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ABSTRACT 

This document presents the findings of a study of the pulp, paper, and 
paperboard and the builders' paper and board mills point source 
categories. The purpose of this study was to develop effluent 
limitations guidelines for existing and new point sources and to 
establish pretreatment standards for existing and new dischargers to 
publicly owned treatment works. These regulations were promulgated in 
October of 1982 under the authority of Sections 301, 304, 306, 307, 
308, and 501 of the Clean Water Act (the Federal Water Pollution 
Control Act Amendments of 1972, 33 USC 1251 et seq., as amended by the 
Clean Water Act of 1977, P.L. 95-217 (the ttAct'')) and in response to 
the Settlement Agreement in Natural Resources Defense Council, Inc. v. 
Train, 8 ERC 2120 (D.D.C. 1976), modified, 12 ERC 1833 (D.D.C. 1979). 

The information presented in this document supports the following 
promulgated regulations: best practicable control technology currently 
available (BPT), best available technology economically achievable 
(BAT), new source performance standards (NSPS), and pretreatment 
standards for new and existing sources (PSNS and PSES) for the pulp, 
paper, and paperboard and the builders' paper and board mills point 
source categories. In this report, information is presented on data 
gathering efforts, subcategorization, water use, pollutant parameters, 
control and treatment technologies, development of regulatory options, 
cost and non-water quality considerations, and the methodology for 
development of effluent limitations. 
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SECTION I 

CONCLUSIONS 

SUBCATEGORIZATION 

For the purpose of establishing best practicable control technology 
currently available (BPT) effluent limitations, best available 
technology economically achievable (BAT) effluent limitations, new 
source performance standards {NSPS), pretreatment standards for 
existing sources (PSES), and pretreatment standards for new sources 
(PSNS), EPA subcategorized the pulp, paper, and paperboard and the 
builders' paper and board mills point source categories into three 
segments as follows: 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT {Board, Coarse, and Tissue) Bleached Kraft 
Fine Bleached Kraft 
Soda 
Unbleached Kraft 

o Liner board 
o Bag and Other Products 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite (Blow Pit Wash) 
Papergrade Sulfite (Drum Wash) 
Groundwood-Chemi-Mechanical 
Groundwood-Thermo-Mechanical 
Groundwood-CMN {Coarse, Molded, and News) Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

Paperboard from Wastepaper 
o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Tissue from Wastepaper 
Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 
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Nonintegrated Segment 

Nonintegrated - Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated - Tissue Papers 
Nonintegrated - Lightweight Papers 

o Lightweight Papers 
o Lightweight Electrical Papers 

Nonintegrated - Filter and Nonwoven Papers 
Nonintegrated - Paperboard 

The subcategorization scheme from previous Agency rulemaking efforts 
in 1974 and 1977 was revised based on current information. EPA 
considered various factors including age, size of plant, raw material, 
process employed, products, and waste treatability in reviewing the 
adequacy of the original subcategorization scheme. 

EPA made the following revisions to the original subcategorization 
scheme relating to the integrated segment of the industry: 1) A review 
of available data show that no significant differences in raw waste 
loads exist at mills in the fine bleached kraft and soda 
subcategories. Therefore, BAT effluent limitations, NSPS, PSES, and 
PSNS are identical for both subcategories. However, because of the 
familiarity of permitting authorities and representatives of affected 
mills with the original subcategorization scheme and the format of the 
Code of Federal Regulations, EPA decided that the fine bleached kraft 
subcategory and the soda subcategory should remain as separate 
subcategories and that the BPT effluent limitations promulgated for 
those subcategories in 1977 should not be revised. 2) In the 
unbleached kraft subcategory, EPA determined that higher raw waste 
loads occur at mills where bag and other products are manufactured 
than at mills where only linerboard is produced. Therefore, two 
subgroups were established, bag and linerboard, with different BAT 
effluent limitations, NSPS, PSES, and PSNS. 3) In the original 
subcategorization scheme, there were separate subcategories for mills 
where the sodium and ammonia-based neutral sulfite semi-chemical 
(NSSC) pulping processes are employed. The Agency determined that a 
single new subcategory, semi-chemical, best represents all variations 
of the semi-chemical process. 4) The Agency established a new 
subcategory, the unbleached kraft and semi-chemical subcategory, which 
includes those mills originally included in the unbleached kraft-NSSC 
(cross recovery) subcategory and all other mills where both the 
unbleached kraft and any semi-chemical pulping processes are used. 5) 
The Agency determined that a single factor, the percentage of sulfite 
pulp produced on-site, is a better indicator of differences in raw 
waste loadings at papergrade sulfite mills than the type of washing 
system or condensers employed. Therefore, BAT effluent limitations, 
NSPS, PSES, and PSNS were established that are identical for the 
papergrade sulfite (blow pit wash) and papergrade sulfite (drum wash) 
subcategories. However, because of the familiarity of permitting 
authorities and representatives of affected mills with the original 
subcategorization scheme and the format of the Code of Federal 
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Regulations, EPA decided that the papergrade sulfite (blow pit wash) 
and papergrade sulfite (drum wash) subcategories should remain as 
separate subcategories and that the BPT effluent limitations 
promulgated for these subcategories in 1977 should not be revised. 6) 
BAT, NSPS, PSES, and PSNS regulations were not established for the 
groundwood-chemi-mechanical subcategory, one of the original 
subcategories for which BPT effluent limitations were established. 
Insufficient data were available to determine the effect of the degree 
of chemical usage in the pulping process on raw waste generation. BAT 
permits and NSPS for mills in this subcategory will be determined on a 
case-by-case basis. 

In the secondary fibers segment, three revisions were made: 1) in the 
deink subcategory, differences in raw waste loads resulting from the 
production of fine papers, tissue papers, and newsprint were 
recognized, and different BAT effluent limitations, NSPS, PSES, and 
PSNS were developed for application at mills where these products are 
manufactured; 2) a new subcategory, wastepaper-molded products, was 
established to reflect distinct process and wastewater differences 
associated with the manufacture of molded products from wastepaper; 
and 3) the paperboard from wastepaper subcategory was segmented and 
different effluent limitations and standards were developed to account 
for higher raw waste loads resulting from the processing of recycled 
corrugating medium. (EPA made this revision after proposal in 
response to public comments.) 

In the nonintegrated segment of the industry, three new subcategories 
were established to represent the differences in the manufacture of 
specific products. The new subcategories are nonintegrated-
1 ightweight papers, nonintegrated-filter and nonwoven papers, and 
nonintegrated-paperboard. Within the nonintegrated-lightweight papers 
subcategory, a further allowance is made to account for the production 
of electrical grades of paper. Additionally, the nonintegrated-fine 
papers subcategory was subdivided to account for higher raw waste 
loads resulting from the use of cotton fibers in the production of 
fine papers. (EPA made this revision after proposal in response to 
public comments.) 

BPT effluent limitations were established for the four new 
subcategories (wastepaper-molded products, nonintegrated-lightweight 
papers, nonintegrated-filter and nonwoven papers, and nonintegrated
paperboard) and for the two new subcategory subdivisions (the cotton 
fiber subdivision of the nonintegrated-fine papers subcategory and the 
corrugated medium furnish subdivision of the paperboard from 
wastepaper subcategory). These limitations control three conventional 
pollutants: biochemical oxygen demand (BODi), total suspended solids 
(TSS), and pH. BPT effluent limitations are shown in Table I-1. 

Limitations for BOD~ and TSS are presented in kilograms of pollutant 
per 1,000 kilograms of production (lb/1,000 lbs). Production shall be 
defined as the annual off-the-machine production (including 
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Subcateao!l' 

Second•!:}'. Fibers Sea!!nt 

Paperboard From Wastepaper 

TABLE 1-1 

BPT E•TLUENT LIHITATIONS 
CONTINUOUS DISCHARGERS 

(kg/kkg or lbs/1000 lbs) 

Haxi•um 30-Day Averaae 
--~05 TSS 

o Corrugating Hedi1111 Furnish 2.8 4.6 
Wastepsper-Holded Products 2.3 S.8 

Nonintearated Se~nt 

Noaiategrated Fine Papers 
o Cotton Fiber Furnish 9.1 13. J 

Noaiategrated-Ligbtweiabt Paper• 
o Lightweight 13.2 10.6 
o Electrical 20.9 16.7 

loaiategrated-Filter and 
loawovea Papera 16.3 13.0 

Noaiategrated-Paperboard 3.6 2.8 

BPT IFFl.UlllT LUtITATlONS 
HONCOHTJNUOUS DISCHARGERS 

Haxi•Ull Day 
BODS TSS 

5.7 9.2 
4.4 10.8 

17.4 24.3 

24.1 21.6 
38.0 34.2 

29.6 26.6 
6.S S.8 

Annual Average Kaxi- 30-Day Average Haxi- Day 
(k1/kk1 or lbs/1000 lba) - ~·all) (•1£1) 

SubcateaorI BODS TSS BODS TSS BODS 

Secoada!:}'. Fiber• Sea-at 

Paperboard From Wastepaper 
o Corrugating HediUll Furnish 1.6 2.1 93 153 189 

Wastepaper-Molded Products 1.3 3.2 27 66 Sl 

Noniatearated Se~at 

Noaiategrated Fine Paper• 
o Colton Fiber Furaiab S.1 7.2 52 74 99 

Noaiategrated-Lightweight Papen 
o Lightweight 7.4 6.0 6S S2 ug 
o Electrical 11.6 9.S 6S S2 118 

Nooiategrated-Filler and 
Nonwoven Papers 9.1 7.4 6S S2 118 

Nonintegrated-Paperboard 2.0 1.6 6S S2 118 

TSS 

306 
122 

138 

106 
106 

106 
106 



off-the-machine coating where applicable) divided by the number of 
operating days during that year. Paper production shall be measured 
at the off-the-machine moisture content. Production shall be 
determined for each mill based on past production rates, present 
trends, or committed growth. 

BPT effluent limitations were based on the anticipated performance of 
wastewater treatment technology {either primary clarification or 
biological treatment} applied to raw waste loads characteristic of the 
subcategory or on transfer of technology performance from another 
subcategory. 

BAT limitations were established for the following toxic pollutants: 

pentachlorophenol {PCP), 
trichlorophenol {TCP), and 
zinc. 

BAT effluent limitations are shown in Table I-2 and I-3. 

Effluent limitations for the control of pentachlorophenol and 
trichlorophenol were established for all subcategories. The 
technology basis of these limitations is the substitution of biocide 
formulations that do not contain pentachlorophenol and trichlorophenol 
for formulations containing these toxic pollutants. 

BAT effluent limitations for zinc were established equal to BPT 
limitations for the three groundwood subcategories where zinc 
hydrosulfite has been used as a bleaching chemical. Limitations were 
based on the precipitation of zinc using lime, although the most 
likely technology employed to attain BAT is the substitution of sodium 
hydrosulfite for zinc hydrosulfite. 

Limitations for BODS and TSS are presented in kilograms of pollutant 
per 1,000 kilograms of production {lb/1,000 lbs}. Production shall be 
defined as the annual off-the-machine production (including 
off-the-machine coating where applicable) divided by the number of 
operating days during that year. Paper production shall be measured 
at the off-the-machine moisture content whereas market pulp shall be 
measured in air-dry tons (10 percent moisture). Production shall be 
determined for each mill based on past production rates, present 
trends, or committed growth. For non-continuous dischargers, maximum 
day effluent concentrations shall apply. 

NSPS 

Pollutants regulated under NSPS include 
regulated under BPT (BOD~, TSS, and pH) 
regulated under BAT (pentachlorophenol, 
NSPS effluent limitations are presented in 
1-7. 
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the conventional 
and the toxic 
trichlorophenol, 
Tables 1-4, 1-5, 
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pollutants 
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TABLE I-2 

BAT EFFLUENT LIMITATIONS 
(kg/kkg or lbs/1000 lbs) 

pcpi 
Maximum Day 

TcPz Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alltaline-Fine3 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Xraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo-Hechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Seconda~ Fibers Segment 
De ink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue Fro• Wastepaper 
Paperboard From Wastepaper 

o Corrug1ting Hedi1111 Furnish 
o Noncorrugating MediWI Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Sel!!!!nt 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

No11integrated-Ti11ue Papers 
Nonintegrated-Lightwei&ht Papers 

o Lightweiaht 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

*Papergrade Sulfite Equation•: 

PCP ~ 0.00058 exp(0.017x) 
TCP z 0.0036 exp(0.017x) 

Zinc 

0.0025 0.016 NA 
0.0019 0.012 NA 
0.0016 0.010 NA 
0.0014 0.0088 NA 

0.00058 0.00053 NA 
0.00058 0.00053 NA 
0.0012 0.00043 NA 
0.00064 0.00059 NA 

0.0030 0.019 NA 
0.0030 0.019 NA 
0.0030 0.019 NA 
0.0033 0.021 NA 

* * * 
0.00097 0.00088 0.26 
0.0011 0.00099 0.30 
0.0010 0.00092 0.27 

0.0030 0.0069 NA 
0.0030 0.0069 NA 
0.0030 0.0010 NA 
0.0030 0.0011 KA 

0.00087 0.00030 NA 
0.00087 0.00030 NA 
0.0026 0.00088 NA 
0.0017 0.00060 NA 

0.0018 0.00064 NA 
0.0051 0.0018 KA 
0.0028 0.00096 NA 

0.0059 0.0020 NA 
0.0093 0.0032 NA 

0.0072 0.0025 NA 
0.0016 0.00054 NA 

Where x equals percent •ulfite pulp produced on-site in the final product. 

1pcp ~ Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached !raft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 

NA = Not applicable. 
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Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite' 
Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Sesment 
De ink 

o Fine Papers 
o Tissue Pa!)ers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

TABLE I-3 

BAT EFFLUENT LIMITATIONS 
NONCONTINUOUS DISCHARGERS 

(concentrations mg/l) 

pep I TCP2 
Maximum Da::z: 

(0.011)(55.1)/Y (0.068)(55.1)/Y 
(0.011)(41.6)/Y (0.068)(41.6)/Y 
(O.Oll)(JS.4)/Y (0.068)(35.4)/Y 
(0.011)(30.9)/Y (0.068)(30.9)/Y 

(0.011)(12.6)/Y (0.010)(12.6)/Y 
(0.011)(12.6)/Y (0.010)(12.6)/Y 
(0.029)(10.3)/Y (0.010)(10.3)/Y 
(0.011)(14.0)/Y (0.010)(14.0)/Y 

(0.011)(66.0)/Y (O. 068)(66. O)/Y 
(0.011)(66.0)/Y (O. 068)(66. O)/Y 
(0.011)(66.0)/Y (0.068)(66.0)/Y 
(0.011)(72. 7)/Y (0.068)(72. 7)/Y 

* * 
(0.011)(21.1)/Y (0.010)(21.1)/Y 
(0.011)(23.8)/Y (0.010)(23.8)/Y 
(0. 011)(21. 9)/Y (0. 010)(21. 9)/Y 

(0.029)(24.4)/Y (0.068)(24.4)/Y 
(0. 029)(24. 4) /Y (0.068)(24.4)/Y 
(0.029)(24.4)/Y (0.010)(24.4)/Y 
(0.029)(25.2)/Y (0.010)(25.2)/Y 

(0.029)(7.2)/Y (0.010)(7.2)/Y 
(0.029)(7.2)/Y (0.010)(7.2)/Y 
(0.029)(21.1)/Y (0. 010)(21.1)/Y 
(0.029)(14.4)/Y (0.010)(14.4)/Y 

(0.029)(15.2)/Y (0.010)(15.2)/Y 
(0. 029)(42. 3)/Y (0.010)(42.3)/Y 
(0.029)(22.9)/Y (0.010)(22.9)/Y 

(0.029)(48. 7)/Y (0.010)(48. 7)/Y 
(0.029)(76.9)/Y (0.010)(76.9)/Y 

(0. 029)(59. 9)/Y (0.010)(59.9)/Y 
(0. 029)( 12. 9)/Y (0.010)(12.9)/Y 

Y s Mill wastewater discharged per ton of product. 
NA = Not Applicable. 

*Papergrade Sulfite Equations: 

PCP = ((0.011)(12.67) exp(0.017x))/Y 
TCP = ((0.068)(12.67) exp(0.017x))/Y 
Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 

1 

Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0)(21.1)/Y 
(3. 0)(23. 8)/Y 
(3. 0)(21. 9)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



TABLE I-4 

HEW SOURCE PERFORMANCE STANDARDS 
CONVENTIONAL POLLUTANTS 

(kg/kkg or lba/1000 lbs) 

Maximum 30-Dal'. Average Maximum Dal'. 
Subcatego!'.l'. BODS TSS 

Integrated Segment 
Diasolvina Kraft 8.4 14.3 
!lar.ket Bleached Kraft S.5 9.5 
BCT Bleached Kraft 4.6 7.6 
Alkaline-Fine 1 3.1 4.8 
Unbleached Kraft 

o Linerboard 1.8 3.0 
o Baa 2.7 4.8 

SetU.-Cheaical 1.6 3.0 
Unbleached Kraft and Se•i-Chemical 2.1 3.8 
Diaaolvina Sulfite Pulp 

0 Nitration 14.5 21.3 
o Vbcoae 15.5 21.3 
o Cellophane 16.8 21.3 
o Acetate 21.4 21.5 

Paperarade Sulfitel * * Grouadwood-Thel'llO-Mechanical 2.5 4.6 
Groundwood-C!tH Papers 2.5 3.8 
Groundwood-Fine Papers 1.9 3.0 

Seconda~ Fibers Segment 
De ink 

o Fine Papers 3.1 4.6 
o TiHue Papers 5.2 6.8 
o Newsprint 3.2 6.3 

Tissue From Wastepaper 2.5 5.3 
Paperboard From Waatepaper 

o Corruaatina Medi1111 Furniah 2.1 2.3 
o Noncorruaatina Medium Furnish 1.4 1.8 

Wastepaper-Molded Products 1.1 2.3 
Builders' Paper and Roofina Felt 0.94 1.4 

Nonintegrated Se~nt 
Nonintearated-Fine Papers 

o Wood Fiber Furnish 1.9 2.3 
o Cotton Fiber Furnish 4.2 4.9 

Nonintegrated-Tisaue Papers 3.4 2.6 
Nonintegrated-Lightweight Papers 

o Liahtweig.ht 6.7 5.2 
o Electrical 11. 7 9.2 

Nonintearated-Filter 
and Nonwoven Papers 8.3 6.6 

Nonintegrated-Paperboard 1. 9 1.S 

pH-Within the range 5.0 to 9.0 at all times 

*Papergrade Sulfite Equation•: 

Maximum 30-day averaae: 

BODS • 2.36 exp(0.017x) 
TSS- z 3.03 exp(0.017x) 

~faximum day: 

BOD~ • 4.38 exp(0.017x) 
TSS = S.81 exp(0.017x) 

BODS TSS 

lS.6 27.3 
10.3 18.2 
8.5 14.6 
S.7 9.1 

3.4 S.8 
5.0 9.1 
3.0 5.8 
3.9 7.3 

26.9 40.8 
28.7 40.8 
31.2 40.8 
39.6 41.1 

* * 4.6 8.7 
4.6 7.3 
3.5 5.8 

5.7 8.7 
9.6 13.1 
6.0 12.0 
4.6 10.2 

3.9 4.4 
2.6 3.5 
2.1 4.4 
1. 7 2.7 

3.5 4.4 
7.8 9.5 
7.0 6.0 

13.7 12.0 
24.1 21.1 

17.1 lS.O 
4.0 3.S 

Where x equals percent sulfite pulp produced on-site in the final product 

1Includes Fine Bleached Kraft and Soda subcategories. 

2Jncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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TABLE r-s 

NEW SOURCE PERFORIWICE STANDARDS 
CONVENTIONAL POLLUTAHTS 

NONCONTINUOUS DISCHARGERS 

Annual Averaae Maxi•-
(k&lkk& or lballOOO lba2 

Subcategory BODS TSS BODS 

Inte1rated Sel!!!nt 
Dia•olvin1 Kraft 4.4 7 .s 40 
Market Bleached Kraft 2.9 s.o 36 
BCT Bleached Kraft 2.4 4.0 34 
Alkaline·Finel I.6 2.s 29 
Unbleached Kraft 

o Linerboard 0.96 1.6 47 
o a., I.4 2.s SS 

Semi-Chemical 0.84 1.6 S2 
Unbleached Kraft and Seai·Che•ical 1. 1 2.0 45 
Disaolvin1 Sulfite Pulp 

o Nitration 7 .6 11.2 S9 
o Vilco•e 8.1 11.2 63 
o Cellophane 8.8 11.2 68 
o Acetate 11.2 11.3 78 

Paperar•de Sulfite2 * * 62 
Groundwood•Thenio·Mechanical 1.3 2.4 44 
Groundwood•CMN Paper• 1.3 2.0 34 
Groundwood•Fine Paper• }.0 1.6 31 

Seconda~ Fiber• Sel!!nt 
Deink 

o Fine Papers I.6 2.4 46 
o Tiuue Papen 2. 7 3.6 62 
o Newaprint 1. 7 3.3 49 

Ti••ue Fro• Waatepaper 1.3 2.8 36 
Paperboard From Wa•tepaper 

o Corruaatina Hedi..., Furni•h I. 1 1.2 161 
o Noncorrugatin1 Medium Furniab o. 73 0.97 105 

Waatepaper•Holded Products 0.60 1.2 48 
Buildera' Paper and Roof in1 Felt 0.49 0.73 83 

Noninte1rated Sell!ent 
Nonintegrated·Fine Papers 

o Wood Fiber Furnish 0.98 1.2 48 
o Cotton Fiber Furnish 2.2 2.6 33 

Nonintegrated·Tiaaue Paper• 2.3 1.6 43 
~onintegrated·Lightweight Papers 

o Lightweight 4.5 3.2 :.2 
o Electrical 7.9 S.6 42 

Nonintegrated·Filter 
and Nonwoven Papers 5.6 4.0 42 

Noointegrated-Paperboard 1.3 0.94 42 

pH-Within the range 5.0 to 9.0 at all ti..,• 

*Papergrade Sulfite (See Equations in Table I•4). 

BOD~ Long-Tenn Averaae = ilaximum 30-day avera1e + 1. 91 
TSS Long-Term Average 2 ~aximum 30·day averaae + 1.90 

1 Includes Fine Bleached Kraft and Soda subcategoriea 

30·Day Avera1e 
(•lll2 

TSS 

68 
63 
S7 
4S 

79 
98 
97 
79 

87 
87 
87 
79 
80 
80 
54 
46 

69 
84 
92 
79 

171 
137 

92 
122 

S6 
38 
33 

33 
33 

33 
33 

2 Includea Papergrade Sulfite (!low Pit Wash) and Paperarade Sulfite (Drum waah) aubcategoriea. 

Maxi.JI..., Day 
(111/l) 

BODS TSS 

74 129 
68 120 
63 109 
S3 8S 

87 lS 1 
101 188 
97 186 
84 151 

109 166 
117 166 
127 166 
145 lS 1 
llS 1S3 
81 1S3 
63 104 
57 88 

86 131 
116 162 
90 177 
67 lSl 

298 328 
194 263 
89 176 

1S4 234 

88 107 
60 72 
88 76 

87 76 
87 76 

87 76 
87 76 



TABLE I-6 

NEW SOURCE PERFORMANCE STANDARDS 
TOXIC POLLUTANTS 

(kg/kkg or lbs/1000 lbs) 

Maximum Day 
Subcategory TCP! Zinc 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viacose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Se1111ent 
De ink 

o Fine Papers 
o Tiaaue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

*Papergrade Sulfite Equations: 

PCP = 0.00058 exp(0.017x) 
TCP = 0.0036 exp(0.017x) 

0.0025 
0.0019 
0.0016 
0.0014 

0.00058 
0.00058 
0.0012 
0.00064 

0.0030 
0.0030 
0.0030 
0.0033 

'* 
0.00097 
0.0011 
0.0010 

0.0030 
0.0030 
0.0030 
0.0030 

0.00087 
0.00087 
0.0026 
0.0017 

0.0018 
0.0051 
0.0028 

0.0059 
0.0093 

0.0072 
0.0016 

0.016 
0.012 
0.010 
0.0088 

0.00053 
0.00053 
0.00043 
0.00059 

0.019 
0.019 
0.019 
0.021 

* 
0.00088 
0.00099 
0.00092 

0.0069 
0.0069 
0.0010 
0.0011 

0.00030 
0.00030 
0.00088 
0.00060 

0.00064 
0.0018 
0.00096 

0.0020 
0.0032 

0.0025 
0.00054 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

* 
0.17 
0.21 
0.19 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 

NA = ~ot applicable. 
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TABLE I-7 

NEW SOURCE PERFORMANCE STANDARDS 
TOXIC POLLUTANTS 

NONCONTINUOUS DISCHARGERS 
(concentrations mg/l) 

Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

0 Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo•Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 
De ink 

" Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medi11111 Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Seginent 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated·Lightweigbt Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

pep! 

(0.012)(50. 7)/Y 
(0.013)(36.6)/Y 
(0.012)(31. 7)/Y 
(0.014)(25.1)/Y 

(0.015)(9.4)/Y 
(0.012)(11.4)/Y 
(0.041)(7.3)/Y 
(0.013)(11.5)/Y 

(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(65. 7)/Y 

* 
(0.017)(13.8)/Y 
(0.016)(16.8)/Y 
(0.016)(15.4)/Y 

(0.045) (15.9)/Y 
(0.036)(19.5)/Y 
(0.044)(16.2)/Y 
(O. 045) (16. 3)/Y 

(O. 065)(3. 2)/Y 
(0.065)(3.2)/Y 
(0.107)(5. 7)/Y 
(0.155)(2. 7)/Y 

(0.047)(9.4)/Y 
(0.039) (31.1)/Y 
(O .035)(19 .1)/Y 

(0.037)(38.2)/Y 
(0.033)(66.8)/Y 

(0.037)(47 .5)/Y 
(0. 033)( 11. 2)/Y 

Y = Mill wastewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP= ((0.015)(9.12) exp(0.017x))/Y 
TCP~ ((0.094)(9.12) exp(0.017x))/Y 

:iaximum 
rcP 2 

(0.074)(50. 7)/Y 
(0.077)(36.6)/Y 
(0.076)(31. 7)/Y 
(0.084)(25.1)/Y 

(0.013)(9.4)/Y 
(0.011)(11.4)/Y 
(0.014)(7 .3)/Y 
(0.012)(11.5)/Y 

(0.076)(59.0)/Y 
(0.076)(59.0)/Y 
(0.076)(59.0)/Y 
(0.075)(65. 7)/Y 

• 
(0.015)(13.8)/Y 
(0.014)(16.8)/Y 
(0.014)(15.4)/Y 

(0. !04)(!5.9)/Y 
(0.085) (19 .5)/Y 
(0.015)(16.2)/Y 
(0.015) (16.3)/Y 

(0.023)(3.2)/Y 
(0.023)(3.2)/Y 
(0.037)(5. 7)/Y 
(0.053)(2. 7)/Y 

(0.016)(9.4)/Y 
(0.014)(31.1)/Y 
(0.012)(19. l)/Y 

(0.013)(38.2)/Y 
(0. 012)(66. 8) /Y 

(0.013)(47 .5)/Y 
(0.012)(11.2)/Y 

Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentacblorophenol 

ZTCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 

Day 
Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

!JA 
NA 
NA 
NA 

(3.0)(13.8)/Y 
(3.0)(16.8)/Y 
(3.0)(15.4)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



The basis for NSPS for conventional pollutants is commonly employed 
production process control technology plus the application of end-of
pipe treatment of the type that formed the basis of BPT effluent 
limitations (i.e., biological treatment or primary treatment). The 
technology basis for control of toxic pollutants is identical to that 
which forms the basis of BAT effluent limitations. 

Standards are presented in kilograms of pollutant per 1,000 kilograms 
of production (lb/1,000 lbs). The production basis shall be 
determined in the same manner as described under BAT. 

PSES and PSNS 

PSES and PSNS are established for the following toxic pollutants: 

pentachlorophenol (PCP), 
trichlorophenol (TCP), and 
zinc. 

PSES and PSNS are presented in Tables I-8 and I-9. 

PSES and PSNS were based on chemical substitution to reduce 
substantially the discharge of PCP, TCP, and zinc. Pretreatment 
standards are needed because PCP, TCP, and zinc are known to pass 
through publicly owned treatment works (POTWs). Additionally, PSES 
and PSNS will minimize disposal problems associated with sludges 
containing zinc. 

Pretreatment standards were established in terms of maximum allowable 
discharge concentrations (mg/l). They include a mathematical formula 
that accounts for flow differences to assure that the standards do not 
discourage the implementation of water conservation technologies at 
indirect discharging mills. Mass limitations (kg/kkg or lb/1000 lb of 
product) are also provided as guidance in cases where it is necessary 
to impose mass limitations for control of pollutants discharged from 
contributing pulp, paper, and paperboard mills to POTWs. The 
production basis shall be determined in the same manner as described 
under BAT. 

IMPACT OF THE REGULATIONS 

Existing Sources 

BPT. Only the wastepaper-molded products subcategory is expected to 
incur BPT compliance costs. EPA anticipates that four mills in this 
subcategory will be required to spend a total of $6.01 million for 
capital investment and a total of $1.86 million annually (1978 
dollars). Upon compliance with BPT effluent limitations for the 
wastepaper-molded products, nonintegrated-lightweight papers, 
nonintegrated-f ilter and nonwoven papers, and nonintegrated-paperboard 
subcategories and for the cotton fiber furnish subdivision of the 
nonintegrated-fine papers subcategory, EPA estimates that conventional 
pollutant removals from subcategory/subdivision raw waste discharges 

l2 



TABLE I-8 

PRETREATMENT STANDARDS FOR EXISTING SOL'RCES 
(concentrations mg/l) 

Subcatrao!'.I pep! 

lntearated Seament 
Dissolving Kraft (0.011)(55.1)/Y 
Market Bleached Kraft (0.011)(41.6)/Y 
BCT Bleached Kraft (0. 011)(35.4)/Y 
Alkaline-Fine3 (O. 011)(30. 9 )/Y 
Unbleached Kraft 

o Linerboard (0.011)(12.6)/Y 
o Bag (0.011)(12.6)/Y 

Semi-Chemical (0.032)(10.3)/Y 
Unbleached Kraft and Semi-Chemical (0.011)(14.0)/Y 
Dissolving Sulfite Pulp 

o Nitration (0. 0 II )(66. O)/Y 
o Viscose (0. 011)(66. O)/Y 
o Cellophane (0.011)(66.0)/Y 
o Acetate (0.011)(72. 7)/Y 

Papergrade Sulfite4 * Groundwood-Therao-Mechanical (0.011)(21.1)/Y 
Groundwood-CHN Papers (0.011)(23.8)/Y 
Groundwood-Fine Papers (0.011)(21.9)/Y 

Seconda!)! Fibers Se~nt 
De ink 

o Fine Papers (0. 032)(24. 4)/Y 
o Tisaue Papers (0.032)(24.4)/Y 
o Newsprint (0.032)(24.4)/Y 

Tisaue From Wastepaper (0.032)(25.2)/Y 
Paperboard From Waatepaper 

o Corrugating Hediwa Furniah (0.032)(7 .2)/Y 
o Noncorrugating Medium Furniah (0.032)(7 .2)/Y 

Wastepaper-Molded Product• (0.032)(21.1)/Y 
Builders' Paper and Roofing Felt (0.032)(14.4)/Y 

Nonintearated Se&!!!!!nt 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish (0.032)(15.2)/Y 
o Cotton Fiber Furnish (0.032)(42.3)/Y 

Nonintegrated-Tisaue Papers (0.032)(22.9)/Y 
Nonintegrated-Lightweight Papers 

o Lightweight (0.032)(48. 7)/Y 
o Electrical (0.032)(76.9)/Y 

Nonintegrated-Filter 
and Nonwoven Papers (0. 032)(59. 9 )/Y 

Nonintegrated-Paperboard (0.032)(12.9)/Y 

Y = Hill waatewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP • ((0.011)(12.67) exp(0.017x))/Y 
TCP= ((0.082)(12.67) exp(0.017x))/Y 

TcPJ 
Maximum Da:i 

(0.082)(55.1)/Y 
(O .082) (41.6)/Y 
(0. 082)(35. 4)/Y 
(0.082)(30.9)/Y 

(0. 010)( 12. 6)/Y 
(0. 010)( 12. 6)/Y 
(0.010)(10.3)/Y 
(0. 010)(14. O)/Y 

(0. 082)(66. O)/Y 
(0. 082)(66. O)/Y 
(0. 082)(66. O)/Y 
(0.082)(72. 7)/Y 

* 
(0.010)(21.1)/Y 
(0.010)(23.8)/Y 
(O. 010)(21. 9 )/Y 

(0.082)(24.4)/Y 
(0.082)(24.4)/Y 
(0. 010)(24. 4)/Y 
(0.010)(25.2)/Y 

(0.010)(7 .2)/Y 
(0.010)(7 .2)/Y 
(0.010)(21.1)/Y 
(0.010)(14.4)/Y 

(O. 010)(15. 2)/Y 
(0.010)(42.3)/Y 
(0.010)(22.9)/Y 

(0.010)(48.7)/Y 
(0.010)(76.9)/Y 

(0.010)(59.9)/Y 
(0.010)(12.9)/Y 

Where x equals percent sulfite pulp produced on-•ite in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichloropbenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0)(21.1)/Y 
(3.0)(23.8)/Y 
(3.0)(21.9)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



TABLE I-8 (continued) 

PSIS OPTIONAL !SASS LIMITS 
(ta/tka or lb/1000 lb1) 

Subcate10~ PCP! 

