 
NSPS - ASB 33,855 5,153 1,977 1,669 8,799 

021 Sulfite Dissolving 
600 t/d 

NSPS - AS 42,381 6,469 2,796 1, 710 10,975 
NSPS - ASB 41,273 6,283 2,388 2,202 10,874 

H 
:>G 
I 021 Sulfite Dissolving 

-...J 
w 750 t/d 

NSPS - AS 49, 910 7,619 3,101 2, 117 12,837 
NSPS - ASB 48,381 7,367 2, 732 2, 734 12,833 

AS = Aclivated Sludge 
ASB = Aerated SL1bilizat:i.on Basin 



TABLE IX-I3·(Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortizc;d Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

022 Sulfite Papergrade 
100 t/d 

NSPS - AS 6,089 928 422 92 1,442 
NSPS - ASB 5,908 899 342 113 1,353 

022 Sulfite Papergrade 
450 t/d 

NSPS - AS 14,680 2,246 1,044 290 3,581 
NSPS 

H 
- ASB 14,062 2,147 876 395 3,418 

:>-:: 
I 022 Sulfite Papergrade ...... 
~ 1000 t/d 

NSPS - AS 25,054 3,838 1,879 575 6,292 
NSPS - ASB 23' 771 3,634 1,612 813 6,059 

AS = Activated Sludge 
/\SB = Aet"ated Stabilizat:i.011 Basin 



NSPS - AS 
NSPS - ASB 

Capital 
($1000) 

6,152 
6,863 

AS = Activated Sludge 
ASB = Aerated Stabilization Basin 

TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized 
Capital 

($1000/yr) 
0 & M 

($1000/yr) 

032 Thermo Mechanical Pulp 
350 t/d 

953 
1,055 

633 
522 

Energy 
($1000/yr)i 

155 
198 

Total 
Annual 

($1000/yr) 

1,741 
1, 775 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

------

033 Groundwood CMN 
so t/d 

NSPS - AS 2,558 390 254 42 686 
NSPS - ASB 2,364 360 205 45 610 

033 Groundwood CMN 
600 t/d 

NSPS - AS 11, 175 1, 724 956 213 2,892 
NSPS - ASB 10,331 

H 
1,592 814 272 2,678 

x 
I 033 Groundwood CMN -...J 

°' 1000 t/d 

NSPS - AS 15,687 2,422 1,364 318 4,104 
NSPS - ASB 14,421 2,226 1,179 418 3,822 

AS = Activated Sludge 
ASB = Aerated Stabilization Basin 



TABLE IX-U (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

-----
034 Groundwood Fine 

75 t/d 

NSPS - AS 3,285 504 302 52 858 
NSPS - ASl3 3,126 479 246 59 783 

034 Groundwood Fine 
500 t/d 

NSPS - AS 9,917 1,532 818 188 2,538 
NSPS - ASB 9,485 1,463 691 231 2,385 

H 
034 Groundwood :>< Fine 

I 
750 t/d -.J 

-.J 

NSPS - AS 12,759 1,973 1,070 257 3,300 
NSPS - ASB 12,173 1,879 912 322 3, 113 

AS = Activated Sludge 
ASH = Aerated Stabilization Basin 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

101 Deink Fine & Tissue 
so t/d 

NSPS - AS 3,022 473 375 64 912 
NSPS - ASH 2,886 451 313 68 832 

101 Deink Fine & Tissue 
189 t/d 

NSPS - AS 6,245 987 744 148 1,879 
NSPS - ASB 5,990 945 630 158 1,733 

H 101 Deink Fine & Tissue T 
'.J 800 t/d 
00 

NSPS - AS 15,930 2,540 2,018 469 5,028 
NSPS - ASH 15,018 2,392 1,740 503 4,635 

AS = Activated Sludge 
ASB =Aerated Stabilization Basin 



H 
:><: 
I 

-..J 

"' 

Capital 
($1000) 

NSPS - AS 9,823 
NSPS - ASB 9,314 

J\S = J\ct.ivated Sludge 
ASB = Aerated Stabilization Basin 

TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital 0 & M Energy Annual 

($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

102 Deink Newsprint 
400 t/d 

1,550 1,040 178 2,768 
1,469 900 227 2,596 



H 
:x: 
I 

(X) 

0 

Self-Contained 

Self-Contained 

Capital 
($1000) 

126 

275 

TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital 0 & H Energy Annual 

($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

111 Wastepaper Tissue 
10 t/d 

19 30 49 

111 Wastepaper Tissue 
45 t/d 

41 34 75 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr). 

112 Wastepaper Board 
50 t/d 

Se If-Contained 286 43 31 2 76 

112 Wastepaper Board 
160 t/d 

Self-Contained 558 84 43 7 134 

112 Wastepaper Board 
700 t/d 

Self-Co11tai11ed 875 
H 

131 102 233 
:><: 
I 

00 
t-' 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

113 Wastepaper Molded Products 
20 t/d 

NSPS - CC 767 117 110 11 238 

113 Wastepaper Molded Products 
50 t/d 

NSPS - CC 1,088 166 144 18 327 

113 Wastepaper Molded Products 

H 
150 t/d 

~ 
I 

NSPS - cc 2,062 315 237 33 585 CXl 
N 

CC= Chemical Clarification 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

114 Wastepaper Construction Products 
100 t/d 

Self-Contained 363 54 25 8 87 

114 Wastepaper Construction Products 
225 t/d 

Self-Contained 422 63 4 18 86 

H 
::x: 114 Wastepaper Construction Products I 
OJ 350 t/d w 

Se tf-Conta i ned 465 70 28 98 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

201 Non-Int. Fine 
35 t/d 

NSPS - cc 1,120 171 127 17 315 

201 Non-Int. Fine 
215 t/d 

NSPS - CC 2, 739 425 279 37 741 

201· Non-Int. Fine 
1000 t/d 

H 
x 

NSPS - CC 6,613 1,036 718 80 1,834 I 
00 
~ 

CC - Che111ic<.1l Clarification 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

202 Non-Int. Tissue 
35 t/d 

NSPS - CC 933 143 124 19 286 

202 Non-Int. Tissue 
180 t/d 

NSPS - CC 2,300 357 252 48 657 

202 Non-Int. Tissue 
1000 t/d 

H NSPS - CC 5,964 936 710 161 1,807 :><: 
I 

00 
ln 

CC = Chemical Clarification 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

------

204 Non-Int. Lt wt 
10 t/d 

NSPS - cc 1,096 166 135 15 316 

204 Non-Int. Ltwt 
60 t/d 

NSPS - CC 2,834 434 318 37 789 

H 
:x: 204 Non-Int. Lt wt 
I 

CXl 200 t/d 
CJ' 

NSPS - cc 5,762 887 672 70 1,629 

CC = Chemical Clarification 



TAB.LE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

205 Non-Int. Filter & Non-Woven 
5 t/d 

NSPS - CC 652 99 104 10 213 

205 Non-Int. Filter & Non-Woven 
20 t/d 

NSPS - CC 1,225 187 156 17 360 

H 205 Non-Int. Filter & Non-Woven :x: 
I 45 t/d CXl 

-..) 

NSPS - CC 2,008 307 224 25 555 

CC = Chemical Clarification 



TABLE IX-13 (Continued) 

NEW POINT SOURCE TREATMENT COSTS 

Amortized Total 
Capital Capital 0 & M Energy Annual 
($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr) 

211 Non-Int. Paperboard 
10 t/d 

NSPS - CC 658 101 99 12 212 

211 Non-Int. Paperboard 
40 t/d 

NSPS - CC 1,275 197 163 23 383 

211 Non-Int. Paperboard 
~ 75 t/d 
I 

CXl 
CXl 

NSPS - CC 1,816 281 220 31 532 

CC = Chemical Clarification 



Based on the model mill costs summarized on Tables IX-11, 12, and 13 for the 
three discharge characteristics, production vs cost curves were developed for 
the capital and total annual costs for the subcategories. These costs curves 
are presented ·as Figures IX-3 through IX-35, and can be directly applied to 
mills that fit into one of the subcategories defined in Section IV. If a mill 
fits the requirements established for the subcategory, the cost of implement
ing the production process control or effluent treatment technology option can 
be obtained by using the mill's production rate and determining the cost from 
the curves. 

Mills with combined operations in the miscellaneous mill groupings are not 
represented by model mills. However, the cost curves can still be used to 
estimate the cost for implementing production process controls or effluent 
treatment technology options at these mills. Costs for production controls in 
one process would not be significantly affected by controls for a second 
process in a combined mill. Therefore, the costs associated with each produc
tion level can be determined directly from the appropriate curves, and pro
duction process control costs for the combined operations can be considered 
additive. 

Economies of scale must be accounted for in development of effluent treatment 
costs. Aggregate curves relating cost to effluent flow rate are presented in 
Figures IX-36 through IX-41 for carbon adsorption, chemically assisted clarif
ication and primary clarification. Actual costs for effluent treatment can be 
affected by factors other than flow (e.g., raw wastewater solids). However, 
these variations are not expected to result in a cost increase that would 
exceed the cost variability associated with model mill development. 

Effluent treatment costs for each level of technology can be estimated for 
mills in the miscellaneous groupings based on representative model mill data. 
This requires that a flow rate be determined that is representative of ef
fluent discharged from each miscellaneous mill. The flow rate associated with 
each miscellaneous mill can be estimated from Table IX-14, which provides flow 
information for pure mills in each subcategory. The production rate associ
ated with each production process employed at miscellaneous mills should be 
multiplied by the model flow associated with that process. Addition of the 
respective model flows associated with each production process employed yields 
a total flow representative of the miscellaneous mill. 

Using the methodology outlined, production process control costs and effluent 
treatment costs may be estimated for miscellaneous mills. The costs associ
ated with the implementation of production process controls and effluent 
treatment may then be added to yield an estimate of the costs incurred at a 
mill in the miscellaneous grouping. The sample calculation presented sub
sequently illustrates this procedure. 

IX-89 
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SAMPLE CALCULATION 
COST ESTIMATE FOR MILL IN THE 

INTEGRATED-MISCELLANEOUS GROUPING 

Assume a 1,000-tpd mill producing 40% Alkaline-Market pulp (Subcategory 012) 
and 60% Alkaline-Fine paper (subcategory 014). Therefore, 400 tpd of Alkaline
Market pulp is produced along with 600 tpd of Alkaline-Fine paper. 

From Figure IX-3, Level 2 production process control costs are as follows for a 
400-tpd Subcategory 012 mill: 

Capital Cost = 
Annual Cost = 

$2,000,000 
410,000 

From Figure IX-5, Level 2 production process control costs are as follows for a 
600-tpd Subcategory 014 mill: 

Capital Cost = 
Annual Cost = 

$5,500,000 
900,000 

Therefore, total capital cost= $7,500,000, and total annual cost= $1,310,000 

External treatment costs for miscellaneous mills are obtained by computing 
the flow corresponding to each portion of production. From Table IX-14: 

Flow (Subcategory 012) = 400 tpd x 29.5 kgal/t = 11,800 kgal/day 
= 11. 8 mgd 

Flow (Subcategory 014) = 600 tpd x 17.3 kgal/t = 10,400 kgal/day 
= 10 .4 mgd 

Therefore, total flow for this miscellaneous mill = 22.2 mgd. 

Level 3 external treatment consists of chemical clarification and ancillary 
processes. Capital cost is estimated from Figure IX-36; annual cost is esti
mated from Figure IX-37, as follows: 

Capital Cost = 
Annual Cost = 

$6,100,000 
2,250,000 

The total capital and total annual cost for Level 2 production controls plus 
chemically assisted clarification may be determined by adding their respective 
costs as follows: 

Total Capital Cost (Level 2 plus 3) = 
Total Annual Cost (Level 2 plus 3) = 

$7,500,000 + $6,100,000 = $13,600,000 
1,310,000 + 2,250,000 = 3,560,000 

IX-129 



TABLE IX-14 

SUMMARY OF LEVEL 1 AND 2 PURE MILL WASTEWATER FLOWS 

Production Process 
Level 1 Flow 

kl/kkg (kgal/t) 

011 Alkaline-Dissolving 
012 Alkaline-Market 
013 Alkaline-Ber 
014 Alkaline-Fine 
015 Alkaline-Unbleached 

. Linerboard 

. BAG 
016 Semi-Chemical (100%) 
017 Unbleached-Alkaline and 

Semi-Chemical 
019 Alkaline-News 
021 Sulfite-Dissolving 
022 Sulfite-Papergrade 

*Chemi-Mechanical Pulp 
032 Thermo-Mechanical Pulp 
033 Groundwood-CMN (100%) 
034 Groundwood-Fine (100%) 
101 Deink-Fine and Tissue 

102 
111 

112 

. Tissue 

. Fine 
Deink-Newsprint 
Wastepaper-Tissue 

100% Industrial 
Wastepaper-Board 

Board 
Linerboard 
Corrugated 
Chip and Filler 
Folding Box 
Set-up Box 
Gypsum Board 

207.2 
137.6 
125.9 
88.4 

36.3 
54.6 
43.4 
35.4 

67.9 
204.7 
120.5 

42.5 
83.0 
88.0 

58.4 
77 .2 
57 .5 
48.4 

8.3 
15.0 
2.1 
5.4 
8.8 

113 
114 

Wastepaper-Molded Products 
Wastepaper-Construction Products 
. Wastepaper 

10.8 
6.3 

41. 3 

6.7 
5.8 

34.3 
36.3 

201 
202 
204 

205 

211 

50% Wastepaper/SO% TMP 
Nonintegrated-Fine 
Nonintegrated-Tissue 
Nonintegrated-Lightweight 

Lightweight 
. Electrical 
Nonintegrated Filter 

and Nonwoven 
Nonintegrated Paperboard 

Board 
Electrical 

213.5 
326.1 
125.9 

62.6 
151. 0 

*Miscellaneous Grouping - not a subcategory. 
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(49. 7) 
(33.0) 
(30.2) 
(21. 2) 

(8. 7) 
(13. 1) 
(10. 4) 
(8.5) 

(16. 3) 
(49.1) 
(28.9) 

(10. 2) 
(19. 9) 
(21.1) 

(14. 0) 
(18. 5) 
(13.8) 
(11.6) 

(2.0) 
(3 .6) 
(0.5) 
(1. 3) 
(2.1) 
(2.6) 
( 1. 5) 
(9. 9) 

(1. 6) 
(1. 4) 
(8.2) 
(8. 7) 

(51.2) 
(78.2) 
(30. 2) 

(15. 0) 
(36.2) 

Level 2 Flow 
kl/kkg (kgal/t) 

198.5 
123.0 
102.2 

72.1 

35.5 
53.4 
32.1 
35.4 

57.5 
183.9 
117. 2 
67.5 
42.5 
83.0 
71. 9 

55.5 
73.4 
55.5 
48.4 

8.3 
15.0 

2.1 
5.4 
8.8 

10.8 
6.3 

41. 3 

6.7 
5.8 

32.6 
34.2 

209.3 
319.8 
125.9 

62.6 
151. 0 

(47.6) 
(29.5) 
(24.5) 
(17.3) 

( 8.5) 
(12. 8) 
( 7. 7) 
( 8.5) 

(13.8) 
(44.1) 
(28.1) 
(16. 2) 
(10. 2) 
(19.9) 
(17.0) 

(13. 3) 
(17.6) 
(13.3) 
(11.6) 

( 2.0) 
( 3.6) 
( 0.5) 
( 1. 3) 
( 2.1) 
( 2.6) 
( 1. 5) 
( 9.9) 

( 1. 6) 
( 1. 4) 
( 7.8) 
( 8.2) 

(50.2) 
(76. 7) 
(30.2) 

(15. O) 
(36.2) 



FACTORS AFFECTING COSTS 

Each mill in a subcategory can be expected to differ in certain respects from 
the representative model mill. These differences will alter the costs for 
achieving the various applicable levels of treatment. Among the factors 
affecting costs are location, climate, mill age, savings, retrofit require
ments, site limitations, raw wastewater quality, and production capacity. In 
addition at certain mills may combination of production processes may be 
employed. 

Location 

Due to differences in construction, labor and energy costs, similar mills in 
different locations may incur different costs for similar controls. To esti
mate the magnitude of these effects, Table IX-15 shows average regional fac
tors that may be applied to the model mill costs. Table IX-16 presents the 
regional distribution of mills by subcategory. 

Region 

Northeast 
North Central 
South 
Plains/Mountain 
West 

Climate 

TABLE IX-15 

REGIONAL COST ADJUSTMENT FACTORS 

Capital Cost(205) 

1.03 
1. 01 
0.90 
0. 96 
1.09 

O&M Cost (198) 

0.92 
1.11 
0.78 
0.99 
1.18 

Energy Cost(200) 

1. 22 
1. 05 
1.04 
0.90 
0.78 

Biological treatment systems constructed in cold climates often require longer 
detention times due to bio-kinetic considerations (in Section VII) that result 
in higher capital and operating costs. The costs presented are representative 
of moderate climate design criteria. 

Climate can also affect the design of other unit processes. For example, warm 
climate mills may be operated with open pit pumps, above ground piping, and 
exposed process equipment, while at colder climate mills such designs cannot 
be utilized. Model mill cost estimates reflect design based on cold climates. 
At those mil ls in warm climates, lower costs may be realized t~an those pre
sented in the cost estimates. 
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TABLE IX-16 

DISTRIBUTION OF MILLS BY REGION AND SUBCATEGORY 

Region 
North- Plains 

Subcategor~ Northeast Central Southeast & Mtn. West Total 

011 Alkaline-Dissolving 3 3 
012 Alkaline-Market 1 2 2 1 3 9 
013 Alkaline-BCT 1 4 2 1 8 
014 Alkaline-Fine 8 4 2 3 1 18 
015 Alkaline-Unbleached 2 17 7 3 29 
016 Semi-Chemical I 9 6 2 1 19 
017 Alkaline-Unbleached and 

Semi-Chemical 4 3 3 10 
019 Alkaline-Newsprint 2 1 3 
021 Sulfite-Dissolving 2 1 5 8 
022 Sulfite-Papergrade 10 6 16 

;'>Chemi-Mechanical Pulp 1 I 2 
032 Thermo-Mechanical Pulp 1 1 2 
033 Groundwood-CMN 4 l 1 6 
034 Groundwood-Fine 2 6 8 
101 Deink-Fine and Tissue 7 8 I 1 17 
102 De ink-Newsprint I I 1 3 
111 Wastepaper-Tissue 13 4 3 2 22 
112 Wastepaper-Board 58 49 19 8 13 147 
113 Wastepaper-Molded 

Products 2 6 2 I 4 15 
114 Wastepaper-Construction 

Products 8 16 12 15 7 58 
201 Nonintegrated-Fine 22 15 2 39 
202 Nonintegrated-Tissue 12 6 4 4 26 
204 Nonintegrated-Lightweight12 5 1 18 
205 Nonintegrated-Filter 

and Nonwoven 7 3 I 2 I 14 
211 Nonintegrated-Paperboard 8 3 I 12 

Totals 169 151 84 47 61 512 

;':Miscellaneous grouping - not a subcategory. 
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Production Capacity 

Economies of scale are realized when facilities are installed and vary depend
ing on the item under consideration. In order to estimate the net effects of 
production capacity, each level of treatment has been evaluated over a repre
sentative range of mill sizes for each subcategory. 

Mill age can have an impact on the cost of implementing various production 
process controls. This factor was considered in the development of model mill 
costs by accounting for relative difficulty in installing and replacing pro
cess equipment and effluent sewers. 

The chronological age of a mill, however, is not always a good measure of the 
relative ease with which production process controls may be implemented. This 
results from the fact that older mills often have undergone extensive rebuild
ing or expansion, often resulting in better implementation conditions. 

Savings 

Material and Energy Savings. The production process controls discussed herein 
can result in more efficient operation, with substantial savings of material 
and energy. Tables IX-11, 12, and 13 presented the net costs for operation, 
maintenance and energy. Table IX-17 compares operating and maintenance costs 
to savings realized after implementation of Level 1 and 2 production process 
controls. 

Other Savings. The savings in materials and energy which may result from 
implementation of production process controls are supplemented by other possi
ble savings not accounted for in Table IX-17. Such additional savings include 
the benefits which can result from improved recovery systems and the manufac
ture of byproducts such as black liquor soap, turpentine, solvents, glues and 
nutrients. The recycle of effluent streams may also recycle heat which may 
represent a possible savings at some mills, particularly in colder climates. 
Such savings may not be common to all mills in a subcategory, but may be 
considerations at selected mills depending on location, production processes 
and other factors. 

Retrofit Requirements 

The model mill costs presented assume that production process and effluent 
treatment controls have been installed and are properly operated so as to 
attain BPT discharge limits. For those cases where mills are not currently 
meeting existing BPT discharge limitations, an additional cost for retro
fitting existing treatment may be incurred for the mill to attain BATEA dis
charge limits. 
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TABLE IX-17 

GROSS 0 & M AND ENERGY COSTS AND SAVINGS FOR 
PRODUCTION PROCESS CONTROLS ($1000/yr) 

Gross O&M Gross Energy 
Subcategory Production (t/d) Level Cost Savings Cost Savings 

011 Alkaline-Dissolving 1,000 1 209.1 524.3 353.1 51.0 
2 262.7 524.3 373.7 80.6 

012 Alkaline-Market 600 1 78.2 224.5 135.3 9.2 
2 107.2 224.5 178.3 46.0 

013 Alkaline-BCT 800 1 121. 8 424.9 220.0 7. 1 
2 144.0 424.9 264.6 72.4 

H 
>:: 
I 014 Alkaline-Fine 800 1 106.5 353.5 182.1 42.0 t-' 
w 2 172.0 387.7 232.0 69.7 .i::-

015 Alkaline-Unbleached 1,000 1 60.0 323.1 151. 9 70.7 
2 105.0 330.8 180.5 70.7 

016 Semi-Chemical 425 1 45.6 43.8 65.5 20.6 
2 61.2 70.6 141. 3 72.6 

017 Alkaline-Unbleached & Semi-Chemical 1,500 1 128.5 454.8 273.5 91.4 
2 146.2 454.8 276.2 91.4 

019 Alkaline-Newsprint 1,400 1 153.9 513. 2 204.2 157.7 
2 202.8 532.9 259.5 202.9 



TABLE IX-17 (Continued) 

Gross O&M Gross Energy 
Subcategor}:'. Production (t/d) Level Cost Savings Cost Savings 

021 Sulfite-Dissolving 600 1 903.5 656.5 808.7 26.0 
2 962.8 656.5 850.2 138.0 

022 Sulfite-Papergrade 450 1 165.4 571.5 166.3 176.9 
2 170.4 571.5 171.1 176.9 

032 Thermo-Mechanical Pulp 350 1 22.9 80.4 24.4 54.0 
2 22.9 80.4 24.4 54.0 

033 Groundwood-CMN 600 1 72.6 182.6 44.3 206.0 
2 73.5 182.6 46.5 206.0 

034 Groundwood-Fine 500 1 97.1 189.4 21. 2 37.1 
H 2 109.9 210.5 40.3 63.4 :x: 
I 
I-' 
w lOl Deink-Fine & Tissue 180 l 42.8 80.7 23.3 29.8 
\JI 

2 45.9 80.7 26.2 29.8 

102 Deink-Newsprint 400 1 62.6 88.3 42.0 96.0 
2 63.3 88.3 44.8 96.0 

111 Wastepaper-Tissue 45 1 38.8 4.9 8.4 11.0 
2 38.8 4.9 8.4 11.0 

112 Wastepaper-Board 160 l 53.9 11. 1 18.0 29.8 
2 53.9 11. l 18.0 29.8 

113 Wastepaper-Molded Products 50 l 18.8 0 11.2 8.4 
2 18.8 0 11. 2 8.4 

114 Wastepaper-Construction Products 100 1 43.2 18.6 13.8 5.7 
2 43.2 18.6 13.8 5.7 



TABLE IX-17 (Continued) 

Gross O&M Gross Energy 
Subcategory Production (t/d) I.evel Cost Savings Cost Savings 

201 Nonintegrated-Fine 215 1 24.7 64.6 62.8 71. 2 
2 27.1 64.6 69.6 71. 2 

202 Non integrated-Tissue 180 1 17 .6 79.0 38.8 30.7 
2 20.4 79.0 45.5 30.7 

204 Non integrated-Lightweight 60 1 28.7 10. 7 21.5 22.8 
2 31.2 11.6 23.4 24.8 

205 Nonintegrated-Filter & Nonwoven 20 1 14.6 2.9 5.5 9.0 
2 14.6 2.9 5.5 9.0 

211 Nonintegrated-Paperboard 40 1 10. 7 5 .1 4.4 3.0 
H 2 10. 7 5.1 4.4 3.0 
::><: 
I 
I-' 
(..,.) 

°' 



The estimated cost for the industry to attain BPT limits has previously been 
addressed.(2, 37) Therefore, retrofitting costs to attain BPT discharge 
limits are not included in the cost analysis for this study. 

Site Limitations 

At certain mills site considerations such as insufficient land. availability 
and/or poor soil conditions may result in additional costs to the mill to 
attain effluent discharge limitations guidelines. A summary of responses to 
questions concerning availability of expansion in the data request program has 
been evaluated. From this data, it was determined that about one third of the 
reporting mills feel they have no available land on-site for expansion. 
However, it should be noted that no indication concerning the amount of land 
or type of expansion was indicated in the question. Less than 10 percent of 
the mills responding believed expansion land could be purchased. 

The identified effluent treatment technologies of chemically assisted clari
fication and carbon adsorption are not land-intensive. The largest land 
requirement anticipated for chemical clarification is 3.0 acres, and that for 
carbon adsorption is 0.5 acres. Therefore, many mills reporting no available 
land for expansion may have sufficient area for these technologies which are 
not land-intensive. 

Indirect discharge Level 3 treatment incorporates biological treatment for 
some subcategories. Where land availability precludes the use of aerated 
stabilization, the less land-intensive activated sludge process may be re
quired. Model mill cost estimates for each of these alternatives has been 
presented, in cases where biological treatment is proposed as an alternative 
treatment. 

In some cases the land available for expansion may require special construc
tion and/or site development procedures due to existing soil conditions. Mill 
responses to whether special construction procedures would 'be required re
vealed that in about 25 percent of the cases, special considerations are known 
to be required. 

For mills with insufficient land for proposed technologies and/or poor soil 
conditions, additional capital investment may be required to attain the 
identified levels of control. Without site-specific information concerning 
land availability and soil conditions, however, it is difficult to further 
evaluate possible additional costs. ·Such site-specific information is not 
currently available. 

Raw Wastewater Characteristics 

The flow and pollutant loading for an individual mill may vary from those of 
the model mill. These differences could affect the costs of effluent treat
ment. For example, carbon adsorption costs are highly dependent on flow for a 
given system design. However, a higher flow with lower pollutant loadings 
could result in no net change in cost to attain a given effluent quality due 
to different design requirements. 

IX-137 

,, 



While variation in raw waste characteristics may occur, it is not anticipated 
that their net effect on costs will exceed the associated cost confidence 
interval for model mills. 

ENERGY REQUIREMENTS 

Introduction 

Implementation of production process controls and effluent treatment technolo
gies discussed in Sections VI and VII would affect existing energy demand. 
The estimated energy effects for the various technology options are presented 
in this section. In some cases, production process controls result in a net 
energy saving. It is possible that, even where a net energy savings is 
achieved in terms of total BTU's, the net energy cost could increase, because 
of the relative amounts of fuels and electricity used, and their respective 
prices. 

The total model mill energy usage prior to implementation of the various 
technology options was determined from data in the American Paper Institute 
(API) monthly energy reports, and average power and fuel usage information 
from the data request program. An energy balance was developed for each model 
mill including spent liquor and hogged fuel where applicable. 

Table IX-18 summarizes the model mill energy usage after installation of 
Levels 1 and 2 production controls. The table also provides an estimate of 
the percent change in energy (BTU) resulting from technology implementation. · 
In all subcategories except Sulfite-Dissolving, a slight reduction in total 
energy usage results from the implementation of Level 1 and 2 production 
controls. 

Implementation of effluent . treatment processes such as wastewater pumping, 
chemically assisted clarification and solids dewatering would cause additional 
power demands. Carbon adsorption requires fuel for the regeneration process, 
as well as power for wastewater pumping and other unit operations. 

The energy requirements for effluent treatment options including the energy 
requirements for ancillary processes such as pumping and sludge dewatering, 
are shown in Table IX-19. 

OTHER CONSIDERATIONS 

Benefits other than improved water quality can result from production process 
technology modifications. As noted earlier, these benefits include savings 
resulting from: 1) improved raw material usage; 2) better operating effi
ciency; and 3) improved byproduct recovery. The economic savings associated 
with these benefits have been estimated and were presented previously in Table 
IX-17. 

There are other non-water-quality concerns to be considered in implementing 
effluent treatment and control technology, including: air pollution, noise, 
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TAilLP. IX-l~ 

f.URRENT M[LL ENERGY USE AND tffl'ECT 
OF LEVF,L l l'Ll!S 2 PRODUCT [llN CON'fl{OLS 

Ener.~y Used By 
Level l Plus 2 Percent Of 

Current Energy Used Production Control Pu rchase<i Energy 
(Millton BTU/ton} Millton BTU/ton) Change Because Of 

Suhi:.:-it~ Fuel (P11rc1l."Y-iffectr::i,_c · (Pu~cJ1.) -·Total(a) F'Uef- inectric -riitaT Pro<iuction Controls ---·---------
011 Alkaline-Dissolving 42.2 (15.0) 2.83 (0.48) 42. 7 0.22* 0. 10 0. l2* 0.8* 
012 Alkalinc-llarket 31.5 (12.4) 2.55 (0. 77) 32.3 0.21* 0.09 0. 12* 0.9* 
013 Alkal ine-llCT JJ.8 (14.6) J.26 ( 1. 34) JS. I 0. 24* 0. tO 0. 14* o. 9* 
014 Alkaline- Fi.ne 3 l. 6 (14.9) 3.53 (l.45) 33.0 0.25* 0.09 0.16* l. O* 
015 Alkali.ne-IJnhleache<i 26.4 (l l. 7) 2.01 (0. 70) 2 7. l 0.21* 0.05 0. 16* 1. 3* 
016 Semi-Chemilcal 17.3 (ll.6) 2.35 (2.35) 19. 6 o. 29* 0.05 0. 24* I. 7* 
017 Alka l i.ne-llnb leached 

& Ser.it-Cht)mi.ca l 25.2 (13.0) 2.21 (0. 66) 25.9 o. lli* 0.05 0. I l * 0. 8* 
019 Alkaline-Newsprint 27.1 (18.1) 4.66 (2.31) 29.4 0.40* 0.05 0.35* I. 7* 
021 Sulfite-Dissolving 38.3 (12.8) 2. 55 (1. 3:\) 39.6 0.95* 0. l I 1.06 7. 5 
022 Su lflte-Papergrade 28.5 (14.7) ). 20 (2.65) 31. l 0.70* 0. l l 0.59* 3. 4* 
032 Thermo-He•:hani.ca l 

Pulp 12.4 (12.4) 5 .1.1. (3. 54) 15.9 0.35* 0.02 0. 33* 2. l* 
033 Groun<lwood-CMN 11.5 (10.3) 6.12 (5.10) 16.6 0.65* 0.02 0.63* /1. l* 
034 Groundwood-Fine 13.2 ( 12. 2) 5.44 (3. 70) 16.9 0.45* 0.02 0.113* 2.7* 
101 Oeink-Fin•? & Tissue 17 .8 (17.6) 1. 70 (l. 39) lCJ. 2 0.63* 0.04 0.59* 1.1 * 
102 Deink-New:>print 13.5 (13.5) 1.02 (0. 51) 14.0 0.37* 0.03 0. 34* 2.4* 
111 Was tcpape·r-Tissue 18.0 (18. 0) 2. 72 ( 2. 7 2) 20.7 0.44* 0.07 0.37* l. 8* 
112 Wastepaper-Board 12.2 (12.2) l. 94 (l. 80) 14.0 0. 15* 0.04 0. 11 * 0.8* 
113 Wastepaper-~olded 

Prod11cts 18.4 (18.4} 2. 72 (2. 72) 21. l 0.28* 0.07 0.21* 1.0* 
114 Wastepaper-Const rue-

ti on Products 11. 7 (ll.7) l. 36 (1. 36) 13. l 0.09* 0.04 0.05* 0.4* 
201 Nonintegrn ted-Fine 16. 7 (16.4) 1. 94 (l.32) Ul.O 0.86* 0. [() 0. 76* 1,. 3* 
202 NonintP.grn led-Tissue 15. 2 (15.2) 3.37 (2. 35) l 7. 5 0.43* 0.08 0.35* 2.0* 
2011 Nonlntegn1 tcd·-L.lght-

weight 33.8 (32. 8) 3.88 (0. 20) 34.0 1. 02* 0. 10 0.92* 2.8* 
205 tloni.n tcgr.it ted-F ll te r 

& Nonwoven 21. 5 (21.5) 3.55 (3.')5) 25. 0 0. 93* 0. lll 0. 8]•\ 3. '3* 
2 ll Non lntegra ted-Paper-

boar•I l8. 6 (Ul.6) 3.89 (3. 8'1) 22.5 0. l8* 0.04 0. l4* 0.6* 

*Indicates net (eduction in purchased energy usage. 