Inte1rated Sel!l!at 
Di11olvia1 lraft 0.0025 
Market Bleached .lraft 0.0019 
ICT Bleached lraft 0.0016 
Altaliae-linea 0.0014 
Unbleached lraft 

o Liaerboard 0.00058 
o Baa 0.00058 

Semi-Chemical 0.0014 
Unbleached lraft aad Semi-Chemical 0.00064 
Di1aolvia1 Sulfite Pulp 

o !litratioa 0.0030 
o Vilcoae 0.0030 
o Cellophane 0.0030 
o Acetate 0.0033 

Paperarade Sulfitet * Grouadwood-Thermo-Hechaaical 0.00097 
Orouadwood-CM!I Paper• 0.0011 
Grouadvood•Fiae Paper• 0.0010 

Seconda~ Fiber• Se pent 
Deiat 

o Fine Papen 0.0033 
o Ti11ue Papera 0.0033 
o N@Wsprint 0.0033 

Ti11ue FrOll Wa1tepaper 0.0034 
Paperboard FrClll Wa1tepaper 

o Corruaatiaa Medi1111 Furrti1h 0.00096 
o Noacorruaatiaa Medi1111 Furrti1h 0.00096 

Wa1tepaper-Holded Product• 0.0028 
Builder•' Paper and Roofiaa Felt 0.0019 

Nonintearated Sel!!at 
Nonintearated·Fine Paper• 

o Wood Fiber Furni1h 0.0020 
o Cotton Fiber Furnish 0.0056 

Nonintearated-Ti1sue Paper• 0.0031 
Nonintegrated-Liahtweiaht Paper• 

o Lightweight 0.0065 
o Electrical 0.010 

Nonintearated-Filter 
and Nonwoven Paper• 0.0080 

Nonintearated-Paperboard 0.0017 

Y • Mill wastewater di1charged per ton of product. 
NA & Not Applicable 

*Papergrade Sulfite Equations: 

PCP • 0.00058 ezp(0.017x) 
TCP 2 0.0043 ezp(0.017z) 

TCP1 
Maximum Dax 

0.019 
0.014 
0.012 
0.011 

0.00053 
0.00053 
0.00043 
0.00059 

0.023 
0.023 
0.023 
0.025 

* 0.00088 
0.00099 
0.00092 

0.0084 
0.0084 
0.00!0 
0.0011 

0.00030 
0.00030 
0.00088 
0.00060 

0.00064 
0.0018 
0.00096 

0.0020 
0.0032 

0.0025 
0.00054 

Where x equal• percent 1ulfite pulp produced on•1ite in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategoriea. 
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Zinc 

.NA 
NA 
NA 
NA 

NA 
MA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.26 
0.30 
0.27 

NA 
NA 
~:A 

NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



TABLE I-9 

PRETREATMENT STANDARDS FOR NEW SOURCES 
(concentrations mg/l) 

Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 3 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 
Deink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue from Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

pcpi 

(0.012)(50. 7)/Y 
(O. 013)(36. 6)/Y 
(0.012)(31. 7)/Y 
(0.014)(25. l)/Y 

(0.015)(9.4)/Y 
(0.012)(11.4)/Y 
(O. 045)(7. 3)/Y 
(O. 013)(11. 5)/Y 

(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(65. 7)/Y 

* 
(0.017)(13.8)/Y 
(0.016)(16.8)/Y 
(0.016)(15.4)/Y 

( O. 049) (15 . 9) /Y 
(O. 040)( 19. 5)/Y 
(0.048)(16.2)/Y 
(O. 049)( 16. 3) /Y 

(0.072)(3.2)/Y 
(0.072)(3.2)/Y 
(0.118)(5.7)/Y 
(0.171)(2. 7)/Y 

(0.052)(9.4)/Y 
(O .044)(31.1)/Y 
(0.038)(19.1)/Y 

( 0. 041)(38. 2) /Y 
(0.037)(66.8)/Y 

(O. 040)( 47. 5 )/Y 
(0. 037) (11. 2)/Y 

Y = Mill wastewater discharged per ton of product. 
~A = Not Applicable 

*Papergrade Sulfite Equations: 

PCP = ((0.015)(9. 12) exp(0.017xJ)/Y 
TCP= ((0.114)(9. 12) exp(0.017x))/Y 

Maximum Day 
rcP2 

(0.089)(50. 7)/Y 
(0.093)(36.6)/Y 
(0.092)(31. 7)/Y 
(0. 101 )(25 .1 )/Y 

(0.013)(9.4)/Y 
(0.011)(11.4)/Y 
(0.014)(7 .3)/Y 
(0.012)(11.5)/Y 

(0.092)(59.0)/Y 
(0.092)(59.0)/Y 
(0.092)(59.0)/Y 
(0.091)(65. 7)/Y 

* 
(0.015)(13.8)/Y 
(0.014)(16.8)/Y 
(O. 014) (15. 4)/Y 

(0.126)(15.9)/Y 
(0.103)(19 .5)/Y 
(0.015)(16.2)/Y 
(0.015)(16.3)/Y 

(0.023)(3.2)/Y 
(0.023)(3.2)/Y 
(0.037) (5. 7)/Y 
(0.053)(2. 7)/Y 

(0.016)(9.4)/Y 
(0.014)(31.1)/Y 
(0.012) (19.1)/Y 

(0.013)(38.2)/Y 
(0.012)(66.8)/Y 

(0.013)(47.5)/Y 
(0.012)(11.2)/Y 

wbere x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentachlorophenol 

~TCP Tr1chlurophenol 

3 Includes fine Bleached Kraft and Soda subcategories. 

~Includes Papergrade Sulfite (Blow Pit >iash) dnd Paperg~3<ie Sulfi<:.P 
i"Drum Wdsh) subcaLegones. 
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Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0)(13.8)/Y 
(3.0)(16.8)/Y 
(3.0)(15.4)/Y 

NA 
NA 
t<fA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
:;;\ 

NA 
NA 

NA 
!':A 



TABLE I-9 (continued) 

PSNS OPTIONAi. MASS LIMITS 
(k1/kk1 or lb/1000 lb•) 

Subcatego!l'. rcrl 

Integrated Se~nt 
Di••olvin1 Kraft 0.0025 
Market Bleached Kraft 0.0019 
BCT Bleached Kraft 0.0016 
Alkali11e-Fi11e3 0.0014 
Unbleached Kraft 

o Linerboard 0.00058 
o Bag 0.000.58 

Semi-Chemical 0.0014 
Unbleached Kraft and Semi-Chemical 0.00064 
Dis1olvi111 Sulfite Pulp 

o Nitration 0.0030 
o Viaco•e 0.0030 
o Cellophane 0.0030 
o Acetate 0.0033 

Papergrade Sulfite' * Groundwood-Thermo-Mechanical 0.00097 
Groundwood-CMN Paper• 0.0011 
Groundwood-Fine Papers 0.0010 

Seconda!l'. Fibers Se~nt 
Deiak 

o Fine Papers 0.0033 
o Tissue Papers 0.0033 
o Nevapriat 0.0033 

Tissue From Wastepaper 0.0034 
Paperboard From Wa•tepaper 

o Corrugating Mediua Furni•h 0.00096 
o Noncorrugatiag Mediua Furni•h 0.00096 

Wastepaper-Molded Products 0.0028 
Builders' Paper and Roofiaa Felt 0.0019 

Noaintegrated Se~nt 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 0.0020 
o Cotton Fiber Furnish 0.0056 

Nonintegrated-Tiasue Papers 0.0031 
Noaintegrated-Lightweight Papers 

o Lightweight 0.0065 
o Electrical 0.010 

Nonintegrated-Filter 
and Nonwoven Papers 0.0080 

Nonintegrated-Paperboard 0.0017 

Y = Mill wastewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP = 0.00058 exp(0.017x) 
TCP = 0.0043 exp(0.017x) 

TCPI 
Ma:d11ua DaI 

0.019 
0.014 
0.012 
0.011 

0.000.53 
0.00053 
0.00043 
0.00059 

0.023 
0.023 
0.023 
0.025 

* 0.00088 
0.00099 
0.00092 

0.0084 
0.01)84 
0.0010 
0.0011 

0.00030 
0.00030 
0.00088 
0.00060 

0.00064 
0.0018 
0.00096 

0.0020 
0.0032 

0.0025 
0.00054 

Where x equals percent sulfite pulp produced on-site in the final product. 

tpcp Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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Zinc 

HA 
NA 
HA 
IA 

IA 
HA 
IA 
IQ 

HA 
!IA 
lfA 
HA 
HA 

0.17 
0.21 
0.19 

HA 
!fA 
HA 
HA 

HA 
lfA 
IA 
lfA 

HA 
lfA 
lfA 

J.tlA 
J.tlA 

NA 
NA 



will be 3.7 million kg/yr (8.1 million lbs/yr) of BOD~ and 14.2 
million kg/yr (31 .3 million lbs/yr) of TSS. EPA does not anticipate 
any additional pollutant removals from the corrugating medium furnish 
subdivision of the paperboard from wastepaper subcategory since the 
amended BPT effluent limitations are less stringent than the BPT 
effluent limitations established in 1974 for the entire paperboard 
from wastepaper subcategory. 

EPA anticipates that compliance with BPT regulations will require the 
energy equivalent of 604 thousand liters (3800 barrels) of residual 
fuel oil per year which is 0.0017 percent of current industry usage. 
The Agency estimates that BPT regulations will result in the 
generation of 100 kkg (110 tons) of wastewater solids annually which 
is equal to 0.0042 percent of current solid waste generation in the 
industry. These wastewater solids have not been classified as 
hazardous under RCRA regulations. 

BAT and PSES. No incremental costs are expected as a result of BAT 
and --PsES--- regulations controlling pentachlorophenol and 
trichlorophenol. A survey of chemical manufacturers shows that no 
measurable increase in production costs can be expected through the 
use of substitute biocides that do not contain chlorophenolics. 
Therefore, the only incremental costs that might be incurred at these 
mills as a result of implementation of the BAT effluent limitations 
and PSES are associated with monitoring for PCP and TCP. However, 
since monitoring is not required where facilities certify that 
substitute chemicals are being used to control PCP and TCP and 
substitution is the technology basis of BAT limitations and PSES, EPA 
anticipates that monitoring will rarely be required. 

Upon compliance with BAT effluent limitations and PSES, EPA estimates 
that about 17,100 kg/yr (37,600 lb/yr) of trichlorophenol and 11,640 
kg/yr (25,600 lb/yr} of pentachlorophenol will be removed from 
industry wastewater discharges. 

EPA estimates that attainment of BAT and PSES regulations controlling 
zinc will result in annual compliance costs of $23,300 (1978 dollars) 
at one indirect discharging mill. All other existing dischargers are 
in compliance with the zinc regulations. EPA estimates that the total 
quantity of zinc removed at the one indirect discharging groundwood 
mill where zinc hydrosulfite is used will be 20,000 kg/yr (44,000 
lb/yr). 

EPA anticipates that attainment of BAT effluent limitations and PSES 
will result in no increased energy use nor will it contribute to air 
pollution, noise generation, or solid waste generation. 

New Sources 

NSPS. The Agency anticipates that compliance with NSPS will result in 
incremental capital costs of $19.9 million and total annual costs of 
$6.9 million (1978 dollars) per year for the period between 1985 and 
1990 based on the projected production growth rate. These costs are 
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expected to cause an average price increase of 1. 18 percent. Based on 
this price increase, EPA estimates that the annual industry growth 
rate will drop marginally from 3.0 to 2.9 percent. Substantial 
reductions of BODS, TSS, and zinc are ensured while discharges of 
trichlorophenol and pentachlorophenol resulting from the use of 
biocides will be virtually eliminated. 

EPA projects that attainment of NSPS will result in an insignificant 
increase in solid waste generation and about a two percent increase in 
energy use compared to attainment of BPT effluent limitations. 

PSNS. The technology basis for PSNS is identical to the technology 
basis of PSES; therefore, there is no incremental cost, economic 
impact, or non-water quality environmental impact attributable to 
PSNS. 
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SECTION II 

INTRODUCTION 

PURPOSE AND AUTHORITY 

The Federal Water Pollution Control Act Amendments of 1972 (P.L. 92-
500; the Act) established a comprehensive program to "restore and 
maintain the chemical, physical, and biological integrity of the 
Nation's waters" (see section 101(a)). By July 1, 1977, existing 
industrial dischargers were required to achieve "effluent limitations 
requiring the application of the best practicable control technology 
currently available" (BPT) (see section 301 (b)(l )(A)). By July 1, 
1983, these dischargers were required to achieve "effluent limitations 
requiring the application of the best available technology 
economically achievable (BAT), which will result in reasonable further 
progress toward the national goal of eliminating the discharge of 
pollutants" (see section 30l(b)(2)(A)). New industrial direct 
dischargers were required to comply with new source performance 
standards (NSPS), established under authority of section 306, based on 
best available demonstrated technology. New and existing dischargers 
to publicly owned treatment works (POTWs) were subject to pretreatment 
standards under sections 307(b) and (c) of the Act. While the 
requirements for direct dischargers were to be incorporated into 
National Pollutant Discharge Elimination System (NPDES) permits issued 
under section 402 of the Act, pretreatment standards were made 
enforceable directly against dischargers to POTWs (indirect 
dischargers). 

Although section 402(a)(l) of the 1972 Act authorized the setting of 
requirements for direct dischargers on a case-by-case basis in the 
absence of regulations, Congress intended that, for the most part, 
control requirements would be based on regulations promulgated by the 
Administrator of EPA. Section 304(b) of the Act required the 
Administrator to promulgate regulations providing guidelines for 
effluent limitations setting forth the degree of effluent reduction 
attainable through the application of BPT and BAT. Moreover, sections 
304(c) and 306 of the Act required promulgation of regulations for 
NSPS, and sections 304(f), 307(b), and 307(c) required promulgation of 
regulations for pretreatment standards. In addition to these 
regulations for designated industry categories, section 307(a) of the 
Act required the· Administrator to promulgate effluent standards 
applicable to all dischargers of toxic pollutants. Finally, section 
50l(a) of the Act authorized the Administrator to prescribe any 
additional regulations "necessary to carry out his functions" under 
the Act. 

The Agency was unable to promulgate many of these toxic pollutant 
regulations and guidelines within the time periods stated in the Act. 
In 1976, EPA was sued by several environmental groups and, in 
settlement of this lawsuit, EPA and the plaintiffs executed a 
"Settlement Agreement," which was approved by the Court. This 

19 



Agreement required EPA to develop a program and adhere to a schedule 
for promulgating, for 21 major industries, BAT effluent limitations 
guidelines, pretreatment standards, and new source performance 
standards for 65 toxic pollutants and classes of toxic pollutants (see 
Natural Resources Defense Council, Inc. v. Train, 8 ERC 2120 (D.D.C. 
1976), modified, 12 ERC 1833 {D.D.C:-1979)).(1)(2) 

On December 27, 1977, the President signed into law the Clean Water 
Act of 1977 (P.L. 95-217). Although this law makes several important 
changes in the Federal water pollution control program, its most 
significant feature is its incorporation into the Act of many of the 
basic elements of the Settlement Agreement program for toxic pollution 
control. Sections 301(b)(2)(A) and 301(b)(2)(C) of the Act now 
require the achievement by July 1, 1984, of effluent limitations 
requiring application of BAT for "toxic" pollutants, including the 65 
"priority" pollutants and classes of pollutants which Congress 
declared "toxic" under section 307(a) of the Act. Likewise, EPA's 
programs for new source performance standards and pretreatment 
standards are now aimed principally at toxic pollutant controls. 
Moreover, to strengthen the toxics control program, Congress added a 
new section 30,(e) to the Act, authorizing the Administrator to 
prescribe what have been termed "best management practices (BMPs)" to 
prevent the release of toxic pollutants from plant site runoff, 
spillage or leaks, sludge or waste disposal, and drainage from raw 
material storage associated with, or ancillary to, the manufacturing 
or treatment process. 

The 1977 Amendments added Section 301(b)(2)(E) to the Act establishing 
"best conventional pollutant control technology" [BCT] for discharges 
of conventional pollutants from existing industrial point sources. 
Conventional pollutants are those defined in Section 304(a)(4) 
[biological oxygen demanding pollutants (i.e., BODi), total suspended 
solids (TSS), fecal coliform, and pH], and any additional pollutants 
defined by the Administrator as "conventional" [e.g., oil and grease; 
see 44 FR 44501, July 30, 1979). 

BCT is not an additional limitation but replaces BAT for the control 
of conventional pollutants. In addition to other factors specified in 
section 304(b)(4)(B}, the Act requires that BCT limitations be 
assessed in light of a two part "cost-reasonableness" test. American 
Paper Institute v. ~' 660 F.2d 954 (4th Cir. 1981 ). The first test 
compares the cost for private industry to reduce its conventional 
pollutants with the costs to publicly owned treatment works (POTWs) 
for similar levels of reduction in their discharge of these 
pollutants. The second test examines the cost-effectiveness of 
additional industrial treatment beyond BPT. EPA must find that 
limitations are "reasonable" under both tests before establishing them 
as BCT. In no case may BCT be less stringent than BPT. 

EPA published its methodology for carrying out the BCT analysis on 
August 29, 1979 (44 FR 50732). In the case mentioned above, the Court 
of Appeals ordered EPA to correct data errors underlying EPA's 
calculation of the first test, and to apply the second cost test. 
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(EPA had argued that a second cost test was not required.} 
has recently developed a revised BCT methodology (see 47 
October 29, 1982). 

The Agency 
FR 49176, 

For non-"toxic", non-"conventional" pollutants, sections 30l(b}(2}(A} 
and (b}(2}(F} require achievement of BAT effluent limitations within 
three years after their establishment, or July 1, 1984, whichever is 
later, but not later than July 1, 1987. 

STATUS OF THE EFFLUENT LIMITATIONS GUIDELINES ---
The effluent limitations guidelines program for the pulp, paper, and 
paperboard point source category has been active since 1972. In 
proposing and then promulgating effluent limitations and standards for 
the pulp, paper, and paperboard point source category, EPA conducted a 
two phase study. Phase I included certain portions of the industry 
where pulp bleaching is not employed. Phase II included the remaining 
portions of the point source category. Additionally, the Agency 
promulgated effluent limitations and standards for the builders' paper 
and board mills point source category. 

The timing and status of the effluent limitations guidelines and 
standards that have been issued vary for the industry as shown in 
Table II-1. EPA promulgated BPT, BAT, NSPS, and PSNS for the 
builders' paper and roofing felt subcategory of the builders' paper 
and board mills point source category on May 9, 1974 (39 FR 16578; 40 
CFR Part 431, Subpart A}.(3} EPA promulgated BPT, BAT, NSPS, and PSNS 
for the unbleached kraft, sodium-based neutral sulfite semi-chemical, 
ammonia-based neutral sulfite semi-chemical, unbleached kraft-neutral 
sulfite semi-chemical (cross recovery}, and paperboard from wastepaper 
subcategories of the pulp, paper, and paperboard point source category 
on May 29, 1974 (39 FR 18742; 40 CFR Part 430, Subparts A-E}.(4} These 
five subcategories comprise Phase I. EPA promulgated BPT for the 
dissolving kraft, market bleached kraft, BCT (paperboard, coarse, and 
tissue} bleached kraft, fine bleached kraft, papergrade sulfite (blow 
pit wash}, dissolving sulfite pulp, groundwood-chemi-mechanical, 
groundwood-thermo-mechanical, groundwood-CMN papers, groundwood-fine 
papers, soda, deink, nonintegrated-f ine papers, nonintegrated-tissue 
papers, tissue from wastepaper, and papergrade sulfite (drum wash} 
subcategories of the pulp, paper, and paperboard point source category 
on January 6, 1977 (42 FR 1398; 40 CFR Part 430, Subparts F-U}.(5} 
These 16 subcategories comprise Phase II. 

Several industry members challenged the regulations promulgated on 
May 29, 1974, and January 6, 1977. These challenges were heard in the 
District of Columbia Circuit of the United States Court of Appeals. 
The promulgated regulations were upheld in their entirety with one 
exception. The Agency was ordered to reconsider the BPT BODS 
limitation for acetate grade pulp production in the dissolving sulfite 
pulp subcategory (Weyerhaeuser Company, et al. v. Costle, 590 F. 2nd 
1011; D.C. Circuit 1978).(6) In response to this remand, the Agency 
proposed BPT regulations for acetate grade pulp production in the 
dissolving sulfite pulp subcategory on March 12, 1980 (45 FR 
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TAllU: 11-1 
TIHING AND STATUS OF H'fl.UENT LIHJTATIONS 

~nl·~at •'1!'!~-y/R~·g1_1 l_!I_~ !~!! ___ _ 
________ 1'!~~!''!-~~su!~U-~•l_!I __ _____ _ 

800
i: ______ P~~'!~_g~ted _Regulatfo!J• 

-------~!~L ___ TSS _____ -~~'!£ _____ l'!!_ ____ _f~!~- _______ _! ___ _:r~ ___ __!!!!£.__ ~"~"----'-Color 
Dissolving Kn1fl 
tl.1rkcl RIPadw•I Kraft 
llCT Rledche1I Krafl 
Fine Dlt•ache1l Kraft 
Soda 

Bl'CTCA 
llA'ft:A 
NSPS 
PSt:S lx PSHS 

Gro111111woo<i-Clwm i -tlerhani c·a I 
Groun<iwood-Th« r•o-Hechau i c.1 I 
Gro11111lwood-CHN P"pers 
Groumlwuud-t' I u" l'apers 

lll'CTCA 
RATF.A & NSPS 
l>st:s & PSNS 

2/19/76 2/19/76 
2/19/76 2/19/76 
2/19/76 2/19/76 

2/19/76 2/19/76 
2/19/76 2/19/76 

l'apeq1radt" Sul I• te (Blow Pl l Wash) 
l'i1p.,r11rade Su If Ile (Drum Wash) 
Di,.solviug Sul file Pulp 
lh·ink 
Noni 11teii:r.tlc1l-fi ne Papers 
Nunl11lc•11rale1f·-'f'issue Papers 
Ti11suc •·rum W.ostepaper 

Rl'Cl'CA 
llAn:A & NSl'S 
PSF.S 6. l'SNS 

IJ11hlrJ<'he1I Kraft 
!J11ldead1c1l KrJfl-NSSC 

Rl'CTt:A 
llATEA & NSl'S 
PSES b l'SNS 

NSSC-An1111011 ia 
NSSC-Su1I i u• 

HPCTCA 
llATEA 
NSl'S 
l'SES & l'SNS 

Paperlu•ar<i f·r.•1M Wastepaper 
BPC'fCA, MTEA & NSPS 
l'St:S & l'SNS 

2/19/76 2/19/76 
2/19/76 2/19/76 

1/15/74 
1/15/74 

1/15/74 
l/IS/74 
1/15/74 

1/15/74 
1/15/74 

1/15/74 
1/15/74 
1/15/74 

1/15/74 1/15/74 

Rul ldf'rH' l'Jf'•'• and Roofing t'ell 
lll'LTCA, l!ATI • f. NSPS 1/14/74 1/14/74 
l'SES & l'SNS 

2/19/76 
2/19/76 
2/19/76 

2/19/76 
2/19/76 2/19/76 
2/J'J/76 

2/19/76 
2/19/76 

2/19/76 
2/ 19/76 

1/15/74 
l/ 15/74 

1/ 15/74 
1/15/74 
1/15/74 

1/15/74 

1/14/74 

l/ 15/74 

1/15/74 

1/6/77 

1/6/77 

1/6/77 

5/29/74 
5/29/74 

5/29/74 
5/29/74 
5/29/74 

1/6/77 

1/6/77 

1/6/77 

5/29/74 
5/29/74 

5/29/74 
5/29/74 
5/29/74 

5/29/74 5/29/74 

5/9/74 5/9/74 

1/6/77 

,, . 

1/6/77 

1/6/77 

1/6/77 

5/29/74 
5/29/74 5/29/74 

5/29/74 
5/29/74 5/29/74 
5/29/84 

5/29/74 

5/9/74 

c-nta 

BOD~ effluent ll•ita
tion for the produc
tion of acetate grade 
pulp in the dissolv
ing sulfite pulp 
subcategory was 
r .... nded by the Court 
of Appea]s (9/78). 

BPCTCA, BATEA, & 
NSPS aettJeablP solid• 
li•its were also 
pr0111UlgateJ. 

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



15952).(7) EPA is currently assessing the costs and economic impacts 
associated with attainment of the proposed BPT limitation. 
Promulgation of this rule will occur at a later date. 

EPA published proposed effluent limitations guidelines for BAT, BCT, 
NSPS, PSES, and PSNS for the pulp, paper, and paperboard and the 
builders' paper and board mills point source categories in the Federal 
Register on January 6, 1981 (46 FR 1430). (8) At the time of 
proposal, the subcategorization scheme was modified to include 25 
subcategories in the pulp, paper, and paperboard industry. 

SCOPE OF THIS RULEMAKING 
~ ~~ 

The Clean Water Act of 1977 expanded the requirements for water 
pollution control in the pulp, paper, and paperboard industry. In 
EPA's initial rulemaking (May 1974 and January 1977), emphasis was 
placed on the achievement of BPT, BAT, and NSPS based on the control 
of familiar, primarily conventional pollutants, such as BOD, TSS, and 
pH. In 1977, EPA also proposed PSES based on compliance with general 
prohibitive waste provisions (42 FR 6476; 40 CFR Part 128).(9) By 
contrast, in this round of rulemaking, EPA's efforts are directed 
toward instituting BCT and BAT effluent limitations, new source 
performance standards, and pretreatment standards for existing and new 
sources that will result in reasonable further progress toward the 
national goal of eliminating the discharge of all pollutants. 

In general, BCT represents the best control technology for 
conventional pollutants that is reasonable in cost and effluent 
reduction benefits. It replaces BAT for conventional pollutants. BAT 
represents, at a minimum, the best economically achievable performance 
in any industrial category or subcategory and, as a result of the 
Clean Water Act of 1977, emphasis has shifted to control of toxic and 
nonconventional pollutants. New source performance standards 
represent the best available demonstrated technology for control of 
all pollutants. Pretreatment standards for existing and new sources 
represent the best economically achievable performance for control of 
pollutants that pass through, interfere with, or are otherwise 
incompatible with the operation of POTWs. 

As a result of the Clean Water Act of 1977, all pollutants were 
divided into three categories: (a) conventional pollutants, (b) toxic 
pollutants, and (c) nonconventional pollutants. Included in the 
conventional pollutant category are 5-day biochemical oxygen demand 
(BODi), total suspended solids (TSS}, pH, oil and grease, and fecal 
coliform. BODi, TSS, and pH are controlled for all subcategories of 
the pulp, paper, and paperboard industry by BPT and NSPS. EPA has 
recently proposed a revised BCT methodology in response to the 
American Paper Institute v. EPA decision mentioned previously. That 
rulemaking included a reproposal of BCT limitations for the pulp, 
paper, and paperboard industry. This document does not address the 
proposed BCT effluent limitations. 
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The toxic pollutants consist of the 65 classes of pollutants listed in 
the Settlement Agreement between EPA and the Natural Resources Defense 
Council, Inc. (NRDC). (l) These pollutants are controlled by BAT, NSPS, 
PSES, and PSNS. The list of 65 toxic pollutants and classes of toxic 
pollutants potentially includes thousands of specific pollutants; the 
expenditure of resources in government and private laboratories would 
be overwhelming if analyses were attempted for all of these 
pollutants. Therefore, in order to make the task more manageable, EPA 
selected 129 specific toxic pollutants for study in this rulemaking 
and other industry rulemakings.(10) The criteria for selection of 
these 129 pollutants included frequency of occurrence in water, 
chemical stability and structure, amount of the chemical produced, 
availability of chemical standards for measurement, and other factors. 
Since initiation of this rulemaking effort, three toxic pollutants 
were removed from the list of 129 toxic pollutants: 
dichlorodif luoromethane, trichlorof luoromethane, and bis-chloromethyl 
ether (46 FR 2266, January 8, 1981, and 46 FR 10723, February 4, 
l 981 ) . 

Nonconventional pollutants are those not included in one of the 
previous categories of pollutants. Discharge of these pollutants in 
this category may be industry-specific and, if warranted, may be 
regulated. In addition to industry-specific compounds, chemical 
oxygen demand (COD}, ammonia, and color were nonconventional 
pollutants investigated by the Agency during this study. These 
pollutants are controlled by BAT and NSPS regulations, if appropriate. 

SUMMARY OF METHODOLOGY 

Introduction 

EPA's implementation of the Act required a complex development 
program, described in this section and subsequent sections of this 
document. Initially, because in many cases no public or private 
agency had done so, EPA and its laboratories and consultants had to 
develop analytical methods for toxic pollutant detection and 
measurement, which are discussed below. EPA then gathered technical 
data about the industry, which are also summarized in this section. 
With these data, the Agency proceeded to develop final regulations. 