~Total energy use ref.lects t11tal fuel plus p•tr:chascd electricity. 



TABLE IX-19 

ENERGY REQUIREMENTS FOR EFFLUENT TREATMENT ALTERNATIVES 

----~nerfill__Qhons:~nd BTU/Ton) I~ Tec~~~o_gy_Qpt ion 
Aer.ated(c) 

Act. Sludge£~l St:ihi]ization 
Chemical(a) C:i r.hon (a) Primary_01 Plus Chemical Plus Chemical 

Snbca tegory Clarification Adsorption Clar:ification Clarification Clari fica lion ·---------

011 Alkaline-Dissolving 5]. 9 671 219 348 
012 Alkaline-Market 47.8 490 191 277 
013 Alkaline-BCT 37.2 380 236 143 
014 Alkaline-Fine 31. 4 277 31 113 167 
015 Alkaline-Unbleached 17.4 134 75 140 
016 Semi-Chemical 20.8 81 109 147 
017 Alkaline-Unbleached & 

Semi-Chemical 15.0 131 85 120 
019 Alkaline-Newsprint 21. 8 213 109 137 
021 Sulfite-Dissolving 60. l 676 492 734 
022 Snl.f ite-Papergrade 40.6 320 198 143 
032 Thermo-Mechanical Pulp 32. I 147 277 352 
033 Groundwood-CNN 28.7 203 106 U3 
034 Groundwood-Fi.ne 28.3 156 160 19'.i 
101 Dcink-Fine & Tissue 65.9 253 89 72 78 
102 Deink-Newspl'.int 58 106 133 
111 Wastepaper-Tissue 97. 7 317 116 
ll'2 Wastepaper-Board 21. 8 45 17 
113 Wastepaper-Molded 78.9 i84 51 
114 Wastepaper-Constr.uction 11. 7 39 10 
201 Nonintegr.ated-Fine 35.8 128 48 
202 Nonintcgratcd-Tissue 115. 0 406 55 
204 Nonintegrated-Light-

weight 158.0 850 147 
205 Nonintegr.ated-Filter 

& Nonwoven 245 1130 188 
211 Nonintegrated-Paper-

bo;ird 158 679 191 

(;i)Wher.e considered as an opli.on for di reel dischargers. 
(b)Where considered as an option for i.nd i. reel cl is cha rgc rs. 
(c)Where considered as an option for new point sources. 
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and solid waste disposal. 
the following paragraphs. 

Air Pollution 

These aspects of implementation are discussed in 

Most of the proposed Level 1 and 2 internal control measures would have little 
direct impact upon air emissions. Many items reduce energy use per ton by 
promoting extensive water reuse and stock savings. However, when additional 
steam is required, as for evaporation of bleach plant effluent (Sulfite
Dissolving subcategory) then potentially more sulfur dioxide generation could 
occur. Such an increase would be directly proportional to the increased 
boiler firing rate and the sulfur content of the fuel used. 

Production process controls which help retain more spent liquor in the liquor 
recovery cycle include: improved browns tock washing, decker filtrate reuse, 
use of relief and blow condensates, neutralization of spent sulfite liquor 
before evaporation, and more complete use of evaporator condensates. These 
controls tend to retain more sulfur containing compounds in the liquor system. 
As sulfur levels increase, along with increased total liquor solids to re
covery, potential emissions will increase. With modern design recovery sys
tems of adequate capacity, emission levels of mercaptans, hydrogen sulfide, 
and other compounds to the atmosphere would not increase beyond allowable 
limits. If, however, the mill is operating an overloaded recovery furnace, or 
is at peak allowable load, a small incremental addition to the emission level 
could occur. Generally, the normal variations in firing rates, sulfidity, and 
liquor solids overshadow the effects resulting from production process con
trol. 

Noise Potential 

There is no readily identifiable potential for substantially increased noise 
associated with any of the proposed production control technology options. 
Existing effluent treatment processes are not currently a significant source 
of noise. The implementation of the various effluent technology options 
considered is not anticipated to result in a significant increase in noise. 

Solid Wastes. Solid wastes generated by the pulp, paper and paperboard indus
try originate from wastewater treatment, wood processing, power generation and 
personnel activity. 

The total solid waste generated by the pulp and paper industry in 1974 was 
560-630 pounds per ton of production.(208) The largest single source of waste 
is wood processing, which accounts for about half the total. This waste 
consists primarily of bark with some wood and dirt included. Much of this 
waste is burned in a hogged fuel boiler for power generation. There are 
apparently no statistics concerning the amount of wood processing waste 
currently being used for power generation. 
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In a 1974 study, pulp, paper, and paperboard industry personnel generated 
about 0.227 kg (0.5 lb) of refuse per employee per shift, resulting in a total 
annual industry generation rate of 16 ,546 metric tons (16 ,546 tons). (37) 

Wastewater treatment facilities produce both primary and biological sludges 
which are usually dewatered prior to disposal. The amount of wastewater 
treatment facility sludge generated depends on a number of conditions in
cluding: 1) raw waste characteristics; 2) the existence and efficiency of the 
primary clarifier; 3) the type of biological treatment system employed; and 4) 
the efficiency of biological solids removal from the wastewater. The amount 
of wastewater treatment facility sludge at a given mill is anticipated to far 
exceed the amount of refuse generated by mill personnel. 

Installation of chemically assisted clarification would have an impact on the 
amount of wastewater sludge generated. To assess this impact, the amount of 
primary and secondary sludge generated at the model mill in each subcategory 
has been estimated. The amount of additional sludge anticipated from chemical 
clarification has also been estimated. These quantity estimates were based on 
sludge production criteria outlined in Section VII. 

This analysis yielded increases of from 13 to 63 percent over current sludge 
production on a dry solids basis due to chemically assisted clarification. A 
summary of anticipated sludge productions is shown in Table IX-20. 

This additional sludge production would have an impact on sludge disposal 
systems and practices. For example, landfill sites would be more rapidly 
filled. 

Implementation of carbon adsorption as a polishing treatment is not antici
pated to affect the sludge production rates of primary, biological and/or 
chemically assisted clarification technologies. 

The use of primary and/or biological treatment for indirect dischargers is not 
anticipated to greatly alter current sludge production. Rather, less sludge 
will be generated at the POTW and a roughly equivalent amount generated at the 
mill. 

Available Solid Waste Disposal Technology. Acceptable techniques for solid 
waste disposal include: incineration, composting, pyrolysis-gasification and 
landfill. 

Incineration is a preferred method for disposal of organic wastes with low 
moisture contents. For the pulp, paper and paperboard industry these include 
log sorting and mill yard wastes, but usually exclude sludge. No mills which 
responded to the data request program indicated that they were incinerating 
wastewater sludges. 

Composting is an emerging technology that theoretically could be applied to 
pulp, paper and paperboard mill wastewater treatment sludges. By this method, 
sludge is converted to inert organic material which may be used as a soil 
conditioner. Pyrolysis-gasification may play a future role in solid waste 
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TABLE IX-20 

WASTEWATER SLUDGE PRODUCTION SUMMARY 

Estimated Solids Production Percent Increase For 
(1000 lb/dal'.:z dr}'.: basis) Chemical Clarification 

Over 
Primary 

Primary and Over 
Prod. Plus Primary Chemical Biological Primary 

ubcategor~ (t/d) Biological(a)Onl}'.:(b) Clarification Solids Solids 

11 Alkaline-Dissolving 1000 103 70 26 25 37 
12 Alkaline-Market 600 38 24 10 26 42 
13 Alkaline-BCT 800 63 44 12 19 27 
14 Alkaline-Fine 800 72 56 12 17 21 
15 Alkaline-Unbleached 1000 27 19 5 19 26 
16 Semi-Chemical 425 15 10 2 13 13 
17 Alkaline-Unbleached 

& Semi-Chemical 1500 59 41 9 15 15 
19 Alkaline-Newsprint 1400 112 87 17 15 20 
21 Sulfite-Dissolving 600 121 76 18 14 24 
22 Sulfite-Papergrade 450 32 21 6 19 29 
32 Thermo-Mechanical Pulp 350 20 15 3 15 20 
33 Groundwood-CMN 600 36 28 6 17 21 
3~oundwood-Fine 500 36 27 5 14 19 
0 ink-Fine & Tissue 180 44 37 5 11 14 
11 Wastepaper-Tissue 45 2 1. 6 0.3 15 19 
12 Wastepaper-Board 160 0.5 0.4 0.1 20 25 
13 Wastepaper-Molded 50 0.4 0.3 0. 1 25 33 

Products 
14 Wastepaper-Construction 350 0.3 . 0.2 0.1 33 50 

Products 
01 Nonintegrated-Fine 215 7.5 6.4 1. 3 17 20 
02 Nonintegrated-Tissue 180 5.5 4.6 1. 0 18 22 
04 Nonintegrated-Light-

weight 60 2.3 1. 9 1. 2 52 63 
05 Nonintegrated-Filter 

& Nonwoven 20 0.4 0.4 0.2 50 50 
11 Nonintegrated-Paper-

board 40 1. 8 1. 6 0.4 22 25 

~Applies to model mills employing biological treatment followed by a secondary clarifier. 
El.Applies to model mills without a secondary clarifier. 
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disposal. Commercial scale units from which economics and operating experi-
1 

ence may be obtained have yet to be demonstrated. 

Land application of wastewater treatment plant sludges is a viable disposal 
option. Sludge is applied to a field which will be used for agricultural 
production. The organics, nutrients and bulk of the sludge serve to enhance 
crop production capacity. A prerequisite for the technique is to have ade
quate and suitable land in reasonable proximity to the plant. 

Landfills are the most prevalent means of solid waste disposal in the indus
try. The primary environmental problem associated with landfill disposal of 
wastewater sludges is the potential for contaminating ground and surface 
waters. Ground and surface water contamination will occur when leachate 
generated by the sludge comes in contact with uncontaminated waters. Leachate 
will be formed if rainfall or runoff is permitted to contact the sludge or if 
sludge is placed directly into ground or surface water. Leachate is also 
formed as water drains from the sludge after it is placed on the land. 

Environmental safety procedures and knowledge of proper landfilling practices 
have increased widely in recent years. The EPA ha~ established proper oper
ating and design criteria for several landfll techniques for sludges of from 
20 to 30 percent solids.(201) These techniques include: 

Area Fill Layer 
Area Fill Mound 
Diked Containment 
Narrow Trench 
Wide Trench 
Co-Disposal With Soil 
Co-Disposal With Refuse 

The cited reference describes required site and operating conditions for each 
method. Information concerning existing landfill practices and site condi
tions is limited. It is not anticipated that significant environmental pro
blems would result from the landfilling of the chemical sludge, as long as 
proper disposal techniques are employed. 

Flocculant Recovery 

The potential exists for recovery of chemical flocculants used for effluent 
clarification. However, at this time an economical recovery technology does 
not exist. Should technology become available to economically recover and 
reuse alum, chemically assisted clarification would become less expensive, and 
sludge disposal requirements would be reduced. 
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IMPLEMENTATION REQUIREMENTS 

Availability of Equipment 

The Federal Water Pollution Control Act and amendments have spurred the devel
opment of many new control techniques and associated equipment. As the 1980's 
approach, industries in the pollution control field are continuing to grow and 
anticipate a good market for their products. This anticipation allows manu
facturers to maintain a production capability above what the market currently 
demands. 

By using this additional capability, an increased demand for either production 
process control equipment (Levels 1 and 2) or wastewater treatment equipment 
(Level 3 and 4) could be handled without any major delays. This ability 
appears to have no geographical limitations, because of the size of the indus
try and its ability to use local independent contractors to fabricate certain 
pieces of equipment. Therefore, due to present manufacturing capabilities it 
is anticipated that required equipment could be readily produced. 

Availability of Labor Force 

Manpower necessary for implementation of technology alternatives could come 
from two sources: 1) mill personnel; and 2) outside contractors. On jobs 
which cannot be completed during a normal shut-down or which are considered 
too complex for mill personnel, an outside contractor would be hired to per
form the necessary tasks. 

A Bureau of Labor Statistics study concluded that the availability of con
struction laborers to perform the required work is sufficient. (209) This 
availability is based on two major factors. This first factor is the short 
training time which is required for construction labor (6 to 12 months). The 
second factor is the willingness of construction labor to relocate. There
fore, availability of labor is not anticipated to be a problem in implementing 
the technology alternatives. 

Construction Cost Index 

The Engineering News Record (ENR) Construction Cost Index is presented in 
Figure IX-42 for the period 1955 through 1977. 

Time Required 

It is difficult to estimate the time required to implement Level 1 and Level 2 
technologies. Mill personnel will try to coordinate the project with a sche
duled shut-down. 

For Level 3 and 4, however, it was assumed that the work would be outside the 
mill and would require normal construction techniques and crews. The bar 
graphs presented in Figures IX-43 and 44 show the estimated time required to 
implement the Level 3 and 4 technologies, respectively. 
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SUMMARY OF VERIFICATION ANALYSIS RESULTS 



TABLE A-1 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 012 - ALKALINE-MARKET 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation .of the 
results are presently in progress. 
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u u"r":"L • ~JAN co iH• SU8CAT= Alt<. AL I Nf -MA'mT ANALYSIS OF Vtrfff:ICATION DATA PAGE 1 

PHJOt-ilT.CHFMICAL-tJAME. SAMPLE RANG£ AVERA. 
NUMl~I- k LOCATION ND <10 10-100 >100 CONC• UG/L 

------ ------------- ---------
____ .. _ ., _____ 

-------------
4 Rf NlF.NF 

AEHATION I NF 5 l 0 0 <1 
FINAL f.FF 4 ? 0 0 <l 

21 2.4.h-TRICHLOkOPHf.NOL 
AERATION INF 1 ? 3 0 1 l 
FINAL EFF 0 6 0 Q 5 

23 CHLOROFORM 
AERATION I NF l 0 0 5 12?.? 
FINAL EFF 0 3 3 0 12 

31 2.4-0ICHLOkOPHENOL 
AERATION INF ? 4 0 0 4 

FINAL EFF 2 4 0 0 4 

::i>-
3A FTHYLHENZENF I 

N 
AERATION INF 5 0 1 0 J.4 

44 MFTHYLFNE:: CHLOkIDE 
RAW WATfR 1 l 0 0 <1 
AfRATION INF 3 3 0 0 <1 
FINAL EFF 4 2 0 0 <l 

h~ 1-'Hf NOL 
AfHATIOM INF 1 0 5 0 15 
FINAL EFF 1 5 0 0 1 

bh RIS<?-ETHYL HEXYL> PHTHALATE 
RAW WATER 0 l 1 0 43 
AERATION INF 1 2 3 0 11 
FINAL EFF 0 2 4 0 32 

hR Dl-N-HUTYL PHTHALATE 
AERATION INF 1 5 0 0 3 
FINAL EFF 1 3 2 0 A 



«H>f .C. JOfiDAN co CH> ~UHCAT= ALKALINf-MARKET ANALYSIS OF VERIFICATION DATA PAGE 2 

Pl-<IOkITY CHfMICAL-NAMf. S.AMPLf R.ANGE AVfHAGE 
NllM~E~ LOCATION ND <10 l0-100 >100 CONC. UG/L 

------ ------------- --------- ----- ------ --------------
70 Olf.THYL f-'HTHALATE 

AERATION INF 4 2 0 0 <l 

Ah T0LUFNF 
AERATION INF 3 3 0 0 l 

119 CHHOMllJM-CR ... 
HA II WATER 0 ? 0 0 ? 
AERATION INF 0 4 2 0 l? 
FINAL t:f F 0 1 5 0 26 

l ?O COPPER-CU 
RAW wATER 0 l 1 0 22 
AERATION INF 0 0 6 0 31 
FINAL EFF 0 3 3 0 14 

;i... 122 LFAO-PB I 
w RAW WATER 0 2 0 0 <1 

AERATION INF 0 4 2 0 Q 
FINAL EFF 0 4 2 0 10 

lc3 ... E..icuRY 
RAW WATER 0 2 0 0 <1 
AERATION INF 0 6 0 0 <) 
FINAL EfF 0 6 0 0 <l 

1?4 NICKEL-NI 
RAW WATER 0 2 0 0 ] 

AERATION INF 0 0 b 0 31 
FINAL f FF 0 1 5 0 14 

12H Z I NC-Zl'J 
RAW WATEH 0 1 1 0 15 
AERATION INF 0 0 l 5 154 
FINAL EFF 0 0 ~ 1 70 

130 ARIF.TIC ACID 
AERATION • 1 0 2 3 177 



*'°t.c.. Jll~UAN <.U 00 !>UtR. A I: ALl\ALlNt.•l"IAt<l'\t_ I ANALT~I:> ur yc_n 1r '"'~I IVl'f v~•~ I"" ~UC: 03 

fJI-< IO~ IT.HF.MI CAL-NAf'AE SAMPLf RANGE AVERA. 
NIJM~H" LOCATION NO <10 10•100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
130 A~lf TIC /ICID CCONT •) 

Flf\iAL EFF 4 0 0 2 583 

1 31 nEHYDkOAHIETIC ACID 
HAW WATER 1 0 1 0 1?. 
AfRATION INF 1 0 2 3 ?.?4 
FINAL EFF 2 1 0 3 430 ... 

l 3?. I S (JP I M A ~ I C /lCIO 
AERATION INF 3 0 ?. l SA 
FINAL EFf" 3 0 0 3 203 

133 Pl MAH IC ACID 
AERATION INF 3 0 0 3 7A 
FINAL EFF 3 0 0 3 215 

:i:. 134 OLEIC ACID I 
~ AERATION INF 1 0 0 5 2QA 

FINAL fFF 0 0 2 4 153 

13S LINOLEIC ACID 
AERATION INF 1 0 0 5 69A 
FINAL EFf 3 0 3 0 47 

l3b LJNOLENIC ACID 
AERATION INF 5 0 0 1 35 

139 1-CHLOMODEHYOROABIETIC ACID 
AERATION INF 2 1 2 1 50 
FINAL EFF 3 0 2 1 42 

140 OICHLOkOOFHYOROAHIETIC ACIO 
AEMATION INF 3 0 3 0 zq 
FINAL EFF 3 0 3 0 19 

141 T~lCHLOHOGUAIACOL 

AERATION INF 3 0 3 0 



**f .C. JOkDAN co ** 5U8CAT= ALKALINE-MARKET ANALYSIS OF VE~IFICATJON DATA PAGE 4 

1-'HIOl-IJTY O•EM I CAL-NAME SAMPLE RANGE AVERAGE 
NUt-"H f. R LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
142 TF.TkACHLOkOGUAIACOL 

AERATION INF 0 3 3 0 11 

1-'klOHlTY CHfMICAL-NAMF: SAMPLf RANGE. AVERAGE 
NUMRfR LOCATION ND <50 s·o-85 >85 41 RECOVERY 

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

144 STEAR JC AC I IJ 
kAW WATER 0 0 0 2 114 
AERATION INF 0 0 3 3 AO 
FINAL EFF 0 0 3 3 84 

145 PHFNOL 05 
~AW WAH.R 0 0 2 0 1?. 
AERATION INF 0 (l 6 0 70 

:i> FINAL EFF 0 1 3 2. 75 
I 

l.J1 

146 NAPTHALf Nf 08 
RAW WATER 0 0 l 1 Al 
AERATION INF 0 0 5 1 7Q 
FINAL EFF 0 ?' 1 3 73 

148 CH-AMYL PHTHALATE 
RAW WATER 0 0 0 ?. 121 
AERATION INF 0 0 4 2 A4 
FINAL EFF 0 1 2 3 A2 

PH JORI TY C:Hf.MICAL-NAME SAMPLF. RAt-IGE AVERAGE 
l'llU,.,Ht ~ LOCATION ND <5 s-soo >500 VALUF 
------ ------------- --------- ----- ----- -------------

149 COLOM(PLATINUM-COBALT UNITS) 
RAW WATER 0 0 2 0 Si? 
AERATION INF 0 0 0 f, lfiA.O 
FINAL EFF 0 0 0 6 1597 

lSl ~0() (MG/LITER) 
/\F"~ATfON ' "' "" " . "" "'~ .. 



TABLE A-2 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 013 - ALKALINE-BCT 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-6 



**E.C. JOhDAN cu ..... SURCAT= ALKALINE-ACT ANALYSIS OF VERIFICATION DATA PAGE 1 , 

._,HJOHJTY CHEMIC AL-f\1JI MF SAMPLE RAl\IG£ AVfRAGf 
NUMf;f. k LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ___ .... ----- --------------
4 Rf NlfNF 

RAW WATfR 2 l 0 0 <l 
FINAL EFF 8 l 0 0 <l 

21 2.4.b-T~lCHLOkOPHENOL 
AERATION INF 1 6 2 0 A 
FINAL EFF 8 l 0 0 <l 

23 CHLUKOFOkM 
AERATION INF 0 0 0 9 1550 
FINAL Ef F l b 2 0 6 

31 2.4-0ICHLOHOPHENOL 
AERATION INF 5 4 0 0 1 
FINAL f FF 1 2 0 0 <1 

:,t> 3A ETHYLBENZfNE 
I " FINAL Eff 8 l 0 0 <l '-I 

44 t-lfTHYLfNE CHLORIDE 
HAW WATER ? l 0 0 l 
AEkATlON INF 2 7 0 0 2 
FINAL f.FF 4 - 5 0 0 2 

h4 PENTACHLOHOPHENOL 
AERATION INF 6 l 2 0 ,., 
FINAL EFF 6 0 3 0 6 

f>5 J-'Hf NOL 
RAW WATER 2 l 0 0 <1 
AEHATION INF 0 0 9 0 55 
FINAL EFF 5 2· 2 0 5 

hb Hl~(2-fTHYL HEXYL> PHTHALATE 
HAW WATER ? l 0 0 2 





°'°'t.C. JOkDAN CO 4) i) SUBCAT= ALKALINE-ACT ANALYSIS OF VERIFICATION DATA PAGE 3 
A 

i-l HI O~ I TY CHEMICAL-NAME SAMPLE RANG£ AVERAGE 
NUMHER LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----: ----- ----- -------------
1?3 Mfh'CURY 

HAW WATER 0 3 0 0 <l 
AERATION INF 0 9 0 0 <l 
FINAL EFF 0 9 0 0 <l 

1?4 NICKEL-NJ 
RAW WATER 0 3 0 0 3 
AERATION INF 0 3 '; 1 3f, 

.FINAL EFF 0 5 4 0 I2 

l?A ZINC-ZN 
AAW WAlf~ 0 0 3 0 ~A 
AERATION INF 0 0 2 1 138 
FINAL EFF 0 0 6 3 110 

130 AHHTJC ACID 
;J.> AERATION INF 2 0 0 1 1043 
I "FINAL EFF 2 0 4 3 123 '° 

1 31 OfhYDROA~H. TIC ACID 
Af~ATION INF 1 0 0 A 739 
FINAL EFF 0 0 4 5 123 

132 ISUPltvlARIC ACID 
AERATION INF 2 0 4 3 9f> 
FINAL EFF 2 l 6 0 21 

133 Pl MAR Ir. ACID 
AF.RATIO~ INF 2 0 4 3 11~ 
FINAL EFF 3 0 6 0 22 

134 OLEIC ACID 
AF.:PATION INF 2 0 0 1 1084 

135 LINOLEIC 
fr 

ACID 
AEfiATION INF 3 0 0 6 SOR 



• ~-a.. 

PH J Ok IT .:h~ Ml C Al-l'IAMf SAMPLE RANGE AVf.RA. 
IHJt-IHU~ LOCATION "'0 <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ----- -------------

139 1-CHLOROOFHYU~OAHIETIC ACID 
AERATION INF 4 0 4 l 5? 
FINAL EFf b l 2 0 (-, 

}40 OTCHLO~OOEHYOROARIETJC AC I 0 
AERATION INF 1 l 1 0 ? 
FINAL EfF A 1 0 0 <l 

l 4 1 TfilCHLOMUGUAIACOL 
AEHATION I NF 8 l 0 0 <l 

142 TF nu1 CHLOkOGUA I ACOL 
AE~ATION I NF 3 4 2 0 5 
FINAL EFF 8 l 0 0 <l 

~'I-< l(tf.111 Y Oif..M IC AL-NAME SAMPLF. RANGE AVERAGE 
;i:.. NUMHFl-l LOCATION NO <50 50-85 >85' ' RECOVERY 
I .. 

..... ------ ------------- --------- ------ ----- _______ .. _____ 
0 

144 SHAH IC ACILJ 
RAW WATER 0 0 l 2 AA 
AERATION INF 1 3 3 2 S7 
FINAL f FF 0 3 2 l 51 

145 PHf.Mll n~ 

HAW WATF._R 0 l 2 0 4A 
AERATION INF 1 2 f) 0 '59 
FINAL fFF 0 3 l 2 ()0 

l4h NAPTHALfNE 08 
RAW WATEH 0 l 0 0 4? 
AfRATlCN INF 0 ?. 1 0 4f, 
FINAL EFf 0 l 2 0 59 



tH>t:.C. JOkOAN co tH> SUH CAT= ALKALINE-ACT AN~LYSIS OF VEklFlCATION DATA PAGE 5 

tiklflkllY ( I-< E t-; I C JI L - N A ME SAMPLE RANGE AVfRAc;f 
Nt1M~lf ... LOCATION ND <50 50-HS · >85 ~ RF.COVERY 

------ ------------- --------- ----- ----- -------------
l4A DI-AMYL PHTHALATE 

RAW WATER 0 0 1 0 A? 
AEHATION INF 0 l 2 0 hO 
FINAL Ef F 0 0 3 0 58 

1.1H I flk IT Y CHEMICAL-NAMf SAMPLE RANGE AVERAGE 
NUt-ll-"lf k LOCATION ND <5 s-soo >500 VALUE 
------ ------------- --------- -----

____ ,_, 

--------------
l4Q COLOR(PLATlNU~-COHALT UNITS> 

RAW wATER 0 0 3 0 67 
AERATION INF 0 0 0 9 1233 
FINAL f FF 0 0 0 8 lf\19 

1 51 c ()f) IM\i/LITF.1-<> 
::i> AERATION INF 0 0 3 f\ 1ftb 
I f:INAL EFF 0 0 9 0 397 ...... 

...... 



TABLE A-3 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 014 - ALKALINE-FINE 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-12 



iH~f...C. JOHOAN co -!>it SUHCAT= ALKALINE-FINE ANALYSIS OF VEIUF IC Al ION DATA PAGE l ,, 

P~ ]lH~ I TY CHEt-1lCAL-NAMt: SAfl-IPLF. HAl'llGE AVERAGE 
NUMHfµ LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- ------~------

11 },J,1-TRICHLOkOETHANE I 

AERATION INF 8 0 l 0 8 

21 ?.4,h-T~ICHLOkOPHtNOL 
AERATION INF 0 5 4 0 1 1 
FINAL EFf 2 1 0 0 3 

23 CHUIHOFOkM 
AERATIOf'.i INF 3 0 1 s 7Rl 
FINAL f FF 0 3 3 3 52 

31 2•4-DIC~LOHOPH£NOL 
HAW WAT EH 2 l 0 0' I ? 
AERATION INF 1 2 0 o: 

i <l 
FINAL f FF e 1 0 01 <1 

~ 44 ~FTHYLENF CHLOklDE 
I .. kAW WATER 2 1 0 O! ? f--' 
w 

AE~ATION INF n 3 0 o: <l 
FINAL EFF 7 2 0 0 <l 

4H DICHLORORROMfTHANE 
AERATION INF 7. 0 2 0 4 

64 PENTACHLOkOPHENOL 
AERATION INF 6 2 l 0 ~ 
FINAL EFF 7 2 0 0 <l 

h5 PHf NOL 
AERATIOl'll INF 3 2 4 0 7 
FINAL E:.FF 7 2 0 0 <) 

#:lb RlS(?-fTHYL HE )I. Y L) PHTHALATE 
RAW WATER l 1 1 0 4 



1-'~no~ I TY.Hf Ml CAL-NAME SAMPLE RANGE AVER AG. 
hll1f'.1Hfl-? LOCATION ND <10 10-100 ,.10 0 CONC. GIL 
------ ------------- --------- ----- -~---- -------------

66 ~IS<?.-E.THYL HEXYL> PHTHALATE (CONT.> 
AERATION l~F 2 2 4 1 2A 
FINAL tFF 3 0 6 0 1 f, 

... 
hfi Pl-N-HUTYL PHTHALATE 

AERATION INF 7 2 0 0 <l 
FINAL EFF 8 1 0 0 ~l 

70 C\IfTHYL PHTHALATE 
AERATION INF 1 0 0 <1 

EIS TfTkACHLOkOETHYLENE . I 

AERATION INF 8 1 0 0 
I 

' < 1 

An TOLUFNF 
AERATION INF 1 7 0 1 23 

;i:.. 
I 

119 CHkOMIUM-Cfi ~ .. 
.i:-

RAW WATER 0 3 0 0 2 
AERATION INF 0 4 5 0 26 
FINAL EFF 0 6 3 0 7 

1?. 0 COPPFFl-CU 
RAW WATER 0 2 1 0 6 
AERATION INF 0 l 8 0 22 
FINAL EFF 0 s 4 0 R 

122 LEAD-PR 
11 AW WATER 0 3 0 0 J 
AERATION INF 0 A l 0 6 
FINAL EFF 0 7 2 0 f, 

123 MEh'CllRY 
RAW wATER 0 3 0 0 <l 



.... 1:.c. JOf.<llAl\i co .... SUHCAT= ALKALINE-FINE ANALYSIS OF VERIFICATION DATA PAGE 3 
" 

PHJ<lf-JITY (H~_MlC.AL-NAMf SAMPLE HANGt:. AVERAGE 
NllMI-'~ ~~ LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
1?3 "1E~CURY (CONT.> 

AfRATIOf\i INF 0 9 0 0 <l 
FINAL EFF 0 9 0 0 <l 

124 NICKFL-NI 
~AW WATF.R 0 3 0 0 2 
AE~ATION I~F 0 3 6 0 16 
FINAL EFF 0 5 4 0 8 

l?. ~ ZINC-ZN 
RAW WATER 0 1 2 0 }Q 
AERATION INF 0 0 3 6 149 
FINAL EFF 0 0 8 1 71 

130 A._,IE TIC ACID 
AERATION I NF 4 0 0 5 191 

:i>- FINAL EFF 8 0 1 0 1 
I 

I-' 
.. 

VI 
131 DFHYOROAbIETIC ACID 

AE.RATION INF 3 0 0 6 lAl 
FINAL EFF 5 4 0 0 3 

13?. lSOf'IMARIC ACID 
AERATION INF 3 0 5 l 48 

133 P HIAR IC ACIO 
AERATION INF 3 0 0 40 

134 OLE IC ACID 
AERATION INF 6 0 0 3 175 
FINAL f FF 1 0 1 1 IA 

13~ LJN()Lf IC ACID 
AERATION INF 0 0 3 94 



... ""'. V\1r"I',..'" \..V -- JVI"'\..~ I - ~Lf\AL l'"'t:-r ll'IC: ANALT::i1::, Ut Vt.t<H' ll.AI lUN DAIA PAGE 4 , 

1-'~JOl~JlY.~t'ilCflL-NAMI: SAMPLF fi ANGt:. AVER AG. 
l~Ufvl14~ k LOC A Tl ON NO <10 l0-100 » 100 CONC. UG/L 
------ ------------- --------- ___ ..... -·---- --------------

136 LINOLENIC ACIO 
AERATION INF 8 0 l 0 10 

137 fµOXYSTf.ARlC ACIO 
~AW WATER 2 0 0 1 37 

13Q 1-CHLOHOOEHYORUABIETIC ACID 
AEHATION I t-iF 2 1 l 41 

140 fl I C HL 0 k 0 I' f 11YIW0 A 81 ET I C ACID 
' AEHATION INF 7 l 1 0 4 

14 l THIC~LORUGUAIACOL 

HAW WATER 2 0 l 0 4 
AERATIOf\i INF s 4 0 0 ? 
FINAL EFF 8 1 0 0 <1 

:;i:.. 
I 

142 TETRACHLOROGUAIACOL .. 
I-' 

"' HAW WATF.R ·2 0 1 0 A 
AERATION INF 2 5 ?- 0 f, 

FINAL EFF 6 3 0 0 ? 

143 XYLfNfS 
AERATION INF 7 2 0 0 1 

.-iklOklTY CHEMICAL-NAME SAMPLE ~ANC;t: AVERAGE 
NUtv1fJ f R LOCATIO"' ND <50 SO-HS :>85 If, RECOVERY 
------ ------------- --------- ----- ·----- -------------

144 STEMHC ACID 
RAW wATtR 0 0 1 2 q3 
AF.RATION INF 0 2 4 3 73 
FINAL EfF 0 0 4 s 90 



•H~r.c. JOkDAl\I co .. .. SUHCAT= ALKALINE-FINE At>.!ALYSIS OF VERIFICATION DATA PAGE 5 
" 

PH!OklTY CHf.MlCAL-NAt-'E SAMPLE RAl\IGE AVERA(;E 
MlMMfk LOCATION NO <50 50-85 >85 ~ HfCOVfRY 
------ ------------- --------- ----- ----- -------------

145 PHFNOL 05 
RAW WATER 0 2 1 0 32 
AEHAT I Ot--1 INF 0 4 5 0 54 
FINAL EFF 0 2 b 1 61 

l4h l\IAPTHALfNE 08 
HAW WATER 0 1 1 0 50 
AERATION INF 0 3 3 0 44 
FINAL f FF 0 1 5 0 ti A 

141-i OJ-AMYL PHTHALATE 
HAW WATER 0 0 0 2 1 11 
AERATION INF 0 1 2 3 73 
FINAL f FF 0 0 2 4 100 

~l~lUkllY CH~ ._11Cfll-NAME SAMPLE RANGE. AVERAGE 
:i>-

NUMPF..R LOCATION NO <5 5-500 >500 VALUE 
I .. 

t--' ------ ------------- --------- --- ----- ------ --------------........ 

l4q COLOk(PLATINUM-COHALT UNITS> 
HAW WATF.R 0 0 3 0 5 
AERATION INF 0 0 0 9 850 
FINAL EFF 0 0 2 7 A2ti 

1 '1 l con < M<1/L 1 Tt::.k) 
AERATION INF 0 0 ? 7 576 
FINAL EFF 0 0 9 0 244 



TABLE A-4 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 015 - ALKALINE-UNBLEACHED 

*Only those compounds detected at the raw water, aeration influent, 
aeration effluent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-18 





.•· 
I-> .. I Cl H l l ... H ~ t-1 I C fl L - NA ,_, t S~MPLF HANGf. AVE"'/lG. 

I~ 11 "'~If- 1-/ ' : LUC AT I.QN ND <10 10 .. 100 >100 CONC • 1t/L 

------ ------------- --------- --- _ ..... -- ----- -------------
.. .. 

f!H lll-N-RUTYL J.'HT HALA H:: (CONT.) 
AEHATION EFF 0 3 0 0 l 

~~ TFlHACHLOhOETHYLENE 
AERATION INF 7 2 0 0 <l 

f~ 6 lOL IJFNF 
AEMATION INF 2 l 0 4 

11 ~ Ct-4 .. uM 1 Ut-1-C~ .. ',, 
HAW WATfM 0 2 l 0 1 
AERATION INF l 1 7 n 14 
AEHA TI (JN EFF 0 3 0 0 1 
FINAL EFF 0 3 3 0 l?. 

1?. 0 CC1i.-1-'F H-CU 
HAW WATER 0 3 0 0 4 

;i... .. Af.1-lAT I ON I NF 0 ? 7 o. lQ 
I 

N .. AfHATJON E'F F 0 3 0 0 c; 
0 

FINAL EfF 0 3 3 0 9 

le? LF M•-PM 
RAW WATFR 0 ?. l 0 21 
/lEHATION I NF" 0 4 5 0 14 
AF.RATJOl'i fFf 0 2 l 0 ~ 
FINAL t: FF 0 3 3 0 l t, 

123 ~1-hCUkY 

HAw ~IATfH 0 3 0 0 <l 
AE::HATJCN JNF 0 Q 0 0 <) 
AF.HAT JON Ef F 0 3 0 0 <1 
FINAL l- f F 0 ,.. 0 0 <l 

1?4 NICKEL-NI 
HAW WAT EM 0 2 1 0 7 



00~ .• c. JOkllAN co 40 SUHCAT= ALKALJhE-UN8LEACHEO ANALYSIS OF VEkit-"lCATlON OATA PA6£ 3 
> 

PkJtikJlY 01 ~ ,., I C A l - N A M f. SAMf.JLF HAN<;E AVf PAGE 
l'llJWµ~ k LOCATION NO <10 10-100 >100 CONC. U<VL 
------ ------------- --------- ----- ., ____ 

-------------
l ?.4 NJCl\fl-Nl CCONT.) 

Af~ATJON H.F 0 7 7 fl 1-. 
AfkATION EFF 0 ~ 0 0 c:; 
FINAL f Ff 0 5 l 0 c:; 

1 ?~ ZINC-ZN 
HAW wATE:R O· 0 3 0 14 
At-~A T JON J NF' 0 0 ~ 4 114 
.Al~ATION Eff 0 0 3 0 ,., 7 
FINAL f. f F 0 0 3 3 ~l 

130 Ak HT IC ACID 
AF. RAT I ON INF 0 0 .o Q 20?fi 
FINAL f. f F 0 0 3 3 l?l .. 

p;.. ) 3 1 0fNYflROAf-41£TIC ACID 
I M:~AT I ON I f\IF 0 0 0 9 741 N 

I-' "AE HAT ION EFF 0 1 2 0 11 
FINAL EFF . 0 0 6 0 ~2 

132 ISU~l~ARIC ACIO 
Af_RATION JNF 0 0 ?. 7 32'i 
AE::HATJON EFF 1 1 l n ,., 
FINAL EFF 3 0 3 0 15 

133 Plt>':AHJC. ACID 
Af~ATJON INF 0 0 3 6 3?~ 
AfHATJON E::FF ? 1 0 0 <1 
FINAL f FF 2 0 4 0 1 7 

134 OLfIC ACID 
HAW wATFR ?. l 0 0 <l 
AE~ATION INF 0 0 0 Q 1070 
AEHATIUN n·f 0 1 2 0 3H 



Oi>f.C. JO~IJAN co .... SUHCAT= ALKALJNE-UNALEACHf P A~ALVSIS OF VE~IFICATION DATA PAGE 4 

,.,,~I 11~ l TY ,.f-Ml CAL-NAMF SAllAPLF. RA~fll AVE~AGE 
MltJ.14~ .,_ LOCATION "'o <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ----- -------------

134 01. E IC ACIO (CONT•) 
FINAL EFF 0 0 ?. 4 107 

135 llNOLElr. ACID 
AERATION INF 0 0 0 9 453 

13h LJ~OLf.NJC ACIO 
AfRATlON INF 0 l 2 }f\Q 

1 4 0 n I C~LOROl.lf HYlJl-'OAH I l TIC ACIO 
AERATION INF 8 l 0 0 <( l 

}43 AYlfNfS 
Af:FUTION INF 3 1 5 0 14 

tJHJ(lwJTY Cl-tf-~ICAL-f\AME SA~Plf. RANG£ AVFRAGE 
I NU .. !Hf ~ LOCATION t-10 <~0 50-ti~ )•SS CJ ~ECOVE.HY 
" " .. ------- ------------- --------..- ----- ··---- -------------

}44 SlFAtHC ACID 
RAW WATER 0 1 2 0 54 
AEHATION INF l 3 l 4 5~ 
AEFUTION E.FF 0 0 l l 7,, 
FINAL f FF 0 3 l 2 59 

14~ ·PHFNOL 05 
RAw WATER 0 ? l 0 J7 
AERATION INF 0 4 2 3 5A 
AHUTlON f.FF 0 0 3 0 h4 
FINAL EFF 0 3 J 0 47 

}4~ NAfJTHALF.Nf f\8 
HAW WATF.H 0 2 1 0 44 



.... i:..c. .JfJl-IDAN co ~ .. SUHCAT: ALKALINE-UNHLEAC~f:.O ANALYSIS OF VEklFlCAllON DATA PAl1E ~ .. 
1-Jµ I (1~ ITV Cl-If MICAL-NAl'Af SAMPlf RANG[ AVERAGE 
NIJ~HI-' h LOCATION NO <'50 l;)O-H!> >85 'li RECOVEWY 

------ ------------- --------- ----- ----- --------------
}4h NAl->1HALFNE OR (CONT.> 

~FHATION INF 0 ,.. ?. 1 4c; 
AfMATlOM t-F F 0 l 2 0 c;3 
FINAL f:.FF 0 4 2 0 35 

l 4f1 ()J-AP.IYL PHTHALATE 
HAW WATfR 0 1 1 1 1s; 
AfMATJON INF 0 2 3 • P.O 
Al:JH TI ON fFF 0 0 3 n f.? 
FINAL EFF 0 3 2. 1 4q 

•J•~IO~llY CHlMICAL-NAMl SA~PLF RANCH:. AVERAGE 
NllMHt:. ~ LOCATION NO <5 5-500 >500 VALlJf 
------ ------------- --------- ----- ----- -------------.. 

.,.. 
I }49 C.OLO~(PLATJNUM-COAALT UNITS) ..J .., 

RAW wATFR 0 0 3 0 12A 
AERATION INF .o 0 5 4 Al\ 
AE~ATIOl\I EFF 0 0 3 0 21.J 
FINAL EFF 0 0 3 3 1 ?.OR 

l 5 1 coo (MG/LI rnn 
AERl\TION INF. 0 0 0 q 94~ 

FINAL f.FF 0 0 5 4 545 



TABLE A-5 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 016 - SEMI-CHEMICAL 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-24 



oof .C • J<WOAN co .... SUf4CAT= SEMI-CHtMICAL ANALYSIS OF VF.kiflCATJON DATA PAGE t 

... ~J0~1ITY CHf.~ICAL-NAMf SAMµLE RANGE AVFRA<;f 
NUfll•l·H.~ LOCATION f\10 < l 0 10-100 >100 CONC. UG/L 

------ ------------- --------- ------ ----- -------------
4 Rf.NlFNF: 

AfRATl0"4 INF 3 3 0 0 J 
FINAL f.f F 4 2 0 0 <1 

2:3 Ct-'LUl-HlfOHt-1 
AERATION I NF 3 3 0 0 1 

3fi f TtiYLHFl\IZFNf 
AERATION I NF 4 2 n 0 < 1 
FINAL f FF 4 2 0 0 <1 

44 twlf THYLFNF. CHLOHIOE 
AF.:HATION INF ? 3 1 0 f, 

FINAL t.FF 0 5 1 0 5 

;i:.. 51) t-1 A t-' T H A l_f. N f 
I AEHATIOf'-4 INF 4 2 0 0 ? N 

V1 

fi4 PFNTACHLOkO~HfNOL 
Af~ATION I NF ~ 1 0 0 <1 
FINAL EFF 5 1 0 0 <l 

b5 PHF. NOL 
HAw ..,ATF.R 1 1 0 0 ? 
AEHATlOf\: INF o· 0 0 "' ?.J 0 
FINAL ff F 0 3 3 0 14 

bf> RlS<?-FTHYL HEXYL) PHTHALATE 
RAW WATfR 1 0 1 0 11 
AEHATION INF 1 1 4 0 ?.1 
FINAL tfF 0 3 3 0 1~ 

h1 1-lUTYL RFNZYL PHTHALATF 
AERATION INF 5 0 0 <) 

flH OI-N-~UTYL ~HT HAL ATE 
AERATION I. 0 5 l 0 4 



ctt•E.c. JOHOAN (0 CH> SUACAT= ~EM I-CHEMICAL ANALYSIS OF VERIFICATION PATA PAGE 2 

Pk I IW IT.Hf Ml CAL-NAME SA~PLF RANGE AVfRA. 
NUMl-<i: k LOCATION Nil <)0 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- _ .. __ .. 

-------------
Ab TOLUfNf 

AfHATION INF 3 3 0 0 ? 
FINAL f FF 3 3 0 0 1 

A7 TMICHLOROfTHYLfNE 
AERATION INF J 2 l 0 5 

11 Q CH~OMJUM-CH 

HAW WATfR 0 ? 0 0 ? 
AEHATION INF 0 0 b 0 ?Q 
FINAL f.FF 0 0 6 0 }Q 

l?O COVPF. R-C:U 
HAW wATFH 0 ? 0 0 5 
AEHATlOl\i INF 0 0 4 ? 7q 

:i> FINAL t. FF 0 1 ~ 0 ?c; 
I 

N 

"' 1 21 CYAN I Of 
HAW WATFH 0 3 0 0 Q 

AFRATION INF 0 3 0 0 Q 

FINAL f FF 0 3 0 0 q 

l??. LFAD-PA 
RAW WATER 0 ? 0 0 4 
AEHATION INF 0 0 3 3 q5 
FINAL FFF 0 0 6 0 JS 

123 f-IEHCUHY 
RAW WATfR 1 1 0 0 <l 
AERATION INF 0 6 0 0 < 1 
FINAL f FF 0 6 0 0 <l 

124 NICKF.l-NI 
HAw "-ATFR 0 2 0 0 ~ 
AERATION INF 0 ? 4 0 1? 
FINAL EFF 0 3 3 0 10 



Ot>£. • ( • JOkDAN co 00 SUl1CAT= SEMI-CHEMICAL ANALYSIS OF VE~IF ICAT lON DATA PAGF 3 

PtdOhJTY C ~ E M I C A l - l"J AM~~ SAMPLf RANGE AVFRAGF: 
NUMHf 1-J LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- ------------~ 

l2A ZINC-ZN 
HA ll/ WAH.~ 0 ? 0 0 ? 
AEHATION INF 0 0 3 3 }4l 
FINAL EFF 1 0 4 1 61 

130 fl~H.TIC ACID 
AERATION INF 3 0 0 3 }?R 
FINAL t:.:FF 3 0 3 0 lQ 

] 31 ()fHYOROARlfTIC ACID 
AERATION INF 0 0 1 s lM~ 

FINAL f.FF 2 1 3 0 14 

13? ISllPlMAPlC ACID 
AERATIOlll INF 0 0 ,., 0 ~4 

;i.>- FINAL FFF 3 0 J 0 7 I 
N 

" 133 J.'l~A~IC ACID 
AfRATION INF 3 0 ?. l 27 
FINAL EFF ~ 0 l 0 ? 

134 OLFIC Af.ID 
AF.RATIO" INF 0 0 ? 4 11 c; 
FINAL f FF 5 0 1 0 ft 

135 L H~OLf. IC ACID 
AERATION INF 3 0 1 ? 61 
FINAL f:"FF 4 0 2 0 4 

136 LINOLFNIC ACID 
AERATION INF 3 0 1 4Q 

139 l·CHLOHOOFHYU~OAAIETIC ACIO 
FINAL EF F 4 1 1 0 4 

140 OICHLOPOOF~YOROAHIETIC ACID 
7 ~ FINAL EFF 4 0 2 0 



•>«>1:..c. Jf\~DAN co 00 ~UHLAl: ~t".Ml-C:HtMJLPL Al'Ul\_T~l::t ur v r." 1 .- 1. '-"' 1 1 un 11 A I Ill r,. u~. .. 
Pl-'JOHJ.; CHfMICAL-NAMf SA~PLF. H Al'H1[ AVf~AC1E 

Mlt-~1~.H LOCATIOI\ ND <10 10-100 )· 100 CONC. Uf,/L 

------ ------------- --------- ----- ··--9!9- -------------
143 XYLfNfS 

AfRATION INF 4 ? 0 n <l 
f- INAL Hf 3 3 0 0 <l 

i-'~JOHJTY CHf_ MI CAL-NAME SAMPLF HANuE AVFRA<if 
Nllt-'Ht: H LOCATION r..n <50 50-HS :•~5 If. RECO\lf"RY 

------ ------------- --------- ----- ··---- -------------
144 STF.AklC AC IO 

RAW WATER 0 0 2 0 ~] 

M.R/\ TI ON I Nf 0 ?. 4 0 c; c; 
FINAL FFF 0 5 1 0 37 

145 ~Hf NOL f)~ 

RAW WATfP 0 l 1 0 c; J 

:i> AEHATION INF 0 ? 4 0 ~n 
I FINAL EFF 0 3 3 0 4q N 

00 

146 NAI-' T HAlfl~f DR 
MAW WATER 0 0 ?. 0 1? 
AERATION INF 0 0 4 " 70 
FINAL ~FF 0 l 5 0 5] 

l4H DI-AMYL PHTHALATE 
HAW WATEH 0 0 0 ? 100 
At.MATIO"- INF 0 3 ] 0 l:\l 
FINAL EFF 0 4 2 0 39 

µHl()kJTY CHE.~ICAL-NAME SAMPLF ~ANGE AVERAGE 
NIJ~fif~ LOCATIOlll NO <5 s-~oo >500 VALUF 

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

l '+ 9 COLOR<PLATINUM-COHALT UN ITS> 
kAW wATFR 0 0 ? 0 SR 
AfRATION l"'F 0 0 0 ,.. J9}c; 
F lNAL fFF 0 0 0 f, 3A?5 

l~l COD (M<i/Lilfk) 
AFHATION INF 0 0 0 ,.. ?410 
FINAL EFF 0 0 0 ,., 1493 

· ..... '.!f!ll ... '°" 111!1t,l~~,,.....,..._,,"-l.1.-.111•ti~.-l~er ........... 1D•WO - 4441i#E4i##ii1A>T'M'.~!.1~·-"r"'!'1''•....-":-<•-"-~··~.·~";.:-'f•~T.~'fl H./.,f." %$ti WiS,SNk>.-iiS' ., .. ,.~~ '' ~:1.:i: ~4££13 Q$ us. ~-~·. •~~Y'l~r·:-•:~~·· 



TABLE A-6 

SUMMA.RY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 017 - ALKALINE UNBLEACHED & SEMI-CHEMICAL 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-29 



---L .• \ ... e V\'nlJ~'" ""'v -.IVl,J""'"' - '"''-''""L- & '"""- ....,, .. ,, ........ --· .. -•'Ir"'-·-·- -· -· - . 

PHJOHIT~HfMJCAL-NAME SAMPLE RANGE AVERA~ 
NIJMHf H LOCATiON NO <10 10-100 > l ()0 CONC. G/L 
------ ------------- ---------

___ .. _ '!'----- -------------
4 RENZF.NF. 

AERATION INF 3 3 0 0 1 

l 1 1,1,1-TRICHLOHOETHANF. 
AERATION INF 3 3 0 0 3 

23 CHLOROFORM 
RAW WATER 1 1 0 0 <1 
AE~ATION INF 4 2 0 0 l 

44 METHYLENE CHLORIDE 
RAW WATER 1 1 0 0 3 
AERATION INF 3 1 0 2 5~ 
FINAL EFF 5 0 1 0 13 

f:,4 PENTAC~LOHUPhENOL 
:i> AEHATION INF 5 1 0 0 1 I 
w 
0 

b5 PHENOL 
AERATION INF 0 0 6 0 56 

M> Hl5(2-ETHYL HEXYL) PHTHALATE 
AERATION INF l 2 3 0 10 
FINAL EFF l l 4 0 10 

Mi Ol-N-RUTYL PHTHALATE 
AERATION INF 2 3 

I 

l o· 5 

70 OlfTHYL PHTHALATE 
AERATION INF 4 0. 2 0 7 

~b TOLUENF 
AERATION INF 3 3 0 0 2 

A7 T~ICHLOROETHYLENE 

AERATION INF 4 2 0 0 <l 



~~F.C. JO~DAN r.o ~~ SUHCAT= ALKALINE UNBL+SEMl-CHEM ANALYSIS OF VERIFICATION DATA PAGE ? 

PHJ(11-i}lY CHEMICAL-NAME S/IMPLF RAl'IGE AVERAGE 
t·JUMH~. k LOCATION NO <10 10-100 >100 CONC. UG/L 

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

107 P.C.A. 1?54 
RAW WATER 0 ? 0 0 2 
AERATION INF 3 3 0 0 <l 
FINAL EFF 2 4 0 0 2 

109 P.C.H. 1?32 
RAW WATER 1 1 0 0 <1 

119 f.H .... OM!UM-CR 
HAW WATFR 0 2 0 0 ? 
AERATION INF 0 l 5 0 2q 
FINAL EFF 0 2 4 0 19 

l?O COPPER-CU 
RAw WATER 0 1 1 0 A 
AERATION INF 0 0 6 0 3A 

;i;.. FINAL F:FF 0 2 4 0 15 
I .. 

w ,_. 
l?l CYANIDE 

RAW W/ITER 0 1 5 0 10 
AERATION INF 0 3 3 0 1 f, 
FINAL EFF 0 3 3 0 10 

12?. LFAD-PR 
RAW k'ATER 0 2 0 0 2 
AfRATION INF 0 1 5 0 24 
FINAL fff 0 3 3 0 13 

1?3 Mf kCURY 
RAW WATER 0 2 0 0 <l 
AERATION I NF 0 6 0 0 <l 
FINAL £Ff 1 5 0 0 <1 

1?4 NJCt<-EL-NI 
RAW WATER 0 2 0 0 2 
AERATION INF 0 4 2 0 10 



........ _. '"- - ......... --· . ~ ... " ... ' ..... .., -· ............ -~ .............. u" • ~ ,- ~"'ll.. 
.., 

" 
~~IO~JTY.HFMICtiL-NA~E SAMPLE RANGE. AVER~G· 

NUMHl'.R l,.OCATION NO <10 10-100 >100 CONC, UG/L 
------ ------------- --------- ----- ------ -------------

124 NICKEL-NI (CONT.> 
FINAL EFF 0 s l 0 5 

12A ZINC-ZN 
RAW WATER 0 2 0 0 fi 
AEMATION INF 0 0 6 0 40 
FINAL EFF 0 0 6 0 25 

130 AHIETIC ACID 
RAW WATfR l 0 l 0 24 
AERATION INF 0 0 0 6 139? 
f INAL EFF 0 0 0 6 710 

l 3 l PE HY CHW /IHI t. TIC ACID 
HAW WATER 1 0 1 0 q 
AEHATION INF 0 0 0 6 607 

:i:- FINAL EFF 0 0 0 6 235 I 
w 
N 

132 ISOPIMAHIC ACID 
AEHATION INF 0 0 0 6 547 
FINAL EFF 0 0 0 6 187 

133 PIMARlC ACID 
AERATION I NF 0 0 3 3 15? 
FINAL EFF 0 0 3 3 95 

134 OLE IC ACIO 
AERATION I NF 0 0 0 6 fl)~ 

FINAL EFF 0 0 0 6 407 

135 LINOLEIC ACID 
AERATION INF 0 0 l s 441 
FINAL EFF 3 0 ? l 59 

137 f.POXYSTEAHIC ACID 
AERATION INF 3 0 1 2 l33 



"1'!0t.llTY CHl:fvllCAL.-NAMf SA~PLf RANGE AVERAGE 
l··1IJ""f·O· k LOCATION NO <10 10-100 >100 CONC. lJG/L 

------ ------------- --------- ----- ----- -------------
137 fPOxYSTFARIC ACID <CONT.> 

FINAL EFF 4 0 0 2 57 

143 XYL.f.NES 
AERATION INF 3 0 ·3 0 11 

1 'HlOklTY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
r~UMHE k LOCATION ND <50 50-85 >RS 

'*' 
RECOVERY 

------ ------------- --------- ----- ----- -------------
144 STEAR IC ACID 

kAW WAT Ek 0 0 ? 0 6? 
AERATION INF 0 f, 0 0 27 
FINAL EFF 0 5 1 0 47 

145 PHENOL OS 
kAW WATER 0 ? 0 0 4~ 

:.i> AERATION INF 0 4 2 0 53 
I P'INAL EFF 0 0 6 0 59 w 

w 

146 t1Al-'THALFNE 08 
RAW WATER 0 1 1 0 44 
AERATION INF 0 ? 4 0 57 
FINAL EFF 0 4 l l 55 

1411 DJ-AMYL PHTHALATE 
RAW WAT FR 0 0 1 l RR 
AERATION It-.IF 0 2 4 0 57 
FINAL EFF 0 0 5 l 72 

•'~nUkllY CHEMICAL-NAME SAMPLE' RANGE: AVFRAGE 
NlJMHFR LOCATION NO <5 ·s-soo >500 VALUE 
------ ------------- --------- ----- ----- -------

149 COLORCPLATINUM-C08ALT UNITS> 
RAW WATf.R 0 0 2 0 23 
AERATION INF 0 0 5 1 42~ 
FINAL EFF 0 0 6 I) 25A 

1~1 COD CMG/LITER) 



TABLE A-7 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 022 - SULFITE-PAPERGR~_DE 

*Only those compounds detected at the raw water, aeration influent, 
secondary clarifier effluent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-34 



.... F.. c. JOf.<OAN co .. .. SUR CAT= SULFITE-PAPERGRAOE ANALYSIS OF VEkIFICATlON DATA PAGE 1 

PHJOkJTY CHEMICAL-NAME ~AMPLE RANGE AVERAGE 
NUMP.f. ~ LOCATION ND <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ------ -------------

4 1-lf NZFNF 
AERATION INF 5 0 l 3 53 
FINAL EFF 1 2 3 0 12 

1 1 l•ltl•TRICHLOROETHANF 
AERATION INF 6 0 0 3 414 
SEC. CLARIF 1 2 0 0 3 
FINAL £FF 9 3 0 0 2 

13 1,1-DIC~LOHOETHANE 

AERATION INF 1 0 4 

21 2,4,6-TµJCHLOROPHENOL 
AERATION INF fi 0 3 0 4 
FINAL EFF 1 3 0 2 3q 

~ 23 CHLOROFORM I 
w AERATION INF 1 0 0 I:\ 3211 Vl 

SEC. CLAR IF 0 0 3 0 5f. 
FINAL E.FF 0 0 0 12 433 

24 ?.-CHLOROPHfNOL 
FINAL EFF 9 0 3 0 9 

31 2.4-0ICHLOHOPHENOL 
AERATION INF 6 3 0 0. < l 
FINAL EFF 9 0 2 1 21 

44 MFTHYLfNt.' CHLORIDE 
AERATION INF 2 1 3 3 464 
SEC. CLAR IF 2 0 I 0 5 
FINAL EFF 0 1 4 1 271 

4A PICHLO~OHHOMETHANE 

AERATION INF 1 2 0 



**I:: .• r.. JCIHl>AN cu t> t> ::>UHLAT: ~ULtllt-~A~tHbHAUt ANALT~l!> ur vr:" 'r l\,A II l Ul'I u~ '" r~UC". c 

~HI UH 11 Y .lft-11 CAL-NAME SAMPLE RANGE A VF.RAG. 
l\iUMHt k LOCATION ND <10 10-100 :• l 00 CONC. UG/L 

------ ------------- --------- ----- ··---- --------------
4A DICHLOROHHOMETHANf (CONT.> 

FINAL f. Ff" 11 1 0 0 <l 

~5 NAf.'THALF.Nf 
AERATION INF 6 0 2 1 34 
FINAL EFF 9 1 2 0 q 

64 ~F"'TACHLOMOPHENOL 

~Aw WATER 3 ) 0 0 <l 
AERATION INF f, 1 ? 0 4 
FINAL EFF l l l 0 0 <l 

h5 PHF.NOL 
HAW WATER 3 l 0 0 z 
AERATION INF 1 ? 4 2 53 
St: C. CLAHIF 1 2 0 0 2 

:i:- FINAL EFF 4 5 l 2· 41 I 
w .. 
"' fi6 HlSC2-fTHYL HfXYU PHTHALATE 

RAW WAHR 2 1 0 l f,fi 
AE"RATION INF 2 4 2 ) 3A 
SF.C. CLAR IF 1 ? 0 0 3 
FINAL EFF l 6 5 0 21 

hA Dl-N-AUTYL PHTHALATE 
AERATION INF e l 0 0 <l 

70 OlflHYL PHTHALATE 
AF.RATION INF .e l 0 0 <l 
FINAL EFF 1 l 0 l 0 1 

fib TOUJFNF 
AERATION INF 3 ? 4 0 15 
FINAL EFF 5 3 4 0 14 



•H•E.C. JORf>AN co .. 0 ~UHCAT= SULFITE-PAPERGRAOE ANALYSIS OF VERIFICATION DATA PAGE 3 

1-'HJOHITY CHF MIC AL-1"1AMf SAMPLE RANGE AVERAGE 
Nl.JMl-'f..H LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----.. -------------
A7 TRICHLOROETHYLENE 

AERATION INF ,., l ?. 0 5 
FINAL f FF 10 2 0 0 <l 

l 19 CHHOMIU~-CR 

kAW WATER 0 3 l 0 6 
AERATION INF 2 2 5 0 13 
Sf. C. CLAR IF 0 1 2 0 10 
FINAL EFF 3 5 4 0 7 

lcO COF-'f'ER-CU 
HAW WATF.R 0 2 2 0 )~ 

AEfiATION INF 2 l 2 4 Al 
~EC. CLAR IF 0 0 3 0 20 
FINAL EFF 3 1 8 0 29 

IP- 12? lf AO-PR I 
w ~AW WATER 0 3 1 0 5 ........ 