First, EPA studied the pulp, paper, and paperboard industry to 
determine whether differences in raw materials, final products, 
manufacturing processes, equipment, age and size of manufacturing 
facilities, water use, wastewater constituents, or other factors 
required the development of separate effluent limitations and 
standards of performance for different segments (subcategories} of the 
industry. This study required the identification of raw waste and 
treated effluent characteristics, including: a} the sources and 
volume of water used, the manufacturing processes employed, and the 
sources of pollutants and wastewaters within the plant, and b} the 
constituents of wastewaters, including toxic pollutants. EPA then 
identified the constituents of wastewaters which should be considered 
for effluent limitations guidelines and standards of performance. 
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Next, EPA identified several distinct control and treatment 
technologies, including both in-plant and end-of-pipe technologies, 
which are in use or capable of being used to control or treat pulp, 
paper, and paperboard industry wastewaters. The Agency compiled and 
analyzed historical and newly generated data on the effluent quality 
resulting from the application of these technologies. The long-term 
performance, operational limitations, and reliability of each of the 
treatment and control technologies were also identified. In addition, 
EPA considered the non-water quality environmental impacts of these 
technologies, including impacts on air quality, solid waste 
generation, and energy requirements. 

The Agency then estimated the costs of each control and treatment 
technology for the various industry subcategories from unit cost 
curves developed by standard engineering analysis as applied to the 
specific pulp, paper, and paperboard wastewater characteristics. EPA 
derived unit process costs from model plant characteristics 
(production and flow) applied to each treatment process unit cost 
curve (i.e., activated sludge, chemically assisted 
clarification/sedimentation, granular activated carbon adsorption, 
mixed media filtration). These unit process costs were combined to 
yield total cost at each treatment level. The Agency confirmed the 
reasonableness of this methodology by comparing EPA cost estimates to 
treatment system costs supplied by the industry. 

Upon consideration of these factors, as more fully described below, 
EPA identified various control and treatment technologies as BPT, BAT, 
NSPS, PSES, and PSNS. The final regulations, however, do not require 
the installation of any particular technology. Rather, they require 
achievement of effluent limitations representative of the proper 
application of these technologies or equivalent technologies. A 
mill's existing controls should be fully evaluated, and existing 
treatment systems fully optimized, before commitment to any new or 
additional end-of-pipe treatment technology. 

To assemble the necessary data to allow promulgation of BPT effluent 
limitations, pretreatment standards, and NSPS for the pulp, paper, and 
paperboard industry, twelve major tasks were completed, including: 

1. evaluation of existing data, 

2. development of a data request program to obtain new information, 

3. completion of a screening program, 

4. completion of an industry profile and a review of industry 
subcategorization 

5. completion of a verification program, 

6. analysis of data from a long-term sampling program, 
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7. development of a program for collection and analysis of discharge 
monitoring data, 

8. analysis of information 9athered during the supplemental data 
acquisition program, 

9. evaluation of PCB data, 

10. review of data obtained from industry comments on the proposed 
regulation, 

11. determination and analysis of appropriate treatment and control 
alternatives, and 

12. development and analysis of cost and energy data. 

EPA completed several of the above-mentioned tasks to allow the Agency 
to respond fully to comments on the proposed rules. EPA obtained 
additional data on the presence and variability of toxic pollutants in 
raw wastes and treated effluents by conducting a long-term (23 week) 
sampling and analysis program at a deink and a fine bleached kraft 
mill (Task 6). The Agency used data for the deink mill to support the 
PCB effluent limitations and NSPS that EPA proposed concurrent with 
the final regulations discussed in this document. The data for the 
fine bleached kraft mill were gathered to investigate further the 
variability of biological treatment in removing chloroform; however, 
as described herein, EPA decided to withdraw the proposed chloroform 
limitations. 

EPA also obtained (1) discharge monitoring reports (DMRs) from 
Regional and State permitting authorities to update its records to 
include the most recent available data (Task 7) and (2) additional 
conventional pollutant data under the authority of section 308 of the 
Act to broaden and update our existing data base on the variability 
associated with wastewater treatment systems (Task 8). EPA used these 
data, as well as data on PCP and TCP that became available during the 
PCB/chloroform sampling, to verify the accuracy of the analyses done 
prior to proposal. 

Industry, in some cases, provided comments on our proposed regulations 
that included effluent data on the discharge of toxic pollutants. In 
many cases, data were provided in a format that did not allow for 
proper analysis by the Agency. In those instances, EPA requested 
additional information in a format that would allow the Agency to 
include the data when developing the final regulations (Task 10). 

Existing Data Evaluation 

To assess existing data on pollutants and their control/reduction in 
the pulp, paper, and paperboard industry, several data sources were 
investigated, including a) the EPA's administrative record, b) 
information acquired from State regulatory agencies, EPA regional 
offices, and research facilities, and c) the literature. 
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Administrative Record. EPA reviewed the administrative 
the previous effluent limitations guidelines studies of 
paper, and paperboard and the builders' paper and board 
source categories for information on: 

records for 
the pulp, 

mills point 

o the use of chemical additives, 

o the use or suspected presence of the 129 toxic pollutants, 

o the use or suspected presence of other (nonconventional) pollutants, 

o available production process controls, and 

o available effluent treatment techologies. 

Regulatory Agencies and Research Facilities. During the initial 
months of the project, EPA determined that the State regulatory 
agencies and the EPA regional off ices had very few past or ongoing 
projects that related to the toxic pollutants and the pulp, paper, and 
paperboard industry. The State of Wisconsin and EPA, however, had 
recently completed a study that deals with toxic pollutants found in 
the discharges from pulp, paper, and paperboard mills.(10) Results 
show that pulp, paper, and paperboard mill effluents contained 
numerous organic compounds which are not on EPA's list of 129 specific 
toxic pollutants. 

In addition, representatives of several research and other facilities 
were contacted to obtain all available 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 

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 

B.C. Research, Inc. 
Vancouver, B.C. 

Institute of Paper Chemistry 
Appleton, Wisconsin 

Forest Products Laboratory 
Madison, Wisconsin 

University of Toronto 
Toronto, Canada 

Pulp & Paper Research Institute 
of Canda 
Point Claire, Quebec 

HSA Reactors Ltd. 
Toronto, Canada 

Lundberg Ahlen, Inc. 
Richmond (Vancouver), Canada 
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The Literature. The Agency reviewed data available in the literature 
to identify which of the 129 toxic pollutants, if any, might be 
present in the wastewaters discharged from pulp, paper, and paperboard 
mills. This review also included a similar investigation of other, 
nonconventional, pollutants. Specifically, the materials, chemicals, 
and processes that might contribute to the discharge of both toxic and 
nonconventional pollutants were identified. Also, data were sought on 
technologies available to remove or control the 129 toxic pollutants 
and nonconventional pollutants under investigation. Several automated 
document data bases were searched to identify relevant literature that 
included: 

o The Department of Commerce/National Oceanic and Atmospheric 
Administration's Environmental Data Service (Environmental Data 
Index - ENDEX and the Oceanic Atmospheric Scientific Information 
System - OASIS), 

o University microfilm's xerographic dissertation abstract service 
(DATRIX II), 

o Environment Canada's Water Resources Document Reference Center 
through Canada's Inland Waters Directorate (WATDOC), and 

o The Institute of Paper Chemistry's Abstract Service (PAPERCHEM 
and Chemical Abstracts). 

Through these services, over one million articles/papers and 3,500 
environmental data files were identified. Those that appeared to be 
relevant were obtained and reviewed. 

Also, several other summary documents were reviewed, including a) work 
conducted by the Pulp and Paper Research Institute of Canada, b) 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, (11), c) the U.S. EPA's Office 
of Research and Development Publication Summary (December 1976, 
Cincinnati, Ohio), d) Environment Canada's Publication Summary of work 
conducted under the Canadian Pollution Abatement Research Program, 
March 1977 and March 1978, and e) "A position paper documenting the 
toxicity of pulp and paper mill discharges and recommending regulatory 
guidelines and measurement procedures," prepared for the Canadian Pulp 
& Paper Association by B.C. Research, Vancouver, B.C., Canada, 
December 1974. 

Through these reviews, several compounds on the toxic pollutant list, 
as well as certain nonconventional pollutants known to be toxic to 
aquatic organisms, were noted as being present in the discharge from 
pulp, paper, and paperboard mills.(12) As a result of this review, 14 
additional compounds were added to the list of pollutants to be 
studied including xylene, 4 resin acids, 3 fatty acids, and 6 bleach 
plant derivatives. 
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Data Reguest Program 

To develop an up-to-date profile of the pulp, paper, and paperboard 
industry, data from previous effluent limitations guidelines studies 
were supplemented by undertaking a new data request program. 
Information was collected on age and size of facilities, raw material 
usage, production processes employed, wastewater characteristics, and 
methods of wastewater control and treatment. 

Data Request Development. The data request program was developed with 
considerable input from industry representatives. 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, paperboard from 
wastepaper, builders' paper mills, and nonintegrated mills. After 
numerous discussions with industry representatives, it was decided 
that only two survey forms would be developed for the basic types of 
manufacturing facilities:(13) 

(1) Multiple Pulping/Integrated Mills, including 

Kraft and Soda Mills 
Sulfite Mills 
Groundwood Mills 
Deink Mills 
NSSC and CMP/TMP Mills 
Paperboard from Wastepaper Mills 
Builders' Paper Mills 

(2) Nonintegrated Mills, including production of 

Fine Papers 
Coarse Papers 
Paperboard 
Tissue Papers and 
Other Products 

The data request program was developed through coordination with the 
American Paper Institute (AP!) BAT Task Group. This industry 
committee was formed to interact with EPA during the BATEA review 
project and included representatives from individual companies and 
technical associations. The committee participated in the review and 
development of the survey forms and had considerable input into their 
content. EPA made revisions to the data request forms in accordance 
with discussions at three AP! BAT Task Group meetings. 

The final data request forms included two parts: Part I requested 
information required for selecting mills for the verification sampling 
program; Part II requested information needed for a complete 
assessment of the industry profile and subcategorization scheme. When 
EPA representatives sought input from the industry task group on the 
proper number of mills that should receive a data request form, 
representatives of both large and small mills recommended 100 percent 
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coverage of the industry. Therefore, under the authority of section 
308 of the Act, data requests were sent to representatives of all 
known operating pulp, paper, and paperboard mills during the last week 
in September of 1977. The responses to Parts I and II were to be 
completed and returned to the Agency in mid-November of 1977 and early 
January of 1978, respectively. 

Because the data request forms were complex, representatives of the 
National Council of the Paper Industry for Air and Stream Improvement, 
Inc. (NCASI) requested that representatives of the EPA attend a 
meeting on October 6, 1977, in Chicago, Illinois, to answer questions 
from mill representatives about the forms. As a result of this 
meeting, an errata sheet was prepared and distributed to 
representatives of mills who had received the data request forms.(14) 

Throughout the response period industry representatives asked numerous 
questions related to production information, raw material utilization, 
process chemicals, and process description. Agency personnel or 
representatives continually worked with industry to ensure that 
questions were correctly interpreted. 

Representatives of the surveyed mills could request that EPA hold 
certain information confidential. They were also allowed to send 
copies of their completed forms to the NCASI and, where this was done, 
EPA representatives were able to communicate with representatives of 
NCASI regarding individual survey responses. 

Data Processing System. Since EPA expected to receive 700 responses 
to the data request, the Agency developed a multi-phase procedure for 
receiving and processing responses. The first step in the processing 
system was the development of mill codes to ensure anonymity and to 
facilitate computer analysis of data obtained. Other steps included 
data input, data verification, and data processing. 

As responses to the data requests were received, they were dated and 
logged into the data processing system. Since nonstandard and lengthy 
responses were anticipated, the survey forms were manually reviewed 
before input into the data processing system. This review ensured 
consistency in the data input format and reasonableness of responses. 

In the review for reasonableness, numeric responses totally out of 
line with expected values were either reconciled with other responses 
relating to a specific mill request or the respondent was contacted 
for clarification. The same procedure was followed for responses 
which indicated a misunderstanding or misinterpretation of a question. 
It was necessary to contact representatives of approximately 35 
percent of the mills from which data request forms were received to 
verify responses. 

Responses were stored as they appeared on the original survey form or 
in coded form. If a question requiring a numeric response (i.e., year 
or quantity) was answered but included a written explanation, a code 
was inserted in the data base that indicated the presence of 
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additional information. A similar code was used to indicate an answer 
that had been calculated by the reviewing engineer (these answers 
usually consisted of conversions to standard units). Codes for 
"unknown" or "not available" information were also utilized as 
appropriate. All codes and notes indicating additional information 
were retrievable during the data analysis phase. 

Data Verification and Editing Technigues. 
the data files was verified by comparing 
with the original data request responses. 
according to the verified printouts. 

Information contained in 
the printed output file copy 

Data files were updated 

Response to Data Reguest. The response rate for both the integrated 
and nonintegrated data request forms was good. The total number of 
operating mills completing forms and the percentage of the total 
operating mills that this represented are shown in Table II-2. 

An additional summary was prepared showing facilities that did not 
respond to the data request or were not sent a survey form. A profile 
of these mills was developed with respect to raw material usage, 
manufacturing processes, products manufactured, wastewater 
characteristics, and the type of effluent discharge. This profile was 
prepared by utilizing readily available sources, including 
representatives of the facilities, EPA Regional personnel, State 
permitting officials, existing files, literature, and industry 
directories. These new data were incorporated into the overall 
industry profile. 

Screening Program 

As a result of the Settlement Agreement, the EPA was to determine the 
presence or absence of 65 toxic pollutants or classes of pollutants in 
industrial effluent discharges. Prior to the technical studies 
required, EPA expanded the list of "priority pollutants" to include 
129 specific toxic pollutants.(10) Based on the information gathered 
in the literature review, EPA identified an additional 14 
nonconventional pollutants of concern specific to the pulp, paper, and 
paperboard industry. 

The screening program was established to determine the presence or 
absence of the 129 toxic and 14 additional nonconventional pollutants 
listed in Table II-3 in pulp, paper, and paperboard wastewaters. The 
analysis proceduces used during screening, outlined in Sampling and 
Analysis Procedures for Screening of Industrial Effluents for Priority 
Pollutants (EPA, Cincinnati, Ohio, April, 1977) and Analysis 
Procedures for Screening of Pulp, Paper, and Paperboard Effluents for 
Nonconventional Pollutants""TEPA, Washington, D.C., December, 1980')'; 
allow for calculation of the approximate quantity of toxic and 
nonconventional pollutants present in wastewaters. (15)(16) Specific 
criteria were developed for. selecting sampling mills so that these 
facilities would be representative of the entire pulp, paper, and 
paperboard industry. 
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TABLE II-2 

RESPONSE TO DATA REQUEST 

Number of operating mills sent surveys: 
Number of operating mills returning surveys: 
Percentage response: 

Method of Discharge - Responding Operating Mills 

Direct Dischargers: 
Indirect Dischargers: 
Combined Indirect and Direct Dischargers: 
Self-Contained: 

32 

642 
610 

95-X, 

319 
221 

18 
52 
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TABLE 11-3 

TOXIC AND ADDITJONAL NONCONVENTIONAL POLLlITANTS UNDER INVESTIGATION IN THE SCREENING PROGRAM 

1. 
2. 
]. 

4. 
5. 
6. 

*acenaphthrnf' 
*aero le in 
*acrylonitrile 
*bf'nzenc 
*hrnzidine 
*carbon trtrachloridr 
(tetrachloromethanr) 

,•,c11 L_OR_I_!!~If,!)_~~ZE~E:5 (other lhan DI CHLOROBEN7.F.NES) 

7. 
8. 
9. 

chlorobenezene 
1,2,4-trichloroben?.rne 
hrxachlorohrn?.enf' 

'

0'CllLORINATED ETHANES 

10. 1,2-dichloroethane 
II. 1,1,1-trichlororlhane 
12. hexachloroethane 
13. I, 1-dichloroelhanr 
14. 1,1,2-trirhlororthanr 
15. 1,1,2,2-trtrachloroethanc 
16. chlorof'thane 

'~CllLOROALKYL' ETHERS - ·-· ... -·- - . --· - -· -

17. his(chloromethyl) elher 
IR. his(2-chlororthyl) ethrr 
19. 2-chloroPlhyl vinyl cthPr (mixPd) 

'

0'CllLORINATED NAPHTHALENE 

20. 2-rhloronaphthalene 

*CHLORINATED PHENOLS (Other than those listed elsrwherr; 
includes chlorinatf'd cresols 

21. 2,4,6-trichlorophenol 
22. parachlorometa cresol 
23. *chloroform (lrichloromf'lhane) 
24. *2-chlorophenol 

'~DI CHLORORENZENES 

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

*DICHLOROBENZIDINE 

28. _3,3'-dichlorobenzidine 

"'DICHLOROETHYLENES 

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

*DICllLOROPROPANE AND DICHLOROPROPENE ------·- -- --- ---·---. 

32. 1,2-dichloropropane 
33. 1,3-dichloropropylene (1,3-dichloropropene) 

34. *2,4-dimelhylphenol 

*DINITROTOLUENE ------- - ··---

35. 2,4-dinitrotoluene 
36. 2,6-dinitrotoluene 

37. *I,2-diphPnylhydrazine 
38. *ethylbenzene 
39. *fluoranthenP 

>'<Specific compounds and chemical classes as listrd in the consent decree. 



TABI.E 11-3 (Continued) 

:1~L_Q_E~f!E_B~ (other than those listed elsewhere) 

40. 4-rhlorophenyl phenyl ether 
41. 4-bromophenyl phenyl ether 
42. bis(2-chloroisopropyl) ether 
41. bis(2-chloroethoxy) methane 

·::HALOKl-:1Jf_M!E_S (other than those listed elsewhere) 

44. methylene chloride (dichloromethane) 
45. methyl chloride (chloromethane) 
46. methyl bromide (bro111omethane) 
47. bromoform (tribro111omethane) 
48. di chlorohromomethane 
49. l ri rh lorofluoromrthane 
50. dichlorodifluoromethane 
51. chlorodibromomethane 

52. *hexachlorobutadiene 
SJ. *hrxachlorocyclopentadiene 
54. *isophorone 
55. *naphthalene 
56. *nitrot,enzer1~ 

hNJTROPHENOLS 

57. 2-nitrophenol 
58. 4-nitrophenol 
59. *2,4-dinitrophenol 
60. 4,6-dinitro-o-cresol 

'"NITROSAHIHES ·-------

61. N-nitrosodimethylamine 
62. N-nitrosodiphenylamine 
63. N-nitrosodi-n-propylamine 

(14. '''pentachlorophenol 
65. *phenol 

*PlrfHALATE ESTF.RS ------------

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

72. benzo(a)anthracene (1,2-benzanthracene) 
73. benzo(aJpyrene (3,4-benzopyrene) 
74. 3,4-benzo fluoranthene 
75. benzo( k I fluoranthene ( 11, 12-benzo fluoranthene) 
76. chrysrne 
77. acenaphthylene 
78. anthracene 
79. henzo(ghiJperylene (1,12-benzoperylene) 
80. fluorene 
81. phenanthrene 
82. dibenzo( a ,h) anthracene (1, 2 ,5 ,6-di ben:rnnthrace11r) 
83. indeno(l,2,3-cdJpyrene (2,3-o-phenylenepyrene) 
84. pyrene 

85. *tetrachloroethylene 
86. *toluene 
87. *trichloroethylene 
88. *vinyl chloride (chloroethylene) 

PESTICIDES AND 11ETABQ~ITE~ 

89. *aldrin 
90. *dieldrin 
91. *chlordane {technical mixture & metabolites) 

*Sprrific compounds and chemiral classes as listed in the consent decree. 
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*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 
96. ~-endosulfan 

97. endosulfan sulfate 

*ENDRIN AND METABOLITES 

98. endrin 
99. endrin aldehyde 

*HEPTACHLOR AND METABOLITES 

100. heptachlor 
101. heptachlor epoxide 

*HEXACHLOROCYCLOHEXANE (_a_!_l_._!_ some r!.) 

102. a-BHC 
103. ~-BHC 

104. y-BHC (lindane) 
105. 6-BHC 

>'•POLYCHLORINATED BIP}ff;l_lYLS (PCB's2 -----

106. PCR-1242 (Arochlor 1242) 
107. PCB-1254 (Arochlor 1254) 
108. PCB-1221 (Arochlor 1221) 
109. PCB-1232 (Arochlor 1232) 
110. PCR-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. 1<thalliWll (total) 
128. *zinc (total) 
129. 2,3,7,8-tetrachlorod{benzo-p-dioxin (TCDD) 

ADDITIONAL NONCONVENTIONAL POLLUTANTS - ----·--------·- - -

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

abietic acid 
dehydroabietic acid 
hopimaric acid 
primaric ac-id 
oleic acid 
Unoleic acid 
linolenic acid 
9,10-cpoxystcaric acid 
9,10-dichlorostearic acid 
monochlorodehydroabietic acid 
dichlorodehydroahietic acid 
3,4,5-trichloroguaiacol 
tetrachloroguaiacol 
xylenes 

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



Mill Selection for Sampling. A primary goal 
group mill types so that selected mills would 
entire pulp, paper, and paperboard industry. 
developed are presented in Table II-4. 

in mill selection was to 
be representative of the 
The 15 mill groupings 

EPA determined that one mill representative of each of these groupings 
would be sampled during the screening program. To ensure that mills 
would be representative of current industry practice, the following 
four criteria were used to select mills: 

o the mill should be a direct discharging mill to obtain the 
maximum amount of data (both raw waste and treated effluent 
data), 

o a biological treatment system should be employed at the mill 
if BPT limitations were based on biological treatment; if 
BPT limitations were based on primary treatment, the system 
could be a primary treatment system, 

o the flow and BOD5 raw wastewater characteristics of the mill 
should approximate the raw wastewater levels that formed the 
basis of BPT effluent limitations for the specific mill 
grouping (to ensure that the selected mill would be 
representative of the industry grouping), and 

o the manufacturing process should be representative of the 
respective mill grouping. 

Based upon these criteria, mills were selected for 11 of the 15 
industry groupings. Table II-5 presents a summary of the treatment 
systems employed, and the raw waste characteristics at screening 
program mills. Information is also presented on raw waste loadings 
used in the development of BPT effluent limitations for the 11 mill 
groupings. Raw wastewater characteristics at some of the selected 
mills did not approximate the raw wastewater characteristics that 
formed the basis of BPT effluent limitations as closely as other mills 
in the grouping. EPA selected these mills for inclusion in the 
screening program because they satisfied all four selection criteria 
better than other mills. 

Because of insufficient data, representative mills could not be 
selected for the following industry groupings: 

Nonintegrated-Coarse Papers, 
Nonintegrated-Specialty Papers (I), 
Nonintegrated-Specialty Papers (II), and 
Builders' Paper and Roofing Felt. 

For these industry groupings, EPA recognized that additional data 
would become available as a result of the data request program. 
Therefore, screening program visits to facilities in additional 
industry groupings were delayed until these data could be obtained and 
evaluated. 
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TABLE II-4 

SUBCATEGORY GROUPS SELECTED FOR SCREENING PROGRAM 

*Bleached Kraft . 
*Bleached Kraft . 
*Unbleached Kraft 

Fine Papers 
BCT/Market Pulp/Dissolving 

*Unbleached Kraft/Neutral Sulfite Semi-Chemical (Cross Recovery) 
*Neutral Sulfite Semi-Chemical 
*Sulfite 
1cGroundwood . . 
*De ink 
~'"Nonintegrated. 

~\-Nonintegrated. 

Nonintegrated. 
Nonintegrated. 
Nonintegrated. 

*Paperboard from Wastepaper 
Builders' Paper and Roofing Felt 

Fine Papers 

Fine Papers 
Tissue Papers 
Coarse Papers 
Specialty Papers (I) 
Specialty Papers (II) 

*Screened during initial contractor screening studies. 
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TABLE II-5 

SUMMARY OF TREATMENT TYPE AND PERCENT DIFFERENCES 
CONTRACTOR SCREENING FOR MILLS VERSUS RAW WASTE LOAD BASIS OF BPT 

Fine Bleached Kraft 
Bledched Kraft - HCT/Market 
Unbleached Kraft 
Unbleached Kraft/Neutral Sulfite 

Semi-Chemical (Cross Recovery) 
Neutral Sulfite Semi-Chemical 
Sulfite 
Groundwood 
De ink 
Nonintegrated - Fine 
Nonintegrated - Tissue 
Paperboard from Wastepaper 

w ---------------
co 

Treatment TYPe 

ASB w/ Polishing Pond 
ASB w/ Polishing Pond 
ASB 
ASB 

ASB w/ Polishing Pond 
ASB 
Activated Sludge 
Activated Sludge 
ASB 
Primary Treatment 
Activated Sludge 

Percent from BPT RWL 
Flow BODS 

+ 32% 
+ 3% 
- 25% 

5% 

0% 
+ 14% 
+ 9% 
- 14% 
+ 9% 
+ 16% 

7% 

+ 11% 
+ 16% 
- 21% 
- 13% 

+ 40% 
6% 

- 11% 
- 29% 
+ 4% 
+ 32% 
- 14% 



After completion of the 11 sampling visits, funding for this project 
was depleted due to delays of supplemental appropriations from 
Congress. Therefore, the screening program was delayed until the 
necessary funding could be allocated. 

Supplemental Screening Surveys. In addition to the initial screening 
program surveys, EPA Regional Surveillance and Analysis field teams 
surveyed an additional 47 mills to provide supplemental information. 
The analytical procedures used in the analysis of samples were those 
detailed in Sampling and Analysis Procedures for Screening of 
Industrial Effluents for Priority Pollutants (EPA, Cincinnati, Ohio, 
April, 1977).(15) Therefore, the results are comparable to those 
resulting from the 11 contractor screening surveys. 

As explained later in this section, at a total of 17 mills sampled 
during the verification program, processes were employed that were 
characteristic of the four mill groupings not included in the initial 
contractor screening program. These mills were included in a 
supplemental screening effort during the verification program. 

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

Sampling Program. Three sample locations for each mill were chosen 
for the sampling program: a) the raw process water prior to water 
treatment, b) the raw wastewater discharge fo the wastewater treatment 
system, and c) the final effluent from the wastewater treatment 
system(s). 

The raw process water was selected to obtain background concentration 
levels for any toxic pollutants present in the water supply prior to 
use at the mill. The raw wastewater was sampled to provide data on 
the toxic pollutants attributable to the industrial process that were 
being discharged to the wastewater treatment system. The final 
effluent was sampled to determine the presence and quantity of toxic 
pollutants remaining after wastewater treatment. 

Prior to the sampling program, a "Screening Program Work Booklet" 
detailing the specific procedures of the program was prepared.(17) 
These procedures were derived from and are consistent with Sampling 
and Analysis Procedures for Screening of Industrial Effluents for 
Priority Pollutants (EPA, Cincinnati, Ohio, April, 1977). (15) The 
screening surveys conducted by the contractor during the initial 
screening program included collecting 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 sampling locations. Grab samples were collected once daily 
at these two locations. A grab sample of the raw process water was 
also taken on the second day of the sampling survey. Table II-6 shows 
the work items included during a typical screening sampling program 
survey. 
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I. 

2. 

3. 

4. 

5. 

6. 

Heel with mill personnel 
and discuss lhe program 

Select sa•ple locations 

SeL up automatic samplers 

Collect all grab samples 
requirt!d 

Take pll aud temperature 
readings at each sample 
location twice during 
24 hours 

Check automatic samplers 
periodically and keep 
composite snrupJe container 
iced 

TABLE II-6 

TYPICAL SCREENING PROGRAM SURVEY 

.!!!.r_2 of the Survey _____ D=-cca,._y 3 of the Su~--------~~he Surv~---------

1. 

2. 

3. 

4. 

Check automatic 
samplers 

Collect all grab 
samples required 

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

Check aut<>111atic samplers 
periodically and keep 
composite sample container 
iced 

). 

2. 

3. 

4. 

Check automatic 
samplers 

Collect all grab 
.samples required 

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

Check automatic samplers 
periodically and keep 
composite sample container 
iced 

). 

2. 

3. 

4. 

5. 

Distribute 72-hour com
posite between lhe re
quired composite samples 

Break down automatic 
samplers 

Final meeting with mill 
per.,onnel to wrap up 
the survey 

Pack the samples and 
equipment for shipment 

Ship samples to the 
appropriate analytical 
laboratory 



To minimize biochemical degradation of the sample, the composite 
sampler jar was packed in ice during the 72-hr sampling period. Grab 
samples were collected 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 mill sampled, the screening survey 
team also split samples, both grab and composite, for analysis by 
representatives of the National Council of the Paper Industry for Air 
and Stream Improvement, Inc. (NCASI). The bottles for the NCASI 
samples were prepared and delivered to each mill by NCASI personnel in 
Gainesville, Florida. For these split samples, mill personnel assumed 
responsibility for the bottles prior to and immediately after sample 
collection. At most of the mills sampled, a member of the mill staff 
was present during sample collection. 

Sample Analysis Procedures. The screening program samples were 
analyzed in accordance with EPA procedures. The organic compounds 
were analyzed by gas chromatography/mass spectrometry (GC/MS). (15) 
Resin acids, fatty acids, and bleach plant derivatives were analyzed 
in accordance with Analysis Procedures for Screening of Pulp, Paper, 
and Paperboard Effluents for Nonconventional Pollutants (EPA, 
Washington, D.C., December, 1980).(16) These procedures involve 
derivatization of the acid extract with a methylating agent prior to 
analysis by GC/MS. 

Metals were analyzed by the following method(s): 

o 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 flameless AA, the metal was then analyzed by 
flame AA. 

o zinc was analyzed by flame AA. 

o mercury was analyzed by cold vapor flameless AA. 

o cyanide was analyzed in accordance with the total cyanide method 
described in the 14th Edition of Standard Methods. (18) 

Industry Profile and Review of Subcategorization 

Earlier efforts to develop a profile of the pulp, paper, and 
paperboard industry resulted in establishing the original (BPT) 
subcategories shown in Table II-7. During the screening program, 
available data and newly obtained information resulting from the data 
request program were reviewed to develop a revised profile of the 
pulp, paper, and paperboard industry. This review recognized such 
factors as plant size, age, location, raw material usage, production 
process controls employed, products manufactured, and effluent 
treatment employed. 
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TABLE II-7 

SUBCATEGORIZATION SCHEME ON WHICH BPT WAS BASED AND 
TifE REVISED SUBCATEGORIZATION SCHEME 

BPT Subcategories 
Pulp, Paper. and Paperboard 

Phase 

Unbleached Kraft 
Neutral Sulfite Semi-Chemical - Ammonia 
Neutral Sulfite Semi-Chemical - Sodium 
Unbleached Kraft/Neutral Sulfite 

Semi-Chemical (Cross Recovery) 
Paperboard From Wastepaper 

Phase II 

Dissolving Kraft 
~arket Bleached Kraft 
BCT Bleached Kraft 
Fine Bleached Kraft 
Papergrade Sulfite 

o Blow Pit Wash (plus allowances) 
Papergrade Sulfite 

o Drum Wash (plus allowances) 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Groundwood - Chemi-Mechanical 
Groundwood - Thermo-Mechanical 
Groundwood - CHN Papers 
Groundwood - Fine Papers 
Soda 
Deink 
Nonintegrated-Fine Papers 
Nonintegrated-Tissue Papers 
Tissue From Wastepaper 

Builders' Paper and Board Mills 
Phase I ----
Builders' Paper and Roofing Felt 

Revised Subcategories 

Integrated Segment 

Dissolving Kraft 
~arket Bleached Kraft 
BCT Bleached Kraft 
Fine Bleached Kraft 
Soda 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite (Blow Pit Wash) 
Papergrade Sulfite (Drum Wash) 

"'Groundwood - Chemi-Mechanical 
Groundwood - Thermo-Mechanical 
Groundwood - CMN Papers 
Groundwood - Fine Papers 

Seconrlarv Fiher~ Segment 

Deink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 1 

o Corrugating MediWll Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Nonintegrated - Fine Papers 1 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated - Tissue Papers 
Nonintegrated - Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter and Nonwoven 
Papers 

Nonintegrated-Paperboard 

Mill Groupings 

**Integrated Miscellaneous, including: 
o Alkaline-Miscellaneous 
o Nonwood Pulping 

,.,.,.,Secondary Fiber !'liscel l3neous 
'°"''Nonintegrated Miscellaneous 

* In subsequent Tables information on Groundwood-Chemi-Mechanical mills is 
included with information on Integrated ~iscellaneous mills. 