AERATION INF 2 3 4 0 13 
SEC. CLAR IF 0 1 2 0 1 n 
FINAL t:FF 3 4 5 0 10 

1?3 "'1FkCURY 
RAW WATfR 0 4 0 0 <l 
AERATION INF 0 q 0 0 <l 
SEC. CLAR IF 0 3 0 0 <l 
FINAL EFF 0 12 0 0 <l 

124 f\IJCKFL-NI 
RAW WATER 0 4 0 0 3 
AERATION INF 2 0 7 0 } fl 
SEC. CLAfilf 0 0 3 0 17 
FINAL f FF 3 5 4 0 ,., 

l?A ll NC-ZN 
RAW WATER 0 2 2 0 26 



,,. . ~. V\IP ll~''"' \.,V -- .,;JVJ"l\.,M I - .:>ui...r 11c:.-r-µrr:nurµ11c:. "'"~'-·~•:::> ur v c. n l r l \. ~ I l UN UAIJI t" A"t- .. 
P~IO~JTY·H~MIC/\l-NA"1E SAMPLf RANGE AVER AG' 
NU,...RF~ LOCATION NO <10 10-100 >100 CONC. G/L 

------ ------------- --------- ----- ·----..,, 
____________ .. 

12A ZINC-ZN (CONT.) 
AERAllOf\i INF 0 l 3 s 91 
SEC. CLA~JF 0 0 3 0 c;~ 

FINAL EFF 0 0 9 3 11 ~ 

130 ARifTIC AC I [J 

AERATION lN_F 3 0 2 4 13&; 
FINAL F.FF f, 0 4 2 51 

131 PFt-iYOHOARIE'TlC AC l D 
AERATION INF 0 0 3 6 555 
FINAL EFF 3 0 5 4 246 

132 JSCJ~IM~IHC ACID 
AERATION INF 3 0 4 2 6?. 
FINAL EFF 5 4 3 (l 13 

:i> 
I 133 PIMAklC ACID w 

00 At:HATION INF 1 0 2 0 R 
FINAL EFF l 1 0 1 0 4 

134 ou: IC ACID 
AERATION INF 0 0· 4 5 l~A 
SEC. CLAR IF 0 0 3 0 25 
FINAL EFF 5 0 s 2 47 

135 LJNOLEJC ACID 
AERATION INF 3 0 s l c;7 
FINAL EFF A 0 3 1 2f:i 

l3b Llf\!OlfNIC ACID 
AERATION INF 1 0 2 0 12 

137 EPCJ.>t.YSTFIHHC ACID 
AERATION INF 7 0 0 2 49 



iH~f.C. JO..-DAN r. u ** SUHCAT= SULFITE-PAP£RGRAOE ANALYSIS OF VERIFICATION DATA PAGE 5 

PkJO..-ITY CHEMICAL-NAME Sf\MPLE RANGE AVfRAGE 
NlJ"'1f-lE R LOCATION ND <10 10-100 >100 CONC. U6/L 

------ ------------- --------- ----- ----- ---------------
137 fPO)IYSTFARIC ACID (CONT.> 

FINAL E.FF 11 0 1 0 2 

139 1-CHL OHODf HYC1ROAB JET IC AC In 
At.:RATlON INF 3 1 ? 3 A?. 
FINAL lFF 9 0 3 0 20 

140 PICHLOkODEHYOkOA~IETIC ACID 
AERATION INF A 1 0 0 <1 
FINAL EFF 1 1 l 0 0 <l 

14 1 TRICHLOROGUAIACOL 
FINAL EFF 10 2 0 0 <l 

14? TF.T .... ACHLOHObUAIACUL 
AERATION INF A 1 0 0 <l 

;t> 
I 

143 XYLE·NfS w 
\0 

AERATION INF ·6 3 0 0 <l 

PH I Ofd TY CH~. f\i1 IC AL-NAME SAMl-'Lf RA"'GE AVERAGE 
tHJ,.,H f.k LOCATION ND <50 50-85 >RS ~ RECOVERY 
------ ------------- --------- ------ ----- -------------

144 STEMnr. AClO 
RAW WATER 0 2 1 1 67 
AERATION If\JF 0 ? 4 3 7?. 
SEC. CLAR IF 0 ~ 0 0 24 
FINAL EFF 0 5 6 1 52 

145 l-IHF. NOL ns 
RAW WATER 0 3 0 1 47 
AERATION INF 0 3 6 0 57 



pH 1 n k I T. r Hf fv1 I c AL - tJ AM f SAMPLE HAf\&GE AVERA. 
NlJMHE R LOCATION NO <SO 50-85 >85 er, REC .RY 

------ ------------- --------- ----- ----- -------------
145 PHFNOL ()5 (CONT.) 

SF.C. CLAR IF 0 3 0 0 40 
FINAL EFF 0 8 4 0 43 

146 NAPlHALFNf. 08 
~AW WATER 0 2 l 1 50 
AERATION INF 0 1 ~ 0 72 
SEC. CLAR IF 0 1 2 0 53 
FINAL EfF 0 7 4 l 47 

148 r1I-AMYL PH THAL ATE 
RAW WATER 0 2 l l 71 
AERATION INF 0 2 5 ?. 66 
5EC. CLA~IF 0 3 0 0 26 
FINAL EFF 0 8 4 0 39 

:i> ._,Hl<WITY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
I NUMHER "LOCATION NO <5 s-soo >500 VALUE -I:' 

0 ------ ------------- --------- ----- ------ -------------
}49 cnLCJH (PLAT INUM-COHAL T UNITS> 

RAW WATfR 0 0 4 0 93 
AERATION INF 0 0 J fl 2013 
SEC. CL ARIF 0 0 0 3 4887 
FINAL EFF 0 0 3 9 1502 

lSO A~MUNJA(MG/LllER AS N> 
~AW WATER 0 0 1 0 210 
AERATION INF 0 1 2 0 105 
SEC. CLAR IF 0 0 2 0 32 
FINAL E.FF 0 0 3 0 21 

151 CO fl (M(;/LITU~> 

AERATION INF 0 0 0 9 4794 



:.i> 
I 

.p.. 

...... 

i>i>l. c. 

P~IOl-<JTY 

NUIAf( FR 

------

151 

J(JkOAN co .... 
CHfMlCAL-NAME 

-------------
con CMG/LITE.:R) 

SU~CAT= SULFITE-PAPERGRAOf 

SAMPL,E 
LOCATION 

---------
(CONT.> 

SEC. CLAR IF 
FINAL EFF 

ANALYSIS OF VE~IFlCATlON DATA PAGE 7 

<~ ! 
HM>iGt AVERAGE 

ND 5-~oo >500 VALUE 
----- -----

________ .. ____ 

0 o, 0 3 2A87 
0 0 0 12 1342 



TABLE A-8 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 031 - CHEMI-MECHANICAL PULP 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-42 



ttot:: .C • .JCWDAN CO 00 SURCAT= CHfMl-MECHANICAL PULP ANALYSIS OF VE~lflCATION•OATA' PAGE l 

1-'klOklTY CHfMlCAL-NAMF.: SA~Plf RANGE AVfRAGE 
l~UM~f P LOCATION NO <10 10-100 >lQO · CONC. UG/L 

------ ------------- ---------
___ .. _ .. ____ . 

--------------
38 t:· 1 t1YU3F.. NZ ENE 

AERATION INF 2 1 0 0 <1 

44 MFlHYLENf CHLUl-'101:' 
HAW WATER 0 1 0 0 4 
AE~ATION INF 1 1 1 0 ".; 

f JNAL EFF l l l 0 6 

t.5 PHHIOL 
AERATION INF 0 0 3 0 31 

bti HI~<2-fTHYL HEXYLl PHTHALATE 
AERATION INF 1 1 1 0 7 

6A Dl-N-HlJTYL PHTt-4ALATE 
AERATION INF 1 2 0 0 3 

:i:-- f4b TOLUF:NF. I .. 
~ At-:HATION INF 1 2 0 0 3 l;.J 

FINAL EFF ·2 l 0 0 l 

107 P.C.R. 1254 
AERATION INF 2 1 0 0 <l 
FINAL EFF 2 1 0 0 <l 

119 Ct-41-'0M I UM·O~ 
RAW WATE'R 0 l 0 0 ? 
AERATION INF 0 3 0 0 3 
FINAL EFF 0 3 0 0 4 

120 COPPER-CU 
HAW WATlH 0 l 0 0 ? 
AERATION INF 0 0 3 0 40 
FINAL F.FF 0 1 2 0 11\ 

l?l CYAN I OE 
RAW WATER 0 l 2 0 10 



tJt-1IORI1 Y .Ht.MIC AL-NAME SAMPLE RANGt:: AVF.RA(;. 
NIJ~Ht h LOCATION l\iO <10 10-100 "100 CONC • IL 

------- ------------- ---------- ----- ··---· -------------
121 CYAN JOE (CONT 

AERATION INF 0 ? l 0 13 
FINAL EFF 0 3 0 0 q 

122 LEAD-PR 
~AW wATF.R 0 1 0 0 ? 
AEHATION INF 0 3 0 n ? 
FINAL EFF 0 3 0 0 3 

123 MEkCUliY 
RAW WATER 0 1 0 0 <l 
AERATION INF 0 3 ·o 0 < 1. 
FINAL EFF 0 3 0 0 < J. 

1 ?.4 NICl\F.L-NI 
RAw WATFR 0 1 0 0 ? 
AERATION INF 0 3 0 0 3 

:;p. .. FINAL EFF 0 2 1 0 6 I 
,s:... 
,s:... 

12~ ZINC-ZN 
~AW WAHR 0 0 l 0 14 
AE~ATION INF 0 () 0 3 403 
FINAL EFF 0 0 0 3 : 110 

130 AAIETIC ACID 
Af.HATION INF 0 0 0 3 2700 
FINAL f FF 0 0 0 3 143 

131 OEHYOROAHIETIC ACID 
AERATIOl\i INF 0 0 0 3 l40n 
FINAL EFF 0 0 l 2 10'5 

13? 1501-'IMAMIC ACIO 
AERATION INF 0 0 0 3 l020 
FINAL EFF 0 0 3 0 67 

133 PIMAkIC ACID 
AERATION INF 0 0 0 3 747 



oof .C. JOkDAN CO o .. SURCAT: CHEM I-MECHANICAL PULP ANALYSIS OF VEHIFlCATION DATA . PAGE .. 3 .. 

PH JOii i TY CHEt-llCtll-NA~E SA~Plf kAfllGt AVERAGE 
NlJMHfk LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ------ -------------
133 PIMARIC ACIO (CONT.> 

FINAL f FF 0 0 3 0 42 

134 OLE JC ACIO 
AERATION INF 0 0 0 3 12RO 
FINAL EFF 0 0 3 0 ft6 

135 LJNOLEIC: ACID 
. AERATION INF 0 0 0 3 307 

139 1-CHLO~OUEHYOROABIETIC ACIO 
AERATION INF 0 0 ~ 0 54 

143 XYlfNfS 
Af~ATION INF l 0 l l 57 
FINAL EFF 2 l 0 0 1 

:;i:.. 
PHJO~ITY CHft'llCAL-NAME "SAMPLf I RANGE AVERAGE .p. 

V1 NUMHt:.k LOCATION ND <50 so-as >85 'It RECOVERY 
------ ------------- --------- ----- -------------

144 STE'-AklC ACID 
HAW WAlfR 0 0 0 1 QQ 
AfRATIOfll INF 0 l 2 0 57 
FINAL EFF 0 0 0 3 10?. 

)45 PHENOL o~ 

HAW WATER 0 l 0 0 44 
AEkATION INF 0 ? l 0 ~?. 
FINAL EFF 0 1 2 0 . so 

146 NAF-THALF.NE 08 
kAW WATER 0 0 l 0 ~4 
AfRATION INF 0 0 2 1 70 
FINAL EFF 0 1 2 0 56 

148 ·I-AMYL PHTHALATf 
HAW WATER 0 0 0 l 11? 
AERATION INF 0 0 1 2 A5 - ' ~ ' - - -



PH JORI T. CHfMICAL-NAMt:: 
... 

SAMPLE RANGE AVERA. 
NUMl1FR LOCATION NO <S s-soo >500 ·. VALUE. 
------ ------------- --------- ----- ----- -------------· 

149 COLOR(PLATlNUM-COHALT UNITS> 
RAW WATF..R 0 0 1 0 qn 
AERATION INF 0 0 3 0 ~Jc; 
FINAL EFF 0 0 3 0 4?. 

151 con (MG/LITER> 
AERATION INF 0 0 0 J !)fl 7 
FINAL EFF 0 0 3 0 '96 



TABLE A-9 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 033 - GROUNDWOOD-CMN 

*Only those compounds detected at the raw water, oxidation influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-47 



~H JOH I 1. Cr<~ MI CAL-NllME SA~Plf" RANGE AVER. 
HUMHf. ~ LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- ---------
____ .. ------ -------------

4 RENlfNF 
OXID. INF 0 l 2 0 q 

FINAL EFF 2 l 0 0 <1 

cJ CHLCJHOFCH~M 

OXIO. INF 2 l 0 0 <l 

44 Mf. HiYLFNE CHLOHIDE 
FINAL EFF 2 1 0 0 <1 

b5 PHF.NOL 
HAW WATE~ 0 l 0 0 A 
OXID. INF 0 C'I 3 0 16 
FINAL £FF 0 l 2 0 11 

f,f> HIS(2-FTHYL HEX YL) PHTHALATE 
::i> 

RAW WATER 0 1 0 0 ,., 
I .. OX ID. INF 0 2 1 0 A .p.. 

co FINAL EFF 0 2 1 0 9 

P.6 TOLUF.f~F 

OXIO. INF 0 0 1 2 2<n 
FINAL EFF 0 0 2 1 87 

119 c.-.kOMIUM-CR 
RAW WATER 0 l 0 0 ? 
ox10. INF 0 ? 1 0 6 
FINAL EFF 0 3 0 0 4 

l co COl-'PE~~-cu 

RAW WATfR 0 0 1 0 1 fl 
OXlD. lNF 0 0 3 0 1 c; 
FINAL EFF 0 2 1 0 5 

l 2 I CYANIDE 
.RAW WATER 0 1 2 0 10 



**E.C. JOH DAN co it it ~URCAT= GROUNDWOOO-CMN ANALYSIS OF VEkIFlCAllON DATA PAGE 2 
~ 

µRJOl1JTY ( 1-i 1-: t-1 I C /J L - NAM f SAMPLf. RANGE AVERAGE 
NlJf'llfifl-' LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ------ ----- -------------
121 CYAN I Of <CONT.) 

OXID. Il\F 0 3 0 0 q 

FIN4L EFF 0 3 0 0 9 

1 "?. lf AD-PH 
fiAW WATER 0 1 0 0 2 
OXID. INF 0 2 1 0 13 
FINAL EFF 0 3 0 0 2 

1?3 Mfj:./CURY 
RAW wATER 0 l 0 0 <l 
OXID. INF 0 3 0 0 <1 
FINAL E.FF 0 3 0 0 <l 

1 ?.4 NJ Cl" FL-NI 
~AW WATffi 0 l 0 0 2 

:;i:.. OXID. INF 0 3 0 o· H 
I 
~ j: I NAL EFF 0 2 1 0 7 
'° 

1 I fl I.INC-ZN 
J.i A IN WATER 0 0 l 0 10 
OXID. INF 0 0 0 3 4~l 

FINAL EFF 0 0 0 3 1600 

1 :rn AHIETIC ACID 
OXID. INF 1 0 0 2 223 

) 3 1 DFHYOROA81ETIC ACIO 
RAW WATFH 0 0 1 0 31 
OXID. INF 0 0 0 3 427 
FINAL EFF 0 0 3 0 45 

1 3?. lSOPlMARIC ACIO 
OX IO. INF 1 0 2 0 14 



L • '-' e V\Jf'LI~'" ,, ,, ...,ur.1u" ' - V•'VU•'funvvv ""' ,,, ...... ".._,.., .. ~ .,, ... ._,, .... """"' .. "'" ....... 'P' ' ""'- ... .. 
PHIOHJTY.HEMICAL-NAME SAMPLF HANGE AVER AG. 
NU~Rf.R LOCATION ND <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- '----- -------------

134 Olf IC ACID 
OXID. lNF 0 0 2 l 74 

135 LlNlJLF.IC ACID 
OXID. Ir.if 2 0 l 0 1 ft 

143 .XYLENE.S 
ox to. INF 1 1 l 0 4 

tJH I ofi IT Y CHtMJCtll-NAME SAMPLf RANGE AVfRAGE 
NUM11E.k LOCATION NO <SO I so-85 >85. I); RECOVER'( 
------ -------------

_______ .,_ ----- -----
___________ .. __ 

)44 ~TEARIC ACID 
HAW WATER 0 0 l 0 57 

;i:.. OXIO. INF 0 0 0 3 qc; 
I .. 

VI FINAL EFF 0 1 2 0 55 0 

145 J.IHfNOL ns 
RAW WATEM 0 0 l 0 Sf\ 
OXIO. INF 0 0 2 1 AJ 
FINAL EFF 0 0 3 0 67 

146 NAPTHALENf 08 
RAW WATER 0 1 0 0 24 
OXID. INF 0 0 1 ? 94 
FINAL EFF 0 0 1 2 A4 

l4A DI-AMYL PHTHALATE 
RAW WATER 0 0 0 l 105 
OXID. INF 0 0 1 2 109 
FINAL Ef F 0 0 0 3 116 



tH>f .C. 

J-IHJUkllY 
NUMHE H 

------

> 
I 

V1 
....... 

149 

) 51 

JO HO AN co .... 5URCAT= 

CHfMICAL-NAME 

-------------
COLOH(PLATINUM-COHALT 

coo (MG/LITER) 

GROUNDwOOO-CMN 

SAMPLE 
LOCATION 

---------
UNITS> 

kAW WATER 
OXIO. INF 
FINAL EFF 

OXIO. INF 
FINAL EFF 

AN~LYSIS OF VERIFICATION DATA PAGE 4 

RANC1E. AVERAGE 
NO <5 s-soo >500 VALUE 

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

0 0 l 0 5 
0 0 3 0 2!; 
0 0 3 0 20 

0 0 3 0 212 
0 0 3 0 194' 



TABLE.A-10 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 034 - GROUNDWOOD-FINE 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-52 



il*E.C. JOR[)AN CO 00 SUACAT: GROUNOWOOD-FINE ANALYSIS Of VE~If ICATION DATA PAGt: 1 

PKIOfHTY CHF.MICAL-NAME SA~PLE RANGE AVfRAGE 
NUMHt-"R LOCATION ND <10 10-100 >100 CONC. UG/L 

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

4 RFNlfNf 
RAW WATtR l 1 0 0 3 

23 CHLOROFORM 
AEFUTION INF 0 0 3 3 9q 
FINAL EFF 0 3 3 0 15 

38 fTHYLAfNZF.:NF 
AERATION INF 5 1 0 0 <1 

44 t-if THYLFNf CHLORIDE 
RAW wATER l l 0 0 <l 
AERATIOt\ INF 5 0 1 0 2 

fi4 P~NTACHLOHO~HENOL 

AERATION INF 3 2 l 0 3 
;J> FINAL Ef'F 4 2 0 0 <l 
I .. ' Vl 
w 

65 PHf NOL 
HAW WATEH 1 1 0 0 ?. 
AEPATION INF 0 0 ,., 0 2A 
FINAL EFF 2 4 0 0 2 

t-i6 HJS(2-ETHYL HE.XYL> PHTHALATE 
RAW WATER 1 1 0 0 ? 
AERATION INF 2 4 0 0 3 
FINAL EFF 1 5 0 0 4 

68 Dl_.N-BUTYL PHTHALATE 
AERATION INF 3 3 0 0 <l 
FINAL EFF 3 3 0 0 <l 

RS lf THACHLO~OETHYLf NE 
AEHATJON INF 5 1 0 0 <l 

8fl TOLUENf 
HAW wATER l l 0 0 



.... ""'. \JVl'\.Jl"'l't \. .. \..J VV(l\.,,.._ I - \Jf'VV•'ltJnvvu-1 .&1\1~ ,,.,"~'-1.:JA~ v.- "[..f' .\I A \,M II.\ Vl'I LJM IM Ir M\.-,i:;, c. 

PHJO~JTY.HEMICAL-NAME SAMPLE RANGE AVF.RAG. 
NUMH~H LOCATION ND <10 10-100 :~ l 0 0 CONC. UG/L 
------ ------------- --------- --- ------ ··---- -------------

H6 TOLUFNE CCONT.) 
AERATION INF 0 ~ l 0 l~ 
FINAL EFF 3 3 0 0 <1 

11 q CHh'OMIUM-CR 
RAW WATER 0 ?. 0 0 2 
AERATION INF 0 5 1 0 ~ 

FINAL EFF 0 b 0 0 3 

l?O COPf:'FR-CU 
RAW WATER 0 2 0 0 '5 
AERATION INF 0 0 6 0 2A 
FINAL EFF 0 1 !:> 0 14 

12? LF.AD-PH 
RAW WATER 0 ?. 0 0 ?. 

;i:.. AERATION INF 0 3 3 0 q 
I 

'FINAL Vl EFF 0 5 1 0 A .po 

1 ?.3 Mf kCURY 
RAW WATER 0 ?. 0 0 <1 
AERATION INF 0 fl 0 0 < 1 
FINAL EFF 0 6 0 0 <1 

11?4 NJCKEL-NI 
~AW WATER 0 2 0 0 5 
AEkATION INF 0 6 0 0 ~ 

FINAL EFF 0 5 1 0 5 

1?8 ZINC-ZN 
RAW WATER 0 0 2 0 22 
AERATION INF 0 0 f, 0 74 
FINAL EFF 0 1 5 0 45 

130 ARI ET IC ACID 
AERATION INF 0 0 3 3 1 ti?. 



**f. .c. JO HD AN co ** SUHCAT= GkOUNOWOOO-FINE ANALYSIS OF VERIFICATION DATA PAGE 3 
' 

~~IO~ITY c.-.FMICAL-NAME SAMPLF H"NGE AVERAGE 
NUMRFR LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
130 AHif.TIC ACID C CONT•) 

FINAL EFF 4 1 1 0 ~ 

131 DFHYOROA1:1IETIC ACID 
AERATION INF 0 0 4 2 l4A 
FINAL t::FF o. 0 6 0 26 

132 JSOPl~td-iJC ACID 
AERATION INF 1 2 2 1 2Q 
FINAL Ef F 2 4 0 0 2 

133 PIMAkIC ACID 
AE~ATION INF 4 0 0 2 50 
FINAL EFF 5 0 1 0. 3 

134 OLFIC ACID 
;i:.. AERATION INF 1 0 2 3· 171 
I tlNAL EFF 4 0 2 0 13 Vt 

Lil 

135 LJNOLfJC ACID 
RAW WATER l 0 1 0 17 
AERATION INF 3 0 0 3 l f>R 
FINAL EFF 3 0 2 1 39 

136 LINOLfNIC ACID 
AERATION INF 3 0 0 3 125 

J.'HIORITY CHF.MICAL-NAMt: SAMPLE RANGE AVF.RAGF. 
NU~AfR LOCATION NO <50 50-85 >85 " RECOVERY 
------ ------------- --------- ----- .. ____ 

--------------
144 srr::ARJC ACIO 

kAW WATER 1 0 l 0 3q 
AERATION INF 1 2 2 1 59 
FINAL EFF 0 0 4 2 7A 

145 .F.:NOL 05 
RAW WAH:R 1 0 1 0 ?f. 
.11,j: Ll AT t l\t.I T ._,c 



'- . "" . V"-''"V"'' '-V -.rvn"'"' •- unvvt111.1nvvtJ-r 1 • .. c. ~l"f~L.l:11;:J vr 11'Ln1r "'""I IVrf U" I I' l"'"~UC. .. 
jJk JOkl TY .E.MICAL-NAME SAMPLE RANGE AVER AG. 
NUM~t: k LOCATION ND <50 S0-85 :•RS '*' RECOVERY 
------ ------------- --------- ----- ·----- -------------

146 NAPTHALENE DR 
HAW WATEH 0 0 l 0 52 
AEHATIO~ INF 0 0 2 l 71 
FINAL f FF 0 0 3 0 63 

l 48 DI-AMYL PH THAL ATE 
RAW wATfR 0 0 0 1 lOQ 
AERATION INF 0 0 2 1 A3 
FINAL EFF 0 0 3 0 74 

!JH I llk I TY CHE.MICAL-NAMf SAMPLE RANGE AVERAGE 
NUMHER LOCATION NO <5 5-500 >50() VALUE 
------ ------------- --------- ----- ----- -----------~-

149 COLOR(PLATINUM-COBALT UNITS) 
;i> HAW WATER 0 0 2 0 35 
I "AERATION INF 0 0 f> 0 lJQ Lil 

0\ FINAL EFF .0 0 6 0 21 

151 roo (MG/LITEfi) 
AERATlOt-4 INF 0 0 1 5 625 
FINAL f FF 0 0 6 0 13f> 



TABLE A-11 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

NONWOOD PULPING 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-57 



---. -- ~ ~ --··-r--,. .... _"""' 
y ~--· ···-

~·'Wr" .. ,~ ...... ,,.._ ........ ""',.. .. "' ... Ur" I,.. rP"'UI;. " ~ 

Pl<IO~ITY.HFMICAL-NAME SAMPLE RANGE AVERAG. 
NUMf1t::~ LOCATION NO <10 l0-100 >100 CONC 11 UG/L 

------ ------------- --------- ----- ----- -------------
1 1 },J,1-TRICHLO~OETHANf 

AERATION INF 3 l l 1 33 

21 ?.,4,6-TRICHLOfiOPHfNOL 
AERATION INF 5 0 l 0 3 
FINAL EFF 5 1 0 0 <l 

£'3 CHLOROFOHM 
HAW WATF.~ 2 0 l 0 f.I 
AERATIOl\i INF 3 0 0 3 417 
FINAL EFF 3 1 2 0 s 

44 Mf THYLENE CHLORIDE 
AERATION INF 4 2 0 0 <l 
FINAL EFF 5 l 0 0 <l 

;i::.. 64 ~FNTACHLOROPHENOL 
I 

V1 "AERATION INF 2 l 3 0 l?. 
00 

FINAL f FF ·5 1 0 0 <l 

6C::, P..,f NOL 
RAW WATER 1 ?. (I 0 <l 
AERATION INF 3 1 2 0 s 
FINAL EFF 2 4 0 0 3 

6h Rl~(2-E'THYL HEXYL) PHTHALATE 
RAW WATER 0 2 l 0 15 
AERATION INF 2 2 2 0 R 
FINAL EFF 1 1 3 1 4·5 

6H D 1-N-EHJT YL PHTHALATE 
AEHATION INF 4 2 0 0 <1 
FINAL EFF 4 2 0 0 <l 

70 PIE THYL PHTHALATE 
AERATION INF 1 5 0 0 2 



**f.C. JORDAN co OU SURCAT= NON-WOOD PULPING ANALYSIS OF VfRIFlCATION DATA PAGt 2 
A 

t-..iIOHITY CHEMICAL-NAME SAMPlf RANGE AVERAGE 
NllM!1FR LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- --------------
70 DIETHYL PHTHALA H: (CONT.> 

FINAL £FF 4 2 0 0 l 

Bfi TOLUENF 
AERATION INF 5 l 0 0 <l 
FINAL EFF 3 0 l 2 55 

119 CHfiOMlUM-Ck 
RAW WATER 0 3 0 0 3 
AERATION INF 0 6 0 0 s 
FINAL EFF 0 s 1 0 5 

l?O COPF'ER-CU 
RAW WATER 0 1 ?. 0 9 
AF.RATION INF 0 1 5 0 39 
FINAL f. FF 0 3 3 0 15 

;p. 
I 

] 21 CYAN I Of Vl 
l.O 

RAW WATER .o 1 2 0 10 
AERATION INF 0 3 0 0 q 

FINAL EFF 0 2 1 0 9 

122 LEAD-PR 
RAW WATER 0 ?. l 0 7 
AERATION INF 0 3 3 0 17 
FINAL EFF 0 2 4 0 11 

123 MFRCUf(Y 
RAW WATER 0 3 0 0 <l 
AERATION INF 0 f\ 0 0 <1 
FINAL EFF 0 6 0 0 <l 

1?4 NJCl(fl-NI 
HAW WATfR 0 3 0 0 3 
AERATION INF 0 6 0 0 !i 
FINAL EFF 0 6 0 0 3 



-- ._ r~ • "-· • \J \.I I"< 1.11'1 I .. \..V -- .;JVl'.:l\.,l'I I - 1vvn-"vut1 r-vLr .ll'IU JH'IMLT;:)l;;) vr ,, v r. n l r .r."'" ' 1 v.-. UAJR r"'RUC. "' 
PH10HIT.1-1EMICAL-NAMf. SA~PLE HANGE AVERA. 

NUMRF.H LOCATION NO <10 10-100 >100 CONC. U<VL 

------ ------------- --------- ------ -----
__________ .. __ 

l?A ZINC-ZN 
RAW WATER 0 0 2 1 f:. f, 

AERATION INF 0 0 3 3 75 
FINAL EFF 0 0 6 0 33 

130 AHHT IC ACID 
AERATION INF 3 0 2 l A? 
FINAL EFF 4 0 2 0 18 

l 31 Of HYCHIOAH If.TIC AClO 
AERATION INF 2 1 0 3 249 
FINAL EFF 3 0 1 2 11 A 

13?. ISOPIMA~lC ACID 
AERATION INF 5 0 1 0 1 f, 

FINAL Ef F 4 0 2 0 A 
:i> 
I 

°' 133 PJMARIC ACID 0 

.. ERATION INF ·s 0 1 0 10 
FINAL f FF 5 0 1 0 4 

134 OLflC AC I[) 
AERATIO~ INF 2 0 l 3 220 
FINAL EFF 4 0 1 1 43 

135 LINOLEIC ACID 
AERATION INF 3 0 0 3 274 
FINAL fFF 5 l 0 0 <l 

139 1-CHLOROOEHYOROABIETIC ACID 
AERATION INF 5 0 1 0 6 
FINAL EFF 5 1 0 0 <1 

140 OICHLO~ODEHYOROABIETIC ACID 
AERATION INF 5 l 0 0 <l 
FINAL Ef F 5 0 l 0 .3 



~ .. E.C. JOkf>AN co ct ct SUHCtl.T= NON-WOOD PULPING ANALYSIS OF VERIFICATION DATA PAGE 4 
; 

1-'HJUklTY CHFMICAL-NA~E SAMPLF RAl'IGE AVFRAGE 
NUMHt.R LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
143 XYLENfS 

AERATION INF 3 3 0 0 4 

t'H}O~ITY CHEMICAL-NAME SAMl-'Lf RANGE AVERAc;E 
NUMHER LOCATION N.D <50. 50-85 >85 ~ Rf.COVERY 

------ ------------- --------- ------ ----- -------------
144 STF.APIC ACJO 

RAW wATfR 0 0 1 2 107 
AERAT l ON 1 Nf 0 1 i 4 1 70 
FINAL EFF 0 1 2 3 84 

l4S PHt: NOL D5 
RAW WATE~ 0 1 2 0 54 
AERATION INF 0 ?. 3 1 60 
FINAL EFF 0 1 s 0 60 .. 

14h NAPTHALFNE OA 
HAW WATER 0 1 l l 7q 
AF.:RATJON INF 0 1 3 ? A3 
FINAL Eff 0 2 l 3 AO 

l4R OJ-AMYL PHTHALATE 
RAW WATfR 0 1 0 0 4A 
AF.RATION INF 0 1 2 0 50 
FINAL tFF 0 1 2 0 61 

1->kJURITY CHf r-11 CAL-NAME SAMPLE RANGE AVERA<;E 
NUMHfk LOCATION ND <5 c:;-soo >500 VALUE 
------ ------------- --------- ----- ----- -------------

149 CflLOR<PLATINUM-COHALT UNITS) 
RAW WATER 0 0 3 0 l fl 
AtRATION INF 0 0 3 3 l9Q) 
FINAL EFF 0 0 3 3 1R4A 

1 c::, 1 (00 (MG/LITER) 
ACQAT 1 "~' , I'''" 



TABLE A-12 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 101 - DEINK-FINE & TISSUE 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of ~he 
results are presently in progress. 

A-62 



iHtf:.Ce JOl~IJAN CO ** SUBCAT= DEINK-FINE+TISSUE ANALYSl~ Uf VERIFICATION DATA PAGE 1 .. 
PkJOklTY CHlMICAL-NAME SAMPLE RANGf:. AVERAGE 

NUt-'t-lfk LOCATION ND < 1 Qi 10-100 >lOQ CONC. UG/L 
------ ------------- --------- ----- -----

__ .., ___________ 

4 HENZf NE 
AERATION INF 6 3 0 0 ? 
FINAL f F'F 4 5 0 0 ? 

7 CHLOROAFNZENE 
AERATION INF 6 0 3 0 14 

10 1.2,-DJCHLOl-lOETl-tANE: 
. AERATION INF 1 2 0 0 <l 

11 1.1.l-TRICHLOROETHANE 
AERATION INF 2 l 0 1 

21 2.4,h-THICHLOHOPHENOL 
AERATION I NF 4 l 4 0 lA 

~ 
FINAL E. FF 5 0 4 0 1 ft 

I 

°' 23 CHLOROFOl-l~ w 

RAw WATER 2 l 0 0 l 
AE~ATION INF 0 0 3 6 177?. 
FINAL EFF 0 2 6 l 6A 

24 2-CHLOROPHE.NOL 
AERATION INF 8 l 0 0 <1 

31 214-0ICHLOl-lOPHENOL 
AERATION INF 5 4 0 0 ?. 
FINAL EFF 1 2 0 0 <1 

3A f THYLBfNZENF 
AERATION INF 6 0 3 0 11 

44 Mf THYLENf CHLORIDE 
AERATION INF 6 0 3 0 4 
FINAL EFF 6 3 0 0 <l 

55 NAPTHALENE 
AERATION I 5 0 3 1 42 



f.>kJOHI. CHf. MI C:l1L-NAt-1E SA~PLE RANGE A\lfR. 
NUMHF LOCATION ND <10 10-10>0 >100 CONC. UG/L 

------ ------------- ---------
___ ..,_ ----- --------------

64 ~ENTACHLOHOPHENOL 

AERATION INF 3 1 s 0 lR 
FINAL EfF 3 1 s 0 15 

65 PHENOL 
AERATION INF 4 1 2 2 3A 
FINAL £FF. 8 0 l 0 A 

b6 RIS(2-FTHYL HEXYL) PHTHALATE .. 
AEHATION INF 3 3 3 0 1 
FI°NAL EFF 2 1 0 0 2 

Ml OI-N-HUTYL PHTHALATE. 
RAW WATER ?. l 0 0 <1 
AERA l I ON I l'lF 5 2 2 0 ~ 
FINAL EFF s 2 2 0 4 

:.i:>- 70 OIFTHYL PHTHALATE I 

°' AERATION .i:-. I NF R 0 l 0 1 
FINAL Ef F 7 2 0 0 <1 

H~ TETRACHLOROETHYLENF 
AERATION INF 6 0 2 1 32 

Hh TOLUENF 
AERATION INF 0 3 s 1 2~ 
FINAL EFF 8 l 0 0 <l 

~1 THJCHLOHOETHYLENE 
AERATION INF 3 1 2 3 l6A 
FINAL EFF 6 2 1 0 2 

lOb f-'.C.R. 124? 
AERATION INF 8 0 l 0 1 

) ) l P.C.H. li?bO 
AERATION INF 8 1 0 0 <l 



iH>f .C. JORDAN CO ** SUHCAT= OEINK-FINE+TISSUE ANALYSIS OF VERIFICATION DATA PAGE 3 

fJHl!WJTY CHEMICAL-NA~E SAMPLf RANGE AVERAGE 
NUMHf 1-' LOCATION NO <10 10-100 >lQO CONC. UG/L 

------ ------------- --------- ----- ----- -------------
119 CHROMIUM-CR 

RAW WATfR 0 2 1 0 s 
AfRATION INF 0 ? 1 0 2?. 
FINAL EFF 0 7 2 0 6 

120 COl-'..,ER-CU 
RAW WATfR 0 2 l t) 4 
AERATION I NF 0 l A 0 34 

.FINAL EFF 0 5 4 0 10 

121 CYAN I Of 
RAW WATER 0 3 6 0 10 
AERATION INF 0 3 3 3 68 
FINAL EFF 0 2 4 3 89 

122 LEllD-PA 
> RAW WATER 0 3 0 0 3 I 

°' "A ER AT ION INF 0 3 5 1 61 VI 

FINAL EFF ·O 5 4 0 13 

l ?.J Mf kCURY 
RAW WATER 0 3 0 0 <1 
AERATION INF 0 9 0 0 <l 
FINAL EFF 0 9 0 0 <1 

124 NICKEL-NI 
RAW WATER 0 2 1 0 6 
AERATIO~ INF 0 7 2 0 A 
FINAL EFF .0 9 0 0 3 

128 ZINC-ZN 
~AW WAT Ek 0 0 3 0 17 
AF.RATION INF 0 0 4 5 149 
FIN~L E:FF 0 1 A 0 41 

130 ARIE::TIC ACID 
AERATION H. 0 0 0 9 636 



PHJO!-JJTY.HE.MIC.OL-NA~E SAMPLE RANGE AVER AG. 
NllMHH~ LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
1 30 AHIETIC ACID (CONT.> 

FINAL EFF 3 0 l 56 

1 31 f>f H'1 DHOAA IE TIC ACll> 
AERATION INF 1 0 0 8 217A 
FINAL EFF 1 0 2 6 210 

13? ISOJJIMARIC .OCID 
AERATION INF l 0 2 6 295 
FINAL EFF 6 1 2 0 5 

133 PIMAfilC .OCIO 
AERATION INF 1 0 6 2 6q 

134 OLE.JC ACID 
AERATION INF 0 0 2 7 549 

:.s> FINAL EFF 2 0 l 6 286 
I .. 
°' °' 135 LINOLEIC ACID 

AE.RATION INF 3 0 2 4 153 

13'6 LJNOLF:NIC ACID 
AERATION INF 7 0 1 . l 40 

139 l-CHLOROOEHYOROA8IETIC ACID 
AERATION INF 4 0 3 2 126 
FINAL EFF 7 0 2 0 5 

140 OICHLORODlHYDROABllTJC ACIO 
AERATION INF 7 l 1 0 2 

}4) TRICHLOROGUAIACOL 
AERATION INF 7 0 2 0 c:; 
FINAL fFF 6 0 3 0 5 

142 TFTRACHLOROGUAIACOL 
AERATION INF 6 2 l 0 3 



•H>F.C. JOkDAN co .. .. ~UHCAT= OEINK-Fil\IE+TISSUE AN/ILYSIS OF VERIFICATION DATA PAGE s 
... 

PKJOkITY Ct-lE"'11CflL-NAME SAMPLE RANGE AVE HAGE 
NUMhf R LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- --- ----- ----- -------------
14? TETkACHLOROGUAIACOL <COf\IT • > 

FINAL EFF 6 2 1 0 3 

143 .XYLENF::S 
AERATION INF 6 2 l 0 4 

Pt-HOl.JITY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
NUMHER LOCATION ND <50 50-jjS >85 ' RECOVERY 
------ ------------- --------- ----- ----- -----------

144 STEAR JC ACID 
RAW WATER 0 0 1 2 A7 
AERATION INF 0 0 2 7 115 
FINAL t:FF 0 l 2 6 10 0 

p::.. 145 PHE.NOL 05 I 

°' RAW WATE::R 0 2 l 0 37 ........ 
AERATION INF 0 4 4 l 53 
FINAL EFF 0 6 3 0 45 

146 l\IAPTHALf.Nf OA 
RAW WATER 0 1 1 0 4A 
AERATION INF 0 1 4 1 66 
FINAL EFF 0 2 4 0 SA 

PHIOkllY CHEMJCAL-NAflllE SAMPLE ~ANGE AVEHAGE 
NlJMHf:fi LOCATION NO <S s-soo >500 VALUE 
------ ------------- --------- ----- ------ -------------

}49 COLOR<PLATINUM-CORALT UNITS> 
RAW WATER 0 0 3 0 1 1 
AEHATIOl\I lNF 0 0 9 0 lOA 
FINAL EFF 0 0 9 75 

151 coo (MG/LITER) 
AERATION 0 0 2 7 13f.6 
FINAL EFF 0 0 9 0 227 



TABLE A-13 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 102 - DEINK NEWSPRINT 

*Only those compounds detected at the raw water, and discharge to POTW 
have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-68 



OitE. • ( • JOR[JAN c:o ** SUHCAT= DE INK-NEWSPRINT ANALYSIS OF VERIFICATION DATA PAGE 1 
~ 

1-'l-llOKJlY CHfMICAL-hJAME Sti,..,PLE kANGE AVERAGE 
NU~Hfk LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
23 CHLOHOFOkM 

RAW WATER 0 1 0 0 <1 
DISCH. POTW 0 3 0 0 <1 

3A FTHYLHfNZFNF 
DISCH. POTW 1 2 0 0 2 

44 MFTHYLfNE CHLOt-IICJE 
RAW WATfR 0 1 0 0 3 
DISCH. POHi 2 1 0 0 <l 

h~ PHE~OL 
DISCH. POTW 2 1 0 0 1 

hh HJS(?-FThYL HEXYL> PHTHALATE 
RAw wATFR 0 0 1 0 14 

:i::-- DISCH. POTW 0 1 2 0 13 
I .. 
°' '° 67 RUTYL RfNZYL PHTHALATE 

DISCH. POTW 0 3 0 0 5 

hH 01-l"J-HUTYL P11THALATE 
DISCH. POTW 2 1 0 0 <l 

70 OIElHYL PHTHALATE 
DISCH. POHi 2 1 0 0 1 

Ah H1LUfNF 
DISCH. POTW 0 1 2 0 14 

119 CHfWM I UM-CR 
RAW \I/ATER 0 l 0 0 3 
DISCh. POTw 0 1 2 0 29 

l c. 0 COPPER-CU 
RAW WATE.R 0 0 l 0 54 



,_ . '-" . ~ - ~ - • -r"l I •-'- .. "'' ~,,_._I ..J•W ~· .. ...._, ... --r"'\··-·' "'"'~ ' ,.. ..... '- ... 
~ .. 

~HJfWI TY.HEMICAL•NAME SAt-'µLF ~ANGt AVER AG' 
NUMHf..H LOCATION NO <101 10-100 >100 CONC • G/l 

------ ------------- --------- ---1 ----- _ _. ___ -----
l 20 COPPER-CU <CONT.> 

DISCH. POTW 0 0 3 0 76 

122 LF All-Pf~ 
~AW WATER 0 0 1 0 10 
DISCH. POHi 0 0 1 2 163 

123 MF.kCURY 
RAW WATER 0 l 0 0 <l 
DISCH. POTW 0 3 0 0 1 

1?4 NICKEL-NI 
RAW WATfR 0 1 0 0 3 
DISCH. POTW 0 2 1 0 15 

12H ZINC-lN 
;i:.. RAW WATER 0 0 l 0 10 I 
....... 'OISCH. POTW 0 0 0 3 335 0 

130 A~Ht.TIC ACID 
DISCH. f'OTW 0 0 0 3 3467 

131 Of HYOROAHIETIC ACID 
DISCH. POTW 0 0 0 ·3 3700 

13? JSOPIMAl·nc ACID 
DISCH. POTW 0 0 0 3 510 

133 Pl~ARIC ACID 
DISCH. POTW 0 0 0 3 257 

134 OLEIC ACID 
DISCH. POTW 0 0 0 3 1367 

13~ LINOLf IC ACID 
DISCH. POTW 0 0 0 3 750 



.. *E.c. JOkDAN co ** SU8CAT= nEJNK-NEwSPRINT AN,AL YS IS Of VEIHF ICAT ION DATA PAGE 3 

PHIOPITY CHt~, l CAL-NA~1E SAMPlf. RANGE AVERAGE 
NUMPEk LOCATION f'.lD <10 10-100 >100 CONC. UG/L 

------ ------------- --------- --1 
____ .. ----- ----------

' 
143 XYLENE~ 

DISCH. POTW 0 1 1 1 4f) 

Pt-<IOHlTY C11EMICAL-NAMf. SAMPLE RANGE AVERAGE 
NUMHH-' LOCATION flj 0 <50 50-85 >A5 I.RECOVERY 
------ ------------- --------- ----- ----- ----------

144 STEJlldC ACID 
RAW WATER 0 0 0 1 Qf) 

DISCH. POTW 0 0 2 1 11 

145 PHENOL DS 
HAW WATER 0 1 0 0 4fl 
DISCH. POTW 0 2 1 0 41 

;i:.. 146 NAPTHALENF ()A 
I RAW WATER 0 0 1 0 60 ...... 

I-' DISCH. POTW 0 1 2 0 51 

14 A DI-AMYL PHT.-.ALATE 
RAW WATfR 0 0 l 0 77 
DISCH. POTW 0 3 0 0 31'1 

1-l~IORITY C.-.EMICAL-NA~E SAMPLE ~ANGE AVERAGE 
NUMHEH LOCATION ND <5 5-500 >500 VALUE 
------ ------------- --------- ----- ------ -----------· 

149 COLOH(PLATJNUM-COBALT UNITS> 
RAW WATER 0 0 1 0 50 
DISCH. POTW 0 0 3 0 320 

151 coo (MG/LITlR) 
DISCH. POTW 0 0 0 3 3733 



TABLE A-14 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 111 - WASTEPAPER-TISSUE 

*Only those compounds detected at the raw water, primary influent, 
aeration influent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-72 



* *E • C. JOh'DAN co ** ~UACAT= WASTEPAPER-TISSUE ~Nf4LYSIS OF VEHlf'ICATION DATA PAGE 

1-'~l!'lklTY CHf ~1 I CAL-NAME SAMPLE". RAl'IGE. AVERAGE 
NU~Hft-< LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- --------
4 AfNlfNF 

FINAL EFF A 1 0 0 <1 

23 CHLUHOFOkt-1 
AEHATION INF 5 1 0 0 ? 
FINAL EFF ~ 1 0 0 <1 

38 l'.ThYLAfNZENE 
PRIMARY INF 2 l 0 0 ? 
AERATION INF 3 2 1 0 13 

44 ~1fTHYLENE CHLORIDE 
RAW WATER 2 1 0 0 ?. 
PH ItOHY INF 0 ? 1 0 s 
AF.RATION INF 3 0 2 1 H7 
FINAL [FF 1 ?. 0 0 <1 

::t>-
I ..... ~5 NA~THALf Nf w 

1-'RIMARY INF 0 0 3 0 2f, 
FINAL EFF 1 0 2 0 6 

f->5 l-'t-1~ NOL 
AERATION INF 0 3 ?. 1 41 
FINAL EFF 5 4 0 0 2 

66 RJS(2-F.THYL HEX YL) PHTHALATE 
PRIMARY INF 0 3 0 0 4 
AERAllON INF 1 3 2 0 10 
FINAL Ef F 5 4 0 0 2 

68 DI -t·~-HUT YL PHTHALATE 
AERATION INF 5 0 1 0 3 

70 OlflHYL PHTHALATE 
AEHATION I l\lF 4 0 2 0 13 



"~ . , ... lo,..'\. I L.lr"'f' .... " --l•""'n • - •• ,....~''-' r"ll '-'' t .............. VL.. ,.. • 'r'I ... ' .. .1 • _, ~· ......... ....,,... '·-·..-

f.lH I UH I 1.HU-1 I CllL-f\JM1£ SAMPLf RANuE AVERA~ 
'"UM Ht~· LOCATION l'ID <10 10-100 >100 CONC. G/L 
------ ------------- --------- ----~ ----- -------------

85 TfTRACHLOROETHYLfNE 
PRIMAHY INF l l 0 l 74 
FINAL EfF 8 0 1 0 6 

A6 lOLUf Nf 
PRIMARY INF 2 l 0 0 <1 
AERATION I NF l 5 0 0 2 
FINAL EFF 1 2 0 0 1 

107 P.C.A. 1r.r;4 
AERATION INF 5 1 0 0 <l 

l}Q Cl-t .... OMI UM-CR 
RAW WATER 0 ? l 0 10 
Pklt.1ARY INF 0 l 2 0 17 
AERATION INF 0 3 3 0 20 

:> FINAL fFF 0 6 3 0 to I 
....... .. 
~ 

120 COPPER-CU 
HAW WATER 0 3 0 0 4 
PRIMARY INF 0 l 2 0 13 
AERATION INF 0 0 6 0 55 

·FINAL EFF 0 3 5 1 34 

l?l CYANIDF 
'RAW WATER 0 5 4 0 q 

Pi;( I MARY INF 0 3 0 0 q 
AERATION INF 0 6 0 0 q 
FINAL EFF 0 9 0 0 9 

1?2 LFAO-PA 
RAW wATER 0 3 0 0 4 
PRIMARY INF 0 3 0 0 ~ 
AERATION INF 0 2 3 1 44 



ttttE.C. JOk(iAN ·CO .... SUHCAT= WASTEPAPER-TISSUE ANALYSIS OF VfRIFICATION DATA PAGE 3 

1-'H I (Jµ IT Y CHl:MICAL-NAME SA~Plf RANGE AVERAGf 
NU~Ht.k LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- --------- .. ---
l?? l.f AO-PR CCONT.> 

FINAL EFF 0 6 2 1 2fi 

123 ~FHCURY 

HAW WATER 0 3 0 0 <1 
PHI MARY INF o. 3 0 0 <l 
AERATION INF 0 f\ 0 0 <l 
FINAL EFF 0 '1 0 0 <l 

124 t" IC t< f. L -NI 
RA~I WATER 0 2 1 0 11 
PRIMARY INF 0 1 t' 0 15 
AERATION INF 0 4 2 0 21 
FINAL EFF 0 6 3 0 9 

12f1 llNC-ll\i 
::i:-- HAW WATEH 0 3 0 0 4 
I 

-.J °l:>RIMARY INF 0 0 3 0 54 
Ln 

AERATIOf\l INF ·O 0 3 3 49? 
FINAL EfF 0 1 5 3 6H 

130 A~IfTIC: ACID 
PHI MARY INF 0 0 0 3 203 
AERATION INF 2 0 3 1 54 
FINAL EFF 7 0 1 1 24 

131 OF h'1 DHOMn f. TIC ACID 
PHIMAHY INF 0 0 0 3 4)7 
AERATION INF 0 0 0 f, 372 
FINAL EFF 2 0 4 3 97 

1 3?. ISOPIMARIC ACID 
PRIMARY INF 0 0 3 0 2A 
At::RATION INF 3 0 3 0 lh 



4t*f.C. JO~OAN co .... SUACAT= WASTEPAPER-TlSSUf ANALYSIS OF VfkIFIC"TION DATA PAGE 4 

f.JH I Ok I TY.Hf MIC AL-NAME:. SAMPLf HAl'JGE AVERA(. 
NUMH f~ LOCATION ND <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ----- -------------

133 PIMARIC ACID 
PR I MARV INF ? 0 1 0 2Fi 
AERATION INF 5 0 1 0 3 

134 OLEIC ACID 
P~IMARY INF 0 0 l 2 147 
AF.RATION IN.F 0 0 1 5 1A3 
FINAL EFF 3 0 1 5 137 

143 XYlf NF.S 
PRIMARY INF 2 0 1 0 10 
AERATION INF 1 4 0 1 2A 
FINAL EFF 8 0 1 0 1 

1-'HIOkllY CHEt-!ICAL-NAME SAt-Al'LE RANGE AVFRl'~E 

:;i:.. 
NU~ll1t: 1-1 LOCATION NO <50 S0-85 >A~ 9i RECOVERY 

I 
....... ------ ------------- .,.-------- ----- ------ -----------°' 

l 44. STEMdC ACID 
RAW WATER 0 0 1 2 A4 
PHI MARY INF 0 0 1 2 93 
AERATION INF 0 1 3 2 71 
FINAL £FF 0 4 5 0 57 

145 Phf"'OL ni; 
RAW WATER 0 ?. 1 0 4? 
PRl~AHY INF 0 ?. 1 0 45 
AERATION INF 0 2 3 1 SA 
FINAL EFF 0 7 2 0 43 

l4h NA ... THALENE DA 
HAW \11ATE.R 0 1 l 1 63 
PRIMARY INF 0 1 2 0 59 



iH>E.C:. JORDAN co i>O SURCAT= WASTEPAPEH-TISSUE AN~LYSIS OF VEHIFICATION DATA PAGE 5 

PRJO~ITY ChFMICJ\L-NAMf.: SAMPLE RANGE AVFRAGE 
NU"18U~ LOCATION NO <50 50-85 >AS " RECOVERY 
------ ------------- --------- ----- ----- -------------

146 NAfJTHALENf 08 (CONT.> 
AFRATJON INF 0 1 4 1 69 
FINAL f FF 0 2 7 0 5? 

l4A DI-AMYL PHTHALATE 
RAW wATER 0 0 1 2 101 
PRIMAHY I NF. 0 0 3 0 fl,, 
AERATION INF 0 0 l 5 97 
FINAL EFF 0 2 6 1 67 

P~I0kITY CHEMICAL-NAM£ SAMPLE RANG£ AVEJ1AGE 
NUMHFR LOCATION ND <5 s-soc >500 VALUF 
------ ------------- --------- ----· ----- -------------

149 COLOR(PLATINUM-COAALT UNITS> 
:i>- RAW WATER 0 0 3 0 5 I 
'-I "PRIMARY INF 0 0 3 0 23 '-I 

AERATION INF 0 0 b 0 AA 
FINAL EFF 0 0 9 0 33 

1 51 COD IMG/LITfR) 
PR I MARV INF 0 0 3 0 190 
AERATION INF 0 0 6 0 3f.3 
FINAL EFF 0 0 8 0 169 



TABLE A-15 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 112 - WASTEPAPER-BOARD 

*Only those compounds detected at the raw water, primary influent, 
lagoon 1 influent, aeration influent and final effluent have been 
summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-78 



iHi-f..C. JOkDAN co .... SURCAT= WASTEPAPER-ROARO ANALYSIS OF VERIFICATION DATA PAGE 1 , 

tJHlORlTY C..-fMlCAL-NAME 5Afv'.PLE RANGE AVERAGE 
NUMBE.R LOCATidN NO <10 10-100 >100 CONC. UG/L 
------ -----------· --------- ----- ----- -------------

4 RFN2f.NE 
AERATION INF A 1 0 0 <l 
FINAL f FF 17 1 0 0 <l 

1 1 I.J,1-TRICHLOROETHANf 
LAGOON l 0 3 0 0 4 
PHI MARY INF. l 2 0 0 2 
AE~ATION INF 5 4 0 0 <1 
FINAL EFF 15 3 0 0 <l 

21 ?,4,b-TRICHLOROPH£~0L 

~AW WATER 5 0 1 0 4 
PHI MARY INF 0 0 0 3 360 
AERATION I NF 4 5 0 0 ? 
FINAL EFF 13 2 0 3 72 

> 23 CHLOROFORM 
I ~AW WATER 5 0 1 0 17 ......, 

\.0 LAGOON 1 ·l 2 0 0 2 
AF.RATION INF 0 0 9 0 19 
FINAL EFF 15 1 2 0 2 

44 METHYLENE: CHLOklDE 
RAW WATER 5 1 0 0 <l 
LAGOON 1 2 1 0 0 <l 
AERATlOl\i I~F 4 5 0 0 1 
FINAL E.FF 12 s 0 1 9 

47 RROMOFOPM 
PRIMARY INF 2 0 0 1 40 
FINAL EFF 17 0 1 0 3 

4H OICHLOROHPOMETHANE 
RAW WATER ~ 0 1 0 6 
PRIMARY INF 2 1 0 0 <1 
FINAL EFF 15 3 0 0 <l 



-· - - . .... _ ..... ~ .... "',,.,..._,~.a.;, vr y s;." & ,- & ~"' I & Vl'f URIA t"Abt.. I!. ,. 

i->~I<HdTY .£Ml CAL-NAME SAMPLE HANGE AVERAGE 
NUMHF. R LOCATION f\}O <10 10 ... 100 >100 CONC. UG/L 

------ ------------- --------- ----- -·---· -------------
51 OIRHOMOCHLOHOMETHANE 

RAW WATER 4 2 0 0 1 

h4 PFNTACHLOHOPHENOL 
RAW wATER 5 0 1 0 9 
LAGOON 1 1 0 2 0 10 
PRIMARY INF 0 0 0 3 1050 
AERATION INF fl l 2 0 3 
FINAL EFF 15 0 0 3 200 

65 PHENOL 
RAW WATER 4 2 0 0 <l 
LAGOON l 0 0 3 0 6Q 
P~IMARY INF 0 0 0 3 457 
TRlCKLlNG INF 0 0 3 0 2? 
AERATION INF 0 2 7 0 37 

:»- FINAL EFF 13 1 l 3 12 
I .. 

00 
0 

l)b RIS<2-F.:THYL HEXYL> PHTHALATE 
RAW WATER 3 2 l 0 3 
LAGOON 1 0 2 l 0 15 
PRIMARY INF 0 0 3 0 23 
TRICKLING INF 0 l ?. 0 35 
AERATION INF 2 s 2 0 ,., 
FINAL EFF 5 7 5 l 13 

b7 RUTYL HENZYL PHTHALATE' 
LAGOON 1 0 0 2 l lOl 
PRIMARY INF 0 0 2 l en 
AfRATION INF 8 l 0 D <l 
FINAL EFF 15 0 3 0 11 

hH DI-N-HUTYL f'HTHALATE 
LAGOON l 0 0 3 ~ lA 
PRIMARY INF l 0 2 ~ 32 
TRICKLING INF 0 2 l ~ 8 



4H>f .(. JORDAN co .. .. 5UHCAT= WASTEPAPER-BOARD ANALYSIS OF VERIFICATION DATA PAGE 3 ,. 

!JkJOklTY CHF.MICAL-NA~E SAMPLE RAN<:;E AVERA<iE 
f~lJMHf ~ LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ---, ----- ----- -------------
6~ OI-N-AUTYL PHTHALATE (CONT.> 

AFR AT ION INF 4 3 ? 0 
FINAL EFF 15 0 0 

70 Dlf THYL PHTHALATE 
LAGOON 1 0 0 . 0 5: 
PRIMARY INF. 0 0 t. 1 71 
AE~ATJON INF 6 0 ( 3 131 

F 1 NAL EFF 12 l c 5 61 

A5 TFTRACHLO~OETHYLENE 
RAW WATF.R 4 1 ) 0 
AERATION I NF e 1 ~ 0 < 

H6 TOL UENF. 
LAGOON 1 ? 1 0 0 <' 

;i:.. PRIMARY INF 0 3 0 0 
I .. AERATION INF 1 CX> 2 6 0 1: 
I-' FINAL EFF ·9 9 0 0 

H7 TRICHLOROETHYLENE 
RAW wATfR 5 0 1 0 4 

LAGOON 1 2 1 0 0 < 1 
AERATION INF 5 4 0 0 l 

107 F'.C.A. 1254 
RAW WATER 5 l 0 0 <] 
Pk I MARY IMF 1 ? 0 0 <] 
AERATION INF R 1 0 0 <] 
FINAL EFF 14 4 0 0 <1 

110 ~.C.H. l24A 
LAGOON 1 3 ?. 1 0 1~ 
PRIMAfiY INF l ? 0 0 <l 
AfRATION INF l-i 3 0 0 <1 
FINAL EFF 15 2 1 0 <l 



1->HIOklTY.Hf..MlCtll-NAMf SAMPLE RANGE AVER AG. 
NUMHEH LOCATfON NO <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ----- -----------· 

119 CHROMIUM-CH 
RAW WATER 2 4 0 0 ? 
LAC100N 1 0 0 2 1 341 
PRlt-'ARY INF l 0 0 2 170 
AERATION INF 2 2 5 0 17 
FINAL EFF 6 3 6 3 33 

120 f.Of'f'EFi-CU 
HAW wATF.R 2 4 0 0 3 
LAGOON 1 0 0 0 3 317 
PRIMARY INF l 0 0 2 107 
AERATION INF 2 0 n 1 4? 
FINAL EFF 6 1 8 3 37 

] 21 CYANIDE 
RAW WATF.R 0 6 12 0 10 

~ LAGOON l 0 3 0 0 q 
I 

00 "PRIMARY INF 0 0 2 1 . 74 
N 

TRICKLING INF 0 1 l I 76 
AfRATION INF 0 4 s 0 ltt 
FINAL EFF 0 11 1 0 14 

122 LF/10-PR 
RAW WATER 2 4 0 0 3 
LAGOON l 0 0 0 3 443 
PRIMARY INF l 0 0 2 153 
AERATION I NF 2 0 5 2 4Q 
FINAL EFF 6 l 9 ?. 31 

123 ~FHCUkY 

RAW WATfR 0 6 0 0 <l 
LAGOON 1 0 3 0 0 <1 
PRIMARY INF 0 J 0 0 <1 
TRICKLING INF 0 3 0 0 <l 
AERATION INF 0 9 0 0 <1 
FINAL EFF 0 18 0 0 <l 



iHtE.C. JOkOAN CO ** ~URCAT= WASTEPAPER-BOARD Afll~LYSJS OF VEHIF.ICATION DATA PAGE -5 

~HJOf-.'ITY C.HEMICAL-N/.IMf SA"'1PLF RANGE AVERAGE 
NUMHEk LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
124 NICKEL-NI 

kAW WATER 2 3 l 0 4 

LAflOON l 0 0 ? l 11 
Pl-< I MARY INF 1 0 2 0 37 
AERATION INF 2 3 4 0 27 
FINAL f FF 6 2 10 0 17 

12A ZINC-ZN 
kAW WATF.:k 0 4 2 0 2? 
LAGOON l 0 0 0 3 2077 
PRIMARY INF 0 0 0 3 1433 
TRICKLING INF 0 0 0 3 1983 
AERATION INF l 0 2 6 fl4A 
FINAL fFF 0 0 5 13 344 

130 ARIETIC ACID 
;i:.. LAGOON l 0 0 0 3 813 
I °t'RIMARY INF 0 0 0 3 407 CX> 

w ·TRICKLING INF ·O 0 0 3 1500 
AERATION INF 0 0 3 b 314 
FINAL EFF 12 0 f, 0 16 

1 3 1 DfHYDROABIETIC ACID 
LAGOON l 0 0 0 3 467 
f.>HIMARY INF 0 0 0 3 4fi7 
TRICKLING INF 0 0 0 3 397 
Af4ATION INF 0 0 0 9 s 11 
FINAL E:.Ff 3 0 10 5 62 

132 I SOP IMAIH C ACID 
LAGOON 1 0 0 0 3· 327 
J-IRIMAkY INF 0 0 3 0 A4 
TIHCKL lfllG INF 0 0 0 3 }QO 
AF.HAT ION INF 0 0 9 0 40 
FINAL EfF 17 1 0 0 <l 

133 PlMARlC ACIO 
LAGOON l 0 0 0 3 148 



I"" 11 I •.JN' I I T • t. l"1 1 l. A L - NA I"' t. ::>A"",..,Lt. t1AN'-'t: AVt.KAb. 
NIJMHEk LOCATION t-JO <10 l0-100 :• l 0 0 CONC.. . L 

------ ------------- --------- ----- ··--..... ----------,-

133 PlMAfilC ACID <CONT 
Pk I MARY INF 0 0 3 0 41 
TRICKLING INF 0 0 3 0 Al 
AERATION INF 4 0 5 0 '27 

134 OLE:IC ACID 
HAW WATER 5 1 0 .0 l 
LAGOON 1 0 0 0 3 617 
PRIMARY INF 0 0 0 3 290 
TRICKLING INF 0 0 0 3 533 
AERATION INF o. 0 2 7 1A2 
FINAL EFF 8 0 6 4 65 

135 LJM)LEJC ACID 
AERATION INF 4 0 5 0 42 

13fl LINULENIC ACID 
:» AERATION INF 6 0 3 0 23 
I 

fl' I NAL E FF 17 0 l . 0 <l . 00 
~ 

137 f.POXYSTFAl11C ACID 
LAGOON l 0 0 0 3 413 .. 