'''* Groupings of miscellaneous mills - not subcategories. 

These subcategories were subdivided after the Verification Program in response 
to industry comments. 
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As part of this updated industry-wide survey, EPA reviewed the 
original subcategorizaton scheme using the more comprehensive data 
obtained during the screening program, the data request program, and 
related efforts. As a result, a new subcategorization scheme was 
developed and is also shown in Table II-7. This revised 
subcategorization better reflects the industry as it now operates with 
respect to raw materials, processing sequences, and product mix. EPA 
used the revised subcategorization scheme in designing and conducting 
the verification program, as discussed below. A more detailed 
explanation of the rationale and process of subcategorization is 
presented in Section IV of this document. 

Verification Program 

The verification program was undertaken to verify the presence of the 
compounds found during the screening program and to obtain information 
on the quantity of toxic and nonconventional pollutants present in 
pulp, paper, and paperboard industry wastewaters. 

Selection Q!. Significant Parameters. As discussed previously, after 
completion of the 11 screening sampling visits, funding for this 
project was depleted due to delays of supplemental appropriations from 
Congress. Monies allocated for completion of the technical study 
became available after a delay of seven months. Keeping in mind the 
court-imposed deadlines, the Agency determined that any further delay 
in initiation of the verification program was intolerable. During the 
period of delay, a methodology was developed that would allow 
initiation of the verification program immediately upon availability 
of funding and would also provide for development of the same high 
quality of data that would be obtained if the screening program had 
been completed. 

Specific toxic pollutants to be analyzed during the verification 
program were selected on the basis of the best information available 
to the Agency. This necessitated a heavy reliance on analytical data 
gathered during the abbreviated screening program. All specific toxic 
pollutants identified as present in discharges from the 11 sampled 
mills would be analyzed during the verification program. In addition, 
EPA decided that both screening and verification studies would be 
conducted simultaneously at all verification mills where processes 
were employed that were representative of the four mill groupings not 
previously a part of the screening program. 

It was decided that GC/MS procedures would be used during the 
verification program because this would allow storage of all 
verification data on computer tapes. This would enable a review of 
the data tapes upon a determination that other specific toxic 
pollutants were present in pulp, paper, and paperboard effluents that 
were not identified at the 11 screening mills. This storage of data 
ensured that the verification program would yield comparable results 
to that which would have been obtained had screening results been 
available from mills representative of all 15 mill groups. 
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EPA later determined that further analysis of the data tapes would be 
unnecessary after completion of a thorough review of data gathered 
during (a) screening studies conducted by EPA Regional field teams and 
(b) contractor verification sampling at those 17 mill~ where processes 
were employed that were characteristic of the four mill groupings not 
a part of the initial contractor screening program. All additional 
compounds that were identified and were not analyzed during 
verification sampling were present in amounts too small to be 
effectively reduced by technologies known to the Administrator. 

The compounds included in the verification program and the basis for 
their inclusion are listed on Table II-8. 

Selection of Mills for Verification Program. Part I of the EPA Data 
Request Survey Form, returned by representatives of 644 mills, was 
used in selecting mills for verification program surveys.(13) One of 
the first items addressed in selecting verification mills was industry 
subcategorization. A 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. EPA established 
the following three criteria for selection of representative mills 
during verification sampling: 

o the mill should be a direct discharging mill to obtain the 
maximum amount of data (raw waste load and treated effluent data) 
at a minimum number of plants, 

o a biological treatment system should be employed at the mill if 
BPT is based on biological treatment (if BPT is based on primary 
treatment, the system could be a primary treatment system), and 

0 the final effluent flow and BODS should be equal to or less 
the annual average levels used in the development of 
regulations for a specific subcategory to ensure that the 
selected would be representative of the subcategory 
compliance with BPT regulations. 

than 
BPT 

mill 
after 

The raw wastewater samples taken at each verification mill allowed 
characterization of the levels of toxic and nonconventional pollutants 
that would be expected to be discharged at indirect discharging mills 
to publicly owned treatment works (POTWs). However, for some of the 
subcategories, an insufficient number of direct dischargers existed 
that met all selection criteria and it was necessary to sample at 
indirect discharging mills. 

All known operating mills where newsprint is produced from deinked 
pulp were indirect discharging; therefore, only indirect discharging 
mills could be selected as verification mills. An indirect 
discharging mill where molded products are manufactured from 
wastepaper was included in the verification program as an adequate 
number of direct dischargers could not be found that met the remaining 
selection criteria. A total of 93 percent of the mills in the 
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TABLE II-8 

VERIFICATION COMPOUNDS 
PULP, PAPER, AND PAPERBOARD INDUSTRY 

POLLUTANTS DETECTED IN SCREENING 

Priority Pollutants 

benzene 
chlorobenzene 
1,2-dichloroethane 
1,1,1-trichloroethane 
1,1-dichloroethane 
1,1,2,2-tetrachloroethane 
trichlorophenol* 
chloroform 
2,4-dichlorophenol 
ethyl benzene 
fluoranthene 
methylene chloride 
dichlorobromomethane 
trichlorofluoromethane 
chlorodibromomethane 
isophorone 
naphthalene 
phenol 

di-n-octyl phthalate 
diethyl phthalate 
chryaene 
anthracene/phenanthrene 
tetrachloroethylene 
toluene 
trichloroethylene 
chromium 
zinc 
nickel 
copper 
lead 
PCB-1242 - wastepaper users 
PCB-1254 - wastepaper users 
PCB-1221 - wastepaper users 
PCB,.1232 - wastepaper users 
PCB-1248 - wastepaper users 
PCB-1260 - wastepaper users 

bis(2-ethylhexyl) phthalate 
di-n-butyl phthalate 

PCB-1016 
cyanide 

- wastepaper 
- wastepaper 

users 
users 

only 
only 
only 
only 
only 
only 
only 
only 

Nonconventional Pollutants ·--------------- -
oleic acid 
linoleic acid 
linolenic acid 
pimaric acid 
isopimaric acid 
dehydroabietic acid 
abietic acid 

3,4,5-trichloroguaiacol 
tetrachloroguaiacol 
monochlorodehydroabietic acid 
dichlorodehydroabietic acid 
9,10-epoxystearic acid 
9,10-dichlorostearic acid 
xylenes 

OTHER VERIFICATION POLLUTANTS 

Priority Pollutants 

bromoform 
pentachlorophenol 
carbon tetrachloride 
2-chlorophenol 
2,4-dinitrophenol 
butyl benzyl phthalate 
parachlorometa cresol 
acenaphthylene 

pyrene 

mercury 

detected by industry in split screening samples 
detected by industry in split screening samples 
detected by industry in split screening samples 
usage indicated on at least one 308 questionnaire 
usage indicated on at least one 308 questionnaire 
usage indicated on at least one 308 questionnaire 
added because compound is a chlorinated phenolic 
not detected but added to verification list due to an 
inadvertent error 
originally reported in screening results; upon finalizing 
screening data (subsequent to development of verification 
program), it was determined that this compound was net 
present 
previously used in slimicide formulations 

Nonconventional Pollutants 

r:o lor 
•. HMJOOl.J 

~Includes 2.~,5 and 2,4,5 - trichloropnenol 
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builders' paper and roofing felt subcategory were either indirect 
discharging (63 percent) or self-contained (30 percent). The only 
direct discharging mill meeting the above criteria-was sampled by an 
EPA Regional Surveillance and Analysis field team as part of the 
screening program. Therefore, three indirect discharging facilities 
and one self-contained mill were included in the verification program. 

For some subcategories, insufficient direct discharging mills with 
biological treatment systems existed that met the other selection 
criteria. Therefore, some mills were sampled where only primary 
treatment systems were employed. This was the case at one of the 
three mills sampled in the tissue from wastepaper subcategory. In the 
paperboard from wastepaper subcategory, EPA sampled one mill where 
only primary treatment was employed because extensive wastewater 
recycle was practiced that enabled attainment of BPT limitations 
without the use of biological treatment. This is the case at a 
significant number of mills in this subcategory. 

In most of the nonintegrated subcategories, primary treatment is the 
system employed at the majority of the mills. Therefore, some mills 
with only primary treatment were selected for sampling. One of the 
three mills selected in the nonintegrated-fine papers subcategory, one 
of the two selected in the nonintegrated-tissue papers subcategory, 
one of the two in the nonintegrated-filter and nonwoven papers 
subcategory, and all three of the nonintegrated mills that could not 
be placed in a specific subcategory had only primary treatment. 

In some of the subcategories, after reviewing the wastewater data, EPA 
found that an insufficient number of mills met the third criteria. 
Therefore, mills were selected where final effluent levels of flow 
and/or BODi were in excess of the annual average levels upon which the 
BPT limitations were based. 

Those mills where the above criteria were met, with the exceptions 
discussed above, were considered primary candidates for inclusion in 
the verification program. After completion of this evaluation, EPA 
evaluated additional specific process and wastewater selection 
criteria. Prior to final selection of mills to be included in the 
verification program, the following were also considered: 

1. raw wastewater and final effluent flow and BODi in relation to BPT 
limitations, 

2. average daily production rates and raw material usage, 

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

'· the type of debarking used, wet or dry (if applicable to the 
subcategory analyzed), 

5. the brown stock washer efficiency in terms of kilograms (pounds) of 
soda loss (if applicable to the subcategory analyzed), 
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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 system employed. 

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

8. the number of papermachines used (if applicable to the subcategory 
analyzed), 

9. the number of papermachines for which savealls were utilized for 
fiber recovery (if applicable to the subcategory analyzed), and 

10. the effluent treatment system used at the mill. 

Based on this review, 59 mills were initially selected for inclusion 
in the verification program. The number of mills selected was based 
on the total required to represent each of the revised subcategories. 

Two of the 59 facilities selected for sampling were not sampled during 
the verification program. At one of the mills, union employees were 
on strike; at the other mill, the aeration basin was being dredged 
causing the discharge of much higher levels of solids than normally 
were experienced. No adequate replacement mills were available. EPA 
evaluated all of the verification program analysis results at the end 
of the sampling effort to determine if additional sampling or 
substitutions would be necessary and to assess the coverage obtained 
during the verification program. As a result of this assessment, two 
subcategories (dissolving kraft and dissolving sulfite pulp) were 
identified for additional verification sampling because no mills in 
these subcategories were included in the verification program. Three 
mills were selected and verification sampling was conducted at one 
dissolving kraft and two dissolving sulfite pulp mills. In total, 60 
mills were sampled during the verification program. 

The location of mills that were sampled as part of the verification 
program is shown on Figure II-2. 

Sampling Program. The purpose of the verification program surveys was 
to verify the presence and quantity of those toxic and nonconventional 
pollutants detected during the screening program. The verification 
program surveys were conducted to provide a more thorough examination 
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of the possible sources of toxic and nonconventional pollutants 
discharged, the quantity discharged to the end-of-pipe treatment 
system, the levels in the final mill effluent, and the relative 
efficiency of the treatment system for removing specific compounds. 
Several different sampling procedures were examined for accomplishing 
these goals. Table II-9 presents the general format for sampling in 
particular subcategories and also presents the sample points and the 
sample duration proposed for each. EPA selected this format to meet 
the verification program goals. 

EPA representatives contacted representatives of the selected mills by 
telephone; a confirmation letter was sent verifying the scheduled 
survey. This confirmation letter included submittal of two separate 
forms used to obtain pertinent mill operating information for the 
survey period and for identification of management practices (as 
defined in section 304(e) of the Clean Water Act of 1977) employed at 
the mills. (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 program included collecting composite and grab samples during the 
3-day survey. Composite sampling was normally performed for three 
separate 2'-hr periods at each sample location, except for the raw 
process water source, where a single 72-hr composite sample was 
collected. In addition, certain internal sewers were monitored, 
usually for one 24-hr period. Compositing usually started between 
8:00 and llzOO 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. 

The composite samples were divided into five aliquots including a) 
metals and color, b) extractable organics, c) COD, d) PCBs and 
pesticides (where appropriate), and e) ammonia (where appropriate). 
Internal sewers were not sampled for COD. Grab samples were taken 
once per day at each of the sample locations including the raw process 
water. The grab samples were taken for analysis of volatile organics, 
mercury, and cyanide (where appropriate). 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. NCASI 
personnel shipped the necessary sampling containers to the mills. The 
sampling team collected the samples for NCASI and returned them to 
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 Agency at each mill. 
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TABLE II-9 

VERIFICATION PROGRAM SAMPLING POINTS 

Subcategory 

Bleached Kraft/Sulfite Mills 

1. 
2. 
3. 
4. 
5. 

Raw Water 
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. 
2. 
3. 
4. 

Raw Water 
Stock Preparation 
Secondary Treatment Influent 
Final Effluent 

Builders' Paper and Roofing Felt Mills 

1. 
2. 
3. 

Raw Water 
Secondary Treatment Influent 
Final Effluent 

Type of Samples and Sample Duration 

Grab samples (3 per day) 
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 

Paperboard From Wastepaper & Nonintegrated Mills 

1. 
2. 
3. 

Raw Water 
Secondary Treatment Influent 
Final Effluent 
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TABLE II-10 

TYPICAL VERIFICATION SAMPLING PROGRAM SURVEY 

Q~ of the Survey~~~~~~D_a,y~2~o_f~t_h_e~S_u_r_v_e~y~~~~~~D_a~y.__3~o_f~_t_h_e~S_u_r_v_e~y~~~~~~D_a~y'--4~o_f~t_h_e~S_u~rv_e_y, 

1. Meet with mill person
nel and discuss the 
program 

2. Select sample locations 

3. Discuss mill's manage-
ment practices and tour 
mill to observe the 
items covered 

4. Set up the automatic 
samplers 

s. Collect all grab 
samples required 

6. Take pH and tempera-
lure readings at each 
sample point twice 
during 24-hours 

7. Check automatic samplers 
periodically and keep 
composite sample con-
tainer iced 

I. 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 automatic samplers 
periodically and keep 
composite sample 
container iced 

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 automatic samplers 
periodically and keep 
composite sample 
container iced 

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 ice 
and ship to the 
appropriate laboratory 



Generally, the NCASI samples were collected as follows:(21) 

Influent 
Parameter Raw Water to Treatment Final Effluent 

Extractable Organics Day 3 of Survey Day of Survey Day 2 of Survey 
Nonconventional 
Pollutants Day l of Survey 

Metals Day 3 of Survey Day 2 of Survey Day 3 of Survey 
Mercury Day 3 of Survey Day 3 of Survey 
Volatile Organics Day 3 of Survey Day 2 of Survey Day 3 of Survey 
Cyanide Day 2 of Survey Day 2 of Survey 

Analytical Methods for Verification Prooram Analysis. The samples 
from each verification mill were analyzed for 18 volatile organics 
(VOA), 33 extractable organics, and 6 metals. 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 where 
wastepaper was used as a raw material source were analyzed for PCBs. 

Copper, chromium, lead, nickel, zinc, and mercury were analyzed using 
the same procedures described earlier in the discussion of the 
screening program. Cyanide was analyzed in accordance with the total, 
cyanide met~od described in the 14th Edition of Standard Methods.(18) 
Ammonia was analyzed by distillation and Nesslerization as described 
in the same edition of Standard Methods.(18) Color was analyzed in 
accordance with the procedures set forth in NCASI Technical Bulletin 
Number 253.(22) Chemical oxygen demand (COD) was analyzed in 
accordance with the procedures presented in the 14th Edition of 
Standard Methods.(18) 

The procedures used to analyze samples collected during verification 
sampling provided for additional quality control and quality assurance 
over those procedures used during the screening phase. These 
verification procedures are the same as Methods 624 and 625 proposed 
under authority of sections 304(h) and 501(a) of the Act (see 40 CFR 
Part 136; 44 FR 69464 (December 3, 1979)). (23) The Agency chose the 
option of including additional quality control and quality assurance 
procedures described in Procedures for Analysis Qi rulp, Paper, ~ 
Paperboard Effluents for Toxic and Nonconventiona Pollutants (EPA, 
Washington, D.C., December, 1980T.(24) Gas chromatography/mass 
spectrometry (GC/MS), interfaced with a computer system, was the 
primary analytical instrument for volatile and extractable organic 
analysis. 

The computer system interfaced with the mass spectrometer allowed 
acquisition of continuous mass scans throughout the chromatogram. EPA 
representatives obtained standards for each pollutant to be assayed in 
the samples and determined the mass spectrum for each of these 
standards daily throughout the analysis program. 
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Duplicate 125-ml samples were collected at each sampling point for 
volatile 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. 

The sampling team collected duplicate 1-liter samples of wastewaters 
for analysis of extractable organic compounds. Extractable organic 
samples were preserved in the field with sodium hydroxide to a pH of 
approximately 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 analysis of PCBs were analyzed 
capture detection/gas chromatography (EC/GC). Extracts 
were detected at a level of greater than 1 ug/l were 
GC/MS. 

by electron 
in which PCBs 
confirmed by 

Quality Control/Quality Assurance. The verification program included 
the implementation of a quality control/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 pollutants under evaluation 
in the verification program. The deuterated compounds selected are 
shown in Table II-11. 

These compounds were selected 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. 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 signaled 
possible instrument malfunction or operator error. For analysis of 
volatile organic compounds, the area of the 100 percent characteristic 
ion for each internal standard had to agree within 25 percent with the 
integrated peak area obtained from analysis of the composite standard 
or the GC/MS sample run was repeated. Extractable organic analysis 
was repeated if internal standard recoveries were less than 20 
percent. 

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 
specifications. Calibration logs were maintained to document 
instrument performance. The entire GC/MS system was further evaluated 
with the analysis of a composite standard that contained all 
pollutants of interest and the various deuterated internal standards. 
This standard was analyzed with each sample set or with each change in 
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TABLE II-11 

SUMMARY OF INTERNAL STANDARDS 

Volatiles~·: 

methylene chloride-d2 
1,2-dichloroethane-d~ 

1,1,1-trichloroethane-dl 
benzene-d3 
toluene-d3 
p-xylene-dlO 

Extractables 

phenol-d~-TMS 

naphthalene-d~ 
diamyl phthalate 
stearic acid-d35-TMS 

*Relative to benzene-d3 
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instrument calibration/tune. 
standard supplied data that 
chromatographic systems, b) 
spectrum of each compound 
sensitivity. 

This daily analysis of the composite 
a) verified the integrity of the 

produced acceptable low-resolution mass 
assayed, and c) verified machine 

The field and method blanks were included in· the analytical program to 
indicate possible sample contamination and confirm analytical 
methodologies. Field blanks were spiked with deuterated internal 
standards. Method blanks were spiked with the deuterated internal 
standards and standards for compounds under evaluation, as discussed 
previously. The mass spectrum for each of these standard compounds 
was determined daily throughout the analysis program. The blanks 
provided additional quality assurance, including: a) data on clean 
matrix recoveries and b) replicate analysis for precision 
determinations. 

Long-Term Sampling Program 

The long-term sampling program was undertaken to investigate the 
variability and treatability of certain toxic and nonconventional 
pollutants discharged from mills in the pulp, paper, and paperboard 
industry. 

Selection Q!. SiTnif icant Parameters. Through an evaluation of 
available dataprimarily verification data), EPA identified certain 
pollutants to be of potential concern in the pulp, paper, and 
paperboard industry. These included chloroform, trichlorophenol, 
pentachlorophenol, and PCBs, which are toxic pollutants, and resin 
acids, fatty acids, and bleach plant derivatives, which are 
nonconventional pollutants. The complete list of the pollutant 
parameters selected for analysis during the long-term sampling program 
is presented in Table 11-12. 

Selection of Mills for the Long-~ Sampling Program. Candidate 
mills for the long-term sampling program were listed for each of the 
following five major industry sectors; bleached kraft, unbleached 
kraft/semi-chemical, deink with bleaching, wastepaper without 
bleaching, and bleached sulfite. The following criteria were 
established for selection of the mills: 

o the mills should be located close to the northeastern 
quarter of the U.S. to minimize cost, and 

o the final effluent flow and BODS for each mill chosen should 
be equal to or less than the annual average levels that 
formed the basis of BPT regulations to ensure that the mill 
selected would be representative of the industry sector 
after compliance with BPT regulations. 

Due to budgetary concerns, only two mills could be chosen. Therefore, 
the candidate mill list was reduced to include only mills representing 
industry sectors that were best suited for this program. A review of 

56 



TABLE II-12 

TOXIC AND NONCONVENTIONAL POLLUTANTS 
SELECTED FOR ANALYSIS DURING THE 

LONG-TERM SAMPLING PROGRAM 

Toxic Pollutants 

Chlorinated Phenolics: 
2,4-dichlorophenol 
trichlorophenol 1 

pentachlorophenol 

Halomethane: 
chloroform 

Polychlorinated Biphenyls (PCBs)2 
PCB-1016 
PCB-1221 
PCB-1232 
PCB-1242 
PCB-1248 
PCB-1254 
PCB-1260 

1 Includes 2,4,5 and 2,4,6-trichlorophenol. 

2Analyzed only at deink mill. 
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Nonconventional Pollutants 

Chlorinated Phenolics: 
4,5-dichloroguaiacol 
3,4,5-trichloroguaiacol 
4,5,6-trichloroguaiacol 
tetrachloroguaiacol 

Unsaturated Fatty Acids: 
oleic acid 
linoleic acid 
linolenic acid 

Unsaturated Fatty Acid Derivatives: 
9,10-epoxystearic acid 
9,10-dichlorostearic acid 

Resin Acids: 
abietic acid 
dehydroabietic acid 
isopimaric acid 
levopimaric acid 
neoabietic acid 
palustric acid 
pimaric acid 
sandaracopimaric acid 

Chlorinated Resin Acids: 
monochlorodehydroabietic acid 
dichlorodehydroabietic acid 

Ethers: 
dimethyl sulfide 
dimethyl disulfide 



screening and verification data showed that bleached kraft facilities 
could have detectable levels of all the pollutants of concern (except 
PCBs) in their wastewater. A further review showed that PCBs, 
chloroform, and the chlorophenolics could be found in wastewater 
discharges from deinking mills where bleaching is employed. 

As a result, the candidate mill list was reduced to include only 
bleached kraft and deink mills. EPA selected one mill from each 
sector to provide full coverage of the toxic and nonconventional 
pollutants of concern. 

Sampling Program. The purpose of the long-term sampling program was 
to investigate the variability and treatability of certain pollutants 
specific to the pulp, paper, and paperboard industry. The sampling 
effort was primarily designed to collect long-term data on the levels 
of the pollutants of interest in the final effluent of the mill's 
wastewater treatment plant. Raw wastewater samples were collected to 
determine the levels of the pollutants being discharged to the end-of
pipe treatment system and to evaluate the relative efficiency of the 
treatment system for removing the specific compounds. 

Representatives of the selected mills were contacted by telephone and 
a confirmation letter was sent explaining the program. At the initial 
meeting with mill personnel, discussions included the need to obtain 
pertinent mill operating information for the duration of the sampling 
program. 

Prior to beginning the sampling effort, EPA developed a long-term 
sampling work booklet for each mill sampled.(25)(26) Each work booklet 
detailed the specific procedures to be followed at each mill. 

For the fine bleached kraft mill, sampling included collecting grab 
and composite samples over a 72-hour period each week for twenty-three 
weeks. Weekly composite sampling consisted of collecting three 
consecutive 24-hour composites of the final effluent and one 72-hour 
composite of the aeration influent. For this mill, the aeration 
influent was the first point at which all wastewater streams were 
combined. 

At the deink tissue mill, sampling included collecting grab and 
composite samples over a 72-hour period each week for twenty-three 
weeks. Weekly composite sampling consisted of collecting three 
consecutive 24-hour composites of the final effluent, and a 72-hour 
composite of both the raw waste and primary clarifier effluent. The 
primary effluent sample point was added to the program after EPA 
learned that over fifty percent of the primary clarifier effluent is 
recycled back to the mill. By sampling the primary effluent, EPA 
could evaluate the treatability of the chemically assisted primary 
clarification system for the pollutants of interest and could estimate 
their levels entering secondary treatment. 

At both mills, grab samples were taken three times per day at each 
sample point. Collection of grab samples was necessary for analysis 
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of the volatile organic compounds of interest. Also, pH and 
temperature were recorded each time a grab sample was taken. 

Split Sampling Program. As with the screening and verification 
programs, representatives of the National Council of the Paper 
Industry for Air and Stream Improvement, Inc. (NCASI) obtained split 
samples. NCASI personnel shipped the necessary sampling containers to 
the. bleached kraft mill. The sampling team collected the samples for 
NCASI and returned them to mill personnel for shipment to the 
appropriate NCASI laboratory for analysis. The NCASI split sampling 
effort included only six final effluent samples collected at the 
bleached kraft mill; none were collected at the deink mill. 

Analytical Methods Used During the Long-Term Sampling Program. The 
analytical methods used to analyze wastewater samples from the 
bleached kraft mill and the deink mill are discussed below. 

Bleached Kraft Mill The wastewater samples collected at the 
bleached kraft mill were analyzed for all of the priority and 
nonconventional pollutants (except PCB's) listed in Table II-12. 

The volatile organic compounds were analyzed by U.S.EPA Method 1624, 
"Volatile Organic Compounds by Purge and Trap Isotope Dilution GC/MS." 
The concentrations of dimethyl sulfide and dimethyl disulfide were 
determined according to Method 624 because no labeled analogs were 
available. 

The semivolatile organic compounds were analyzed with a modified 
version of U.S.EPA Method 1625, "Semivolatile Organic Compounds By 
Isotope Dilution GC/MS." Method 1625 was modified to include SE54 
fused silica wall coated open tubular gas chromatography (HRGC) and N
methyl-N-trimethylsilyl-trif luoroacetamide (MSTEA} derivatization. 
The modification was necessary to allow for analysis of resin and 
fatty acid compounds found in wood pulping discharges. The 
concentrations of those compounds for which no isotopic counterparts 
were available were determined according to Method 625. 

Deink Mill. The wastewater samples collected at the deink mill 
were routinely analyzed for the priority pollutants only (see Table 
11-12). 

Chloroform concentrations were determined by U.S.EPA Method 1624. The 
chlorophenolics were analyzed using Method 1625 as was done at the 
bleached kraft mill. 

The PCB concentrations were determined by U.S.EPA Method 617, 
"Organochlorine Pesticides and PCBs." It was necessary to determine 
the presence of the PCBs by Method 617 since Method 625 is not 
sensitive enough at low levels for these compounds, the limits of 
detection being about 30 ppb. The PCBs were not analyzed by isotope 
dilution methods since labeled standards were not available. If any 
PCBs were detected, they were confirmed by GC/MS (though quantitated 
by GC/EC). 
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To investigate the levels of the nonconventional pollutants at the 
deink mill, fifteen final effluent samples were randomly selected and 
analyzed. Volatile and semivolatile nonconventional pollutants were 
analyzed by using Methods 624 and 625, respectively, as for the bleach 
kraft samples. 

Quality Assurance/Quality Control. The long-term sampling program 
included the implementation of separate quality assurance/quality 
control (QA/QC) procedures for each mill. Analyses of chloroform and 
the chlorophenolics at both mills allowed similar QA/QC procedures for 
these compounds; however, analyses for the nonconventional pollutants 
at the bleached kraft mill and PCBs at the deink mill required the 
development of different QA/QC procedures. 

For the bleached mill, the QA/QC procedures used were primarily those 
presented in the Federal Register (44 FR 69553, December 3, 1979) for 
analysis of organic priority pollutants. (23) The QA/QC program 
included routine QA/QC such as a preliminary, clean water precision 
and accuracy study, and the use of method and field blanks. The 
program also required that analytical methods be validated and 
subsequent analyses be within the validated control limits. 
Additional quality assurance was included for the analysis of the 
nonconventional pollutants for which no labeled analogs exist. Three 
levels of standard additions on duplicates of ten percent final 
effluent samples were required to provide recovery information. 

Also, a mass spectrometer linearity study was conducted three times 
during the program. The study determined the dynamic performance 
range of the entire analytical system for all compounds of interest, 
surrogate standards, and internal standards. 

For the deink mill, the use of labeled analogs for chloroform and the 
chlorophenolics provided recovery information for these toxic 
pollutants. Additional precision information was obtained by 
analyzing one final effluent sample in duplicate each week. 

Since no labeled analogs exist for PCBs, a separate QA/QC program was 
developed. During the odd numbered sampling weeks (1, 3, 5, 7, ... 23), 
one final effluent sample was analyzed in duplicate to obtain 
precision information. During the even numbered weeks (2, 4, 6, 
8, .... 22), one final effluent sample was analyzed first unspiked, to 
establish background concentration of the analyte, and then spiked, to 
provide recovery information. 

Discharge Monitoring Data Acquisition Program 

During the verification program, EPA obtained long-term conventional 
pollutant data from each of the mills surveyed. These data were 
obtained to analyze the effectiveness of in-place technology. After 
reviewing these data, EPA found that effluent levels attained at some 
mills were well below BPT limits. In addition, EPA was aware that the 
data request program had preceded the start-up of new treatment 
facilities· at many mills. Based on this information, in December of 
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1979, EPA decided to obtain additional long-term data to evaluate the 
performance of treatment systems relative to BPT limitations. 

This effort involved contacting personnel at EPA Regional offices and 
States with permitting authority to obtain discharge monitoring report 
(DMR) data to supplement the conventional pollutant data received 
during the verification program. Discharge monitoring data were 
obtained from five EPA Regional offices and from eleven States with 
permitting authority. The resulting DMR data base included 12 to 30 
months of DMR data for the period between July 1977 and December 1979 
for approximately 250 direct discharging mills in the industry. The 
data were used to develop the effluent limitations proposed for the 
conventional pollutants BODS and TSS (see 46 FR 1430, January 6,1981). 

To update and expand this data base, EPA conducted a supplemental DMR 
program to obtain additional data for direct, continuous discharging 
mills for the period between July 1977 and March 1981. All pulp, 
paper, and paperboard mills were identified by State, and EPA 
developed a list of EPA Regional offices and State agencies with 
permitting authority for these mills. 

DMR data were received from the following EPA Regional offices and 
States: 

EPA Region I, II, III, IV, VI, VIII, IX, and X. 

Maine, New Hampshire, Connecticut, New York, Virginia, Maryland, 
Delaware, Tennessee, Mississippi, Alabama, Georgia, South 
Carolina, North Carolina, Ohio, Indiana, Illinois, Michigan, 
Wisconsin, Minnesota, Kansas, Iowa, California Region I, and 
California Region V (Redding Office). 

The number of direct discharging mills 
collected and the number of direct 
subcategory are presented in Table II-13. 

for which 
discharging 

DMR data 
mills in 

were 
each 

DMR data were evaluated to identify inconsistencies. EPA also 
assessed the influence of treatment system startup on effluent 
quality. If effluent loads were found to be unusually high during 
startup, data were discarded to properly reflect effluent 
characteristics subsequent to system startup. When EPA found that 
long-term effluent levels were inconsistent due to production, 
process, or treatment system changes, the data were further 
scrutinized and reanalyzed or deleted from the data base. EPA 
developed summaries of the DMR data for inclusion in the existing data 
base. The DMR data are discussed and summarized in Section VIII of 
this document. 

Supplemental Data Acguisition Program 

During the BATEA review program, EPA collected 13 months of daily 
production and wastewater data from 54 mills to determine long-term 
average, maximum day, and maximum 30-day average values. EPA used 
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TABLE II-13 

StmlfARY OF DIRECT DISCHARGING MILLS 
VERSUS DMR DATA COLLECTED 

Subcategory 

Integrated Segment 

Dis•olving Kraft 
Market Bleached Kraft 
BCT Bleached ~raft 
Alkaline-Fine 
Unbleached Kraft 

o Linerboard 
o Baa 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite3Pulp 
Papergrade Sulfite 
Groundwood - Thermo-Mechanical 
Groundwood - CMN Papers 
Groundwood • Fine Paper• 
Integrated Miscellaneous 

Secondary Fibers Segment 

Deink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 
Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 
Secondary Fiber Miscellaneous 

Nonintegrated Segment 

Nonintegrated - Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated - Tissue Papers 
Nonintegrated - Lightweight Papers 

o Lighweight Papers 
o Electrical Papers 

Nonintegrated - Filter and Nonwoven 
Nonintegrated - Paperboard 
Nonintegrated Miscellaneous 

Total 

Number of Direct1 

Discharging Mills 

Papers 

3 
12 
9 

16 

16 
11 
18 
9 
6 

13 
3 
3 
7 

75 

3 
11 

1 
13 
45 

4 
5 
7 

16 
5 

15 

10 
4 
s 
7 

~ 

378 

Number of Mills 
Included in Discharge 
Monitoring Data Base 

3 
10 

9 
16 

16 
11 
18 
9 
4 

13 
3 
3 
7 

71 

3 
11 

1 
13 
43 

4 
5 
7 

16 
5 

15 

10 
4 
s 
7 

26 

370 

The total represents all direct discharging mills known to have operated for a 
period of time during January 1978 and March 1981 and self-contained mills 
which submit DMRs. The total incudes 35 mills which share 14 joint treatment 
systems. Each mill is listed separately on the table although only one set of 
data are reported for each joint treatment system. The total also includes 

2 
some mills which discharge a portion of their wastewater to POTWs. 

3 I
1

nncclluuddeess FPaipneerBglreaadcehed Kraft and Soda subcategories. 
Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 

subcategories. 
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these data to establish maximum day and maximum 30-day average 
variability factors in developing proposed effluent limitations and 
standards published on January 6, 1981 (46 FR 1430). 

To broaden, update, and strengthen its data base, EPA conducted a 
supplemental data request program. EPA selected mills for this 
program based on final effluent discharge levels, wastewater 
monitoring frequencies, and type of treatment system employed. Data 
request forms were developed and submitted to representatives of each 
selected mill. Daily operating data were gathered from 44 mills for a 
period of approximately three years. The data were analyzed to 
determine maximum day and maximum 30-day average variability factors. 
One mill was subsequently identified as a noncontinuous, intermittent 
discharger and was dropped from the study. 

PCB Data Acquisition Program 

EPA conducted an extensive study to evaluate the presence and levels 
of PCBs discharged from pulp, paper, and paperboard mills where 
recycled paper is used as furnish. EPA Regional offices, State 
agencies with permitting authority, and environmental agencies were 
contacted for information; those states which require PCB monitoring 
were identified. Raw waste and final effluent data were obtained for 
49 mills from data suplied by the States of New York, Wisconsin, and 
Oklahoma and from an evaluation of discharge monitoring report and 
verification sampling data. 

Data Obtained From Industry Q!! Proposed Regulations 

The industry, through its comments on the January 1981 proposed 
regulations, supplied additional toxic and nonconventional pollutant 
data. Chloroform, ammonia, trichlorophenol, and pentachlorophenol 
data supplied by industry representatives in their comments are 
summarized in Section V. 

Analysis of Treatment Alternatives 

As a result of a review of available literature, EPA identified 
numerous production process controls and effluent treatment 
technologies that are applicable for control of the discharge of 
conventional, toxic, and nonconventional pollutants. These processes 
and systems include those currently in use in the pulp, paper, and 
paperboard industry and those demonstrated at a laboratory or pilot 
scale and/or demonstration level within an industrial category 
including the pulp, paper, and paperboard industry. The production 
process controls and effluent treatment technologies evaluated and 
their area of application are presented in Table II-14. EPA evaluated 
this information, along with the data developed through the data 
request, screening, verification, and supplemental data request 
programs, to determine reduction/removal capabilities of applicable 
control and treatment technologies. 
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TABLE II-14 

PRODUCTION PROCESS CONTROLS AND EFFLUENT TREATMENT TECHNOLOGIES 

Production Process Controls 

1. Woodyard/Woodroom 
a. Close-up or dry woodyard and barking operation 
b. Segregate cooling water 

2. Pulp Mill 
a. Reuse blow condensates 
b. Reduce groundwood thickener overflow 
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 

4. Bleaching 
a. Countercurrent or jump stage washing 
b. Evaporate 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 

6. Liquor Preparation Area 
a. Green liquor dregs filter 
b. Lime mud pond 
c. Spill collection 
d. Spare tank 

7. Papermill 
a. Spill collection 

1. Paper machine and bleached pulp spill collection 
2. Color plant 

b. Improve saveall 
c. High pressure showers for wire felt cleaning 
d. White water use for vacuum pump seal water 
e. Paper machine white water shower wire cleaning 
f. Additional white water storage 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 
m. Addition of fourth stage cleaners 
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8. Steam Plant and Utility Areas 
a. Segregate cooling water 

TABLE II-14 
(continued) 

b. Lagoon for boiler blowdown and backwash waters 

9. Recycle of Effluent 
a. Filtrate 
b. Sludge 

10. Substitution of Chemicals 

Other Technologies 
a. Oxygen bleaching process 
b. Rapson/Reeve process 
c. Sequential chlorination 
d. Displacement bleaching 

Effluent Treatment Technologies 
1. Primary Clarification 
2. Biological Treatment 

a. Oxidation basins 
b. Aerated stabilization basin 
c. Activated sludge 
d. Rotating biological contactor 
e. Anaerobic contact filter 
f. Ammonia removal by nitrification 

3. Chemically Assisted Clarification 
4. Foam Separation 
5. Activated Carbon Adsorption 
6. Steam Stripping 
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7. 

8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 

Reverse Osmosis/Freeze 
concentration 

Filtration 
Dissolved Air Flotation 
Ultrafiltration 
Polymeric Resin Adsorption 
Amine Treatment 
Electrochemical Treatment 
Micros training 
Oxidation 



EPA identified several technology options for consideration as the 
basis of BPT and BAT effluent limitations, NSPS, PSES, and PSNS. 
These options include combinations of the technologies presented on 
Table II-14. EPA assessed the pollutant removal capabilities of these 
technology options; the results of this analysis are presented in 
Section VIII of this document. 

Analysis of Cost and Energy Data 

Through the data assessment phase, mill surveys, EPA data requests, 
and DMR data requests, baseline data have been gathered for analysis. 
Data obtained and evaluated include: a) age of mill, b) production 
process controls employed, c) effluent treatment technology employed, 
d) cost for the technology employed (if available), e) site conditions 
(i.e., ledge, poor soils), and f) land availability. EPA used these 
data to characterize model facilities representative of each 
subcategory of the pulp, paper, and paperboard and builders' paper and 
board mills point source categories. 

EPA developed appropriate model mill sizes for each subcategory to 
properly account for economies of scale. The Agency estimated the 
costs of implementation of various control and treatment options for 
these model mills. 

In developing cost data for implementation of available production 
process controls and end-of-pipe treatment, EPA estimated the costs of 
construction materials in terms of first quarter 1978 dollars. 
Equipment and material suppliers were contacted to aid in developing 
these 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 parameters. Cost data are presented in Appendix A of this 
document. 

EPA used its cost estimates to assess the economic impacts (including 
price increases, profitability, industrial growth, plant closures, 
production changes, employment effects, consolidation trends, balance 
of trade effects, and community and other dislocation effects) of each 
of the identified control and treatment options. These economic 
impacts are discussed in detail in a separate report: Economic Impact 
Analysis of Effluent Limitations and Standards for the Pulp, Paper, 
and Paperboard Industry (U.S. EPA, October 1982). (27) 

EPA estimated baseline energy consumption and solid waste generation 
and the incremental increase in energy and solid waste resulting from 
implementation of various technology options. Information gathered 
through the data request program and subsequent inputs from industry 
representatives were used in establishing this baseline. Energy 
consumption data are also presented in Appendix A of this document. 
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SECTION III 

DESCRIPTION OF THE INDUSTRY 

INTRODUCTION 

EPA identified a total of 674 operating facilities (as of April 12, 
1982) involved in the manufacture of pulp, paper and paperboard 
products. The mills vary in size, age, location, raw material usage, 
products manufactured, production processes employed, and effluent 
treatment systems employed. This highly diversified industry includes 
the production of pulp, paper, and paperboard from wood and nonwood 
materials such as jute, hemp, rags, cotton linters, bagasse, and 
esparto. The pulp, paper, and paperboard industry includes three 
major segments: integrated, secondary fibers, and nonintegrated mills. 
Mills where pulp alone or pulp and paper or paperboard are 
manufactured on-site are referred to as integrated mills. Those mills 
where paper or paperboard are manufactured but pulp is not 
manufactured on-site are referred to as nonintegrated mills. Mills 
where wastepaper is used as the primary raw material to produce paper 
or paperboard are referred to as secondary fibers mills. 

A wide variety of products including pulp, newsprint, printing and 
writing papers, unbleached and bleached packaging papers, tissue 
papers, glassine, greaseproof papers, vegetable parchment, special 
industrial papers, and bleached and unbleached paperboard are 
manufactured through the application of various process techniques. 
The industry is sensitive to changing demands for paper and paperboard 
products; operations are frequently expanded or modified at mills to 
accommodate new product demands. 

RAW MATERIALS 

During the nineteenth century, wood began to supplant cotton and linen 
rags, straw, and other less plentiful fiber sources as a raw material 
for the manufacture of paper products. Today, wood is the most widely 
used fiber source in the pulp, paper, and paperboard industry and 
accounts for over 98 percent of the virgin fiber sources used in 
papermaking. 

In recent years, secondary fiber sources, such as wastepaper of 
various classifications, have gained increasing acceptance. In 1976, 
more than 22 percent of the fiber furnish in the U.S. was derived from 
wastepaper. 

STANDARD MANUFACTURING PROCESSES 

The production of pulp, 
standard manufacturing 
preparation, (b) pulping, 
these processes and their 

paper, and paperboard involves 
processes including (a) raw 

(c) bleaching, and (d) papermaking. 
variations are described below. 
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Raw Material Preparation 

Depending on the form in which the raw materials arrive at the mill, 
log washing, bark removal, and chipping may be employed to prepare 
wood for pulping. These processes can require large volumes of water, 
but the use of dry bark removal techniques or the recycle of wash 
water or water used in wet barking operations significantly reduces 
water consumption. 

Pulping 

Pulping is the operation of reducing a cellulosic raw material into a 
form suitable for chemical conversion or for further processing into 
paper or paperboard. Pulping processes vary from simple mechanical 
action, as in groundwood pulping, to complex chemical digesting 
sequences such as in the alkaline, sulfite, or semi-chemical 
processes. 

Mechanical Pulping. Mechanical pulp is commonly known as groundwood. 
There are two basic processes: a) stone groundwood where pulp is made 
by tearing fiber from the side of short logs (called billets) using a 
grindstone, and b) refiner groundwood where pulp is produced by 
passing wood chips through a disc refiner. 

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

Mechanical pulps are characterized by yields of over 90 percent of the 
original substrate. The pulp produced is relatively inexpensive and 
requires minimal use of forest resources because of these high yields. 
Because mechanical pulping processes do not remove the natural wood 
binders (lignin) and resins inherent in the wood, 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. Natural oxidation 
of the impure cellulose causes an observable yellowing early in the 
life of such papers. Also, a physical weakening soon occurs. Thus, 
the use of groundwood pulp in the manufacture of higher quality grades 
of paper requiring permanence is not generally permissable. 

Chemical Pulping. Chemical pulping involves the use of controlled 
conditions and cooking chemicals to yield a variety of pulps with 
unique properties. Chemical pulps are converted into paper products 
that have relatively higher quality standards or require special 
properties. There are three basic types of chemical pulping now in 
common use: a) alkaline, b) sulfite, and c) semi-chemical. 

Alkaline The first alkaline pulping process (developed in the 
nineteenth century) was the soda process. This was the forebearer of 
the kraft process. The kraft process produces a stronger pulp and is 
currently the dominant pulping process worldwide. At present, there 
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is only one operating soda mill in the United States. All other mills 
have been converted to the kraft process.(28) 

Early in the twentieth century, the kraft process became the major 
competitor of the sulfite process for some grades of pulp. Kraft pulp 
now accounts for over 80 percent of the chemical pulp produced in this 
country and the role of kraft continues to increase. Although sulfite 
is still preferred for some grades of products, sulfite production is 
declining. 

Several major process modifications and achievements have resulted in 
the widespread application of the kraft process. First, because of 
their increasing cost, chemicals must be recovered for economic 
reasons. In the 1930's, successful recovery techniques were applied 
to this process; these techniques have vastly improved in recent 
years. 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 pulping to that area of the 
country. (28) Third, new developments in bleaching of kraft pulps 
(primarily the use of chlorine dioxide) spurred another dramatic 
growth period in the late 1940's and early 1950's. Use of this 
bleaching agent in simplified bleach sequences of four or five stages 
enables production of high brightness kraft pulps that retain 
strength. 

Sulfite - Sulfite pulps are associated with the production of 
many types of paper, including tissue and writing papers. In 
combination with other pulps, sulfite pulps have many applications. 
In addition, dissolving pulps (i.e., the highly purified chemical 
cellulose used in the manufacture of rayon, cellophane, and 
explosives) were produced solely by use of the sulfite process for 
many years. 

Initially, sulfite pulping involved the use of calcium (lime slurries 
sulfited 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 
the spent liquor from this base is difficult and expensive to recover 
or burn. If spent liquor is not recovered or burned, it must be 
discharged as effluent, significantly increasing end-of-pipe treatment 
costs. Attempts to use more than about 10 percent of the spent liquor 
in various by-products failed. Also, calcium use has declined because 
the availability of softwoods, which are most suitable for calcium
based pulping, is diminishing.(29)(30) As a result, at most calcium
based sulfite mills, the process has been altered to include the use 
of a soluble chemical base (magnesium, ammonia, or sodium). This 
permits the recovery or incineration of spent liquor. 

In recent years, some sulfite mills have been converted to the kraft 
pulping process and others have been shut-down rather than incur the 
expense of installing recovery/incineration technology or converting 
sulfite processes to other pulping processes.(30)(31) Based on 
industry survey responses, calcium-based cooking chemicals are used at 



six papergrade sulfite mills. A magnesium base is used at seven 
facilities, an ammonia base at five mills, and a mixed base of sodium 
and calcium is used at one mill. 

Semi-Chemical Early applications of the semi-chemical process 
during the nineteenth century involved the cooking of chips with a 
neutral or slightly alkaline sodium sulfite solution. This process is 
called the neutral sulfite semi-chemical (NSSC) pulping process. In 
the 1920's, scientists at the U.S. Forest Products Laboratory 
demonstrated the advantages of NSSC pulping, and the first NSSC mill 
began operation in 1928 for production of corrugating medium.(28) 

The NSSC process gained rapid acceptance because of its ability to 
utilize the vast quantities of inexpensive hardwoods previously 
considered unsuitable for producing quality pulp.(32) Also, the 
quality of stiffness which hardwood NSSC pulps impart to corrugated 
board and the large demand for this material have promoted a rapid 
expansion of the process.(28) Both sodium and ammonia base chemicals 
have been used in the NSSC process. 

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.(28) Somewhat lower cost fluidized bed 
recovery systems have been extensively used at NSSC mills. With 
ammonia-based pulping, only sulfur dioxide recovery <soi> is 
practiced, and recovery economics are marginal. With sodium-based 
pulping, a by-product saltcake is obtained which cannot be recycled to 
the semi-chemical process. This material can be sold for use at 
alkaline pulp mills; however, sales have been very limited because of 
the variable composition of the salt cake. 

Recently, advances have been made in semi-chemical pulping process 
technology with respect to liquor recovery systems. Three no-sulfur 
semi-chemical processes have been developed: a) the Owens-Illinois 
process, b) the soda ash process, and c) 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 a balanced caustic make-up or selective recausticizing, a 
balanced pulping liquor is assured. The process uses a 15 to 50 
percent caustic solution (as Naio>, with the remainder of chemicals 
consisting 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 NSSC liquors containing both sodium 
carbonate and sodium sulfite. 

In the soda ash process, soda ash is used at 6 to 8 percent of the 
oven dried weight of wood charged to the digester. Spent liquor is 
burned in a fluidized bed, and the soda ash is recovered. Caustic 
make-up provides a balanced pH liquor for reuse. The modified soda 
ash process uses a small amount of caustic along with the soda ash 
(typically 7 to 8 percent NaOH as Naio).(33) 
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There are valid reasons for conversion from the standard NSSC pulping 
process: 

1. A poor market for the saltcake (Na£SO!) by-product 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 can result from burning the waste 
liquors. 

Extensive use of a kraft-type recovery furnace for chemical recovery 
from both kraft and semi-chemical pulping systems on a common site 
(unbleached kraft/semi-chemical cross recovery) is often practiced. 
Original practice was to apply all new cooking chemicals (i.e., Na£C01 
and/or Na2S03} required for the semi-chemical pulping operation; often 
a solution of sodium carbonate is prepared and sulf ited with SO£. 
Make-up chemical requirements are adjusted, along with production 
rates, to balance the total liquor lost from both the kraft and 
semi-chemical pulping systems. The ratio of kraft to NSSC is about 
4/1 depending upon the overall efficiency of chemical recovery. Less 
NSSC pulp can be made if the necessary make-up chemicals are added to 
the liquor at the recovery furnace (as Na£SO!} as in the conventional 
kraft system. The liquor recovered from the kraft recovery furnace 
will be comprised primarily of Na£C01 and Na£S, not Na£S01 as desired 
for production of NSSC pulp. This leads to the historic trend of 
producing a balanced pulp ratio with make-up in the form of fresh 
chemicals added as NSSC liquor. 

Recently, the trend is toward the use of kraft green liquor as part of 
the semi-chemical cooking liquor. This eliminates the reliance on 100 
percent new chemicals for the semi-chemical operation. This requires 
adequate evaporator and recovery furnace capacity to process the extra 
green liquor required for the semi-chemical process. The latter 
approach can free the operation of the mill from adherence to strict 
production ratios. 

Unfortunately, it appears that as the use of green liquor (Na~S} 
increases, the resulting pulp is reduced in brightness and strength. 
Thus, while complete green liquor pulping has been practiced in a few 
cases, only partial substitution is the likely long-term practice. 

Use of Secondary Fibers 

Processing of some secondary fibers allows their use without intense 
processing. Other uses require that the reclaimed wastepapers be 
deinked, a more rigorous process technique, prior to use. 

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

At mills where low quality paper products (i.e., industrial tissue, 
coarse consumer tissue, molded items, builders' papers, and many types 
of paperboard) are made, extensive use is made of wastepaper as the 
raw material furnish. Such operations typically involve a dispersion 
process using warm recycled papermachine white water followed by 
coarse screening to remove gross contamination and debris that may 
have been received with the wastepaper. More extensive fine screening 
and centrifugal cleaners may then be used before the papermaking step. 

Manufacture of higher quality products, such as sanitary tissue and 
printing papers, may involve the use of small percentages of 
wastepaper. These products require clean, segregated wastepaper and a 
more extensive preparation system, usually including a deinking 
system. 

Deinking. Deinking of wastepaper has been commercially applied since 
the nineteenth century. However, large-scale operations that exist 
today were developed much more recently. Materials that must be 
removed in order to reclaim a useful pulp include ink, fillers, 
coatings, and other noncellulosic materials. Deinked pulp is used in 
the manufacture of fine papers, tissue, toweling, liner for some 
paperboards, molded products, and newsprint. 

The use of detergents and solvents, instead of harsh alkalis, has 
permitted effective reuse of many previously uneconomical types of 
wastepaper. Similar advances, such as flotation deinking and recovery 
of waste sludge with centrifuges, may yield more effective deinking 
processes with lower waste loads. 

Presently, however, the secondary fiber field is critically dependent 
upon balancing available wastepaper type with the demands of the 
product to be manufactured. Upgrading of low quality wastepapers is 
difficult and costly, with inherently high discharge of both BOD~ and 
TSS to ensure adequate deinked pulp quality. 

Bleaching of Wood Pulps 

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

The degree of pulp bleaching 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 
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Industry (TAPP!). (34) Partially bleached pulps (semi-bleached) are 
used in making newsprint, food containers, computer cards, and similar 
papers. Fully bleached pulp is used for white paper products. By 
bleaching to different degrees, pulp of the desired brightness can be 
manufactured up to a level of 92 on the brightness scale of 100. 
These techniques are described in detail in a TAPP! monograph. (35) 

Bleaching is frequently performed in several stages in which different 
chemicals 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 in later 
sections of this report. For example, a common sequence in kraft 
bleaching, CEDED, is interpreted 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 because sulfite pulps 
generally contain lower residual lignin. This sequence involves 
chlorination, alkaline extraction, and hypochlorite application, each 
followed by washing. 

Mechanical pulps (i.e., groundwood) contain essentially all of the 
wood substrate including lignin, volatile oils, resin acids, tannins, 
and other chromophoric compounds. The use of conventional bleaching 
agents would require massive chemical dosages to enable brightening to 
levels commonly attained in the production of bleached fully cooked 
kraft or sulfite pulps. Generally, mechanical pulps are less 
resistant to aging because of the resin acids still present, and are 
used in lower quality, short life paper products such as newsprint, 
telephone directory, catalogs, or disposable products. For these 
products, a lower brightness is acceptable. Groundwood may be used as 
produced, at a brightness of about 58 to the mid 60's (GE Brightness), 
or may be brightened slightly by the use of sodium hydrosulfite, 
sodium peroxide, or hydrogen peroxide. Generally, a single 
application in one stage is used, but two stages may be used if a 
higher brightness is required. 

Hydrosulfite may be used with conventional equipment. Bleaching may 
be accomplished by direct addition (without air) to a tank or 
pipeline. Gains of 5 to 10 brightness points are possible; washing is 
not always necessary. Peroxides may be used to give similar 
brightness gains or can be used in series with hydrosulfite stages. 
However, higher consistencies and temperatures are required for cost
effective bleaching. Buffering agents, chelating agents, and 
dispersants are also used to improve bleaching efficiency. 

Secondary fibers 
specific grades. 

are of ten bleached to meet the requirements of 
Again, the choice of bleaching sequence depends on 
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Symbol 

A 
c 
D 
E 
H 
HS 
0 
p 
PA 
w 
( ) 
I 

TABLE III-I 

BLEACHING SYMBOLS 

Bleach Chemical or Step Represented by Symbol 

Acid Treatment or Dechlorination 
Chlorination 
Chlorine Dioxide Addition 
Alkaline Extraction 
Hypochlorite Addition 
Hydrosulfite Addition 
Oxygen Addition 
Peroxide Addition 
Peracetic Acid Addition 
Water Soak 
Simultaneous Addition of the Respective Agents 
Successive Addition of the Respective Agents Without 
Washing in Between 
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whether the processed stock is composed of only fully bleached 
chemical pulps or if appreciable groundwood is also contained. For 
the latter, a brightness touch-up with peroxide or hydrosulfites may 
be required. 

For deinked groundwood-free stocks, bleaching can be employed to 
eliminate the color of the dyes used in coloring or printing the 
sheet. Bleach demand is minimal compared to that in a pulp mill 
bleachery. Usually a single hypochlorite stage may suffice, although 
a CH or a CEH sequence may be used. 

Papermaking 

Once pulps have been prepared from wood, deinked stock, or wastepaper, 
further mixing, blending, and addition of non-cellulosic materials, if 
appropriate, are necessary to prepare a suitable "furnish" for making 
most paper or board products. Modern stock preparation systems have 
preset instrumentation to control blending, addition of additives, 
refining, mixing, and distribution of the furnish. 

Two or more types of pulp are often blended to produce desired 
characteristics. Often, relatively long fiber softwood pulp is used 
to create a fiber network and to provide the necessary wet strength 
required during the forming process. Softwood pulps are used in the 
production of high strength, tear resistant paper products. Softwood 
pulps can be blended with shorter fiber hardwood pulps by mixing in 
large agitated tanks or in continuous stock blending systems. 
Hardwood kraft pulp is not as strong as softwood pulp but contributes 
valuable properties to the product such as smoothness, opacity, good 
printability, and porosity. 

To develop the maximum strength possible in paper, the fibers must be 
"refined", or mechanically worked in close tolerance machines 
(refiners). The fiber structures are opened, thus presenting more 
bonding surfaces when the fibers are formed into sheets on the paper 
machine and dried. 

Many other materials may be used to provide the unique properties of 
the many types of paper used today. If a printing paper is made, 
fillers such as clay, calcium carbonate, talc, or titanium dioxide can 
be added to improve smoothness, brightness, and opacity. Increased 
ink or water resistance may be derived by the addition of resin, 
synthetic sizing, or starch, either during forming or as a separate 
application to the semi-dry sheet at the size press. 

The various papermaking processes have basic similarities regardless 
of the type of pulp used or the end-product manufactured. A layer of 
fiber is deposited from a dilute water suspension of pulp on a fine 
screen, called the "wire." The wire retains the fiber layer and 
permits water to drain through. (28) This layer is then removed from 
the wire, pressed, and dried. Two basic types of papermachines and 
variations thereof are commonly employed. One is the cylinder machine 
in which the wire is on cylinders which rotate in the dilute pulp 
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furnish. The other is the Fourdrinier in which the dilute pulp 
furnish is deposited upon an endless wire belt. Generally, the 
Fourdrinier is associated with the manufacture of paper and the 
cylinder machine with heavier paperboard grades. 

Either a Fourdrinier or cylinder forming machine may be used to make 
paperboard. The primary operating difference between the two machines 
is the flat sheet-forming surface of the Fourdrinier and the 
cylindrical-shaped mold of the cylinder machine. In the cylinder 
operation, a revolving wire-mesh cylinder rotates in a vat of dilute 
pulp picking up fibers and depositing them on a moving felt. The 
pressing and drying operations are similar to that of the Fourdrinier 
machine. 

In the Fourdrinier operation, dilute pulp, about 0.5 percent 
consistency, flows from the headbox onto the endless wire screen where 
the sheet is formed and through which the water drains. A suction 
pick-up roll transfers the sheet from the wire to two or more presses 
which enhance density and smoothness and remove additional water. It 
leaves the "wet end" of the machine at about 35 to 40 percent 
consistency and goes through dryers, heated hollow iron or steel 
cylinders, in the "dry end." Because of its higher speed and greater 
versatility, the Fourdrinier is in more common use than the cylinder 
machine. 

With either machine, coatings may be applied in the dry end or on 
separate coating machines. After initial drying on the paper machine, 
the sheet may be treated in a size press, and then further dried on 
the machine. Calender stacks and breaker stacks may be employed to 
provide a smoother finish, either after drying or while the sheet is 
still partially wet. 

If smoothness and high density are required, calendering is employed 
on the machine just before the sheet is wound on a reel. Control of 
moisture in the sheet and of the pressure and number of nips applied 
dictates the degree of densif ication. 

It is increasingly common to impart further improvements in 
appearance, printability, water resistance, or texture by "coating" 
the dry paper sheet. This may be done either on-machine or on a 
separate coater (i.e., off-machine). Coatings may be applied by 
rolls, metering rods, air knives, or blades. The coating commonly is 
a high density water slurry of pigments and adhesives which are 
blended, metered onto the fast moving sheet, and then dryed. Binders 
including various starches, latices, polyvinylacetate (PVA), and other 
synthetics are now used. Other types of coating operations may 
involve the use of recoverable solvents for the application of release 
agents, gummed surfaces, and other films. 

Often with pigment type coatings, another operation is required to 
obtain the desired coated sheet smoothness and gloss. Large high 
speed devices similar to calenders are used; these "super calenders" 
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have alternating steel and fabric-filled rolls that impart the 
polishing effect. 

INDUSTRY PROFILE 

Information obtained from the data request program is the main source 
of information used to develop a profile of the pulp, paper, and 
paperboard industry. In addition, several mills were identified for 
which ·responses to the data request survey were not received, which 
were not operating at the time of the survey, or which were 
inadvertently omitted from the pr.ogram. EPA developed a profile of 
these mills by contacting representatives of the mills, EPA Regional 
or State authorities, and/or using industry directories. The industry 
profile includes information on the geographical distribution of mills 
by subcategory, the method of wastewater discharge, and the type of 
production techniques employed. More detailed profile information 
will be presented in later sections of this report. 

Geographical Distribution 

Table III-2 presents the geographical distribution of mills by EPA 
Region for: a) facilities operating as of April 12, 1982, for which 
·responses to the data request survey were received, and b) facilities 
not responding to or not operating at the time of the survey. 
Information is presented based on the revised subcategorization scheme 
that is discussed in grea~er detail in Section IV. 

Figure III-1 presents information on the total number of operating 
facilities by State. The totals shown are for the 610 operating mills 
that responded to the data request program and for the 64 operating 
mills that were not included in the program. A total of 22 mills of 
those responding to the data request program are now closed. 

Method of Wastewater Discharge 

Table III-3 presents information on the method of wastewater discharge 
employed at the operating mills in the pulp, paper, and paperboard 
industry. At fifty percent of the mills in the industry, wastewater 
is treated on-site in treatment systems operated by mill personnel. 
Mills where all or a portion of the wastewater generated is discharged 
to a POTW make up 39 percent of the industry. Mills where 100 percent 
of the wastewater generated is recycled or not discharged to navigable 
waters (self-contained) make up 8 percent of the industry. A total of 
19 mills (3 percent) were not categorized as to the method of their 
discharge due to insufficient data. 

Biological treatment systems are currently employed extensively at 
direct discharging pulp, paper, and paperboard mills to reduce BODS 
and TSS loads. Aerated stabilization is the most common treatment 
process employed. At a relatively large number of plants in the 
nonintegrated and secondary fibers subcategories, only primary 
treatment is employed. Primary treatment can often achieve 
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substantial BODS reductions if a large percentage of the BODS is 
contained in settleable solids. 

Production Profile 

Pulp. Many types of pulp are manufactured. Some types, because of 
fiber length and strength, are more suitable for production of certain 

·paper grades than others. The desired pulp can be produced by varying 
the type(s) of raw material used, selecting an appropriate pulping 
process, varying the type of cooking chemicals used, and varying the 
time of cook. Through the use of improved processing techniques, most 
paper and board are comprised of more than one type of pulp to achieve 
desired properties. 