143 XYLENES 
LAGOON 1 1 2 0 0 <1 
PHI MARY INF 2 1 0 0 <l 
AERATION JNF 6 3 0 0 2 

l.lH)OkJTY CHEMICAL-NAME SAMPLf RANGE AVERAGF. 
NU"'1f1fk LOCATION NO <50 S0-85 ,.es. I RECOVER'( 
------ ------------- --------- -·--- . ··--- --------,..-~ 

144 SH.AR IC. ACID 
RAW WATER 0 l 2 3 RA 
LAGOON 1 0 3 0 0 31 
PHIMAf.lY INF 0 3 0 0 3q 
TRICKLlf'-iG INF 0 0 2 l ~l 
AERATION INF 0 1 4 4 77 
FINAL EFF 0 0 11 7 88 

145 PHENOL D5 



*nE.C. JOH DAN co .... SUBCAT= WASTEPAPER-BOAHD ANALYSIS Of VEfHF !CATION DATA PAG.E 7 

tJHJOk!TY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
NUMHf.k LOCATION tliO <50 50-R~ >~5 ~ RECOVERY 

------ ------------- --------- ----- ----- --------------
145 PHf NOL 05 (CONT•) 

LAGOON l 0 3 0 0 3c; 
PHlMAHY INF 0 0 ;?. 1 80 
TIHCKL 11\iG INF 0 1 1 1 64 
AERATIOt'-1 INF 0 4 5 0 57 
FINAL EFF 0 1 1 4 64 

l4t> f\1A PT HALF Nf 08 
RAW lllATER 0 3 3 0 50 
LAGOON l 0 2 l 0 4? 
PHI MARY INF 0 2 l 0 sc; 
TRICKLING INF 0 3 0 0 34 
AERATION INF 0 3 6 0 55 
FINAL EFF 0 10 6 2 54 

l4H PI-AMYL PHTHALATE 
HAW WATFH 0 0 3 3 7Q 

:> 
LAGOON.I 0 1 2 0 53 

I PRIMARY INF 0 1 l 1 61 
00 
VI THICKLING INF 0 2 1 0 50 

AERATION INF 0 1 5 3 73 
FINAL EFF 0 0 10 8 7A 

PHJOkJTY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
NUMf~EH LOCATION NO <5 s-soo >500 VALUE 
------ ------------- --------- ----- ----- -------------

149 COLOH(PLATINUM-COHALT UNITS) 
RAW wA.TER 0 0 b 0 ?A 
LAGOON 1 0 0 3 0 185 
P~IMAkY INF 0 0 0 3 960 
TfHCKLING INF 0 0 3 0 39 
AERATION INF o' 0 8 1 l'H 
FINAL EFF 0 0 15 3 221 

1 ') 1 COD (M~/LITER) 

LAGOON 1 0 0 0 3 37qo 
PRIMARY INF. 0 0 0 3 8R13 
THICKLING I 0 0 1 2 563 
AF~4.TJON Tt...il:" " 



1-'H I OR l TY.EM I CAL-NAMf. SAMPLF RAl\iGE. AVER AG. 
NUMHf~ LOCATION ND <5 s-~oo :>SOO VALUE 
------ ------------- ---------

____ .. 
··---- ---------.. 

FINAL EFF 0 0 13 5 967 



TABLE A-16 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 113 - WASTEPAPER-MOLDED PRODUCTS 

*Only those compounds detected at the raw water, aeration influent, 
discharge to POTW and final effluent have been summarized. 

The.analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-87 



t->~JO~JTY.HEt-llCAL-NAMf SAMPLE RANGE AVER AG. 
NUMl~f.,.,. LOCATION ~n <10 10-100 >100 CONC. UG/L 
------ ------------- ---------

____ _. 

------ -------------
4 P.FNZFNf 

RAW WATfR 1 l 0 0 2 

44 METHYLF.:NE CHLORIOE 
RAW WATER l 1 0 0 <l 
AERATION INF 1 2 0 0 <1 
FINAL EFF 2 l 0 0 <l 

f.4 ~FNTACHLOkOPHfNOL 

RAW WATER 1 1 0 0 ? 
AERATION INF 2 1 0 0 2 

65 PHENOL 
RAW WATER l l 0 0 ? 
AERATION INF 0 3 0 0 A 
DISCH. POTw 0 3 0 0 ,, 

il>- FINAL EFF 2 1 0 0 <l 
I .. 

00 
00 hb AIS<2-fTHYL HEXYL> Pt-tTHALATE 

RAW WATfR 0 ? 0 0 5 
AERATION INF 0 3 0 0 ? 
DISCH. POTW 0 0 3 0 14 
FINAL EFF 2 1 0 0 <l 

Ah TOLUfNF 
RAW WATER 1 1 0 0 <1 

119 CHRO~IUM-CR 

RAW WATER 0 2 0 0 2 
AERATION INF 0 2 1 0 9 
DISCH. POTW 0 3 0 0 5 
FINAL EFF 0 3 0 0 3 

)20 COPPf.R-l.U 
RAW WATfR 0 1 1 0 27 
AERATION INF 0 1 2 0 1 f> 



.... f .c. JOH DAN co .. .. SUACAT: wASTEPAPER·MOLOED-PROO A~ALYSIS OF VERIFICATION DATA PAGE 2 

PRJOh'ITY CHE.Ml CAL-NAME SAMPLE RANGE AVERAGE 
NlJ'"1HF.k LOCATION ND <10 10-100 >100 CONC. UG/L 

------ -------------
________ ... ----- ----- -------------

1 ?.O COPPER-CU <CONT•) 
DISCH. POTW 0 0 3 0. 37 
FINAL EFF 0 3 0 0 4 

121 CYAN I OF 
RAW WATER 0 2 4 0 10 
AERATION INF 0 3 0 0 q 

DISCH. POTW 0 3 0 0 Q 

FINAL EFF 0 3 0 0 9 

12? Lf AD-PH 
RAW WATER 0 2 0 0 4 
AERATION INF 0 l 2 0 22 
DISCH. POTW 0 1 2 0 13 
FINAL EFF 0 1 2 0 12 

:;i::.. 123 ~fRCU~Y 
I 

"»AW 00 WATER 0 ? 0 0 3 
'° AERATION INF 0 3 0 0 <1 

DISCH. POHi 0 3 0 0 5 
FINAL EFF 0 3 0 0 <) 

1 ?.4 NJCl<EL-NI 
RAW WATER 0 l J 0 6 
Af.HATI0"1 INF 0 0 3 0 23 
DISCH. POTW 0 3 0 0 2 
FINAL EFF 0 3 0 0 3 

128 ZINC-ZN 
RAW WATfR 0 0 2 0 l? 
AEHATION INF 0 0 0 3 ' 

3Q2 
DISCH. POTW 0 0 . 0 3 200 
FINAL f FF 0 0 3 0 5? 

130 AHIETIC ACID 
AERATION INF 0 0 0 3 210 



1-'RJUHITY .EM I CAL-NAME SAMPLE RANGE AVERAGt 
NUMHfH LOCATION ND <10 10-100 :• l 0 0 .CONC • G/L 

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

130 ARIF TIC ACID (CONT.) 
DISCH. POTW 0 0 0 3 633 

131 PEhYDPOJIHIETIC ACIO 
RA~I WATER l 0 1 0 37 
AERATION INF 0 0 0 3 453 
DISCH. POTW. 0 0 0 3 573 
FINAL EFF 2 0 0 1 57 

13? ISOPIMAIHC ACID 
AERATION INF 0 0 3 0 48 
DISCH. POTW 0 0 2 1 .94 

133 PlMA~lC ACID 
AERATION INF 0 0 3 0 57 

:i:-- 134 OLE IC ACID 
I 

AERATION INF 0 0 0 3 493 '° 0 
DISCH. POTW ·o 0 0 3 355 

135 LJNOLfJC ACID 
AERATION INF 0 0 0 3 ?.07 
DISCH. POTW 0 .. 0 0 3 122 

137 EPOXYSTEARIC ACID 
AERATION INF 2 0 l 0 10 
FINAL EFF 2 0 l 0 Q 

t'~JOHITY Ct-ifMICAL-NAME SAMPLE RAN.GE AVERAGE 
NUMRER LOCATION ND <50 50-85 :>85 ~ RECOVERY 
------ -------~----- --------- ----- ~----' -------------

}44 STEM<IC ACIU 
RAW WATER 0 0 l 1 99 
Af.~ATION INF 0 0 0 3 105 
OISCH. POTW 0 0 l ? AA 
FINAL EFf 0 0 l 2 A6 

145 PHENOL 05 
RAW WATER 0 0 l 0 64 



.... E .C. JORDAN co .... SUACAT: WASTEPAPER-MOLOEO-PROD AN,AL YS IS OF VEHIFlCATION DATA PAGE 4 

P~IORITY CHt:MICAL-NAME SAMPLE RANGE AVE:RAGf 
NUM14FR LOCATION ND <50 50-85 >AS .., RECOVERY 

------ ------------- --------- ----- ----- -------------
145 PHENOL OS (CONT.) 

AERATIOt-.1 INF 0 0 3 0 5q 
DISCH. POTW 0 0 1 ?. A9 
FINAL Ef F 0 0 2 1 73 

14fi NAPTHALf NE DA 
1-'AW WATER 0 0 2 0 76 
AERATION INF 0 0 1 2 A9 
OISCH. POTW 0 0 1 2 93 
FINAL EFF 0 1 2 0 60 

148 DI-AMYL PHTH/lLATE 
RAW WATER 0 0 1 l 9(', 
AERATION INF 0 0 3 0 bl 
DISCH. POTW 0 0 l 2 en 
FINAL EFF 0 0 3 0 63 

:r 1-'HIO~ITY CHE:MICAL-NAME SAMPLf RANGE AVERAGE '° ...... NUMBf R LOCATION ND <5 s-soo >500 V~LUE 

------ --------------
_______ ,. .. ----- ----- -------------

149 COLOR(PLATINUM-COAALT UNITS> 
RAW WATER 0 0 2 0 18 
AfRATlON INF 0 0 3 0 121 
DISCH. PO hi 0 0 3 0 53 
FINAL EFF 0 0 2 1 302 

151 coo (MG/LITER) 
AERATION INF 0 0 3 0 291 
DISCH. POTW 0 0 0 3 693 
FINAL EFF 0 0 3 0 82 



TABLE A-17 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 114 - WASTEPAPER CONSTRUCTION PRODUCTS 

*Only those compounds detected at the raw water, clarifier influent, 
clarifier storage and discharge to POTW have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-92 



**f..C. JO~DAN co ** SUHCAT= WASTEPAPER-CONST.PROO. ANALYSIS OF· VERlf lCATION DATA PAGE 1 

l"'t{ I OH I TY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
NI •Mt< ER LOCATION "'0 <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ------ ----- -------------
4 RENZFNF 

DISCH. POTw 7 2 0 0 <l 

1 1 1.1.1-TRICHLOMOETHANF 
RAW WATEfi 4 0 l 0 ft 
DISCH. POTw 3 4 2 0 6 

23 c.-.LOROFOkM 
RAW WA TEP 3 l l 0 10 
DISCH. POTW 7 l l 0 3 

3H fTHYLRF:NZENE 
RAW WATER 4 l 0 0 <l 
DISCH. POTW 7 l l 0 l 

44 Mf THYLFNE. CHLORIDE 
;!>- RAW WATER 3 2 0 0 <1 
I OISCH. POTW 6 3 0 0 <l ~ 

w 

47 RMO~OFOfH-1 

HAW WATER 4 0 l 0 14 

4H OJCHLOROBHOMETHANE 
HAW WATFR 4 0 1 0 fi 
DISCH. POTW 8 0 l 0 2 

49 TRlCHLO~OFLUOROMETHANf 

DISCH. POTw 8 l 0 0 <J 

51 OifiROMOCHLOHOMETHANE 
RAW WATfR 4 0 1 0 2 
DISCH. POTW R 1 0 0 <l 

64 PFNTACHLOkOPHENOL 
RAi.J WATF.:P 4 0 l 0 n 
DISCH. POTW 4 0 4 l 35 



<R<Rt_.L. ,Jl)t-<IJAN t.U vv ::>Ut1l.A I: WA::>lt~A~~H•LUN::>le~HUUe ANALT~l::> vr V ~ " 1 r I \.A I I UN URIR rAUC. c 

~RlOklTY.HE~lCAL-NAME SAMPLE RAl'liGE AVE RAG. 
NllMHf: H LOCATION NU <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- ----- ------------~ 

65 PHf NOL 
RAW WA TE:~ 4 0 1 0 17 
CLARIF. INF 0 0 0 3 1233 
CLARIF.WTH.STOR 0 0 0 3 1433 
DISCH. POTW 1 0 s 3 102 

66 AIS<2-ETHYL HEXYL> PHTHALATE 
HAW WATER 3 0 2 0 20 

.DISCH. POTW l 2 6 0 30 

f) 7 RU TYL RENZYL PHTHALATf 
RAW WATER 4 1 0 0 ?. 
DISCH. POTW 6 ? l 0 3 

hH DI-~-HUTYL PHTHALATE 
RAW WATF.R 4 l 0 n <l 

:i:-- DISCH. POTW 2 4 3 0 16 I 
\() .. 
.i::-

70 OifTHYL PHTHALATE 
RAw WATER 4 1 0 0 < l 
DISCH. POTW 3 3 2 1 29 

AS TETRACHLO~OETHYLENE 

DISCH. POTW 8 1 0 0 <l 

Hh TOLUFNF 
HAW WATFR 4 0 l 0 14 
DISCH. POTW 2 4 2 1 Rl 

A7 TRICHLOROfTHYLENE 
fiAW WATER 4 l 0 (\ <l 
DISCH. POTW 4 3 2 0 7 

lOb I-> • C • A • 1?42 
CLAHJF. INF 2 1 0 0 <1 
CLAfHF.WTR.STOR 2 1 0 0 <1 



..... f. c. JOl-'DAN CCJ ..... SURCAT= WASTEPAPER-CONST.PROO. ANALYSIS OF VERIFICATION DATA PAGE 3 
' 

P~IO~JTY Cl-1EMICAL-NAME SAMPLf RANGE AVERAGE 
NU!~\-lf-_ µ LOCAT !'ON ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ------
_______ .. _____ 

107 P.C.H. 1254 
CLAR IF. INF ? 1 0 0 <l 
DISCH. POTW 7 2 0 0 <l 

I 1 0 ~.C.H. l24A 
DISCH. POTW 1 2 0 0 1 

114 CHh'O,...IUM-C~ 

RAW WATER 0 4 0 1 ?4 
CLARIF.tiiTk.STOR 0 0 0 3 337 
DISCH. POTW 0 0 8 1 81 

1?0 COPPER-CU 
RAW WATER 0 l 3 1 40 
CLARIF.WTR.STOR 0 0 0 3 20? 
DISCH. POTW 0 0 3 6 145 

:i> 
I 

121 CYANIDE \0 
\J1 

!'CAW WATE.R 0 6 6 l 21 
CL ARIF .WH~.STOR 0 0 l 2 lOA 
DISCH. POTW 0 l l 1 35?. 

12? LFAll-PH 
RAW WATFR 0 4 0 l 3A 
CLARJf .WTR.STOR 0 0 0 3 273 
OISCH. POTW 0 0 2 7 264 

1?3 t-'lf RCURY 
RAW WATF:H 0 4 0 0 <1 
CLARJF.wTR.STOR 0 3 0 0 <l 
OISCH. POTW 0 9 0 0 <1 

124 NJCl'El-NI 
RAW WATF.-:R 0 3 l l zq 
CLAR IF .~1TR.STOR 0 0 2 1 115 
DISCH. POTW 0 0 9 0 40 





**F.c. JOhDAN co ** SU8CAT: wASTEPAPER-CONST.P~oo. tiNALYSIS Of VERIFICATION DATA PAGE s 
; 

~KJt}klTY CHf MlCAL-NAMt SAMPLf kANGE AVEf(A(;f 
NtJMH~R LOCATION ND <SO 50-85 >AS % RECOVERY 
------ ------------- --------- ----- ----- -------------

144 STEMdC ACID (CONT.> 
OISCH. POTW 0 2 2 1 55 

145 PHENOL DS 
HAW WATER 0 2 2 l 62 
CLARIF. INF 0 ? l 0 45 

. CLARIF.WTR.STOR 0 2 l 0 44 
DISCH. POTW 1 3 5 0 44 

14 fl NAfJTHALFNF Ofl 
HA.f'J WATfH 0 l 3 l f> l 
CLARIF. INF 0 1 2 0 SA 
CLARIF.WTH.STOR 0 0 2 1 A7 
DISCH. POTW 1 3 . l l 37 

} 4 8 DI-AMYL PHTHALATE 
;J> RAW WAT FR 0 l 1 2 77 
I 

~ISCH. POTW 1 4 4 ~ 0 46 
....... 

1-lt-<JOklTY CHf: MI CAL-NAME SAMPLF.: RANGE AVERAGE 
NUMHfk LOCATION NO <5 5-500 >500 VALUF 
------ ------------- --------- ----- ----- ---9!---------

149 COLOR(PLATINUM-COAALT UNITS> 
RAW WATER n 0 3 1 J]q 
CLARIF.wTR.STOR 0 0 0 3 8000 
DISCH. POTW 0 0 2 1 936 

151 coo (MC';/LIT£R) 
CLARIF.WTR.STOR 0 0 0 3 }f,flf.7 
DISCH. POTW l 0 0 8 34A7 



TABLE A-18 

Su'1-~iARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 201 - NONINTEGRATED-FINE 

*Only those compounds detected at the raw water, raw wastewater, 
aeration influent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-98 



fH>E..C. JOI-< DAN co f> f> SURCAT= NON-INTEGRATED-FINE AtliALYSIS 0 F 
1 

VE k .I F I CAT 1 0 N DATA PAGE l 
~ 

P~IORITY CHEf.AICAL-NAME SAMPLE" RANGE AVERAGE 
NU,....HFR LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
4 fifNZFNF 

RAW WATER ?. l 0 0 <l 
HAW WASTEWATER 2 l 0 0 <l 
FINAL EFF 7 2 0 0 <l 

10 1,2,-DICHLOROETHANE 
AERATION I NF: 5 l 0 0 <l 
FINAL EFF 6 3 0 0 <l 

23 Cl-iLORUFORM 
RAW WASTEWATER 0 3 0 0 1 
AERATION INF 3 2 l 0 6 
FINAL EFF 3 6 0 0 3 

44 MF THYlfNt CHLOHlOE 
RAW WASTEWATER l l l 0 1 

;i>- AERATION INF 5 l 0 0 <l 
I l"INAL EFF 5 4 0 0 2 l.O 

\.0 

tl5 Pl-IFNOL 
RAW wATER 2 l 0 0 <l 
RAw WASTEWATER 0 0 2 l 94 
AERATION INF 2 3 1 0 f, 

FINAL EFF 6 0 3 0 13 . 
6b Rl5C.?.-ET11YL HEXYL) PHTHALATE 

RAW WATER ? l 0 0 l 
RAW WASTEWATER 0 0 0 3 ll9J 
AERATION INF 3 2 l 0 3 
FINAL EFF 2 3 3 l 294 

k6 TOLU[Nf 
RAW WATfR 2 1 0 0 < l 
FINAL tFF 6 3 0 0 <l 

119 CHf<OMIUM-CR 
RAW WATER 0 3 0 0 <l 



1-'R 1 OH IT Y.Hf MI CAL-NAME SAMPLF. kANGE AVF.RA<41 
NUMHt:H LOCATION ND <10 10-100 >100 CONC.. G/L 

------ ------------- --------- ----- ----- -------------
119 Ct4ROMIUM-CR (CONT.) 

RAW WASTEWATER 0 3 0 0 5 
AERATION INF 0 f\ 0 0 3 
FINAL EFF 0 9 0 0 1 

120 COl-'Pf.fi-CU 
HAW WATF.H 0 1 2 0 9 
HAW WASTEWATER 0 1 2 0 43 
AfRATION INF 0 l 5 0 13 
FINAL f FF 0 4 5 0 lA 

122 LFAO-PH 
RAW WATfH 0 2 1 0 6 
RAW WASTEWATER 0 2 1 0 ~ 

AERATION I NF 0 fl 0 0 3 
FINAL EFF 0 1 2 0 6 

:i:--
I 1?3 Mf ~CURY ...... 

0 RAW WATER .o 2 0 0 <l 0 

HAW WAS TEWA TE~ 0 3 0 0 <l 
AEHATION INF 0 ft 0 0 <1 
FINAL EFF 0 9 0 0 <l 

1?4 NICKfl-NI 
RAW WATER 0 3 0 0 4 
RAW WASTEWATFR 0 2 1 0 r:; 
AERATION INF 0 5 1 0 ~ 
FINAL EFF 0 e 1 0 4 

12H ZINC-ZN 
RAW WtlTEH 0 1 2 0 ?ft 
RAW WtlSTEWATF.R 0 0 3 0 71 
AF.RATION INF 0 ? 3 1 SS 
FINAL EFF 0 1 6 2 51 

130 APIETIC ti CID 
AERATION INF 2 0 2 2 205 



*i}t.c. JOHO Af'.1 co <H> SUHCAT: NON-INTEGRATEO•FINf ANALYSIS OF VERIFICATION DATA PAGf. 3 

~-'~<Io~ IT Y CHf-_l'-1 IC AL-NAME SAMPLE RANGt AVERAGE 
l·JlJMHE R LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- ---------~----

131 DfHYOHOAHIETIC ACID 
~ Av1 WAT FR 2 1 0 0 ~ 

RAW WASTEWATER 0 0 0 3 4A3 
AERATIOf\J INF 0 0 0 6 44] 
FINAL EFF 2 0 6 l 52 

13? l~OPIMMHC ACID 
AE~ATION INF 2 0 3 l 40 

133 PIMARIC ACID 
"AERATION INF 3 0 3 0 12 

134 OLE IC ACID 
AERATION INF 4 0 2 0 19 

135 LI NOLE IC ACID 
AERATION INF 5 0 0 l 33 

~ ~HJO~ITY CHEMICAL-NAME SAMPLE RANGE AVERAGE ... NUMRE H LOCATION NO <50 SO-HS >AS " RE COVE RV 0 ... ------ ------------- --------- ----- ____ ... ---------,_ ___ 

144 STE: AR IC ACID 
RAW WATER 0 l 1 0 6? 
RA\o/ WASH'. WATER 0 2 l 0 24 
AfRATION INF 0 0 2 3 AQ 
FINAL EFF 2 2 2 3 53 

14~ PHFNOL 115 
RAW WAT FR 0 l 0 1 67 
RAW WASTEWATER 0 1 0 2 95 
AERATION INF l 0 4 l 61 
FINAL F.FF 1 2 5 l 56 

146 NA~THALF.NE {)8 

RAW WATER 0 I l 0 S? 
RAW WASTE.W~ 0 3 0 0 37 
AERATION I 0 0 ?. l 84 
FINAL EFF 0 3 3 0 51 



1->~JnkJTY.HFMJCAL-NAME S/lMPLf RANGE AVER AG. 
NUMHFk LOCATION NO <SO 50-85 >8~ % RECOVERY 
------ ------------- --------- ----- ----- -------------

l4H lJJ-AMYL PHTHALATE (CONT.> 
AE~ATION INF 0 0 l 2 8? 
FINAL E.FF 0 0 3 0 7q 

~1-<IOkITY CHEMICAL-NA,.,E SAMPLE RANGE AVERAGE 
NUMHFk LOCATION ND <5 s-~oo >500 VALUE" 
------ ------------- --------- --- -.... --- ._ .. ___ -------

149 COLO~CPLATINUM-COH.ALT UNITS) 
RAW W/ITfR 0 0 3 0 83 
RAW WASTEWATER 0 0 2 l 311 
AERATION INF 0 0 6 0 ~ 
FINAL EFF 0 0 9 0 15 

1 51 COD (MG/LITtR) 
;I> 

RAW WATf'.R 0 0 1 0 q 
I ~AW WASTEWATER 0 . 0 ?. 1 t.33 I-' 

0 AERATION INF 0 0 6 0 l6R N 

FINAL EFF 0 0 9 0 66 



TABLE A-19 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 202 - NONINTEGRATED TISSUE 

*Only those compounds detected at the raw water, flotation influent, 
aeration influent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-103 



. . -. _ ......... -·· " ..... __ ,."'_' - ,,.._ ... &'"'''-"'""''-V ',l.J...,VI.- Pl''"'"''-' J& J 
...,, "'"-'"•' •"'""'''av•,, u ... ',.. r"'uL. £ 

~ 

AVERA. ~HJOkJT.HFMJCl\L-NAME SAMPLf fiANGE 
NUMH~~ LOCATION NO <10 10-100 >100 CONC. UG/L 
------ ------------- --------- ----- -----~ -------------

23 CHLO~OFOl·H-1 

FLOTATION INF 0 3 0 0 3 
FINAL £FF 3 3 0 0 2 

3fi F.THYLAF.NZENF. 
FLOTATION INF 0 0 1 2 lJORl 
FINAL EFF 3 0 1 2 74 

h5 PHt NOL 
RAw WATEH l l 0 0 3 
FLOTATION INF l 2 0 0 1 
AERATIOt>.1 INF 0 '2 1 0 c; 
FINAL EFF 2 4 0 0 3 

hh PIS(?-FTHYL HEX Yl) PHTHALATE 
RAW WATfR 0 1 l 0 lA 

::r>- FLOTATION INF 0 2 l 0 A I 
...... "AERATION INF 1 2 0 0 0 30 
.I:'-

FINAL EFF . 1 2 3 0 15 

h1 FillTYL HFNlYL fJHTHALATF 
FLOTATION I NF 0 0 0 3 797 
FINAL EFF 5 0 1 0 3 

fiA 01-N-AUTYL PHTHALATE 
FLOTATION INF 2 ) 0 0 <1 

70 OJ ETHYL PHTHALATE 
FLOTATION INF 2 0 l 0 12 

A5 TfTRACHLOHOETHYLENf 
FINAL EFF 3 3 0 0 4 

H6 TOLUFNF 
FLOTATION INF 0 2 0 1 130 
FINAL fFf 3 2 l 0 3 



**t.C. JOPOAN co ** SURCAT= NON-INTEGRATEO-TISSUf /INALYSIS OF VEHIFICATION DATA PAGE 2 ,. 

tJ~JOkJTY C1-4~MJCAL-NAME SAMPLE RANGE AVF.RAGF. 
NllMHf R LOCA T !'ON ND <10 10-100 >100 CONC. UG/L 

------ ------------- i-------- ----- ----- -------------
87 TPICHLOROETHYLENE 

RAW WATER 1 1 0 0 <l 

119 ChkOMJUfvl-CR 
RAW WATfR 1 1 0 0 <1 
FLOTATION INF 1 0 2 0 15 
AERATION INF 0 3 0 0 2 
FINAL EFF 2 4 0 0 2 

l?O coi.;PfH-CU 
RAW WATER l l 0 0 4 
'FLOTATION INF l 0 ? 0 45 
AE~ATION INF 0 0 3 0 19 
FINAL EFF 2 0 4 0 15 

l?? U AD-PR 

~ 
RAW WATER 1 1 0 0 <1 

I 'FLOTATION INF 1 1 1 0 11 
I-' AERATION INF 0 3 0 0 0 2 
Vt 

FINAL EFF 2 4 0 0 l 

1 i? 3 MFkCURY 
RAW WATER 0 ? 0 0 <I 
FLOTATION INF 0 3 0 0 <1 
AERATION INF 0 3 0 0 <l 
FINAL EFF 0 6 0 0 <1 

l ?4 NICKEL-NI 
RAW WATER 1 1 0 0 <l 
FLOTATION INF 1 2 0 0 l 
AERATION INF 0 3 0 0 ?. 
FINAL E.FF 2 4 0 0 2 

1i?8 ZINC-ZN 
RAW ~JATfR 0 0 2 0 32 
FLOTATION INF 0 0 2 1 92 



'- . """. V'-''~ '.I~'" '~ '" ..,""l'"",...' - , .... '"''' ... .a.'~ t '-- v n"" ' L 1.1 f .& ~JVL ....... ,,..' ~ & ~ v~ TLn&• A'-"'' &Vf"' u ... ' ... r,.ui:;. ..3 

I-' H I 0 k I T Y .H FY I C Al - NAME SA~PLE RANGE AVERAGE 
NlJtAf-\f R LOCATION ND <10 10-100 :> l 00 CONC. UG/L 
------ ------------- --------- ------ ·-----

__________ .., __ 

128 ZINC-ZN (CONT•) 
AERATION INF 0 0 0 3 53333 
FINAL EFF 0 0 5 1 5fi 

130 llRlETIC ACID 
FLOTATION INF 0 0 3 0 53 

1 31 l)fHYOHOARJFTIC ACID 
FLOTATION INF 0 0 0 3 213 
FINAL EFF 3 0 2 l 49 

13? ISOPIMARIC ACID 
FLOTATION INF 0 0 3 0 37 
FINAL EFF 5 1 0 0 <l 

1.13 PJMMHC ACID 
:i> FLOTATION INF 1 0 2 0 10 I 
I-' .. 
0 
0\ 134 OU: IC ACIO 

FLOTATION INF 0 0 0 3 260 
AERATION INF 0 2 1 0 13 
F.JNAL EFF 2 0 4 0 21 

143 XYLFNES 
FLOTATION INF 0 0 0 3 1354 7. 
FINAL EFF 3 0 0 3 400 

Pk I ni... IT Y CHEMICAL-NAME SAt-4PLf RANGE AVERAGE 
NUMRE I-< LOCATION . t-.10 <50 S0-85 :>AS 'Ii RECOVERY 
------ ------------- --------- ------ ·----- -------------

}44 STEAkll. ACID 
RAW WATER 0 1 0 1 7 p, 
FLOTATION INF 0 0 2 1 17 
AERATION INF 0 l 2 0 46 
FINAL EFF 0 ? 1 3 81 

l4S PHENOL ns 
!-!AW WATFH 0 0 l 0 5A 
FLOTATION INF 0 0 ~ " "'"' 



**f.C. JOkDAN co ** ~URCAT= NON-INTEGRATED-TISSUE ANALYSIS OF VEklf ICATJON DATA PAGE 4 
,. 

1J t~ J o k I l 'V CHt:MlCAL-NAMf SAMPLE RANGE AVERAGF. 
tHH1Rf f~ LOCATION ND <50 50-H5 >85 ' RECOVERY 

------ ------------- --------- ----- ----- -------------
l4S PHf.NOL DS <CONT•) 

AERATION INF 0 2 1 0 43 
FINAL f FF 0 l 4 1 70 

l4A l\JAPTHALFNF DA 
HAW WAHR 0 2 0 0 3A 
FLOTATION INF 0 2 1 0 46 
AF.HAT ION I NF 0 0 3 0 f,O 
FINAL £FF 0 1 4 1 60 

14A DI-AMYL PHTHALATf 
RAW WATER 0 l 1 0 51 
FLOTATION INF 0 l 2 0 5?. 
AF.RATION I NF 0 3 0 0 41 
FINAL EFF 0 2 4 0 65 

:x:-- PfHOklT'V CHEM I CAL-NAt-lf SAMPLF: HANGE AVERAGE 
I NlJMPF~ L-0CATION NO <5 5-500 >SQO VALUF I-' 

0 
'1 ------ ------------- --------- ----- ----- -------------

}49 COLOR<PLAT1"4UM-COBALT UNITS> 
RAW WATER 0 0 2 0 5 
FLOTATION INF 0 0 3 0 5 
AERATION INF 0 0 3 0 5 
FINAL EFF 0 0 6 0 5 

1~1 COD (Mt;/LlTEk) 
FLOTATION INF 0 0 2 l 395 
AEHATION INF 0 0 3 0 lR 
FINAL EFF 0 0 6 0 111 



TABLE A-20 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

NONINTEGRATED-MISCELLANEOUS 

*Only those compounds detected at the raw water, clarifier influent, 
and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-108 



**E.C. JORDAN cu ** ~UACAT= NON-INTEGRATED MISC ANALYSIS OF VERIFICATION DATA PAGE 
; 

t-'HIUklTY CHEMICAL-NAME SAMPLf HAN GE AVF.RAGf 
NlJ,..1Hf R LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
AfNZf NF 

RAw WATER ?. 1 0 0 <l 
CLARIF. INF 7 2 0 0 <l 
FINAL EFF 8 l 0 0 <l 

1 1 1,1.1-TRICHLOROETHANF 
RAW WATER 2 0 1 0 4 
CLARIF. INF 3 4 ?. 0 7 
FINAL EFF 3 5 1 0 4 

?l 2,4,A-TRICHLOkOPHENOL 
HAW WATER 2 l 0 0 <1 
CLAR IF. INF 6 l 2 0 f, 

FINAL EFF 6 1 2 0 6 

?J CHLOl-'OFORM 
ti:> CLAR IF. INF fi 2 1 0 3 
I f INAL EFF 3 0 0 I-' 6 1 

0 
\.0 

:rn ~. TH'fLAF~ZfNf 

FINAL EFF 1 1 1 0 4 

64 ~fNTACHLOHOPHENOL 

CLAR IF •. INF 7 0 1 1 24 
FINAL EFF e 0 1 0 A 

65 PHf:NOL 
HAW WATER 1 1 0 1 SA 
CLAHIF. INF 3 5 l 0 5 
FINAL EFF 4 5 0 0 2 

hh PISl?.-FTHYL HEXYL) PHTHALATE 
RAW ~1 ATf.R 0 3 0 0 f, 

CLA~IF. INF 0 3 5 1 2f. 
FINAL f.FF 1 6 2 0 6 

A6 .LUfNF: 
CLARIF. INF e 1 0 0 <l 



1-'~ l llR I TY.Hf.. Ml CAL-NAME SAMPLf HANG£ AVER AG. 
NUMfH:R LOCATION ND (}0 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- ---------------
H6 TOLLJf:"NF CCONT.) 