Total daily pulp production is listed in Table III-4 by pulp 
type.(36)(37) 

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 durability, 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 papermachine, the papermaking operation may enhance the basic 
qualities of paper or may contribute other properties (i.e., 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-5 presents a general list of the various products 
manufactured by the industry.(38) The grades listed are, for the most 
part, self-explanatory. Definitions according to industry usage may 
be found in the publication, Paper and Pulp Mill Catalog and 
Engineering Handbook, Paper Industry Management Association (PIMA), 
1978.(37) In Table III-6, production statistics are presented for 
products grouped under the following major classifications: 
newsprint, tissue, fine papers, coarse papers-packaging and industrial 
converting, paperboard, and construction products. 

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. 

83 



TABLE III-4 

ESTIMATED PULP PRODUCTION - 1977
1 

Pulp Type 

Dissolving and Special Alpha 
Sulfite-Bleached 

-Unbleached 
Alkaline-Bleached 

-Semi-Bleached 
-Unbleached 

Groundwood 
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 

18,4112 
4,481 
3,8762 
2,9412 

110 

49' 777 
4,881 

14,015 

1sources used were Lockwood's Directory of the Paper and 
Allied Trades, Vance Publishing (1978), and Paper and 
Pulp Mill Catalog and Engineering Handbook, Paper Indus
try Management Association (1978).(36)(37) 

2rncludes insulation and hard-pressed wood fiberboard not 
evaluated within the scope of this study. 



TABLE III-5 

PAPER AND PAPERBOARD PRODUCTS CF INDVSTRY 1 

A. Paper 

I. Printing, Writing and Related 
a. Newsprint 
b. Groundwood paper, uncoated 

I. Publication and printing 
2. Miscellaneous groundwood 

c. Coated printing and converting 
I. Coated, one side 
2. Coated, two sides 

d. Book paper, uncoated 
I. Publication and printing 
2. Body stock for coating 
3. Other converting and mis

cellaneous book 
e. Bleached bristols, excluding 

cotton fiber, index, and bogus 
1. Tab, index tag and file 

folder 
2. Other uncoated bristols 
3. Coated bristols 

f. 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 Convert
.1.ug 
a. 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 

b. 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 

B. Paperboard 

I. Solid Woodpulp Furnish 
a. Unbleached kraft packaging 

and industrial converting 
I. Unbleached linerboard 
2. Corrugating medium 
3. Folding carton type 
4. Tube, can, and drum 
5. Other unbleached packaging 

and industrial converting 
kraft 

b. Bleached packaging and indus
trial converting cssi or more 
bleached fiber) 
1. Folding carton type 
2. Milk carton 
3. Heavyweight cup stock 
4. Plate, dish, and tray 
5. Linerboard 
6. Tube, can, and drum 
7. Other, including solid 

groundwod pulp board 
c. Semi-chemical paperboard 

II. Combination Furnish 
a. Combination-shipping con

tainer board 
1. Linerboard 
'· i.:uLLU~d.t.1ug Jlt!Jiu.a 
3. Container chip and filler 

Combination-bending 
Combination-nonbending 
Gypsum linerboard 
Special packaging and 
industrial converting 

Ill. Construction Products 
a. Wet machine board 
b. Construction paper and board 

Construction paper 

_J'.~~~·s P~l~~q_~ao~r Dire~. ~iller Fr~Pman Publicati0n~, San Francisco, 
California, 1979 Edition.(38) 



TABLE III-6 

PRODUCTION STATISTICS 
PAPER AND PAPERBOARD PRODUCTS INDUSTRY1 

Product 

Paper 
Newsprint 
Tissue 
Fine 

Production 
(short tons x 1000) 

Coarse - Packaging and Industrial Converting 

3 ,515 
4,097 

13,929 
5,740 

Paperboard 
Construction Products 

27,881 
5,567 

1source was Lockwood's Directory of the Paper and Allied Trades, 
Vance Publishing (1978).(36) 
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Fine papers include printing, reproductive, and writing papers. 

Packaging and industrial converting coarse papers 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. Paperboard is made from various pulps, wastepaper, or 
combination furnishes. Board products include such items as shoe 
board, automotive board, and luggage board, as well as common liner, 
corrugating, box board, chip and filler, and gypsum board. 

Construction products include various paper and board products. Paper 
products include sheathing paper, roofing felts (including roll 
roofing paper and shingles}, and asbestos filled papers. 



SECTION IV 

SUBCATEGORIZATION 

INTRODUCTION 

The purpose of subcategorization is to group together mills of similar 
characteristics so that effluent limitations and standards 
representative of each group can be developed. This subcategorization 
scheme enables permits to be written on a uniform basis. In the 
original (Phases I and II) rulemaking, EPA recognized two major 
industry segments: integrated and nonintegrated. In recent efforts, 
EPA has also recognized the secondary fibers segment to better 
characterize the pulp, paper, and paperboard industry. The original 
subcategorization scheme established by the Agency follows: 

Integrated 

Unbleached Kraft 
NSSC - Ammonia 
NSSC - Sodium 
Unbleached Kraft - NSSC 

(Cross Recovery) 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Fine Bleached Kraft 
Soda 
Papergrade Sulfite (Blow Pit) 
Papergrade Sulfite (Drum Wash) 
Dissolving Sulfite Pulp 
Groundwood - Coarse, Molded, News 
Groundwood - Fine Papers 
Groundwood - Thermo-Mechanical 
Groundwood - Chemi-Mechanical 

Secondary Fibers 

Deink 
Paperboard from Wastepaper 
Builders' Paper and Roofing Felt 
Tissue from Wastepaper 

Non integrated 

Nonintegrated-Fine Papers 
Nonintegrated-Tissue Papers 

(CMN) Papers 

The factors considered in identifying these subcategories included raw 
materials used, products manufactured, production processes employed, 
mill size, mill age, and treatment costs. 

As part of the BAT review program, the Agency collected data for 
operating mills in the pulp, paper, and paperboard industry. EPA 
reviewed the original subcategorization scheme to determine if the 
subcategories adequately represent current industry characteristics. 
This review led to the identification of four new subcategories 
representative of portions not recognized in the original pulp, paper, 
and paperboard subcategorization scheme. EPA also made other 
revisions to several subcategories of this industry. 

Conventional 
relationship 
employed and 

pollutant data were reviewed to determine the 
of raw wastewater characteristics to the processes 

the products manufactured.at mills in the pulp, paper, 



and paperboard industry. In addition, EPA gathered toxic pollutant 
data to evaluate the validity of the subcategorization scheme in 
accounting for toxic pollutant generation. 

The results of these analyses are described below for each industry 
segment. 

INTEGRATED SEGMENT 

The original subcategorization scheme included 16 subcategories within 
the integrated segment. EPA reviewed the raw waste characteristics of 
mills in this segment to determine if these mills still conform to the 
original subcategory definitions or if differences exist because of 
process or product variations. Based on this review, the Agency has 
concluded that the original subcategorization scheme is generally 
representative of the integrated segment. 

Conventional pollutant and flow data support segmentation to account 
for the different pulping processes: alkaline (kraft and soda), 
sulfite, semi-chemical, and groundwood (refiner or stone, 
thermo-mechanical, and chemi-mechanical). In addition, the production 
of dissolving pulps, both alkaline and sulfite, results in the 
generation of relatively large quantities of wastewater and wastewater 
pollutants and should continue to be recognized in the 
subcategorization scheme. Mills where pulp is bleached are 
characterized by higher waste loadings and must continue to be 
recognized separately. 

In the original efforts, there were two subcategories for mills where 
the neutral sulfite semi-chemical pulping process (sodium and 
ammonia-based) is used. However, the original subcategorization 
scheme did not account for the full range of semi-chemical pulping 
operations that now exist (see Section III). The neutral sulfite 
process is only one type of semi-chemical process, and its use is 
decreasing. Available data do not support the development of separate 
subcategories for the new semi-chemical processes. In fact, the 
Agency has determined that a single semi-chemical subcategory best 
represents all variations of this pulping process. This single 
subcategory includes mills in the original ammonia-based NSSC and 
sodium-based NSSC subcategories and also mills where other variations 
of the semi-chemical process are used. 

Similarly, EPA determined that a new subcategory, the unbleached kraft 
and semi-chemical subcategory, should be established to include all 
mills within the original unbleached kraft-neutral sulfite 
semi-chemical (cross recovery) subcategory and those mills where both 
the unbleached kraft and another type of semi-chemical pulping process 
(i.e., green liquor) are used on-site. Available data indicate that 
there are no significant differences in wastewater or conventional 
pollutant generation at mills where the neutral sulfite semi-chemical 
pulping process or any other semi-chemical process are used. 
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The original subcategorization scheme included the unbleached kraft 
subcategory which covered all mills where unbleached linerboard, bag, 
and other unbleached products are produced using the kraft pulping 
process. EPA reviewed available data and determined that mills where 
bag and other mixed products are manufactured have higher water use 
and BODS raw waste loadings than mills where only linerboard is 
produced~ Therefore, two product sectors were established within the 
unbl~ached kraft subcategory to account for these differences. The 
product sectors are (a) linerboard and (b) bag and other products. 

Based on current data, there is only one mill where the soda pulping 
process is used. At this mill, fine bleached papers are produced. In 
the soda process, which is similar to the kraft pulping process, a 
highly alkaline sodium hydroxide cooking liquor is used as compared to 
the sodium hydroxide and sodium sulfide cooking liquor used in the 
kraft process. The raw waste loadings and flow characteristics of the 
soda mill are similar to those of mills in the fine bleached kraft 
subcategory. Accordingly, BAT effluent limitations, NSPS, PSES, and 
PSNS are identical for both the soda and fine bleached kraft 
subcategories. However, because of the familiarity of permitting 
authorities and representatives of affected mills with the original 
subcategorization scheme and the format of the Code of Federal 
Regulations, EPA decided that the fine bleached kraft subcategory and 
the soda subcategory should remain as separate subcategories and that 
the BPT effluent limitations promulgated for these subcategories in 
1977 should not be revised. [For purposes of data presentation and 
development of BAT effluent limitations, NSPS, PSES, and PSNS, the 
soda mill has been grouped with the fine bleached kraft mills to form 
a new mill grouping called "alkaline-fine."] 

In comments on the January 1981 proposed regulation (46 FR 1430, 
January 6, 1981 ), industry representatives suggested that the BCT 
bleached kraft and fine bleached kraft subcategories should be 
redefined based on the ash or filler content of the final product. 
They provided no data to support their argument but proposed that fine 
bleached kraft mills where less than 12 percent filler are used should 
be redefined as BCT bleached kraft mills and that all mills with 
greater than 12 percent filler should continue to be called fine 
bleached kraft mills. In addition, the commenters proposed that the 
redefined fine bleached kraft subcategory should have less stringent 
limitations than those of the BCT bleached kraft subcategory. 

Based on industry's comments, EPA evaluated all available data on fine 
bleached kraft mills with less than 12 percent filler. Regression 
analyses indicate that there is no statistically significant 
relationship between percent filler and raw waste generation. 
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In fact, as shown below, raw waste loads at fine paper mills with less 
than 12 percent filler more closely resemble fine rather than BCT 
bleached kraft mill characteristics. 

Average Raw Waste Load 

Mill Grouping Flow BOD5 TSS 

BCT Bleached Kraft 147.4 kl/kkg 38.4 kg/kkg 66.5 kg/kkg 
Subcategory (35.4 kgal/ton) (76.7 lb/ton) (133.0 lb/ton) 

Fine Bleached Kraft 128.7 kl/kkg 38.6 kg/kkg 75.0 kg/kkg 
Subcategory ( 30. 9 kgal/ton) (67.2 lb/ton) (150.0 lb/ton) 

Fine Bleached Kraft 109.9 kl/kkg 31 . 3 kg/kkg 35.3 kg/kkg 
Mills with Less Than (26.4 kgal/ton) (62.5 lb/ton) (70.5 lb/ton) 
12 Percent Filler 

Based on these data, EPA made no changes to the original 
subcategorization scheme or changes in subcategory definitions. 

At the time of the data request program, there were three mills where 
the groundwood-chemi-mechanical pulping process was used. Because of 
the limited number of mills where this process is employed and 
inherent differences in chemicals used at these mills to produce a 
variety of final products, insufficient data are available to develop 
effluent limitations guidelines. At this time, EPA is unable to 
determine the effects of chemical usage in the pulping process on raw 
waste generation. The groundwood-chemi-mechanical subcategory remains 
as defined in the previous rulemaking; however, national regulations 
are reserved. Permits for mills in this subcategory will be 
determined on a case-by-case basis. It should be noted that all toxic 
pollutants detected in discharges from mills in this subcategory were 
present in amounts too small to be effectively reduced by available 
technologies. 

In the previous rulemaking efforts, three subcategories were 
established to characterize the sulfite pulping process: dissolving 
sulfite pulp, papergrade sulfite (blow pit wash), and papergrade 
sulfite (drum wash). Because process differences exist between the 
manufacture of dissolving sulfite pulp and the manufacture of 
papergrade sulfite pulp resulting in significantly different raw waste 
characteristics, the dissolving sulfite pulp subcategory will continue 
to be recognized as a separate subcategory with allowances for the 
different types of pulps manufactured (nitration, viscose, cellulose, 
and acetate). 

EPA's review of available data indicate that no significant 
differences exist between mills in the two original papergrade sulfite 
subcategories due to the types of washing process employed or 
condenser used. The Agency has determined that a single factor, the 
percentage of sulfite pulp produced on-site, is a better indicator of 
differences in raw waste loadings at papergrade sulfite mills than the 



type of washing system or condensers employed. Therefore, BAT 
effluent limitations, NSPS, PSES, and PSNS are identical for the 
papergrade sulfite (blow pit wash) and papergrade sulfite (drum wash) 
subcategories. However, because of the familiarity of permitting 
authorities and representatives of affected mills with the original 
subcategorization scheme and the format of the Code of Federal 
Regulations, EPA decided that the papergrade sulfite (blow pit wash) 
and papergrade sulfite (drum wash) subcategories should remain as 
separate subcategories and that the BPT effluent limitations 
promulgated for these subcategories in 1977 should not be revised. 
[In this rulemaking effort, data for mills in both papergrade sulfite 
subcategories have been combined in the development of effluent 
limitations and standards.] 

In comments received on the proposed regulation, industry 
representatives recommended that a distinction should be made between 
fine and tissue production at papergrade sulfite mills. EPA examined 
raw waste load data for both papergrade sulfite subcategories to 
determine if significant differences exist due to the production of 
fine and tissue papers. The Agency determined that no significant 
differences in raw waste load flow, BODS, or TSS exist between fine 
and tissue mills. Thus, there is no justification for a separate 
tissue and fine paper delineation. EPA found that the percentage of 
sulfite pulp produced on-site is a much more significant factor 
affecting raw waste· load than the type of product manufactured. 
Promulgated regulations recognize this factor through the use of a 
flow model that accounts for the effect of varying degrees of sulfite 
pulping on raw waste generation (see Section V). 

SECONDARY FIBERS SEGMENT 

As noted previously, EPA has identified secondary fiber mills as a 
separate segment of the pulp, paper, and paperboard industry. In the 
original rulemaking effort, four subcategories were recognized that 
can be considered to be a part of the secondary fibers segment: the 
deink, paperboard from wastepaper, tissue from wastepaper, and 
builders' paper and roofing felt subcategories. 

Mills where molded products are manufactured from wastepaper were not 
addressed in the original subcategorization scheme. Where molded 
products are produced, the wastepaper furnish is processed without 
deinking. Products include molded pulp items such as fruit and 
vegetable packs, throw-away containers, and display items. Because 
waste characteristics for molded products mills are not properly 
represented by any of the original secondary fibers subcategories, a 
new subcategory, the wastepaper-molded products subcategory, has been 
established to include these mills. 

Mills where paper is produced from wastepaper after deinking were 
included in the original subcategorization scheme in the deink 
subcategory. The principal products at these mills include printing, 
writing, and business papers, tissue papers, and newsprint. EPA 
reviewed data for this subcategory to study the relationship between 



the type of product manufactured and raw waste loadings. As discussed 
in Section V, distinct differences exist for mills where tissue 
papers, fine papers, or newsprint are produced. As shown in Figures 
V-26 and V-27, no definitive relationship exists between the 
percentage of deink pulp produced on-site and the associated raw waste 
characteristics. Therefore, the Agency determined that the deink 
subcategory should remain as previously defined but that regulations 
should reflect differences in the production of tissue papers, fine 
papers, and newsprint. 

During the comment period following proposal, industry representatives 
suggested that the paperboard from wastepaper subcategory should be 
modified to account for differences in raw waste loads resulting from 
the processing of recycled corrugating medium compared to the 
processing of other types of recycled wastepaper. Industry commenters 
stated that paperboard from wastepaper mills where recycled 
corrugating medium is processed have experienced higher BODS raw waste 
loads today than in 1976 (the year generally represented by data 
presented in Section V). In 1976, the average BODS raw waste load for 
mills where a 100 percent corrugating medium furnish is processed was 
11.2 kg/kkg (22.4 lb/ton). However, representatives of two mills 
where a 100 percent corrugating medium furnish is processed submitted 
data which reveal that the average BODS raw waste load has increased 
from about 10 kg/kkg (20 lb/ton) in-1976 to the present level of 23 
kg/kkg (46 lb/ton). Additional supportive data were provided on the 
quantity of extractable BOD~ now present in waste corrugating medium. 
EPA has recognized this increase in BOD~ raw waste load by 
establishing two subdivisions of the paperboard from wastepaper 
subcategory: (a) the corrugating medium furnish subdivision and (b) 
the noncurrugating medium furnish subdivision. 

In addition, industry commenters stated that mills where linerboard 
products are produced from wastepaper experience higher raw waste 
loads than other paperboard from wastepaper mills because of 
linerboard product requirements. EPA compared average raw waste 
characteristics of all mills in the paperboard from wastepaper 
subcategory to raw waste characteristics of mills manufacturing 
varying percentages of: (a) linerboard products, (b) linerboard and 
corrugating products, and (c) linerboard, corrugating, and folding 
boxboard products. No significant correlations were apparent. EPA 
also performed specific statistical analyses to determine if 
significant relationships exist between BOD~ raw waste loads and the 
following independent variables: (a) type of raw materials used as 
furnish, (b) product type, (c) pulper yield, and (d) mill size (as 
total production). Again, no significant correlations were apparent. 
In the paperboard from wastepaper subcategory, linerboard is commonly 
produced from recycled corrugating medium. It is likely that these 
commenters have experienced the same increases in BOD~ raw waste loads 
due to the processing of recycled corrugating medium as discussed 
previously. Therefore, establishment of the corrugating medium 
furnish subdivision accounts for this BODS increase and no further 
segmentation of the subcategory is warranted. 
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NONINTEGRATED SEGMENT 

In the original rulemaking effort, EPA established two subcategories 
in the nonintegrated segment of the pulp, paper, and paperboard 
industry: nonintegrated-fine papers and nonintegrated-tissue papers. 
At nonintegrated mills where other types of products are produced, BPT 
permits were written on a case-by-case basis. In this study, EPA 
reviewed data on process and product differences in an effort to 
further subcategorize this industry segment. Other major types of 
products manufactured at mills in this segment include lightweight and 
thin papers,· filter and nonwoven papers, paperboard, and specialty 
items. Because the basic manufacturing process is similar at all 
nonintegrated mills, EPA investigated the effects of product type on 
raw waste characteristics. 

Based on a review of the raw wastewater characteristics of 
nonintegrated mills, EPA established three additional subcategories to 
account for the manufacture of various products: the 
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven 
papers, and nonintegrated-paperboard subcategories. Additionally, 
within the nonintegrated-lightweight papers subcategory, electrical 
grade products are manufactured at several mills; at these mills, 
larger quantities of wastewater are discharged than at mills where 
electrical grades are not produced. Therefore, effluent limitations 
and standards account for this higher wastewater discharge. 

In comments on the January 1981 proposed regulations, industry 
commenters suggested that the nonintegrated-f ine papers subcategory 
should be further segmented to account for the higher raw waste 
loadings typical of mills where cotton fibers make up part of the raw 
material furnish. They claimed that small mills where less than 91 
kkg (100 tons) per day of product are manufactured also have higher 
raw waste loads than do larger mills. Other commenters complained 
that the proposal was unclear as to whether nonintegrated mills where 
fine papers are produced from both wood pulp and cotton fibers were 
included in the nonintegrated-fine papers subcategory. Some requested 
that EPA establish limitations for these cotton fiber mills on a 
case-by-case basis and exclude them from the nonintegrated-f ine papers 
subcategory. 

In response to these comments, the Agency reexamined the 
subcategorization scheme for the nonintegrated segment of the pulp, 
paper, and paperboard industry and evaluated all available data for 
nonintegrated mills where fine papers are produced. 



As shown below, EPA found that mills where a significant quantity of 
cotton fibers are contained in the product (equal to or greater than 
four percent of the total product) have significantly higher water 
usage and BODi raw waste loads than other nonintegrated mills where 
fine papers are produced. 

Furnish 

All mills where the 
total product contains 
less than 4% cotton 
fibers 

All mills where the 
total product contains 
4% or more cotton fibers 

Average Raw Waste Load 
Flow BODS 

52.2 kl/kkg 
(12.5 kgal/ton) 

124.4 kl/kkg 
(29.8 kgal/ton) 

10.9 kg/kkg 
(21.8 lb/ton) 

18.0 kg/kkg 
(35.9 lb/ton) 

The Agency concluded that mills where a significant quantity of cotton 
fibers are used in the raw material are substantially different from 
other mills in the nonintegrated-fine papers subcategory where only 
wood pulp is processed. Therefore, EPA established a separate cotton 
fibers subdivision of the nonintegrated-fine papers subcategory. 
Because the Agency has sufficient data to establish uniform national 
standards and limitations for this subcategory subdivision, EPA 
rejected the suggestion to rely on case-by-case limitations. 

The Agency investigated industry's other contention that small mills 
have higher raw waste characteristics than the other mills in the 
nonintegrated-fine papers subcategory. EPA removed the eight mills 
where cotton fibers constitute a significant portion of the total 
product from the data base since they are now a separate subdivision 
of the nonintegrated-f ine papers subcategory. (All of the cotton 
fiber mills are small in that less than 91 kkg (100 tons) of fine 
papers are produced per day.) EPA separated the remaining mills into 
the following groups: (a) mills where more than 91 kkg (100 tons) of 
paper are produced per day and (b) mills where less than 91 kkg (100 
tons) of paper are produced per day. The raw waste loads for both 
groups are substantially the same. Therefore, no further 
subcategorization based on size is warranted. 

Another group of nonintegrated mills where 
are manufactured could not be further 
Permits for these mills will continue 
case-by-case basis. 
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unique grades of products 
divided into subcategories. 

to be established on a 



MISCELLANEOUS MILLS 

The subcategorization scheme does not account for all mills in each 
industry segment because of the complex variety of pulping processes 
employed, the different products manufactured, or because no 
subcategory exists within which a particular mill can be placed. 
Mills that do not logically fit the revised subcategorization scheme 
are included in miscellaneous mill groupings in each segment 
(integrated-miscellaneous, secondary fibers-miscellaneous, and 
nonintegrated-miscellaneous). Permits for all mills in the 
miscellaneous groupings will be established on a case-by-case basis. 
For many mills, permits can be written by prorating effluent 
limitations and standards from the appropriate subcategories; however, 
for other mills, this will not be possible because operations are 
employed that are not characteristic of any of the subcategory 
delineations. 

IMPACT OF TOXIC POLLUTANT DATA 

A~ discussed in Section II and in Section VI, EPA conducted toxic 
pollutant sampling programs to determine the level of toxic pollutants 
discharged from mills in each of the subcategories. This program was 
designed to take into account the revised subcategorization scheme. 
EPA reviewed the analytical results to determine if the revised 
subcategorization scheme adequately addresses toxic pollutant 
discharges. Available toxic pollutant data, summarized in Section VI, 
support the revised subcategorization scheme. Specific toxic 
pollutants are present in pulp, paper, and paperboard wastewaters 
because of the type of bleaching process employed (chloroform and 
zinc) or because of their addition as process chemicals 
(trichlorophenol and pentachlorophenol). The revised 
subcategorization scheme adequately accounts for the presence or 
generation of toxic pollutants and allows for establishment of 
effluent limitations and standards to ensure their control. 

SUMMARY 

In summary, after reviewing the original subcategorization scheme, EPA 
made several revisions. Four new subcategories were identified, while 
more subtle revisions have been made for several other subcategories 
(i.e., product allowances, adjustments for furnish used, allowances 
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for percentage of pulp produced 
subcategorization scheme is as follows: 

Integrated 

Dissolving Kraft 
Market Bleached Kraft 
BCT (Board, Coarse, and 

Tissue) Bleached Kraft 
Fine Bleached Kraft 
Soda 
Unbleached Kraft 

o Linerboard 
o Bag and Other Products 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite (Blow Pit Wash) 
Papergrade Sulfite (Drum Wash) 
Groundwood-Thermo-Mechanical 
Groundwood - Coarse, Molded, and 

News (C, M, N) Papers 
Groundwood - Fine Papers 
Groundwood-Chemi-Mechanical 

on-site) . The 

Secondary Fibers 

De ink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

revised 

Tissue from Wastepaper 
Paperboard from Wastepaper 

o Corrugating Medium 
Furnish 

o Noncorrugating Medium 
Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing 

Felt 

Non integrated 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight 

Papers 
o Lightweight Papers 
o Lightweight Electrical 

Papers 
Nonintegrated-Filter and 

Nonwoven Papers 
Non integrated-Paperboard 

The subcategories that form the basis of the promulgated regulations 
are defined as follows: 

Dissolving Kraft 

This subcategory includes mills where a highly bleached pulp is 
produced using a "full cook" process employing a highly alkaline 
sodium hydroxide and sodium sulfide cooking liquor. Included in the 
manufacturing process is a "pre-cook" operation termed pre-hydrolysis. 
The principal product is a highly bleached and purified dissolving 
pulp used principally for the manufacture of rayon and other products 
requiring the virtual absence of lignin and a very high alpha 
cellulose content. 

Market Bleached Kratt 

This subcategory includes mills where a bleached pulp is produced 
u.sing a "full cook" process employing a highly alkaline sodium 



hydroxide and sodium sulfide cooking liquor. Papergrade market pulp 
is produced at mills representative of this subcategory. 

BCT (Board, Coarse, and Tissue) Bleached Kraft 

This subcategory includes the integrated production of bleached kraft 
pulp and board, coarse, and tissue papers. Bleached kraft pulp is 
produced on-site using a "full cook" process employing a highly 
alkaline sodium hydroxide and sodium sulfide cooking liquor. The 
principal products include paperboard (B), coarse papers (C), tissue 
papers (T), and market pulp. 

Fine Bleached Kraft 

This subcategory includes the integrated production of bleached kraft 
pulp and fine papers. Bleached kraft pulp is produced on-site using a 
''full cook" process employing a highly alkaline sodium hydroxide and 
sodium sulfide cooking liquor. The principal products are fine 
papers, which include business, writing, and printing papers, and 
market pulp. 

Soda 

This subcategory includes the integrated production of bleached soda 
pulp and fine papers. The bleached soda pulp is produced on-site 
using a "full cook" process employing a highly alkaline sodium 
hydroxide cooking liquor. The principal products are fine papers, 
which include printing, writing, and business papers, and market pulp. 

Unbleached Kraft 

This subcategory includes mills where pulp is 
bleaching using a "full cook" process employing 
sodium hydroxide and sodium sulfide cooking liquor. 
on-site to produce linerboard, the smooth facing in 
and bag papers. 

Semi-Chemical 

produced without 
a highly alkaline 
The pulp is used 
corrugated boxes, 

This subcategory includes mills where pulp is produced using a process 
that involves the cooking of wood chips under pressure using a variety 
of cooking liquors including neutral sulfite and combinations of soda 
ash and caustic soda. The cooked chips are usually refined before 
being converted on-site into board or similar products. The principal 
products include corrugating medium, insulating board, partition 
board, chip board, tube stock, and specialty boards. 

Unbleached Kraft and Semi-Chemical 

This subcategory includes mills where pulp is produced without 
bleaching using two pulping processes: unbleached kraft and 
semi-chemical. Spent semi-chemical cooking liquor is burned within 
the kraft chemical recovery system. The pulps are used on-site to 



produce both linerboard and corrugating medium used in the production 
of corrugated boxes and other products. 

Dissolving Sulfite Pulp 

This subcategory includes mills where a highly bleached and purified 
pulp is produced using a "full cook" process employing strong 
solutions of sulfites of calcium, magnesium, ammonia, or sodium. The 
pulps produced by this process are viscose, nitration, cellophane, or 
acetate grades and are used principally for the manufacture of rayon 
and other products that require the virtual absence of lignin. 

Papergrade Sulfite (Blow Pit Wash) 

This subcategory includes integrated production of sulfite pulp and 
paper. The sulfite pulp is produced on-site using a "full cook" 
process employing an acidic cooking liquor of sulfites of calcium, 
magnesium, ammonia, or sodium. Following the cooking operations, the 
spent cooking liquor is washed from the pulp in blow pits. The 
principal products include tissue papers, newsprint, fine papers, and 
market pulp. 

Papergrade Sulfite (Drum Wash) 

This subcategory includes the integrated production of sulfite pulp 
and paper. The sulfite pulp is produced on-site employing a "full 
cook" process using an acidic cooking liquor of sulfites of calcium, 
magnesium, ammonia, or sodium. Following the cooking operations, the 
spent cooking liquor is washed from the pulp on vacuum or pressure 
drums. Also included are mills using belt extraction systems for pulp 
washing. The principal products include tissue papers, fine papers, 
newsprint, and market pulp. 

Groundwood - Thermo-Mechanical 

This subcategory includes the production of thermo-mechanical 
groundwood pulp and paper. The thermo-mechanical groundwood pulp is 
produced on-site using a "brief cook" process employing steam, 
followed by mechanical defibration in refiners, resulting in yields of 
approximately 95% or greater. The pulp may be brightened using 
hydrosulfite or peroxide bleaching chemicals. The principal products 
include market pulp, fine papers, newsprint, and tissue papers. 

Groundwood-CMN (Coarse, Molded, News) Papers 

This subcategory includes the integrated production 
and paper. The groundwood pulp is produced, 
brightening, utilizing only mechanical def ibration 
grinders or refiners. The principal products made 

lOO 

of groundwood pulp 
with or without 
using either stone 

by this process 



include coarse papers (C), molded fiber products (M), and newsprint 
( N) • 

Groundwood-Fine Papers 

This subcategory includes the integrated production of groundwood pulp 
and paper. The groundwood pulp is produced, with or without 
brightening, utilizing only mechanical defibration by either stone 
grinders or refiners. The principal products made by this process are 
fine papers which include business, writing, and printing papers. 

Groundwood - Chemi-Mechanical 

This subcategory includes the integrated production of 
chemi-mechanical groundwood pulp and paper. The chemi-mechanical 
groundwood pulp is produced using a chemical cooking liquor to 
partially cook the wood; the softened wood fibers are further 
processed by mechanical defibration using refiners, resulting in 
yields of 90 percent or greater. -The pulp is produced with or without 
brightening. The principal products include fine papers, newsprint, 
and molded fiber products. 

De ink 

This subcategory includes the integrated production of deinked pulp 
and paper from wastepapers using a chemical or solvent process to 
remove contaminants such as ink and coating pigments. The deinked 
pulp is usually brightened or bleached. Principal products include 
printing, writing and business papers, tissue papers, and newsprint. 

Tissue From Wastepaper 

This subcategory includes the production of tissue papers from 
wastepapers without deinking. The principal products made include 
facial and toilet papers, paper diapers, and paper towels. 

Paperboard from Wastepaper 

This subcategory includes mills where paperboard products are 
manufactured from a wide variety of wastepapers such as corrugated 
boxes, box board, and newspapers; no bleaching is done on-site. Mills 
where paperboard products are manufactured principally or exclusively 
from virgin fiber are not included within this subcategory, which 
includes only those mills where wastepaper comprises the predominant 
portion of the raw material fibers. The principal products include a 
wide variety of items used in commercial packaging, such as bottle 
cartons. 
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Wastepaper-Molded Products 

This subcategory includes mills where molded products are produced 
from wastepapers without deinking. Products include molded items such 
as fruit and vegetable packs and similar throw-away containers and 
display items. 

Builders' Paper and Roofing Felt 

This subcategory includes mills where heavy. papers used in the 
construction industry are produced from cellulosic fibers derived from 
wastepaper, wood flour and sawdust, wood chips, and rags. Neither 
bleaching nor chemical pulping processes are employed on-site. 

Nonintegrated-Fine Papers 

This subcategory includes nonintegrated mills where fine papers are 
produced from purchased pulp. The principal products of this process 
are printing, writing, business, and technical papers. 

Nonintegrated-Tissue Papers 

This subcategory includes 
produced from wood pulp or 
principal products made at 
papers, paper diapers, and 

nonintegrated mills where tissue papers are 
deinked pulp prepared at another site. The 
these mills include facial and toilet 

paper towels. 

Nonintegrated-Lightweight Papers 

This subcategory includes nonintegrated mills where lightweight or 
thin papers are produced from wood pulp or secondary fibers prepared 
at another site and from nonwood fibers and additives. The principal 
products made at these mills include uncoated thin papers, such as 
carbonizing papers and cigarette papers, and some special grades of 
tissue such as capacitor, pattern, and interleaf. 

Nonintegrated-Filter and Nonwoven Papers 

This subcategory includes nonintegrated mills where filter papers and 
nonwoven items are produced from a furnish of wood pulp, secondary 
fibers, and nonwood fibers prepared at another site. The principal 
products made at these mills include filter and blotting papers, 
nonwoven packaging and specialties, and technical papers. 

Non integrated-Paperboard 

This subcategory includes nonintegrated mills where paperboard is 
produced from wood pulp or secondary fibers prepared at another site. 
The principal products made at these mills include linerboard, folding 
boxboard, milk cartons, food board, chip board, pressboard, and other 
specialty boards. Mills where electrical grades of board or matrix 
board are produced are not included in this subcategory. 



SECTION V 

WATER USE AND WASTE CHARACTERIZATION 

WATER USE AND SOURCES OF WASTEWATER 
~- -~ 

Water is used in the following major unit operations employed in the 
manufacture of pulp, paper, and paperboard: wood preparation, pulping, 
bleaching, and papermaking. It can be used as a medium of transport, 
a cleaning agent, and a solvent or mixer. 

Details of water use and sources of wastewater generation from each 
major production area in the pulp, paper, and paperboard industry are 
discussed below. Figure V-1 presents the water use and wastewater 
sources from a typical integrated mill. 

Wood Preparation 

Wood preparation operations can be employed at mills where wood pulp 
is manufactured on-site. Water is utilized in the wood preparation 
process in three basic areas: a) log transport, b) log and chip 
washing/thawing, and c) barking operations. Along with these basic 
uses, water can also be used to protect against fires (in chip and 
wood storage) and for storage of logs (in rivers or ponds). 

Water can be used to transport whole logs to the ~ood preparation 
area. This may take the form of river driving or flume transport. 
The only wastewater generated by log transport operations is the 
overflow from the transport flume. 

In the log and chip washing/thawing operations, water is used in 
sprays or showers to remove salt, dirt, and debris; these showers can 
be activated by each log to minimize water use. Hot ponds are also 
used in cases where frozen logs need thawing prior to wood 
preparation. 

Bark from whole logs is removed prior to chipping, and removal can be 
accomplished by dry or wet methods. In some cases, water is used as a 
presoak to soften bonds between the wood and bark prior to barking. 
Wet barking operations can utilize high volumes of water which can be 
used in three different ways: a) in high-pressure water jets 
(hydraulic) to strip away bark by impingement, b) in vats to 
facilitate cleaning, lubrication, and barking, and c) in showers to 
thaw frozen logs in the early stages of barking. 

Wastewater discharged from all three types of wet barking can be 
combined with flume overflow or log or chip wash water; coarse screens 
can be used to remove large pieces of bark and wood slivers. Barking 
wastewater can then be passed through fine screens with the screenings 
combined with the coarse screening materials. The combined screenings 
can be dewatered in a press and burned in a bark boiler. This 
eliminates a source of solid waste while generating power. 

103 



FIGURE V-1 
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Pulping and Recovery 

In pulping operations, water is used as make-up, for dilution, and for 
washing and cleaning. It can also be used to facilitate a process 
mechanism, such as fiberization. With each different pulping process, 
the demand and sources of wastewater discharge vary. They are 
discussed separately below. 

Mechanical Pulping (Groundwood). The two basic processes in 
groundwood or mechanical pulping are the stone groundwood process and 
the refiner groundwood process. These processes have also been 
modified through the addition of steam and/or chemicals to reduce 
power requirements for grinding. These newer processes are known as 
the thermo-mechanical process and the chemi-mechanical process. 

In stone groundwood pulping, billets are fed to grinders by hand or 
automatically from a conveyor. Water is used as both a coolant and a 
carrier to sluice pulp from the body of the grinder. More water is 
added to dilute the pulp slurry, which is passed through coarse and 
fine screens and centricleaners to remove dirt and slivers. The pulp 
slurry is thickened on a decker and then discharged to a stock chest 
for mill use, to be bleached, or to be thickened further for 
transport. Wastewater from the thickening processes can be recycled 
back to a white water chest to supplement process water flow to the 
grinders. Overflow from the white water chest and wastewater from the 
centricleaners are usually discharged to the treatment system. 

In refiner groundwood pulping, wood chips are generally washed prior 
to two stages of refining. Disc type refiners are used which may 
contain one fixed and one rotary disc (or two rotary discs) between 
which wood chips pass with a stream of water. After the pulp has 
passed through the refiners, it is diluted with water, screened, and 
cleaned in centricleaners. After cleaning, the pulp is handled in the 
same manner as stone groundwood. Wastewater sources can include the 
white water tank overflow, thickening wastewater, centricleaner 
wastewater, and wood chip wash water. 

In chemi-mechanical pulping, logs or wood chips are soaked or cooked 
in liquor containing different chemicals such as sodium carbonate, 
sodium hydroxide, and sodium sulfite. This can be done at atmospheric 
pressure or under forced pressure for shorter periods of time. After 
this treatment, the logs or chips are handled in a manner similar to 
that used in stone or refiner groundwood pulping. Wastewater sources 
are the same as those for stone or refiner groundwood pulping. 

In thermo-mechanical pulping, wood chips are pre-softened with heat 
and refined under pressure. After this treatment, chips are handled 
in the same manner as stone or refiner groundwood pulping and the 
potential wastewater sources are identical. 

105 



Chemical Pulpinq. Chemical pulping involves the use of controlled 
conditions and cooking chemicals to yield a variety of pulps. 
Chemical pulps are converted into paper products that generally have 
higher quality standards than products made from mechanical pulps. 
The three basic types of chemical pulping are alkaline (soda or 
kraft), sulfite, and semi-chemical pulping. 

Kraft pulping was originally developed from the soda process. In the 
soda process, wood chips are cooked in a digester in a solution of 
caustic soda. When cooking is completed, the contents of the digester 
are blown into a tank. The pulp is washed on countercurrent drum 
washers and then diluted with water, screened, and deckered to stock 
chest consistency. Wastewater sources include spills from the 
digester area, condensed digester vapors, and wastewater from the 
washing, screening, and deckering operations. 

In the kraft pulping process, wood chips are cooked in a solution 
consisting primarily of a mixture of caustic soda and sodium sulfide 
which is known as white liquor. Both batch and continuous digesters 
can be employed. In the manufacture of dissolving pulps, the wood 
chips are sometimes steamed in the digester for a short period prior 
to the addition of the cooking liquor. This is known as 
pre-hydrolysis. In this step, the chips are loaded into the digester 
which is then partially or totally filled with water, and the whole 
mass is heated. As the temperature rises, wood acids are released, 
the pH drops, and the acidic conditions degrade and solubilize the 
hemi-cellulose molecules in the wood. After about two hours, the 
acidic sugar-rich liquors are drained and the kraft liquor is 
introduced into the digester to start the cooking stage. 

When cooking is completed, the chips are blown from the digester to a 
tank where they separate into fibers. Steam from the tank goes to an 
accumulator for heating process water. Drainings can be returned to 
the white liquor storage tank to be used in succeeding cooks. The 
pulp is transferred, along with the spent cooking liquor or "black 
liquor", to a "brown stock" chest or tank, and from there to vacuum 
drum washers or continuous diffusers where spent liquor is separated 
by countercurrent washing. In order to optimize chemical recovery, 
three or sometimes four stages of washing are used to allow a high 
degree of liquor separation with a minimum amount of dilution. This 
reduces the heat requirements of evaporation in the chemical recovery 
operation. Where continuous digesters equipped with internal 
diffusion washing are used, only one or two external washing steps may 
be employed. 

After washing, the pulp is diluted, screened, and deckered to a 
consistency suitable for bleaching. Wastewater sources from the kraft 
pulping process can include spills from the digester area, digester 
relief and blow condensates, wastewater from the "brown stock" 
washers, and wastewater from the screen room and deckers. 

Wastewater is also generated in the kraft liquor recovery system. The 
liquor recovered from the washing operation is called "weak black 
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liquor." This weak black liquor is concentrated in multiple effect 
evaporators into a viscous mass called ''strong black liquor." The 
strong black liquor is further concentrated in the recovery furnace 
direct contact evaporator or in a concentrator. The strong black 
liquor is burned and the heat is recovered. During burning, the 
organic sodium compounds are converted to soda ash and sulfates are 
converted to sulfides. The molten smelt of salts is dissolved in 
water to form "green liquor." The green liquor is clarified and 
causticized with lime to convert the soda ash to caustic soda. After 
causticizing, the combined sodium sulfide-caustic soda solution, known 
as "white liquor," is settled, sometimes filtered through press 
filters, and reused. The lime mud (calcium carbonate) obtained after 
settling the white liquor is washed and dewatered on rotary vacuum 
filters or centrifuges and burned in rotary or fluidized bed kilns to 
form quick lime. This is hydrated with green liquor in slakers for 
reintroduction into the recovery cycle. The wastewater from the 
vacuum filters or centrifuges is discharged to the wastewater 
treatment system. 

The sulfite process is used to make two distinctly different types of 
pulp: papergrade and dissolving grade. The basic process is the same 
for both, although there are significant differences in cooking 
temperatures, strength of chemicai application, and bleaching 
practices. In the preparation of dissolving sulfite pulps, cooking is 
continued until most of the lignin and part of the cellulose and 
hemi-cellulose are dissolved. In making papergrade pulps, essentially 
only the lignin is dissolved; final net yield is several percent 
higher than for dissolving pulps. 

In the sulfite process, wood chips are cooked with solutions of the 
sulfites of calcium, magnesium, ammonia, or sodium. The cooking 
liquor is manufactured at the mill from purchased and recovered 
chemicals. Sulfurous acid is prepared by absorbing sulfur dioxide in 
water. Sulfur dioxide is made at the mill by burning sulfur or is 
purchased in liquid form; both forms can be supplemented by sulphur 
dioxide from the recovery system. Process water is used to cool the 
sulfur dioxide gas produced. Sulfurous acid is used in preparation 
with calcium carbonate and calcium oxide or ~qua ammonia for the 
manufacture of cooking liquor. Neither calcium nor ammonia is 
recovered. Magnesium oxide and caustic soda are purchased as make-up 
base chemicals for the magnesium and sodium base recovery systems 
which recover about 90 percent of the base chemicals. 

When ammonia, calcium, magnesium, or sodium base cooking is completed, 
the pulp is blown into a blow tank. It is then delivered to 
multi-stage vacuum (drum) washers, where countercurrent washing 
separates the spent liquor from the pulp. Blow pits rather than blow 
tanks can be employed; in blow pits, pulp is washed by diffusion of 
wash water through the pulp mass. Blow pit washing can be 
supplemented with vacuum (drum) washing to increase washing 
efficiency. 
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After washing, the pulp is diluted, screened, centrifugally cleaned, 
and deckered to the desired stock chest consistency for bleaching. In 
the manufacture of dissolving sulfite pulps, an extra set of 
"side-hill" screens are used for thickening and to separate resinous 
materials. The wastewater sources from the sulfite process include 
digester area spills, digester relief and blow condensates, and water 
losses from the vacuum (drum) or blow pit washing and screening and 
deckering operations. 

Wastewater is also discharged from the recovery system. The weak "red 
liquor" washed from the pulp is evaporated to a consistency suitable 
for burning. Some evaporator condensate is discharged to the sewer, 
while the rest may be used for washing and stock dilution. 

Historically, semi-chemical pulping has involved the cooking of wood 
chips in a solution containing sodium sulfite. As discussed in 
Section III, the semi-chemical process can be modified to include 
non-sulfur containing solutions of soda ash and caustic soda. Wood 
chips are cooked at high temperatures for a period of about 10 to 20 
minutes or at lower temperatures for longer periods of time 
(generally, one to three hours). After cooking, the softened chips 
are sometimes compressed in one or more stages of screw pressing to 
maximize the recovery of spent liquor. The cooked chips are then 
transferred to a disc mill for f iberization. The chips then undergo 
vacuum or pressure washing and screening and/or centrifugal cleaning. 
The pulp is conveyed to an agitated chest where it is diluted with 
white water from the paper mill. Wastewater sources include digester 
area spills, digester relief and blow condensates, and water losses 
from the screw press, washing, and screening operations. 

Chemical recovery in the sodium-based NSSC process is considerably 
more difficult than in the kraft process. The spent liquor is low in 
solids with a relatively high proportion of inorganic to organic 
constituents and does not burn easily. At many mills, spent liquor is 
evaporated and burned without recovery of the chemical base. 
Evaporation is commonly accomplished in multiple-effect evaporators. 
The concentrated liquor is burned for disposal or recovery in a 
fluidized bed reactor or a specially-designed furnace. In 
sodium-based mills, the fluidized bed combustion units produce sodium 
sulfate which is suitable for use in kraft mill liquor systems. No 
successful system has been developed for ammonia recovery at 
ammonia-based NSSC mills; the spent liquor is simply incinerated to 
recover energy. 

The no-sulfur semi-chemical processes allow for recovery of soda ash 
after burning of spent liquor in a modified kraft-type furnace or 
fluidized bed. The recovered chemical is recycled to the digester; 
caustic make-up provides a balanced pH for liquor reuse. In any 
semi-chemical recovery system, evaporator condensate may be sewered. 
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Secondary Fiber Pulping. Secondary fiber sources, such as wastepaper 
of various classifications, can be used to make several grades of 
pulp. Some wastepaper can be used with little or no preparation, 
particularly if wastepaper is purchased directly from other mills or 
converting operations where a similiar product grade is manufactured. 
However, some wastepaper is deinked before it is used as a pulp 
source. 

In the deinking process, wastepaper is cooked in an alkaline solution 
to which dispersants, detergents, and solvents are added. The process 
is essentially a laundering operation in which the sizes, any coating 
binder, and the pigment vehicle in the ink are dissolved or dispersed; 
the ink pigment is released along with filler and coating agents such 
as clay, calcium carbonate, and titanium dioxide. Adhesives such as 
starch and glue are also dissolved and dispersed. The wastepaper is 
then cooked in a pulper with cooking time determined by examination of 
a sample from the pulper. During this step, a trash boot and a ragger 
may be used to remove such items as trash, rags, rope, and wire. The 
stock is then usually screened, after which it is ready for cleaning. 
This is accomplished by passing the stock through centricleaners and 
fine screens. Generally countercurrent washing is employed on washers 
of various types. Flotation is employed at some mills for separating 
the fiber from the undesirable materials; at others, various kinds of 
deckering or thickening equipment are used. Fiber leaves the washers 
and is delivered to a stock chest. Wastewater sources in deink 
pulping include wastewater from the centrifugal cleaners, washers, 
deckers, and thickeners and spills from the deinking process area. 

In non-deinking operations, some wastepaper can be slushed or blended 
with virgin pulps to provide suitable furnish for the papermachine. 
The combined stock is generally cleaned and screened in the stock 
preparation system in the papermachine area. In other non-deinking 
operations, considerable quantities of books, envelope cuttings, 
flyleaf shavings, and similar unprinted scrap are repulped and washed 
free of fillers, adhesives, and sizing material; any ink removal is 
incidental. Wastewater sources are similar to those in the deinking 
process. 

Bleaching 

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

Bleaching of Mechanical (Groundwood) Pulp. The most common bleaching 
agents used for stone and refiner groundwood are hydrosulfites and 
peroxides; both can be used sequentially. In peroxide bleaching, 
hydrogen or sodium peroxide is applied to the pulp in a mixing tank 
along with caustic soda or other chemicals to raise the pH, Steam is 
fed to the mixing tank to heat the mixture to the proper temperature; 
pulp is then fed to a peroxide bleaching tower. After bleaching in 
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the tower, the pulp is usually neutralized to prevent reversal of the 
reaction. Sometimes, if further brightening is required, a 
hydrosulfite bleaching step follows peroxide bleaching. 

Sodium or zinc hydrosulfite can be used in the same manner as 
peroxide. Both acidic conditions and the presence of air in solution 
decrease bleaching effectiveness. Wastewater discharge is limited to 
that resulting from the washing of bleached mechanical pulp subsequent 
to the peroxide or hydrosulfite bleaching step. 

Bleaching of Chemical Pulp. The chemicals most commonly employed for 
bleaching of chemical pulps are chlorine, calcium or sodium 
hypochlorite, and chlorine dioxide. Alkaline solutions of caustic 
soda are used for extracting chlorinated reaction products from 
treated pulp. Hydrogen peroxide, sodium peroxide, or peroxyacetic 
acid can be used in the finishing stages of bleaching. Sulfur dioxide 
or sodium sulfite can be used as neutralizing and anti-chlor reagents 
and in some instances to stabilize pulp brightness. However, the 
chlorine compounds and alkalis are the most commonly applied 
chemicals. 

Chlorine and caustic soda are generally purchased in liquid form, but 
can be manufactured at the mill by electrolysis of sodium chloride. 
Hypochlorites are generally manufactured on-site by treatment of milk 
of lime or caustic soda with chlorine. Chlorine dioxide is 
manufactured on-site because of its instability. Other bleaching 
chemicals are purchased in their common form; solutions are prepared 
according to process needs. These are employed in relatively small 
quantities as compared to the major bleaching agents. 

Bleaching is ordinarily performed in a number of stages. This is done 
to preserve the strength of the pulp by avoiding excessively rigorous 
chemical treatment and to control consistency and temperature in 
accordance with the demands of the particular treatment application. 
Each stage consists of a reaction tower in which the pulp is retained 
in contact with a particular chemical agent for a specified period of 
time. It is then washed on vacuum washers or diffusers and discharged 
to the next stage. 

The chemical concentrations employed depend upon the consistency, 
temperature, number of stages, specific chemicals used, species of 
wood from which the pulp was produced, degree to which it was cooked, 
and quality of product desired. Three stages are generally used in 
semibleached kraft operations and for bleaching of sulfite papergrade 
pulps. Since kraft pulps are dark in color, particularly when made 
from softwoods, high-brightness kraft pulps usually require more 
stages. Normally five are used, although at some mills six or more 
stages are used. Three stages may be used for low-brightness soda 
pulp and four stages for high brightness. 

Wastewater is generated in the preparation of both hypochlorite and 
chlorine dioxide and is discharged from the bleach plant from the 
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first stage chlorine tower wash system and the first stage caustic 
extraction wash tower. 

Displacement bleaching is a new process which is being installed at 
some U.S. mills. Bleaching chemicals are displaced through a high 
consistency pulp mat rather than being conventionally mixed into the 
pulp. Very rapid bleaching can be accomplished due to high reaction 
rates. Filtrate withdrawal at one stage is fortified with make-up 
chemical and reused. The bleaching stages can be located within a 
single displacement tower. The major reactor is chlorine dioxide 
followed by extraction with caustic soda. Wastewater sources include 
the wastewater from preparation of chlorine dioxide and wash water 
introduced on the alkaline and acidic (ClO~) stages. 

Bleaching of Deinked Secondary Fibers. Deinked fibers consisting 
primarily of bleached chemical pulp are bleached in one stage with 
chlorine or calcium or sodium hypochlorite. When pulps containing 
considerable lignin are bleached after deinking, the three-stage CED 
process (chlorination, caustic extraction, and chlorine dioxide), 
commonly applied to kraft and sulfite pulps, is employed. In this 
process, chlorine is applied to a dilute slurry of the pulp at ambient 
temperature. The pulp is then thickened and treated with caustic 
soda, washed, and treated with hypochlorite. A variety of equipment 
and variations of this process are in use. When pulps containing 
mostly groundwood are bleached, bleaching methods similar to those 
used to bleach groundwood pulp are used; common bleaching chemicals 
include peroxides and hydrosulfites. 

Wastewater sources for bleaching of deinked pulps are similar to those 
associated with the bleaching of other papergrade pulps. In the case 
of pulps containing large amounts of lignin, wastewater discharge 
includes chlorination and caustic extraction wash water. In the case 
of secondary fibers containing high groundwood or chemical pulp, 
wastewater discharge includes wash water resulting from a single wash 
stage. 

Papermaking 

In stock preparation, pulp, either purchased (nonintegrated mills) or 
produced on-site (integrated or secondary fiber mills), is resuspended 
in water. The stock is mechanically treated in beaters or continuous 
refiners to "brush" or fray the individual fibers to obtain the 
necessary matting and bonding which produces the desired strength in 
the paper. This process also cuts the fibers to some degree. 
Chemical additives may be added either before or after stock 
preparation. 

Either a Fourdrinier or cylinder forming machine may be used to make 
paper or paperboard. The primary operational difference between the 
two types is the flat sheet-forming surface of the Fourdrinier and the 
cylindrical-shaped mold of the cylinder machine. The type of machine 
used has little bearing on the raw waste load. Because of its higher 
speed and greater versatility, the Fourdrinier is in more common use 
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than the cylinder machine. The cylinder machine is primarily used to 
produce thick, heavyweight board products. 

Water is used for dilution and to transport pulp to the paper machine. 
This water, called "white water" drains or is pressed from the paper 
or paperboard on the "wet end" of the paper machine. White water is 
of relatively high quality and is normally reused on the paper machine 
or in other areas of the mill. Wastewater sources in the papermaking 
operation include water losses from the stock preparation area and 
white water from the Fourdrinier or cylinder machine which overflows 
the white water recycle tank. 

WASTE CHARACTERIZATION STRATEGY 

The purpose of this section is to present information on the 
wastewater characteristics of mills in the subcategories identified in 
Section IV. As outlined previously, three categories of pollutants 
were under investigation: a} conventional pollutants, b} toxic 
pollutants, and c) nonconventional pollutants. [When presenting data 
in the tables that appear in this section, wastewater data in metric 
units are conversions of parallel data in English units. However, BPT 
raw waste characteristics are precisely those values published in this 
and previous documents supporting development of BPT effluent 
limitations guidelines.] 

Conventional Pollutants 

The Clean Water Act defined four conventional pollutants or pollutant 
parameters: BOD~, TSS, pH, and fecal coliform. An additional 
pollutant, oil and grease, was defined by EPA as a conventional 
pollutant under procedures established in section 304 of the Clean 
Water Act. As a result of past efforts, effluent limitations have 
been established for the control of BOD5, TSS, and pH in discharges 
from the pulp, paper, and paperboard industry. 

Information on the raw waste characteristics of mills in each of the 
subcategories of the pulp, paper, and paperboard industry was gathered 
as part of the data request program described in Section II and is 
presented in this section. 

Dissolving Kraft. Table V-1 presents available data on wastewater 
discharge and raw waste loadings of BODS and TSS at mills 
representative of the dissolving kraft subcategory. At these mills, 
blends of dissolving pulps and papergrade market pulps are produced. 
Raw material usage ranges from 100 percent hardwood to 100 percent 
softwood. At one mill, a blend of 88 percent softwood and 12 percent 
hardwood is used. The proportion of dissolving pulp ranges from 49 to 
72 percent with an overall average of 60 percent. Bleaching sequences 
and practices vary on different lines at the individual mills. 
However, at all three, jump-stage countercurrent washing is generally 
practiced. Calculated bleached yield averages about 40 percent for 
the softwood and 46 percent for the hardwood pulps. 
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TABLE V-1 

SUMMARY RAW WASTE WAD DATA 
DISSOLVING KRAFT SUBCATEGORY 

Raw Waste Load 
--- ·--·--··---------------- ·---- -- ···---·----

l'roducl iou Prnfile 1'1ow BODS TSS 
Mi 11 No. 
-· -· . 

Ha1v -11:; te r i~-1-- ------~-i-s-;ol ~i~.g_-~~~·_[£_--{%) -__ ------~1_/kkg~ __ __(kg~!L!:J __ ~_!_gikkg___( !_b/_!_2 __:_~gJF~_-__ -(-1~-L-~) _ ~H!1}:{a) 

O:!LOO 1 ( h) 
0]L002(h) 
OJ20llJ(b) 

100';., llW 

I oo~:, SW 
88'1.. SW 

72 
49 
59 

60 

(.i)F - Mill will1 <JH'T flow; B - Mill with '&BPT BODS. 

(li)l'n1d11cliu11 d.tla held co11fidenlia]. 

136.9 (32.8) 
218.2 (52.3) 
219. 1 (57:_~2. 

198.2 (47.5) 

230.0 (SS. 1) 

109 .5 (219.0) 120.4 (240. 7) F 
39.4 (78. 7) 132.0 (264.0) BF 
59.8 (119.6) 81. 6 _li61.u B 

69.6 (139.1) 111. 3 (222.6) 

66.5 (133.0) 113.0 (226.0) 



In order to evaluate the effect of the fraction of dissolving pulp 
produced on raw waste load, raw waste flow and BODi have been plotted 
in Figures V-2 and V-3 against the percentage of dissolving pulp 
produced relative to total product manufactured on-site. Although no 
relationship appears to exist for flow, BODi increases with increasing 
percent of dissolving pulp produced. In addition, the effect of 
pulping softwood versus hardwood on raw waste load has been evaluated 
by plotting raw waste flow and BOD~ against percent softwood in Figure 
V-4. It has been suggested that raw waste loads would increase with 
an increase in the percentage of softwood processed. However, the 
highest BOD~ raw waste load occurs at the mill where only hardwood is 
pulped. It must be noted that the highest percentage of dissolving 
pulp relative to total final product is produced at this mill. 

Further review of operating variables at the three mills indicates 
that washing efficiency has a greater effect on BODS raw waste load 
than either the amount of dissolving pulp produced or the percentage 
of softwood pulped. The salt cake loss, as washable Na20, was higher 
at the mill where the BODi raw waste load was highest (e.g., the mill 
where only hardwood is pulped). Based on the limited data available, 
it was impossible to determine a specific relationship between raw 
waste flow and BODS relative to either the percentage of dissolving 
pulp produced or the percentage of softwood pulped. 

Market Bleached Kraft. Table V-2 presents available data on 
wastewater discharge and raw waste BODS and TSS at mills 
representative of the market bleached kraft subcategory. Raw material 
use ranges from 100 percent hardwood to 100 percent softwood. 
Production ratios can and do shift and the capability generally exists 
to pulp all softwood if desired. To aid in identifying trends with 
respect to raw waste load, the mills are listed sequentially in the 
order of increasing softwood pulping. Figures V-S and V-6 present 
plots of the raw waste flow and BODi versus the percentage of softwood 
pulped. A trend is apparent with respect to raw waste load flow and 
BODS, with both generally increasing slightly as the production of 
softwood increases. However, regression analysis of the relationship 
of flow and BODS versus percent softwood was inconclusive and no 
definite relationship could be established. 

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft. Table V-3 
presents available data on wastewater discharge and BODi and TSS raw 
waste loads at the eight mills representative of the BCT (paperboard, 
coarse, and tissue) bleached kraft subcategory. At mills in this 
subcategory, bleached kraft pulps are produced for the on-site 
production of paperboard, market pulp, and tissue and coarse grades of 
paper. At most of the mills, both hardwood and softwood pulps are 
produced; however, at two, only softwood pulp is used in the 
production of tissue and board products. Figures V-7 and V-8 present 
plots of raw waste flow and BODi with respect to the percentage of 
softwood pulp in the furnish. Based on a statistical analysis of the 
data, no significant correlation could be established between either 
raw waste flow or BODS and the percentage of softwood pulped. 
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TABLE V-2 

SUHHARY RAW WASTE LOAD DATA 
MARKET 111,h\CllF.D KRAFT SUBCATEGORY 

Production Profile Raw Waste Load ______ -----~===-r~!L_=~--=-~-=--=--=-- :-:== r1~:;.-===-- __ -- BQDj===---:----------rss _____ _ 
Mill No, _______ 11~(%2__ ____ --~WK(%1__r._r:_o!1~_t __ (~Ld)_____!_!Lkk_g ___ _J_kg_a_}j_Ll_ ____ kg/kkg ___ {_l_b/t) ~l_k~ q =_-(IbltL~ _ __ ~!IP'!'(c) 

030005 JOO half's 369 73_4 (17 .6) 
030009 100 bal <'" 592 135.2 (32. 4) 
030012 89 11 bales (a) 153- I (36. 7) 
030042 64 36 slush 409 78.5 (18.8) 
030028 27 73 board/ (a) 154.4 (37. O) 

hairs 
030031 26 74 bales 341 333_0 (79. 8) 
030030 21 79 !>ales 723 169.4 (40.6) 
030018 II 89 b"les (a) 184.9 (44.3) 
030006 0 JOO bales 582 179. 'l (43. I) 
900074(h) 0 100 unknown Sl5 134.8 _(?_?__:12 

AveragP 159.8 (38.3) 

BPT Raw WastP l.oad 173.0 (41. 6) 

AvPragc of Mi J Is with ::iBPT fl ow 128.) (JO. 8) 
AveragP of Mi I Is >70'%, SW!< 192. II (46.2) 
Ave rag<' of Hi l 1 s >70% SWK and ~BPT flow 1S2.7 (36. 6) 
Average of Mi I ls >70% llWK 120.6 (28.9) 
AvPragr of Hills >70% llWK and ~BPT flow 120.6 (28.9) 
Average of Ni I ls >70% HWK and ~BPT BOPS 120.r. (21!. 9) 
Average of Mil Is >70% SWK and ~llPT BODS 144.1! (:J4. 7) 

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

(a)Produc-t io11 data h<•ld ronfidPntial. 
(b)Supplrmrntal data (not from 308). 
(r)F - Mill with ~BPT flow; B - Milt with '$BPT BODS. 