FINAL f.FF 4 5 0 0 ? 

107 P.C.A. 12~4 

CLARIF. INF 6 l 0 0 l 
FINAL EFF 6 l 0 0 <1 

119 CHROMIUM-CR 
RAW WATER 0 3 0 0 2 
CLAR IF. INF 0 5 4 0 13 
FINAL EFF 1 8 0 0 ? 

120 COPP FR-CU 
HAW WATfR 0 3 0 0 fi 
CLAR IF. INF 0 3 b 0 46 
FINAL EFF 1 4 4 0 R 

> 121 CYtiNIDF .. 
I ,..... RAW WATER .o 1 0 0 9 ,..... 

0 CLA~IF. INF 0 3 0 0 Q 

FINAL EFF 0 3 0 n 9 

12? l f. AD-PR 
RAW WATF.R 0 2 l 0 14 
CLAR IF. INF 0 4 5 0 14 
FINAL EFF 0 A 1 0 5 

li:'3 MF~CU~V 

RAW WATER 0 3 0 0 <l 
CLAR IF. INF 0 9 0 0 <l 
FINAL EFF 0 9 0 0 (} 

124 NJCl\f.L-NI 
RAW WATER 0 3 0 0 J 
CLARIF. INF l 3 5 0 20 
FINAL £FF 0 8 1 0 5 



**E. C. JORflAN co ** SUACAT= NON-INTtGRATEO MISC ANALYSIS OF VEkIFICATION DATA PAGE 3 

PHIOhlTY CHE~ICAL-NAt-1f. SAMPLE RANG£ AVERAGE 
NUMhfJ~ LOCATION "'40 <10 10-100 >100 CONC11, UG/L 

------ ------------- --------- ----- ----- -------------
128 ZINC-ZN 

RAW WATER 0 1 2 0 l f, 

CLARJF. INF 0 0 5 4 543 
FINAL E.FF 0 4 3 2 13A 

130 A~IETIC ACID 
CLARIF. INF 6 0 0 3 59 

l 31 DF.:HYDROARIET IC ACID 
RAW WATER 2 1 0 0 3 
CLA~IF. INF l l 4 3 121 
FINAL EFF 3 1 1 4 93 

13? JSOPIMARlC /IC ID 
CLA~IF. INF 6 0 ?. 1 2A 
FINAL EFF A 0 1 0 2 

:;i;.. 
I 

133 PIMARIC ACID .. ...... 
...... 
...... CLARIF. INF .1 0 2 0 11 

135 LJNOLflC ACID 
~AW WATER 2 0 1 0 19 
CLAR IF. INF e 0 1 0 q 

143 XYLfNfS 
CLAR IF. INF 6 2 l 0 3 
FINAL EFF 6 l l l 4q 

flHIOkITY CHEMICAL-NAME SAMPLF RANGE AVERAGE 
NUt-1H~. R LOCATION ND <50 50-85 >85 .,, RECOVERY 
------ ------------- --------- ------ ----- -------------

}44 STFA~lC ACID 
RAW WATER 0 0 1 1 89 
CLAR IF• INF 0 l 5 3 8? 
FINAL FFF 0 2 4 3 77 

}45 PHfNOL ns 



,,t-<IOH1TY • f. MI CAL-NAME SAMPLf RANGE. AVERAGE • 
NUfv114E k LOCATION ND <50 so-es >~~ 'I RECOV 
------ ------------- --------- ----- ----- -------------

l4S PHENOL 05 <CONT.) 
FINAL EFF 1 1 6 l 60 

l4h t-lAIJl HALF NE DA 
RAW WATER 0 0 0 2 11 ~ 
CLARIF. INF 0 0 1 2 74 
FINAL EFF 0 0 5 4 77 

l 4f\ DI-AMYL PHTHALATE 
RAW WATER 0 0 0 2 114 
CLAR IF. INF 0 1 4 4 A4 
FINAL EFF 0 0 4 s 97 

,•i-iJOHITY CHfMICAL-NAME SAMPLE RANGE AVERAGE 
r1JUMHf:.k LOCATION ND <5 s-soo >'500 VALUf 
------ ------------- --------- ----- --.--- --------

:i> .. I ..... ..... 149 COLOR<PLATINUM-COBALT UNITS> N 

~AW WATEH 0 0 3 0 5 
CLARIF. INF 0 0 9 0 5 
FINAL EFF 0 0 9 0 5 

1Sl COD <MG/LITER) 
CLARIF. INF 0 0 7 2 287 
FINAL EFF 0 0 9 0 62 



TABLE A-21 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 204 - NONINTEGRATED LIGHTWEIGHT 

*Only those compounds detected at the raw water, aeration influent and 
final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-113 



t-'H T <W 1 T '(.Hf MI CAL-NAME SAMPLE RANGE AVER AG. 
Nll""~F f< LOCATION ND <10 10-100 :> 100 CONC. UG/L 
------ ------------- --------- ----- ·----- -------------

23 CHLOf:<OfOHM 
AERATION INF 0 0 3 0 27 
FINAL EFF 0 3 0 0 3 

44 METHYLFNE CHLO~IDE 
RAW WATER 0 1 0 0 ? 
AERATION INF 2 1 0 0 <l 
FINAL EFF 1 2 0 0 <1 

h '1 PHf NOL 
RAW WATER 0 1 0 0 7 
AERATION INF 2 2 0 0 2 
FINAL EFF 1 2 0 0 2 

' 
th HJSl2-F.THYL HEX YU PHTHALATf 

HAW WATER 0 1 0 0 4 
:i-- AERATION INF 0 3 0 0 5 I 
I-' f:INAL EFF 0 3 0 0 7 I-' 
.f'-

hA 01-N-HUTYL PH THAL ATE 
AE~ATION INF 2 1 0 0 <1 
FINAL EFF 2 1 0 0 ? 

A6 TOLUF.:l'JF 
AfkATION INF l 2 0 0 ? 
FINAL EFF l z 0 0 <l 

11 q CHROMIUtA-CH 
~AW WATER 0 l 0 0 ? 
AERATION INF l 2 0 0 ? 
FINAL EFF l 2 0 0 2 

l?O CO~PE~-cu 

~AW WATER 0 0 1 ('I 23 
AHUTION INF l 0 2 0 }Q 

FINAL EFF 1 l 1 0 4 



**E.c. JOf.J[iAN co ** SURCAT= NON-INT LIGHTWEIGHT ANALYSIS OF VEHIFICATION DATA PAGE 2 , 

l'klORlTY CH~fv\ICAL-NAME SAMPLF RANGE AVERAGE 
l~lJ,..,Fif: ~ LOCATION NO <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
121 CYAN I OF 

RAW WATER 0 1 2 0 l O' 
AF.:~ATION INF 0 3 0 0 Q 

FINAL t::FF 0 3 0 0 q 

122 LE AO-PR 
~AW WATER 0 l 0 0 4 
AEHATJON INF l l l 0 f, 

FINAL EFF l 2 0 0 <l 

123 ._.,f ~CUf<Y 
RAW WATER 0 1 0 0 <l 
AERATION INF 0 3 0 0 <1 
FINAL EFF 0 3 0 0 <l 

124 NJ Cl' EL-NI 
:i> RAW WATER 0 1 0 0 2 
I 4ERATION INF 1 2 0 0 1 ...... 

...... FINAL EFF ·1 2 0 0 <l Ul 

l ?.A ZINC-ZN 
~AW WATER 0 1 0 0 5 
AERATION INF 0 0 3 0 lb 
FINAL E.FF 1 2 0 0 4 

143 XYLfNES 
AERATION INF 1 2 0 0 r; 

~'H I 11\.< IT Y Ct-IE~ICAL-NAME SA~PLE RANGE AVERAGE 
hlUMHF k LOCATION ND <50 50-85 >85 Cj\ RECOVERY 
------ ------------- --------- ----- ___ ... _ 

-------------
144 SHARIC ACID 

RAW wATfR 0 1 0 0 3? 
AfHATIOf\i INF 0 2 l 0 43 

.FNOL 

FINAL EFF 0 2 l 0 43 

145 05 



1-'RJOHJTY .f MICAL-NAME SAMPLF RANGE AVERAGE 
NllMHf.k LOCATION NO <50 so-KS >85 CJ, RECOVERY 
------ ------------- --------- ----- .. ____ 

-------------
145 PHENOL fl5 <CONT.> 

FINAL EFF 0 0 3 0 72 

l4ti NAPTHALf Nf 08 
~AW WATfR 0 0 1 0 74 
AERATION INF 0 0 3 0 60 
FINAL EFF 0 0 2 1 17 

l4A r1I-AMYL JJH TH AL A TE 
RAW WAT FR 0 0 1 0 A4 
AERATION INF 0 0 2 1 79 
FINAL EFF 0 0 3 0 82 

1-1HH>fi1 TY CHt-MICAL-NAME SAMPLE RANGE VERA GE 
NU~HEk LOCATION ND <5 5-500 >500 VALUF. 
------ ------------- --------- --- ----~ -----. _______ , 

:i::-
I 

I-' 
I-' 
~ 149 COLUR(PLATINUM-COBALT UNITS> 

~AW WATER 0 0 l 0 c; 
AERATION INF 0 0 3 0 5 
FINAL f FF 1 0 2 0 3 

151 coo (MG/LITE.R) 
AERATION INF 0 0 3 0 313 
FINAL EFF 0 0 3 0 69 



TABLE A-22 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 205 - NONINTEGRATED FILTER AND NONWOVEN 

*Only those compounds detected at the raw water, clarifier influent, 
aeration influent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 

A-117 



P~ I Ok I TY .t: t-1 I CAL-NAME SAMPLE RANGE AVER AG. 
NIJMH£r-l LOCATION ND <10 10-100 >100 CONC. G/L 
------ ------------- --------- ------ ·----- -------------

4 Hf NZFNf 
RAW WATER 1 l 0 0 2 
FINAL EFF 5 l 0 0 <1 

3A FTHYLRFNZFNE 
AERATION INF 2 l 0 0 <l 

f'i5 ~HFNOL 

RAW WATEfi l 1 0 0 ;> 
AFRATJON JNF 0 l 1 1 65 
FINAL EFF 3 1 2 0 6 

hb RIS<?-ETHYL Hf:XYU PHTHALATE 
HAW WATER l 0 ) 0 39 
AERATION INF 0 0 2 1 ~c; 

FINAL EFF 2 1 3 0 1 fi 
il> 
I Ati TOLUfNE ...... 

...... AERATIO~ INF 2 1 0 0 2 CXl 

107 P.C.R. 1?54 
RAW WATEk l 1 0 0 <\ 
CLARIF. INF. 0 1 l 0 15 
FINAL £FF 4 l 0 0 <1 

11 9 CHf..'0'"1IUM-C~ 

RAW wATER l 1 0 0 <1 
CLAR IF. INF 0 3 0 0 <1 
AERATION INF 0 3 0 0 f, 

FINAL EFF 1 5 0 0 2 

120 COVi>ER-CU 
RAW WATFR 1 1 0 0 4 
CLARIF. INF 0 0 3 0 }Q 
AE~ATION INF 0 1 1 1 61 
FINAL EFF . 1 3 2 0 7 



* .. E. C. JOl-<DAN ((1 tH~ SUHCAT= NON-INT FILTER+NON-WOVEN ANALYSIS OF VfRIFlCATION DATA PAGE 2 

l'HlOkITY C Ht M J C AL - t·1 AM [ SAMPLE RANGt: AVERAGE 
NUMHt k LOCATION ND <10 10-100 >100 CONC. UG/L 

------ ------------- ---------
____ .. _,... ___ -------------

121 CYANlfJf 
RAW WATER 0 1 2 0 10 
AERATION INF 0 l 2 0 l 1 
FINAL EFF 0 3 0 0 Q 

l?? LFAD-PR 
RAW WATER 1 1 0 0 <l 
CLAR IF. INF 0 2 l 0 A 
AERATIOl\i INF 0 3 0 0 4 

FINAL EfF 1 4 l 0 3 

123 l-IF.l-ICURY 
RAW WATER 0 2 0 0 <1 
CLAR IF. INF 0 3 0 0 <1 
AERATION INF 0 3 0 0 <l 
FINAL EFF 0 6 0 0 <1 

124 NlC~f.L-Nl 

RAW WATER l l 0 0 <1 
-, CLAR IF. INF .0 3 0 0 <l 

AERATIOI\ INF 0 3 0 0 ?· 
FINAL EFF 1 5 0 0 2 

lllk ZINC-ZN 
R/I W WATER 0 2 0 0 1 
CLAR IF. INF 0 0 3 0 11 
AERATION INF 0 0 0 3 lSQ 
FINAL EFF 0 2 4 0 34 

131 ClFHYOROAHIETIC ACID 
AERATION INF l 0 2 0 33 

lJS LJNOLEIC ACID 
FINAL Ef F 5 l 0 0 2 

1-'~IflHITY CHFMICAL-NAME SAMPLE RANGE AVERAGE 
NlJMHfk LOCATION ND <50 50-85 >85 'Ji RECOVERY 



PHJOJ.<ITY .fMlCAL-NAME SA~PLE RANGE AVER AG. 
NU~f-1.~k LOCATION t-.10 <50 SO-HS '.>85 Cf RECOVEf-<Y 

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

144 STEMHC ACID <CONT.> 
CLAHIF. INF 0 0 3 0 fl:.:\ 
AERATION INF 0 l l l f,R 
FINAL E.FF 0 l 4 l 64 

145 PHENOL 05 
RAW WATER 0 1 l 0 63 
CLMHF. INF 0 2 1 0 4R 
AERATION I NF 0 0 1 ? A7 
FINAL EFF 0 l 3 2 6R 

l4b NAPTH/ILENE DB 
RAW WATER 0 0 l 1 ~o 

CLAR IF. INF 0 0 l ? 93 
AE~ATION 1"4F 0 1 2 0 64 
FINAL EFF 0 1 2 3 82 

:i>-
I l4A DI-/IMYL PHTHALATE I-' 

N PAW WATER .o 0 0 l 93 0 

AERATION INF 0 0 3 0 6Q 
FINAL EFF 0 l 0 2 77 

PHIORITY CHEMICAL-NAME SAMPLE RANGE AVERAGE 
NllMREf.( LOCATION ND <5 5-500 :~so o VALUF 
------ ------------- --------- -----· ··---- -----

}4q COLOR(PLATINUM-COHALT UNITS> 
RAW WATER 0 0 2 0 R 
CLAR IF. INF 0 0 3 0 5 
AERATION INF 0 0 3 0 43 
FINAL EFF 0 0 6 0 A 

151 COD (MG/LITER) 
CLARIF. INF 0 0 3 0 104 
AERATION INF 0 0 3 0 240 
FINAL EFF 0 0 6 0 39 

' 



TABLE A-23 

SUMMARY OF VERIFICATION ANALYSIS RESULTS* 

SUBCATEGORY 211 - NONINTEGRATED PAPERBOARD 

*Only those compounds detected at the raw water, oxidation influent, 
aeration influent and final effluent have been summarized. 

The analysis results presented are preliminary, confirmation of the 
results are presently in progress. 
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PkJOkIT.HEMlCAL-NAME SAMPLE RANGE AVERA. 
NUMRtfl LOCATION ND <10 10-100 >100 CONC. UG/L 
------ ------------- ---------

_ ... _ .. _ ------ -------------
4 RENZE NF. 

OXID. INF ?. 1 0 0 l 
AERATION INF 2 1 0 0 <l 
FINAL EFF 5 l 0 0 <'l 

38 f THYL~ENZFNE 
OXID. INF 0 3 0 0 3 
FINAL EFF 4 2 0 0 < 1 

44 ~FTHYLE'NE CHLORIDE 
RAW WATER 1 1 0 0 3 
OXID. INF 2 1 0 0 <1 

tis PHfNOL 
OXIO. INF 0 ? 1 0 7 
AERATION INF 0 3 0 0 ~ 

;i:.. FINAL EFF 3 3 0 0 1 
I .. 

...... 
N 66 RIS12-ETHYL HEXYL) PHTHALATE N 

RAW WATEfi 1 0 1 0 42 
OXID. INF 0 2 l 0 14 
AERATION INF 0 2 1 0 7 
FINAL EFF 3 3 0 0 2 

hf.I 01-N-RUTYL PHTHALATE 
AERATION INF 0 0 0 3 lAO 

70 DIETHYL PHTHALATE 
OXIO. INF 2 0 1 {} 4 
FINAL EFF 4 0 l l 29 

f:i5 TFTkACHLOROETHYLFNE 
AERATION INF 0 3 0 0 3 

A6 TOLUFNF.: 
OXIO. INF . 0 3 0 0 3 



.... E .C. JOkCJAN co .... SURCAT= NON-INTEGRATEO-PAPfkBOAHOANALYSIS OF VEHIF !CATION DATA PAGE 2 .. 
._..k llHd TY CHEMICAL-NAME SAMPLF RANGE AVERAGE 

NlJMHF f./ LOCATION "'0 <10 10-100 >100 CONC. UG/L 

------ ------------- --------- ----- ----- -------------
A6 TOLUf Nf <CONT•) 

FINAL EFF 2 4 0 0 <1 

119 CH~OMJUM-Ck 
RAW WATER 0 2 0 0 ? 
OXIO. INF 0 0 0 3 1323 
AERATION INf 0 ? l 0 21> 
FINAL EFF 0 5 l 0 f., 

lcO COPP FR-CU 
RAW WATfR 0 2 0 0 4 
ox1n. I NF 0 0 2 1 12A 
AERATION INF 0 0 3 0 27 
FINAL EFF 0 5 1 0 4 

l?l CYANIDE 
:;t> RAW WAT FR 0 4 2 0 9 
I OXID. INF 0 l ~ 0 2 610 

N AERATION INF (,,.,) 0 3 0 0 q 

FINAL EFF 0 3 3 0 2fi 

122 LFAD-PA 
RAW WATER 0 2 0 0 ? 
OXIO. INF 0 0 0 3 fi6fi7 
AERATION INF 0 3 0 0 2 
FINAL EFF 0 4 2 0 9 

123 fv1f RCURY 
RAW WATfR 0 2 0 0 <l 
OXID. INF 0 3 0 0 <l 
AERATION INF 0 3 0 0 <1 
FINAL EFF 0 f., 0 0 <l 

)?4 NJCt<-EL-NI 
RAW WATER 0 2 0 0 3 
OXID. INF 0 2 l 0 A 



f->1-llllHI- CHl:-1-AICJ\L-NAME SAt-1PLf RANG£ AVER9u 
NLIMHf' LOCATION NO <10 10-100 >100 CONC GIL 
------ ------------- --------- .. 49--~ ----- --------------

124 NICKEL-NI <CONT.) 
AERATION INF 0 1 ?. 0 lR 
FINAL tFF 0 4 2 0 5 

128 21 NC-ZN 
RAW WATER 0 1 1 0 lS 
OXID. INF 0 0 1 2 147 
AERATION INF 0 0 0 3 1273 
FINAL EFF 0 3 1 2 1? 

130 AHH TIC ACID 
OXID. INF 0 0 0 3 1477 
AERATION lf\IF 2 0 1 0 7 

l 31 £)FHYDHOAHIET IC ACID 
OXID. INF 0 0 0 3 6f>7 
AERATION INF 0 0 0 3 l~O 

;J> FINAL EFF 2 1 1 2 64 I 
...... 
N 
~ 132 ISOPIMARJC ACID 

OXIO. INF 0 0 1 2 117 
AERATION lf\JF 0 3 0 0 A 

133 PIMt'RIC ACID 
OXID. INF 0 0 3 0 25 

134 OLEIC ACIO 
OXIO. INF 0 0 0 3 2f>O 

143 XYLENt:S 
OXIO. INF 0 2 1 0 F\ 
FINAL EFF 3 3 0 0 2 

1-'~IO~ITY CHf MICAL-NAME SA~Plf. RANGt:: AVERAGE 
NlJMRf H LOCATION NO <50 50-85 >AS " RECOVERY 
------ ------------- ---------

___ ... _ ----- ----------· 
144 STf ARIC ACID 

RAW WATER 0 2 0 0 3f. 
OXIO. INF 0 1 2 0 59 



ititf .c. JO~DAtJ co .. .. SURCAT= NON-INTEGHATEO-PAPEH~OARDANALYSIS OF VERIFICATION DATA PAGE 4 , 

PHIOHITY CHEMICAL-NAME SAMPLE RAfljGI:: AVE~A'1f 

NUMH t:: k LOCATION <50 50-85 >85 ~ RECOVERY 

------ ------------- ---------
____ .. ----- -------------

144 STFAHIC ACID (CONT.> 
AEHATION INF 0 l 2 0 51 
FINAL EFF 0 4 2 0 49 

145 PHf NOL D5 
RAW WATfR 0 1 0 1 f.15 
OXID. INF 0 2 1 0 4fi 
AE~ATION INF 0 0 2 1 M1 

. FINAL EFF 0 3 2 1 bO 

l4h NAPlHAlfNF. 08 
RAW WATFR 0 1 1 0 5? 
OX IO. INF 0 3 0 0 37 
AEHATION INF 0 2 l 0 4? 
FINAL EFF 0 3 3 0 47 

> 148 DI-AMYL PHTHALATE 
I ,.RAW WATfR 0 0 l 1 ~o 

" OXID. INF 0 0 2 1 70 Jl 

AERATION INF 0 0 2 1 79 
FINAL EFF 0 0 4 2 A3 

._.,HI OR IT Y C~EMICAL-NAME. SAMPLf RANGE AVERAGE 
NUMHE j..i LOCATION NO <5 5-500 >500 VALUE 
------ ------------- --------- ----- ----- --------· 

149 COLOR(PLATINUM-CORALT UNITS>· 
RAW WATER 0 0 2 0 ~ 

OXID. INF 0 0 3 0 A 
AERATION INF 0 0 3 0 c; 
FINAL EFF 0 0 6 0 1 f, 

1 s l coo (MG/LJTE.R) 
OXIO. INF 0 0 3 0 1 Ac; 
AEHATION INF 0 0 3 0 2?.0 
FINAL fFF 0 0 6 0 4,., 
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APPENDIX B 

GLOSSARY OF PULP AND PAPERMAKING TERMS 

Abaca - A variety of plantain or banana native of the Philippine Islands. 
Fiber is prepared from the outer sheath of the stems. Principal usage is 
marine cordage. Also used for rope, papers, teabags, etc. 

Active Alkali - A measure of the strength of alkaline pulping liquor indicat
ing the sum of caustic soda and sodium sulfide expressed as Na..?_O. 

Activated Sludge Process - The process of using biologically active sewage 
sludge to hasten breakdown of organic matter in raw sewage during secondary 
waste treatment. 

Aeration - The process of being supplied or impregnated with air. Aeration is 
used in wastewater treatment to foster biological and chemical purification. 

Air Dry (AD) Ton - Measurement of production including a moisture content of 
10 percent by weight. 

Alkali - NaOH + Na20, expressed as Na20 in alkaline cooking liquors. 

Ash - The inorganic residue remaining after burning a piece of pulp or paper. 

Available Chlorine - The oxidizing power of a bleaching agent expressed in 
terms of elemental chlorine. 

Bagasse Crushed stalks of sugarcane after the sugar has been removed. 

Bag Paper - Paper used in making grocers bags or sacks. 

Bale - A standard bale of waste paper is 72 in. long, 32 in. wide, and 28 in. 
deep, with a content of about 37 cubic feet and weighing 900 to 1,000 lbs. The 
size and weight may vary with the grade of paper. A bale of pulp varies in 
weight from 400 to 500 lbs and is approximately 30x30xl3 in. in size. A bale 
of rags varies in weight from 700 to 1, 300 lbs and wil 1 vary in dimensions 
according to the press used. Typical dimensions are 26x30x72 in., 26x42x72 
in., or 26x52x54 in. A bale of bags weighs 61 to 62 lbs. 

Barometric Leg or Drop Leg - A pipe drawing water from a decker or similar 
piece of equipment discharging below the surface of the water in a receiving 
tank. A syphon action is created thus drawing a vacuum on the decker. 

Bark - The protective covering of a tree. 

Barker - A piece of equipment designed to remove the bark from a log. 

Barking - The operation of removing bark from pulpwood prior to processing. 
This is carried out by means of a knife, drum, mechanical abrasion, hydraulic 
barker, or by chemical means. 
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Basis Weight - The weight of a sheet of paper of a given area. It is effected 
by the density and thickness of the sheet. 

Beater - A machine consisting of a tank or "tub", usually with a partition or 
"midfeather", and containing a heavy roll revolving against a bedplate. Both 
roll and bedplate may conta.in horizontal metal bars set on edge. Pulp or 
waste papers are put into the tub of the beater and water added so that the 
mass may circulate and pass be tween the roll and the bedp late. This action 
separates the material and frees the fibers preparatory to further processing. 
Fillers, dyestuffs, and sizing materials may be added to the beater and thus 
incorporated with the paper stock. Many modifications in design have been 
developed without changing the basic principles. See also Refiner. 

Biological Oxidation - The process by which bacterial and other microorganisms 
feed on complex organic materials and decompose them. Self-purification of 
waterways and activated sludge, and trickling filter wastewater treatment 
processes depend on this principle. The process is also called biochemical 
oxidation. 

Black Liquor - The used cooking liquor recovered from the digester. It may 
also be referred to as spent cooking liquor. Strong black liquor refers to 
the liquor after it has been concentrated by an evaporator to a level suitable 
for combustion. Prior to evaporation, it is referred to as weak black liquor. 

Bleaching - The brightening and delignification of pulp by the addition of 
oxidizing chemicals such as chlorine or reducing chemicals such as sodium 
hypochlorite. 

Blow - Ejection of the chips from a digester, or waste solids from a boiler. 

Blowdown - The liquid and solid waste materials ejected from a pressure vessel 
such as a boiler. 

Biochemical Oxygen Demand (BODS) - Quantity of dissolved oxygen utilized in 
the biochemical oxidation of organic matter in a specified time (5 days) and 
at a specified temperature. It is not related to the oxygen requirements in 
chemical combustion, being determined entirely by the availability of the 
material as a biological load and by the amount of oxygen utilized by the 
microorganisms during oxidation. 

Boil-out - A procedure, usually utilizing heat and chemicals, to clean equip
ment such as evaporators, heat-exchangers, and pipelines. 

Bone Dry - See Oven Dry. 

Break - A term used to denote a complete rupture of a web of paper or paper
board during manufacture or some subsequent operation which utilizes rolls of 
paper. 

Breaker Stack - Two rolls, one above the other, placed in the dryer section of 
a papermachine to compact the sheet and smooth out its surface defects. 
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Breast Roll - A large diameter roll around which the fourdrinier wire passe~. 
at the machine headbox, just at or ahead of the point where the stock ~ 
admitted to the wire by the stock inlet. The roll is covered with corrosion..: 
resistant metal or fiberglass and is usually driven by the fourdrinier wire. 

Brightness - As commonly used in the paper industry, the reflectivity of a 
sheet of pulp, paper or paperboard for specified light measured under stand
ardized conditions. 

Broke - Partly or completely manufactured paper that does not leave the ma
chine room as salable paper or paperboard; also paper damaged in finishing 
operations such as rewinding rolls, cutting, and trimming. 

Brown Stock - Pulp usually kraft or groundwood not yet bleached or treated 
other than in the pulping process. 

"C" Stage - An abbreviation for the chlorination stage of bleaching. 

Calcium Hypochlorite - A chemical commonly used in the paper industry for 
bleaching pulp, and in water treatment as a germicide. 

Calender Stack - Two or more adjacent and -revolving rolls which provide even 
thickness control of the sheet and the final finishing of its surface. 

Causticizing - Process of making white liquor from green liquor by addition of 
slaked lime. Most Na2COl is thereby converted to NaOH. 

Capacity - Production of a unit usually in tons per day. 

Cellulose - The fibrous constituent of trees which is the principal raw mate
rial of paper and paperboard. 

Chemical Wood Pulp - Pulp obtained by digestion of wood with solutions of 
various chemicals. The principal chemical processes are the sulfite, sulfate 
(kraft), and soda processes. 

Chest (or Stock Chest) - A tank used for storage of wet fiber or furnish. 

Chips - Small pieces of wood used to make pulp. 

Chipper - A machine consisting essentially of a revolving disk equipped with 
heavy radially-arranged knives, which cuts pulpwood and sawmill waste into 
slices or chips, diagonal to the grain. 

Clay - In general, a natural, earthy, fine-grained material which develops 
plasticity when wetted, but is hard when baked or fired. Used as filler and 
coating paper sheets. 

Cleaner - A device which creates a cyclone effect to remove dirt and other 
rejects from pulp using the differences in density to aid in separation. 
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Chlorine Dioxide - A chemical Cl02 used in pulp bleaching as a water solution, 
usually in one or more of the latter stages of a multistage sequence. It is 
prepared by a variety of processes at the plant site usually from sodium 
chlorate, acid, and a reduc~ng agent. 

Clarifier - In wastewater treatment, a settling tank which mechanically· re
moves settleable solids from wastewater. 

Coated - A term applied to paper and paperboard, the surface of which has been 
treated with clay or some other pigment and adhesive mixture or other suitable 
material, to improve the finish with respect to printing quality, color, 
smoothness, opacity, or other surface properties. The term is also applied to 
lacquered and varnished papers. 

Chemical Oxygen Demand (COD) - Amount of oxygen required to meet chemical 
requirements as well as BOD. 

Color - Refers to standard APHA Platinum Cabal t Test, using standards for 
color intensity of water samples. Commonly, standards are prepared at various 
concentrations which later may be referenced as units of color, derived from 
flow and concentration standard. 

Color Unit - A measure of color concentration in water using NCASI methods. 

Color Plant - The portion of a fine papermill where pulp is dyed or colored 
prior to being made into paper. 

Consistency The percentage, by weight, of air dry (or oven dry) fibrous 
material in a stock or stock suspension. It is also called density or concen
tration. 

Converting - Any operation in which paper is made into a product, not neces
sarily the final product to be made. 

Cooking - Heating of wood, water, and chemicals in a closed vessel under 
pressure to a temperature sufficient to separate the fibrous portion of wood 
by dissolving lignin and other nonfibrous constituents. 

Cooking Liquor - The mixture of chemicals and water used to dissolve lignin in 
wood chips. 

Cord A term used in the measurement of pulpwood. The usual definition is a 
pile 8 ft long, 4 ft wide, and 4 ft high, containing 128 cubic feet. See also 
Cunit. 

Cotton Linters - Short fibers surrounding the cotton seed. 

Couch Pit - A pit or catch basin located under the couch roll on a fourdrinier 
machine to receive water removed at the couch or wet broke in case of a wet 
end break. 
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Couch Roll - This term refers to a roll primarily involved in dewatering and 
picking off, or couching, of the newly formed paper web from the wire on which 
it was formed and partially dewa tered. The couch roll is involved in the 
transfer of the web to the wet press felt for further dewatering. 

Countercurrent Washing - Refers to a method of washing used on the bleach 
plant or brownstock washers where fresh water is applied on the last stage 
showers, and the effluent from each stage is used on the washer showers of the 
preceding stage. A variation used in the bleach plant is jump stage counter
current washing. In this method fresh water is used on the last two stages. 
Then the filtrates from the acid stages are used on the preceding acid stage, 
and the filtrate from the final alkaline stage is used on the preceding alka
line stage. 

Cunit - A term used for the measurement of pulpwood. It consists of 100 solid 
cubic feet of unbarked wood. In magnitude it corresponds quite closely to the 
cord. 

Cylinder Ma.chine - One of the principal types of papermaking machines, charac
terized by the use of wire-covered cylinders or molds on which a web is 
formed. These cylinders are partially immersed and rotated in vats containing 
a dilute stock suspension. The pulp fibers are formed into a sheet on· the 
mold as the water drains through and passes out at the ends of the cylinders. 
The wet sheet is couched off the cylinder onto a felt, which is held against 
the cylinder by a couch roll. A cylinder machine may consist of one or several 
cylinders, each supplied with the same or different kinds of stock. In the 
case of a multicylinder machine, the webs are successively couched one upon 
the other before entering the press section. This permits wide variation in 
thickness or weight of the finished sheet, as well as a variation in the kind 
of stock used for the different layers of the sheet. 

"D" Stage - This is an abbreviation for the chlorine dioxide stage. 

"DC" Stage - A stage where chlorine dioxide and chlorine are applied sequen
tially. 

Decker - A piece of equipment commonly used to thicken pulp. It consists of a 
wire covered drum in a pulp vat. A vacuum is applied to the center of the 
drum, commonly by a barometric leg, to pull water out of the stock slurry. 

Deckle - 1) In handmade papermaking, the removable rectangular wooden frame 
that forms the raised edge to the wire cloth of the mold and holds the stock 
suspension on the wire. 2) On a fourdrinier papermaking machine, the sta
tionary on the sides of the wire which keeps the stock suspension from flowing 
over the edges of the wire. The stationary deckle arrangement is a mechanical 
device for holding a thin and flexible strip of rubber or equivalent material 
on top of the wire and just inside the wire width. This rubber strip re
stricts the pond or sheet to a chosen width during the period of sheet forma
tion and, therefore, varies in its length on different machines. 

De flaker - A high-speed mixing and agitating machine through which a fibrous 
stock suspension in water is pumped to obtain complete separation and <lisper-
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sion of each individual fiber, and break up of any fiber lumps, knots, or bits 
of undefibered paper. An important design feature is to eliminate any chance 
for material to slip through without getting full exposure to the areas of 
maximum agitation or hydraulic shear. Since there is ordinarily no contact 
between working surf aces in a de flaker to direc.tly rub or cut fibers, it is 
not classified as a refiner though it does do some mild work on the fibers. 
See Refiner. 

Deinking - The operation of reclaiming fiber from waste paper by removing ink, 
coloring materials, and fillers. 

"'---~ .... -- T.T-~_L.._ --- .... -~ ... ---1 .... -- T\---~ ..... -1...- .... 1.J --+ \...- ---~ ..... ,....J -r . ...i+h -----
U't::Ll::i.LLy - vn::..L~UL. ~t::L UU..LL VV.Luwc. J .. n:u:>.L.L.] i>UVU..1.U UUI.. Lil; '-VU.LU~t;;\,,I. W.L.t.U 1-'v~v-

sity. 

Diffusion Washing - Washing pulps with an open ended vessel by diffusing or 
passing the wash media through the pulp mass. 

Digester - The vessel used to treat pulpwood, straw, rags or other such cellu
losic materials with chemicals to produce pulp. The vessel is usually built 
to withstand elevated pressures and is made of materials designed to resist 
the chemical action of the cooking process. It may be cylindrical or spher
ical in shape. It may be designed for batch operation with discharge at the 
conclusion of a final cycle by release of internal pressure through a valved 
port, or by dumping. It may also be built for continuous operation by pro
viding a means to transporting the raw material and cooking chemical from a· 
fixed point at the charging end of the digester to the discharging end. 

Dirt - Any foreign matter embodied in a sheet of paper, paperboard, or pulp 
which has a marked contrasting color to the rest of the material when viewed 
by reflected or transmitted light. In paper it is generally determined by 
reference to a standard dirt chart. 

Disk Refiner - A motor-driven refiner whose working elements consist of one or 
more matched pairs of disks having a pattern of ribs machined into their faces 
and arranged so that one disk of the pair is rotated. The other disk is 
usually stationary, but may be driven in the opposite direction of rotation. 
Precision controls are provided for adjusting the clearance between the disk 
faces and applying pressure between them. The disks are enclosed in a case 
arranged so that a suspension of paper stock can be pumped in and caused to 
flow radially from the center out, or vice versa, between the rapidly moving 
ribbed surfaces of the disks, thus resulting in refining. The refining action 
on the fiber materiai is dependent upon such variables as pressure between the 
two disks, the exact pattern of ribs on the disks, speed of rotation, and 
consistency of the pulp suspension. 

Dissolved Oxygen - Amount of oxygen, expressed in parts per million, dissolved 
in water. 

Dissolved Solids - The total amount of dissolved material, organic and in
organic, contained. in water or wastes. Excessive dissolved solids make water 
unpalatable for drinking and unsuitable for industrial use. 
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Dissolving Pulp - A special grade of chemical pulp made from wood or cotton 
linters for use in the manufacture of regenerated cellulose (viscose rayon and 
cellophane) or cellulose derivatives such as acetate, nitrate, etc. 

Doctor - A thin plate or scraper of wood, metal, or other hard substance 
placed along the entire length of a roll or cylinder to keep it free from the 

·paper, pulp, size, etc., and thus maintain a smooth, clean surface. 

Dregs - The inert rejects from the green liquor clarifier of a pulp mill. 

Dregs Washer - A piece of equipment used to wash the green liquor (Na2C01) off 
the dregs prior to their disposal. 

Dry End - The mill term for the drying section of the papermachine, consisting 
mainly of the driers, calenders, reels, and slitters. 

"E" Stage - An abbreviation for the caustic extraction stage of the bleaching 
sequence. 

Evaporators - Process equipment used to concentrate spent pulping liquors 
prior to burning. Usually three to seven are operated in a series. 

Extended Aeration - A modification of the activated sludge process that em
ploys aeration periods of 18 hours or more. 

Extraction Water - Water removed during a pulp manufacturing process. 

Felt - The endless belt of wood or plastic used to convey and dewater the 
sheet during the papermaking process. 

Fiber - The cel lulosic portion of the tree used to make pulp, paper, and 
paperboard. 

Filler - 1) A material, generally nonf ibrous, added· to the fiber furnish of 
paper, 2) In paperboard, the inner ply or plies of a multiple layer product. 

Fines - Very short pulp fibers or fiber fragments and ray cells. They are 
sometimes referred to as flour or wood flour. 

Finishing - The various operations in the manufacture and packaging of paper 
performed after it leaves the papermachine. Finishing operations include 
supercalendering, plating, slitting, rewinding, sheeting, trimming, sorting, 
counting, and packaging. Ruling, punching, pasting, folding, and embossing 
are also sometimes considered as finishing operations. 

Flour - 1) A term applied to the fine fibers or fiber fragments of a pulp. 
They are also known as fines. 2) Wood flour is derived by grinding or milling 
waste wood. The fine, dust-like material is used as a filler in coarse pro
ducts. 

Flume - A sloped trough with water flowing through used to transfer pulpwood 
from one point to another. 
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Fourdrinier Machine - The fourdrinier machine, named after its sponsor, with 
its modifications and the Cylinder machine comprise the machines normally 
employed in the manufacture of all grades of paper and paperboard. The four
drinier machine, for descriptive purposes, may be divided into four sections, 
the wet end, the press section, the drier section, and the calendar section. 

Freeness - A measure of the rate with which water drains from a stock suspen
sion through a wire mesh screen or a perforated plate. It is also known as 
slowness or wetness, according to the type of instrument used in its measure
ment and the method of reporting results. 

Furnish - The mixture of fibers and chemicals used to manufacture paper. 

Gland - A device utilizing a soft wear-resistant material used to minimize 
leakage between a rotating shaft and the stationary portion of a vessel such 
as a pump. 

Gland Water - Water used to lubricate a gland. Sometimes cal led "packing 
water". 

Grade - The type of pulp or paper product manufactured. 

Green Liquor - Liquor made by dissolving the smelt from the recovery furnace 
in water and weak liquor preparatory to causticizing. 

Green Liquor Clarifier - A piece of equipment used to separate the dregs from 
the green liquor, al lowing recovery of the green liquor for processing into 
white "cooking" liquor. 

Grinder - A machine for producing mechanical wood pulp or groundwood. It is 
essentially a rotating pulpstone against which logs are pressed and reduced to 
pulp. 

Grits - Unreactive materials, generally inherent in lime, mechanically removed 
from the causticizing of kraft and soda green liquor, and disposed of as solid 
waste. 

Groundwood Papers - A general term applied to a variety of papers, other than 
standard newsprint, made with substantial proportions of mechanical wood pulp 
together with chemical wood pulps, and used mainly for printing and converting 
purposes. 

"H" Stage - Abbreviation for the hypochlorite stage of bleaching. 

Hardwood - A term applied to wood obtained from trees of the angio-sperm 
class. The hardwoods are obtained from dicotyledonous trees such as birch, 
gum, maple, oak, and poplar. The leaves are broad except in rare instances 
and are usually deciduous in the temperate zones. The seeds are enclosed in a 
fruit which is either fleshy or dry at maturity. Hardwoods are also desig
nated as porous woods. 
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Headbox - The area of the papermachine that uniformly spreads and distributes 
the dilute stock suspension and from which the stock flows through a slice 
onto the wire. 

Impregnation - 1) The process of treating a sheet or web of paper or paper
board with a liquid. This may be a molten material such as hot asphalt or 
wax, a solution of some material in a volatile solvent, or a liquid such as an 
oil. Pressure may or may not be used in the operation. 2) A term used to 
describe a treatment in which fibrous raw materials are infused with a chem
ical solution prior to a digesting or fiberizing process. Sometimes cal led 
pre-impregnation. 

Integrated - A term used to describe a pulp and papermill operation in which 
all or some of the pulp is processed into paper at the mill. 

Jackladder - An inclined conveyor, usually chain, for moving logs to a higher 
elevation in the woodroom. Generally used to bring the logs to a debarker. 

Jordan - A refiner whose working elements consist of a conical plug rotating 
in a matching conical shell. The outside of the plug and the inside of the 
shell are furnished with knives or bars commonly called tackle. In operation, 
the rotating conical plug is pushed into the shell to press against the shell 
knives or bars, and gives a macerating action on the fibrous material in water 
suspension that is passed between them. Stock is usually introduced into the 
small end of the jordan and withdrawn from the large end, though it may also 
be pumped through in the other direction. 

Kappa Numbers - The permanganate number of a pulp measured under controlled 
conditions and corrected to be the equivalent of 50 percent consumption of the 
permanganate solution in contact with the specimen. It gives the degree of 
delignification of pulp through a wider range than does the older permanganate 
number test. 

Kiln - A piece of equipment used to burn lime and calcium carbonate to produce 
CaO, which is used again with green liquor to form white liquor. 

Knots - An imperfection in paper or lumps in paper stock resulting from: 1) 
incompletely defibered textile materials; the term applies especially to rag 
paper manufacture; 2) small undefibered clusters of wood pulp; and 3) the 
basal portion of a branch or limb which has become incorporated in the body of 
the tree. 

Knotter - A mechanical device, usually a screen for removing knots from wood 
pulp. 

Kraft - A term descriptive of the (alkaline) sulfate pulping process, the 
resulting pulp, and paper or paperboard made therefrom. 

Lap - See wet lap. 

Lignin - A non-degradable organic compound of wood which is removed during 
pulping. 

B-9 



Linerboard - A paperboard made on a fourdrinier or cylinder machine and used 
as the facing material in the production of corrugated and solid fiber ship
ping containers. Linerboard is usually classified according to furnish and 
method of wet formation, as for example fourdrinier kraft linerboard, cylinder 
kraft linerboard, jute linerboard. 

Mathieson Process - A process of producing chlorine dioxide, using so
2 

as a 
reducing agent. 

Mechanical Pulp - Pulp produced by physical means without the use of chemicals 
or heat, often referred to as groundwood. 

Molded Pulp Products - Contoured products such as egg packaging items, food 
trays, plates, bottle protectors, etc., made by depositing fibers from a pulp 
slurry onto a forming mold of the contour and shape desired in the product. 
To achieve fiber deposition, either pressure or vacuum may be applied to the 
pulp slurry. 

Mud Filter A piece of equipment used to thicken and wash lime mud prior to 
burning it in the lime kiln. 

Mud Washer - A piece of equipment used to wash the sodium. base chemicals from 
the lime mud prior to burning it in the lime kiln. The filtrate from this 
process is called weak wash, and is used for smelt dissolving. 

NCASI - National Council of the paper industry for Air and Stream Improvement. 
An organization of the pulp and paper industry concerning itself with environ
mental affairs pertaining to the industry. 

Newsprint - Paper, made largely from groundwood pulp with a small percentage 
of chemical pulp added for strength, used chiefly in the printing of news
papers. 

Nip - The point at which two adjacent rolls come together. 

Neutral Sulfite Semi-Chemical Pulp - (NSSC) - Usually made from hardwoods, 
al though softwoods which are low in resin content can also be used. The 
active cooking agent is sodium sulfite with sufficient sodium carbonate added 
to ensure that the cooking liquor remains slightly alkaline until blown. When 
pulping for bleachable grades, the cooking is carried out to a yield in the 
range of 62 to 68 percent. For unbleached grades, yields as high as 75 to 80 
percent may be attained. Higher yield pulps, which account for the major NSSC 
production, are notable for their stiffness and have wide application in 
corrugating medium. 

Nutrients - Elements, or compounds, essential as raw materials for organism 
growth and development (as in activated sludge process). 

Oven Dry. - Containing no moisture. A pulp or paper which has been dried to a 
constant weight at a temperature of 100 to 105°C (212 to 221°F). 
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Oxidation Pond - A man-made pond in which organic wastes are reduced by bac
terial action. Often oxygen is bubbled through the pond to speed the process. 

Paper - 1) (General term). The name for all kinds of matted or felted sheets 
of fiber (usually vegetable, but sometimes mineral, animal or synthetic) 
formed on a fine screen from a water suspension. Paper derives its name from 
papyrus, a sheet made by pasting together thin sections of an Egyptian reed 
(Cyperus papyrus) and used in ancient times as a writing material. 2) (Spe
cific term). One of the two broad subdivisions of paper (general term), the 
other being paperboard. The distinction between paper and paperboard is not 
sharp but, generally speaking, paper is lighter in basis weight, thinner, and 
more flexible than paperboard. Its largest uses are for printing, writing, 
wrapping, and sanitary purposes, although it is also employed for a very wide 
variety of other use·s. 

Paperboard - One of the two broad subdivisions of paper products. Paperboard 
is heavier in basis weight, thicker, and more rigid than paper. In general, 
all sheets 12 points (0.012 in.) or more in thickness are classified as paper
board. Tiiere are a number of exceptions based upon traditional nomenclature. 
For example, blotting paper, felts, and drawing paper in excess of 12 points 
are classified as paper while corrugating medium, chipboard, and linerboard 
less than 12 points are classified as paperboard. Paperboard is made from a 
wide variety of furnishes on a number of types of machines, principally cylin
der and fourdrinier. The broad classes are: 1) container board, which is 
used for corrugated cartons; 2) boxboard which is further divided into, a) 
Folding boxboard, b) special food board, and c) setup boxboard; and 3) all 
other special types such as automobile board, building board, etc. 

Permanganate Number (K-No.) - This method (T-214-TAPPI Std.) is used to deter
mine the relative "hardness" or bleach requirements of pulp. With suitable 
modification it may be used for most types of chemical pulps. By definition 
it is the number of milliliters of 0.1 N potassium permanganate solution 
absorbed by l gram of moisture-free pulp under specified control conditions. 

Peroxide - A chemical used in bleaching of wood pulps, usually groundwood 
pulps. 

Precipitators - Equipment used to remove ash and other fine solids from gases 
exiting the boilers and furnaces in a mill. 

Prehydrolysis - Pre-steaming of chips in the digester prior to cooking; usu
ally associated with improved bleaching of kraft pulps. 

Press - In a papermachine a pair of rolls between which the paper web is 
passed for one of the following reasons: 1) water removal at the wet press; 
2) smoothing and leveling of the sheet surface at the smoothing press; and 3) 
application of surface treatments to the sheet at the size press. 

Pulp - Cellulosic fibers after conversion from wood chips. 

Pulper - A mechanical device resembling a large-scale kitchen blender used to 
separate fiber bundles in the presence of water prior to papermaking. 
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Pulping - The operation of reducing a cellulosic raw material, such as pulp
wood, rags, straw, reclaimed paper, etc., into a pulp suitable for paper
making. 

Pulpwood - Those woods which are suitable for the manufacture of chemical or 
mechanical wood pulp. The wood may be in the form of logs as they come from 
the forest or cut into shorter lengths suitable for the chipper or the 
grinder. 

Ray Cells - Cells which carry stored food (protein, starch, and fats) from the 
bark to the wood of a tree and appear as impurities in the pulping process, 
especially unbleached operations. 

Recovery Furnace or Recovery Boiler - A boiler which burns the strong black 
liquor. The organic material in the liquor is burned off, and the cooking 
chemical is recovered from the molten smelt after dissolving in water or weak 
wash liquors. 

Red Stock - Sulfite pulp after the pulping process, prior to other treatments, 
such as bleaching. 

Reel - 1) A term applied to the untrimmed roll of paper of full machine width 
wound on a large shaft at the dry end of the papermachine. 2) The shaft on 
which the paper is first wound when it leaves the driers. 3) A term for the 
operation of winding paper into a reel. 

Refiner - A machine used to rub, macerate, bruise, and cut fibrous material, 
usually cellulose, in water suspension to convert the raw fiber into a form 
suitable for formation into a web of desired characteristics on a paperma
chine. The many types of refiners differ in size and design features but most 
can be classified as either jordans or disk refiners. Beaters are not usually 
referred to as refiners, although in a broad sense they serve a similar func
tion. Refiners may be used in various combinations of types and numbers of 
units depending on the type of stock to be treated and the capacity required. 
See also Deflaker, Disk Refiner, Jordan. 

Refining - A general term applied to several operations, all of which involve 
the mechanical treatment of pulp in a water suspension to develop the neces
sary paperm.aking properties of the fibers and to cut the fibers to the desired 
length distribution. See Refiner. 

Rejects - Material unsuitable for pulp or papermaking which has been separated 
in the manufacturing process. 

Repulping - The operation of rewetting and fiberizing pulp or paper for sub
sequent sheet formation. See also Pulper. 

Rewinder - See Winder. The term rewinder is often used for the winder in the 
finishing room, distinguishing it from the winder which follows the slitter at 
the end of the papermachi~e. 
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Rewinding - The operation of winding the paper accumulated on the reel of 
papermachine onto a core to give a tightly wound roll suitable for shipping or 
for use in the finishing or converting department. During rewinding, defec
tive paper in the reel is usually removed and breaks in the sheet are spliced 
and marked. 

Roundwood - Logs as received in the woodyard. The logs can be any length and 
usually have not been debarked. 

Sal tcake Loss - The loss of cooking chemical from the kraft cycle, primarily 
at the brownstock washers or screen room. 

Save al 1 - A mechanical device used to recover papermaking fibers and other 
suspended solids from a wastewater or process stream. 

Screening - 1) The operation of passing chips over screens to remove sawdust, 
slivers and oversize chips. 2) The operation of passing pulp or paper stock 
through a screen to reject coarse fibers, slivers, shives, knots, etc. 

Scrubbers - Equipment for removing noxious gases from the exhaust of certain 
areas in the mill, such as the bleachery or washers. Generally a scrubber 
consists of a tower with water or some fluid flowing down through the tower 
while the gases are flowing up. Contact of the two phases causes the noxious 
gas to be absorbed by the fluid. 

Sheet - A term used extensively in the paper industry meaning: 1) A single 
piece of pulp, paper or paperboard. 2) The continuous web of paper as it is 
being manufactured. 3) A general term for a paper or paperboard in any form 
and in any quantity which, when used with appropriate modifying words, indi
cates with varying degrees of specificity, attributes of the product such as 
quality, class, use, grade, or physical properties. Examples: a bright sheet, 
a kraft sheet, a folding boxboard sheet. 4) To cut paper or paperboard into 
sheets of desired size from roll or web. 

Shive - A bundle of incompletely separated fibers which may appear in the 
finished sheet as an imperfection. 

Showers - 1) On stock or pulp washers and deckers, showers are used to wash 
chemicals off the stock; 2) on the papermachine, showers are used to clean 
stock and filler off the wire, felts, and rolls in the machine. 

Side-Hil 1 Screens - Steeply sloped screens usually used to remove some water 
from suspensions of stock or other solids while retaining the solid on the 
screen surface. The water remaining with the solids washes the solids down 
the screen to a receiving tank. 

Size - Any material used in the internal sizing or surface sizing of paper and 
paperboard. Typical agents are rosin, glue and gelatin, starch, modified 
celluloses, synthetic resins, latices, waxes, etc. 

Sizing - 1) Relates to a property of paper resulting from an alteration of 
fiber surface characteristics. In terms of internal sizing it is a measure of 
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the resistance to the penetration of water and various liquids. In terms of 
surface s~zing it relates to the increase of such properties as water resis
tance, abrasion resistance, abrasiveness, creasibility, finish, smoothness, 
surface bonding strength, printability, and the decrease of porosity and 
surf ace fuzz. 2) The addition of materials to a papermaking furnish or the 
application of materials to the surface of paper and paperboard to provide 
resistance to liquid penetration and, in the case of surface sizing, to affect 
one or more of the properties listed in 1). 

Slasher - A saw or set of saws used to cut long logs to desired length. 

Slitter - A set of knives used to slit a reel of paper into the desired widths 
as the reel is rewound. 

Sludge - Semi-fluid mixture of fine solid particles with a liquid. May con
tain fibrous and filler materials, and/or biological solids. 

Slurry - A suspension of solid particles in a liquid. 

Smelt - The molten inorganic cooking chemicals from the recovery boiler. The 
smelt is dissolved in the smelt tank with weak wash to form green liquor. 

Softwood - The softwoods, otherwise known as coniferous woods, come from 
coniferous trees such as pines, spruces, and hemlocks. 

Spent Cooking Liquor - Cooking liquor after digestion containing lignaceous, 
as well as chemical, materials. 

Stock - 1) Pulp which has been beaten and refined, treated with sizing, color, 
filler, etc. and which after dilution is ready to be formed into a sheet of 
paper. 2) Wet pulp of any type at any stage in the manufacturing process. 3) 
Paper in inventory or in storage. 4) Paper or other material to be printed, 
especially the paper for a particular piece of work. 5) A term used to des
cribe a paper suitable for the indicated use, such as coating raw stock, milk 
carton stock, tag stock, towel stock, etc. 

Stock Preparation - A term for the several operations which occur between 
pulping (or bleaching) and formation of the web on a papermachine. It may 
include for example, repulping, beating, refining, cleaning, etc. 

Stuff Box - A flow leveling device prior to the headbox of a papermachine. An 
excess of stock is pumped into a tank with a divider. The excess flows over 
the divider thus maintaining a constant level behind the divider to flow to 
the papermachine. 

Suction Box - A rectangular box with holes or slots on its top surface, used 
to suck water out of a felt or paper sheet by the application of vacuum. 

Suction Couch Roll - A rotating roll containing holes through which water is 
sucked out of a paper sheet on a fourdrinier machine by the application of 
vacuum. 

B-14 



Suction Press Roll - A rubber-covered perforated roll usually with a bronze or 
stainless steel shell equipped with an inside suction box. It is used as one 
of a pair of rolls, the second being a solid roll. The wet paper is carried 
through the nip of these rolls on an endless wet felt, which further reduces 
the water content. 

Sulfidity 
liquor. It 
alkali. 

Sulfidity is a measure of the amount of sulfur in kraft cooking 
is the percentage ratio of NaS, expressed as NaO, to active 

Suspended· Solids (TSS) - Smal 1 particles of solid pollutants in sewage that 
contribute to turbidity and that resist separation by conventional means. The 
examination of suspended solids and the BOD 5 test constitute the two main 
determinations for water quality performed at-mills and wastewater treatment 
facilities. 

Unbleached - A term applied to paper or pulp which has not been treated with 
bleaching agents. 

Unit - A term most frequently used in the southern states in the measurement 
of pulpwood. It refers to a pile of wood 8 ft long, S ft wide, and 4 ft high, 
containing 160 cubic feet, or 25 percent more volume than one Cord. 

Vacuum Pump - A pump used to create suction on such equipment as the suction 
box, couch roll, or suction press roll. 

Virgin Wood Pulp - Pulp made from wood, as contrasted to waste paper sources 
of fiber. 

Washer - A piece of equipment usually either a decker type or side hill screen 
type equipped with showers to wash chemicals from pulp stock or reject solids. 

Waste Paper - A general term used to specify various recognized grades such as 
No. 1 news, new kraft corrugated cuttings, old corrugated containers, manila 
tabulating cards, coated soft white shavings, etc. It is used as a principal 
ingredient in the manufacture of certain types of paperboard, particularly 
boxboard made on cylinder machines where the lower grades may go into filler 
stock, and the higher grades into one or both liners. Selected grades are 
also used in the manufacture of various papers. 

Weak Green Liquor - The wash water from the dregs washer which may be reused 
elsewhere in the recovery process, commonly on the mud washer. 

Weak Wash - The wash water from the mud washer. It may also be cal led weak 
white liquor. 

Web - The sheet of paper coming from the papermachine in its full width or 
from a roll of paper in any converting operation. 

Wet Broke - The undried waste stock taken off the papermachine at the presses 
or before entering the driers. See also Broke. 
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Wet End - That portion of the papermachine between the headbox and the drier 
section. See Fourdrinier machine. 

Wet Laps - Rolls or sheets of pulp of 30 to 45 percent consistency prepared in 
a process similar to papermaking; facilitates transportation of market pulp. 

Wet Lap Machine - A machine used to form pulp into thick rough sheets suffi
ciently dry to permit handling and folding into bundles (laps) convenient for 
storage or transportation. 

Wet Press - The dewa tering unit used on a papermachine be tween the sheet
f orming equipment and the drier section. It applies pressure, or a combina
tion of pressure and suction, to the sheet to remove as much water as prac
tical from the sheet ahead of the driers. It consists of two or more pressure 
nips in various design arrangements. Each nip is formed by a pair of heavy 
rolls running against each other with provision for controlling the pressure 
to provide a graduated increase in pressure for each successive unit. One 
roll of each pair is usually rubber covered and may be perforated and fitted 
with an internal suction box for water removal at the nip by vacuum. The wet 
web is transported through the nip of each wet press unit on a felt which is 
bulky and porous to absorb water from the sheet under pressure, and allow this 
water to drain away or be removed by vacuum . 

. Wet Strength Additives - Chemicals such as urea and melanine formaldehydes 
used in papermaking to impart strength to papers used in wet applications. 

White Liquor - The name applied to liquor made by caus ticizing green liquor. 
White liquors are used in the digesters for cooking wood chips. (Alkaline 
processes) 

Whitewater - A general term for all papermill waters which have been separated 
from the stock or pulp suspension, either on the papermachine or accessory 
equipment, such as thickeners, washers, and savealls, and also from pulp 
grinders. It carries a certain amount of fiber and may contain varying 
amounts of fillers, dyestuffs, etc. 

Winder - 1) The machine which winds into rolls the paper coming from the 
papennachine reel. 2) The machine which rewinds into rolls the paper coming 
from a papermachine winder. The paper may be slit in the rewinding process. 
See also Reel. 

Wire - An endless moving belt made of metal or plastic, resembling a window 
screen, upon which a sheet of paper is formed on a fourdrinier machine. 

Wire Pit - A pit under the wire of a fourdrinier machine. It receives some of 
the water drained or pulled out of the sheet through the wire and shower water 
spray. 

Wood Flour - Finely ground wood or fine sawdust used chiefly as a filler in 
plastics, linoleum, etc., and an absorbent in dynamite. 
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Wood Pulp - A virgin or secondary stock derived from wood. 

Woodroom - The area of a pulp mill that handles the barking, washing, and 
chipping or grinding of logs. Purchased chips are also processed through the 
wood room. 

Woodyard - The area of a mill where roundwood is received and stored prior to 
transport to the woodroom. 

Yankee Machine - A papermachine using one large steam-heated drying cylinder 
for drying the sheet, instead of many smaller ones. Commonly used for manu
facturing tissue. 
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