17 .5 (35.0) 
(--) 

35.7 (71.4) 
37.4 (74.8) 
35.5 (71.0) 

44.0 (88.0) 
44.1 (88. 1) 
39.2 {78.3) 
41. 3 (82.5) 
23.l (46.22 

35.3 (70 .6) 

38.0 (7S. 9) 

32.2 (64.4) 
37.9 (75. 7) 
34.2 (68.4) 
26.6 (53.2) 
26.6 (53.2) 
26.6 (~3.2) 
29.J (58.6) 

... --··-- -- --·-- ----

20.4 

98.0 
14.4 
24.0 

132.0 
24.7 
48.4 
22.4 
18.7 

44.8 

4S.O 

33.4 
45.0 
22.5 
59.2 
S9.2 
S9.2 
21. 4 

(40.8) 
(--) 

(195.9) 
(28. 7) 
(47.9) 

(264.0) 
(49.4) 
(96.8) 
(44.7) 
(}I_:_4_) 

(89.5) 

(90.0) 

(66. 7) 
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(44.9) 
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(118.11) 
(118. 4) 
(42. 7) 

--·----··-·· 

llf" 
F 

BF 
RF 
BF 

F 

rn 



-c: 
0 

' 0 ... ... 
: 
..... 
~ 

' 
~ 
.J ... ... ... 
~ 
iJ 
iJ 

"' a: 

FIGURE V-5 
RAW WASTE FLOW VERSUS PERCENT SOFTWOOD USED 

MARKET BLEACHED KRAFT SUBCATEGORY 

400 (96) 

3SO (841 

• 

300(72) 

250(60)J 

i 
I 

,,.,..,J 
• • 

• 
150(3611 • • 

~ • 

I 00(24) 

• 

50 ( 12)~ 

0 (0)+-~~~-.-~~~~~~~~-.-~~~--,.--~~----. 
0 20 40 60 80 100 

PERCENT SOFTWOOO USED 

119 



-c 
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TABJE V-J 

SUMMARY RAW \..!\STE LOAIJ DATA 
BCT BLEACHED Kki\FT SUllCATEGORY 

Raw Waste I.oad ·----- ------- . 
now BODS ·- ·-·--- -- -

Mi 11 No. llW - - - -· ·--··- S!~ __ !_!~~--- _!i~sue. _c-9'.!.!:~_I.9!-~.-~f.~kg_. {_kg!!.!/.!.) .. _____ !<&/~!<g_. __ Ob/!:.L 

0]0004 4:16 535 548 
OJOOIO 335 
030022 352 943 907 
030024 512 368 714 
030026(..i) 1073 884 
0)0047 ]06 204 583 
0)0032 584 576 895 
O:IOOJ9 (h) 291 238 487 

Avt•rage 

BPT Haw Wastr Load 

Avrrdge of Mills with ~8PT flow 
Averdgc ut Mills with 5BPT BODS 

343 69 960 
231 84 315 

394(c) 1301 
106 820 

59 210 1153 
583 

:.!48 1243 
107 594 

(a)lncludes lumber mi I I effluent in raw waste figures. 
(h)Wabtt' !oJd data reported are secondary influent; not 
(c)2J6 t/d market, 158 t/d writing and related papers. 
(d)F - Mi I I with ~Bl'T flow; B - Mill with <:BPT BOD~. 

187.0 (44.8) 57.J (114.6) 
187.0 (44.8) 37.2 (74.3) 
150.6 (36. 1 ) 33.0 (66.0) 
137.7 (3J.O) 57.5 (115.0) 
121.0 (29.0) 46.3 (92.5) 
131. 4 (31 .5) 64. I (128.2) 
138. I (33. 1) 42.6 (85.2) 
92.2 l~2_, ! ! 29.2 .. ~sL42 

150.2 (36. 0) 48.3 (96.5) 

148.0 (35. 4) 38.4 (76. 7) 

1:!2. 3 (JI. 7) 52.6 (I 05. 2) 
169.0 (40.5) 35. 1 (70. 2) 

inc lud<>d in avt•rJges. 

TSS 

~81~!<8 (!b/~) 5BP!(•l) 

41. 7 (8:!. '.l) 
42.9 (85. 7) ll 

(--) ll 
(--) F 

:n.2 (66.J) f 
79.5 (I 511. 0) F 
48.J (%.5) 
24.0 (~?-9! 

49. I (9:l. 2) 

66.5 ( I:l:l.O) 

5:1.7 (107.J) 
42.9 (85.7) 
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Alkaline (Fine Bleached Kraft and Soda Subcategories). Table V-4 
presents available data on wastewater discharge and BODS and TSS raw 
waste loads at 20 mills that are representative of the alkaline-fine 
mill grouping. Various grades of paper, both coated and uncoated, are 
produced from combinations of hardwood and softwood kraft pulps and, 
in some instances, on-site production of groundwood pulp. Attempts 
were made to determine if the amount of groundwood production or the 
extent of high use of filler and coating applications affects raw 
waste characteristics. 

Figures V-9 and V-10 present plots of the raw waste flow and BODS 
versus the percentage of softwood pulped relative to the total product 
manufactured. Those mills where paper is produced using some 
groundwood pulp produced on-site and those where large amounts of clay 
are used as a filler are also shown. No relationship between raw 
waste flow or BODi and percentage of softwood pulp used is apparent. 
Additionally, no relationship is apparent between groundwood or high 
clay filler use and flow or BODS. 

Figures V-11 and V-12 present plots of raw waste flow and BODS versus 
the percentage of pulp manufactured on-site relative to the total 
product manufactured. No significant statistical correlation could be 
ascertained. Two of the mills where some groundwood pulp is produced 
exhibit high BODS raw waste load; however, the other mills where 
groundwood pulp is-produced exhibit BODi raw waste loads in the same 
general range as for other alkaline-fine mills. 

Unbleached Kraft. Table V-S presents available data on wastewater 
discharge and raw waste loadings of BOD5 and TSS at mills 
representative of the unbleached kraft subcategory. Figures V-13 and 
V-14 are presented to illustrate the effect of product type on raw 
waste loads. Based on this analysis, the subcategory has been divided 
into two separate groups: unbleached kraft (linerboard) and unbleached 
kraft (bag and other products). As shown on Table V-S and Figures V-
13 and V-14, significantly different wastewater discharge exists for 
the two groups. The bag and other product mills generally have higher 
flow, BODi, and TSS raw waste loads. 

Sefui-Chemical. Table V-6 presents available raw wastewater data for 
each of the 19 mills where a semi-chemical pulping process is 
employed. Corrugating medium is the primary product of these mills; 
various chemical processes, chemical bases, and liquor recovery 
systems are utilized at mills in this subcategory. Previously, 
sodium-based and ammonia-based neutral sulfite semi-chemical (NSSC) 
processes were identified. Ammonia-based cooking liquors are now used 
at only one mill. The raw waste loads for the ammonia-based mill are 
not substantially different from the other semi-chemical mills: flow 
and TSS raw waste loads are well below the subcategory average; BODS 
is above the subcategory average but is not the highest in the 
subcategory. 

Many process innovations are being applied 
subcategory including the use of no-sulfur pulping 
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TABLE V-5 

SUMllARY RAW WASTE LOAD DATA 
lOOILl!ACJW> DAFT SUBCATEGORY 

Production Profile IUlw Waate Load 
Furniab,t£d2 Product (t£d2 Flow BODS TSS 

Purcb 
Hill No. Ira ft WP Broke Linerboard Baa Other Total ltl£ld•a 'ltaal£t2 lta£1tlta ~lb£t2 lta£1tlta ~lb£q :iBPT~b~ 

Liaerboard 

010001 450 20 450 450 46.3 (11.1) 8.3 (16.5) 26.9 (53.7) BF 
010002 923 934 934 44.2 (10.6) 14.1 (28.2) 24.7 (49.4) BF 
010018 1,170 30 1,081 1,081 44.2 (10.6) 18.1 (36. 1) 14. 1 (28.2) F 
010019 1,127 39 27 1,144 7 1,151 35.l ( 8.4) 9.6 (19.1) 4.8 (9.6) BF 
010020 971 55 61 965 44 1,009 81.0 (19. 4) 20.5 (41. 0) 27.6 (55. l) 
010025 523 39 563 4 567 44.7 (10. 7) 13.9 (27. 8) 9.8 (19.6) BF 
010032 (a) (a) (a) (a) (a) (a) (a) 47.2 (11.3) 18.3 (36.5) 17.4 (34.8) F 
010033 (a) (a) (a) (a) (a) (a) (a) (--) (--) (--) 
010038 750 68 5 789 789 105.2 (25. 2) 16.5 (32.9) l!). 9 (31.7) B 
010040 1,195 85 1,220 1,220 65. l (15 .6) 14.7 (29. 4) 11.4 (22. 7) B 
010042 965 965 965 23.0 ( 5.5) 11.1 (22.2) 5.7 (11.3) BF 
010043 1,539 10 1,549 1,549 44.2 (10.6) 21. 7 (43.4) 13.9 (27.7) F 
010046 1,176 27 1,102 21 1,123 49.2 (11.8) 14.4 (28. 7) 20.1 (40.2) BF 
010047 1,299 1,194 1,194 26.3 ( 6.3) 6.7 (13.4) 10.8 (21.5) BF 
010057 540 85 620 620 38.4 ( 9.2) (--) (--) F 
010063 (a) (a) (a) (a) (a) (a) (a) 31. 7 ( 7.6) 46.3 (92.6) 9.9 (19.8) F 
010064 664 51 666 666 34.2 LU1 14.8 .lli.:..tl 24.3 ~ BF 

Avare1e 47.6 (11.4) 16.6 (33.2) 15.8 (31.6) 

BPT Raw Waata .l.oad 52.5 (12.6) 16.9 (33.8) 21.9 (43.8) 

Avaraae of Hilla with SBPT flow 39.2 (9.4) 16.4 (32.8) 15.2 (30.4) 
Av•ra1e of Hilla with SBPT BOD~ 47.2 {11.3) 12.4 (24.8) 15.4 (30.8) 

Baa and Othar Product• 

010003 243 12 283 283 42.1 (10 .1) (--) (--) F 
010005 1,286 8 898 332 1,230 66.4 (15.9) 20.3 (40.6) 20.5 (40.<J) B 
010006 1,685 51 1,115 478 1,594 52.6 (12.6) 12.5 (25.0) (--) BF 
010008 1,895 1,540 434 1,974 73.9 (17. 7) 18.8 (37.6) 45.7 (91.3) B 

010028 400 10 25 279 95 399 110.2 (26. 4) (--) 13.3 (26.6) 
010044 1,020 82 362 712 1,074 57.2 (13. 7) 12.5 (24.9) 17.8 (35.6) B 

010055 748 2 12 726 726 58.4 (14.0) 30.5 (60. 9) 23.2 (46.4) 
010060(c) 470 25 443 443 85. l (20.4) (--) (--) 

010062 231 10 234 23/o 151.S (36.3) 20.6 ( 41. 1) 8.6 (17 .2) B 

010034 940 lo8 lo04 453 68 925 9/o. 7 (22. 7) 36.8 (73. 5) 24.3 (411.6) 
010035 (a) (a) (a) (a) (a) (a) 227.8 (54.6) 34.2 (68. 4) 56.3 (112.6) 
010048 (a) (a) (a) (a) (a) (a) 223.3 ill.:.ll ~ ill.:.22. ~ (146.3) 

Avera1e 103.5 (24.8) 2/o.3 (48.6) 31.'4 (62.8) 

BPT Rav Waate Load 52.5 (12.6) 16.9 (33.8) 21.9 (43.8) 
Aaa....,d BPT Raw Waate Load 52.5 (12.6) 24.3 (48.6) 21.9 (43.8) 

Avera1e of Hilla with :iBPT flow 47 .6 (11.'4) 12.5 (25.0) (--) 

Averaae of Hilla with :i Aaa1111ed BPT BOD~ 80. 1 (19.2) 16.9 (33.8) 23.2 (46.J; 

(•)Production data held confidential. 
(b)F - Kill witb SBPT flow; B - Hill witb ~ Aaaumed BPT BOO~. 
(c)Hill nov closed. 
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TABLE V-6 

SUl1!1ARY RAW WASTE LOAD DATA 
SEl1I-CHE!1ICAL SUBCATEGORY 

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

Hill No. Semi-Chem WP Broke (t/d) kl/kkg (kgal/t) kg/kkg (lb/t) 

I. ·Hills With Liquor Recovery and Len Than 1/3 WP 

020002 
020003(b) 
020008(b) 
020009(b) 
020010 
020013 
020014(d) 
020017 
060004(b) 
Average 

248 
582 
231 
(c) 
(c) 
472 
394 
(c) 
385 

BPT Raw Waste Load 

90 
61 

125 
(c) 
(c) 
173 
117 
(c) 
98 

20 

(c) 
(c) 

(c) 
9 

Average of Hills with ~BPT flow 
Average of Hilla with ~BPT BOD~ 

331 
618 
318 
(c) 
(c) 
599 
511 
(c) 
492 

24.2 
40.1 
23.0 
28.8 
60.5 
39.6 
26.7 
30.5 
48.8 
35.9 

(5.8) 
(9.6) 
(5.5) 
(6.9) 

(14.5) 
(9.5) 
(6.4) 
(7 .3) 

ill..:22 
(8.6) 

42.9 (10.3) 

30. 5 (7. 3) 
33.4 (8.0) 

12.9 
25.3 

9.6 
14.4 
17.9 
39.0 
31.2 
20.7 
27.8 
22.1 

25.2 

21. 9 
15. 1 

II. Hilla With Liquor Recovery and Hore Than 1/3 WP 

020001 
020004(e) 
020006 
020007 
0200ll(f) 
020012 
Average 

204 
160 
190 
183 
235 
(c) 

BPT Raw Waste Load 

116 
106 
99 

123 
157 
lcJ (c) 

Average of Hilla with ~BPT flow 
Average of Hilla with ~PT BOD~ 

III. Hills Without Liquor Recovery 

020005 
020015 
Average 

137 
118 

46 
50 

IV. Non Representative Hills 

020018(g) 
020016(g) 
Average 

217 
200 

Average of All Hilla 

BPT Raw Waste Load 

450 
221 

Average of Mills with ~BPT flow 
(Group I and II) 

Average of Hilla with ~BPT BODS 
(Group I and II) -

302 
266 
291 
346 
377 
lCJ 

183 
169 

673 
525 

19.2 
25.0 
16.3 
10.4 
34.2 
J.8.4 
18.8 

(4.6) 
(6.0) 
(3.9) 
(2.5) 
(8.2) 
~ 

(4.5) 

23.6 
1. 3 

24.2 

22.6 

23.9 

42.9 (10.3) 25.2 

18.8 (4.5) 23.9 
17.9 (4.3) 23.9 

47.2 
20.4 
33.8 

30.5 
55.5 
43.0 

(11.3) 
.J.i:..tl 

(8. 1) 

(7.3) 
i.!1.:.12. 
(10.3) 

56.l 
33.2 
44.7 

62.8 
50.5 
56.7 

30.9 (7.4) 25.8 

42.9 (10.3) 25.2 

26.3 (6.3) :2.3 

28.8 (6.9) 17.6 

(a) F - Hill with ~BPT flow; B - Hill with ~BPT BOD~. 
(b) No-sulfur pulping. 
(c) Production data held confidential. 
(d) Ammonia-base. 

(25. 7) 
(50 .5) 
(19.2) 
(28.8) 
(35. 7) 
(77.9) 
(62.3) 
(41.3) 
(55.6) 
(44.l) 

(50.4) 

(43. 7) 
(30. 1) 

(47.1) 
(2.6) 

(48.4) 
(--) 

(45.2) 
,--) 

(47.8) 

(50. 4) 

(47.8) 
(47.8) 

(112.1) 
(66.4) 
(89.3) 

(125. 6) 
(100.9) 
(113.3) 

(51. 6) 

(50. 4) 

(44.6) 

(35.2) 

TSS 
kg/kkg (lb/t) 

30.2 
13.2 
6.9 

17.8 
49.3 
37.8 
18.8 
44.5 
54.6 
30.3 

(60.4) 
(26.3) 
(13. 7) 
(35.6) 
(98.5) 
(75. 5) 
(37.6) 
(89.0) 

(109. 2) 
(60.6) 

12.3 (24.6) 

24.2 (48.3) 
29.7 (59.4) 

8.1 
0.2 

6.0 

8:1 

(16.1) 
(0.3) 
(--) 
(--) 

(11.9) 
(--) 

(16. l) 

12.3 (24.6) 

8.1 (16.1) 
8.1 (16.1) 

52.4 (104. 7) 
27.9 (55.7) 
40.1 (80.2) 

61.5 (123.0) 
42.2 (84.3) 
51.9 (103. 7) 

30. 1 (60. 2) 

12.3 (24.6) 

22.2 (44.3) 

26.1 (52.2) 

(e) A reverse osmosis system is used to treat internal process streams and allow for extensive 
recycle of these treated streams. Not included in averages. 

(f) Hill 020011 has combined effluent with other mills. Not included in averages. 
(g) Hill 020018 makes recycled paperboard and corrugating. Mill 020016 makes tissue and 

fine papers. These mills are not considered representative and are not included in averages. 
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pulping to displace the conventional NSSC cook. Insignificant 
differences exist in raw waste loadings at the no-sulphur mills 
compared to mills where the conventional NSSC process is employed. 
Similar results would be anticipated if data were available on green 
liquor pulping. 

Incomplete on-site chemical recovery existed at two mills at the time 
of data acquisition. As expected, these mills exhibit significantly 
higher BOD~ raw waste loads than the other mills in this subcategory. 
Two additional mills are not included in averages of data presented in 
Table V-6 because they are not representative of general practices of 
the semi-chemical subcategory. At one, a variety of recycled 
paperboard grades as well as corrugating media are produced; at the 
other, tissue and fine papers are made as well as semi-chemical 
corrugating media. 

Data for another mill (020004) are not included in averages presented 
in Table V-6. At this mill, a reverse osmosis system is utilized to 
treat some process wastewater and provide for extensive internal 
recycle, thus substantially reducing raw waste loads. This reliance 
on extensive production process controls is not typical of the 
approach taken at most other mills in this subcategory. 

Utilization of wastepaper in the furnish at mills in the semi-chemical 
subcategory ranges from about 10 percent to 67 percent of total 
production. Therefore, the effect of wastepaper usage on raw waste 
load flow and BOD~ has been evaluated to determine if the percentage 
of wastepaper used affects raw waste load. 

Figures V-lS and V-16 present plots of raw waste flow and BODS versus 
the percentage of wastepaper used in the furnish relative to the total 
product. Flow tends to decrease with an increase in the percentage of 
wastepaper used. However, a significant statistical correlation could 
not be determined. No significant relationship exists between BODS 
raw waste load and the percentage of wastepaper used. 

Unbleached Kraft and Semi-Chemical. The ten mills for which data are 
available that are representative of the unbleached kraft and 
semi-chemical subcategory are some of the largest mills in the 
industry with an average production of approximately 1,360 metric 
tons/day (1,SOO tons/ day). Table V-7 presents available raw waste 
load data for this subcategory. At all of these facilities, 
unbleached kraft pulps are produced along with high yield unbleached 
semi-chemical pulps. These products are commonly utilized in the 
manufacture of linerboard and corrugating media. At some mills, other 
types of kraft paper including board, bag, and converting papers are 
also made on-site. Table V-7 also shows the percentage of each 
product made at each mill along with the percentage of unbleached 
kraft and semi-chemical pulp produced. Kraft pulp production averages 
about five times as much as semi-chemical pulp production. This 
reflects a typical balanced cross-recovery system with fresh liquor 
makeup to the semi-chemical process to counterbalance chemical losses 
from that operation and the kraft pulping operation. The distribution 
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TABLE V-7 

SUMMARY RAW WASTF. LOAD llATA 
lJNBl.f.ACflf:ll KRAH ANO Sf.Hr-C:JH:HICAI. SUBCATEGORY 

Production Profllr Raw Wast<> Load 
. -·. -

l'rr><luct Flow flO!J'i TSS 
kg/kkg (i_iJtj ___ kgikkg -( lh/l) 

~:!•rn i sh_(%) (a) 
Mi II No_ Srmi-Chrm URK __ Co_rrugat I ng(%)=~=fi~~rci_~%) 1i.1 8(%)_~_~r~lai(tL_<l_L ~Iii.kg - {_kg_~l)ij 

015001 (c)(d) 17 86 21 74 5 I, 745 '511.4 ( 14. O) 21_6 (47.2) 27. 'i ('i5 _ o) 

015002 20 67 24 60 17 ( (') 47.2 ( 11 . J) l:l. 5 (27.0) 11. 5 ('17.0) 
0 I 500:3 16 85 20 110 0 (e) 50_9 (12.2) 111.8 (37. 6) 29. 0 (58.0) 
015004{<1) 16 77 18 70 12 (e) 6 7. 6 (16.2) I 7 - I (J4.2) 47.0 (<J4.0) 
Ol500S(c)(<J) 16 114 21 0 7CJ 1, 394 10.S (7 -1) 8.8 (I 7. 6) (--) 
0 I 5006 ( c) (<f) 9 <JO 12 50 38 2,598 S0.5 (12. l) 18. 'J (J7. II) 9.11 (19.6) 
015007(c){d) 14 76 21 79 0 I, 700 52.2 (12. ')) 16.1 (32.6) 25- 1 <5o_n 
0 I 5008 ( c-) 18 R4 16 84 0 I, IJJ 81. 0 (l'J.4) I I)_ 0 (:18. 0) 20.7 (41. 4) 
0 I 'i009( c) ( f) 28 65 18 62 () 716 ">7. 6 (I J. II) 211- I (">6.2) 2'l. I ( ~-1!. 2) 
(l J 0017 (cl) (] <JI 16 58 26 1,428 36.7 - (11_:8) 17. 5 05-()_) 38.1 (76.6) 

1\vPr;1~c 51. 4 ( 12. 8) IR.2 (36 .1) 26.7 (S:L 3) 

/\vrr.1~'' rormill~ wi lh >20% hag prolf11ct ion 39.2 (9_4) 15. I ( 30. 1) 24. I ( 48 _ I) 
/\vrragt~ for mi 11 s u~ing varying amounts l)f ~n·r•n 49.2 ( 11.11) I 7 - I (:l4. I) 2'l. 6 ( '>'J. I ) 

Ii '1uor fr> r pulping 

flf'T Haw Waste [.o;><f 58.4 ( 14. O) ('). 4 (38. R) 20. '.i (41 - () J 

Avrr:i~<' of Mi I Is with <BPT fl OW 411.0 (11.5) 18. 2 (:36. 4) 24.6 (49.2) 
/\vrr:igt• () f Hi 11 s with <flPT BODS '52. 2 ( 12. 5) 16. :1 (12.5) 26_2 (52.4) 

(a) C.1ln1L1t!'d r«rcf'nlage hased on claimPd procfuction. Other fih<'rS and/or losses not aCC<lllPl<'cl for. 
(h) F - Mi 11 with <fll'T flow; R - Hi 11 with ~llPT R005. 

"./ll'T(h) 

F 
RF 

flF 
R 

/lF 
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Rf 

(c-) M.1rk<>t pulp prnduction is inducfed with l>oarcl production clala; pro<luclion of c-onv<'rling paprrs is inclucll'•I 1..-ith hag pro<h1rt ion. 
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of production as well as the range in the ratio of semi-chemical to 
kraft pulp are reasonably constant in this subcategory, except for one 
mill where about ten times as much kraft is produced as semi-chemical 
pulp. 

Six mills are known to be utilizing varying amounts of green liquor 
for pulping in the semi-chemical operation. This is done to enable an 
increase in semi-chemical pulp production relative to unbleached kraft 
production and/or to facilitate the recovery of chemical cooking 
liquor. No trends are apparent with respect to raw waste loads 
relative to either alterations of the semi-chemical process or to 
variations in the products manufactured. 

Because the production of bag papers in the unbleached kraft 
subcategory has a significant effect on raw waste load, an 
investigation was made of those unbleached kraft and semi-chemical 
mills where higher percentages of bag papers are produced. As shown 
in Table V-7, the average raw waste loadings for the three mills where 
greater than 20 percent of the final product is bag paper are lower 
than the overall subcategory averages. In fact, the mill (015005) 
where the highest percentage of bag paper is produced has the lowest 
raw waste load flow and BODS in the subcategory. 

Dissolving Sulfite Pulp. Table V-8 presents available data on 
wastewater discharge and raw waste loadings of BODS and TSS at mills 
representative of the dissolving sulfite pulp subcategory. At the six 
mills where dissolving grade sulfite pulps are produced, the 
capability exists for also producing papergrade pulps. Predominantly 
softwoods are utilized with only small amounts of hardwood associated 
with the production of dissolving grades of sulfite pulp. Both 
magnesium and ammonia-based pulping operations are employed. In order 
to facilitate the production of the high purity pulps required, 
extensive washing and evaporation systems are used and often entail 
two evaporator lines operating in series. Extensive bleaching 
operations, frequently with six or more stages, are used to purify the 
cellulose. Consequently, large amount& of dissolved solids (including 
BOD5) are discharged from the bleaching operations as well as with 
spent sulfite pulping liquors. Extensive use is made of jumpstage 
countercurrent washing systems to minimize wastewater discharge. At 
two mills, a system is used which enables the evaporation of the total 
effluent from the caustic extraction stage, which has the highest BODS 
loading discharged from the bleaching operation. -

BPT effluent limitations are based on the grade of pulp produced, 
including nitration, viscose, cellophane, and acetate grades. Data 
gathered since the BPT program have been evaluated to verify the need 
for effluent limitations by grade. However, insufficient data are 
available to allow for presentation of raw waste load data by grade. 
Complete data are lacking for half the mills. 

Papergrade Sulfite (Papergrade Sulfite (Blow Pit Wash) and Papergrade 
Sulfite (Drum Wash) Subcategories). Table V-9 presents available raw 
waste load data for 17 mills characteristic of these subcategories. 
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TABLE V-8 

SUMMARY RAW WASTE LOAD DATA 
DISSOLVING SULFITE PULP SUBCATEGORY 

Raw Waste Load 
Production Flow BODS TSS 

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

046001(a) 421 228.7 (54. 8) 154 .1 (308.2) 29.3 (58.6) 

046002(b) 560 259 .1 (62. l)(c) (--) (--) 

046003 620 265.0 (63. S)(c)(d) 114.5 (228.9) 11.2 (22.3) 

046004(f) (e) 190.7 ( 45. 7) 97.2 (194.4) 39.6 (79.2) 

046005 (e) 358.5 (85.9) 276.0 (552.0) 

046006(a) (e) 182.8 (43.8) 99.2 (198.3) 53.6 (107.1) 

Average 258. 7 (62.0) 161. 0 (321.9) 31.3 (62. 7) 

BPT Raw Waste Loads are dependent on processes used and are as follows: 

Nitration 275.0 (66.0) 137.0 (274.0) 
Viscose 275.0 (66.0) 156.0 (312.0) 
Cellophane 275.0 (66.0) 181.5 (363.0) 
Acetate 303.4 (72.7)(g) 266.0 (531. 9) (g) 

(a) Data obtained from responses by mill representatives to a 1981 
questionnaire. 

(b) Total raw waste BODS and TSS data are not available. 

92.5 
92.5 
92.5 
92.5 

(c) Flow data obtained from telephone conversations with mill repre
sentatives in 1981. 

(d) Flow data based on 1981 process flow and corresponding 64i ton/day 
production rate. 

(e) Production data held confidential. 

(185. O) 
(185.0) 
(185. 0) 
(185. 0) 

(f) Raw waste loads include wastewater from a dissolving sulfite pulp mill and 
a paper mill. Therefore, data were not included in the averages. 

(g) The flow and BOD~ are representative of the raw waste load associated with 
the production of acetate grade dissolving pulp at the time the remanded BPT 
BOD~ limitation was promulgated in 1977. 
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TABLE V-9 

SLlllMARY HAW WASH WAil liATA 
PAPERGRAIJE SUI.FITE SUBCATE1;(1RY 

Producticm Profile tfaw \Vas l ~ Load 
-·· - i Or~:.-sil~·---

Sulfite Pulp ~E'.H·~~s Flow BOIJ5 TSS 
H1J I No. (ti•!l - ··--

Pr1>duceJ Ty.I'~ W.t:i;h Base Conrlen::tt.•r ~J/l<_~g- (~8_~1/l) kg[~~-(ibitl J<gf_k ~&.- ·:fo1_L.U . ~~!'TC,•) -·-· - ·- -·· 

040001 (lo) (d 112 Corrug llP NHJ,llS IJ IJ5.2 (:!2.4) 68.7 ( 131.-1) (--) 
040002(d) 547 IOI Mdrk,.t BP C.a,Na Bd,S Jl:l.O (75.0) 84. t (168.2) 21.0 (42.0) B 

Tis~ue A, BS 
040006( e) (f) I IJ ll'J Tissue BP NII~ ,A s 346.8 (8:1. I) (--) (--) 

Market 
04000/ ( ,. ) (gJ I J5 100 M.t rkel J!P NHJ,A None 196. J (47.0) 421. J (842.S) (--) 
040008(<1) 964 78 Tissue BP/UR NIL! ,A lid,S 1116. 5 (44. 7) (--) (--) 

Hdrk,·t 
040009(.JJ 566 41 Writing llR HgO,llS s 83.9 (20. I) 48.9 (97. 7) 28.6 (57. I) BF 

11arkt:l 
0401)1 () l h) 244 ·12 Glassine l!Y Ca,A s :l90.9 (69. 7) 27.9 (SS.II) SI. :1 (102.5) ll 

P•c-kage 
0~0011 (.I) 284 J9 Writing BP Cd,A 8d,S 97. 6 (2J.4) 4S.O (89.9) 25.9 (5 I. 8) BF 

I-' Thin 
.i:::. 04001~\d) no 72 WritinM Ill! NHJ,A Vr 225.) (54.0) 511.5 ( 117.0) 90.0 ( 180.0) ti 0 

Printing 
0400 J I (.I) 289 ')6 Prjntiug nu HgO,BS s n6.5 (32. 7) 4 J. 4 (82.8) 31. 9 (6:1. 7) lit• 
0400J4(d) 146 59 Writing HI' Ca,A s 170.3 (40.8) 109.4 (218.7) 19.3 (38.6) AF 

La .. inat iug 
040015 155 100 ttarket BP/UR Ca,HS s (--) (--) (--) 
0400ltJ(d) 437 61 Writing JlR Niil ,BS s 159.4 (38.2) !09 .3 (218. 5) 140.2 (280.J) f 
O~OOJ7(d) 412 42 PrinlinA Bl' Cd,A s 116.4 (27 .9) 97. I (194.2) 37. I (74. I) l!t" 

Market 
040018(<1) :159 J4 TisMJ~ !JR Ca,A s 131. 4 (31. 5) 74.2 (148.4) 65. I ( IJ0.2) BF 
040019( i) (c) 52 Tissue IJR NH~,A Vr 58.8 (14. I) (--) (--) 
040020 (<I) 671 '> 7 Tissue !JR NH3,A Ba l()!J .. ~ (:14: I) 36.3 W:~i 11, ~ ff!,_7) HF 

f\vt:'r.1J!W 58(j) !S6.5 (37. 5) 611.9 (l:l7.7) 50.0 (99.9) 

1wr kaw \vast t• LoJd 
Ill ow Pit W°.J:)h 

Bi:,uJJ ilt•-Surface 186. 0 (44.5) 116.0 (232 .0) 90.0 (180.0) 
Bt!-.lll I itt:-B.tromctric- 221.0 (S ·i. 0) 116.0 (23:l.O) 90.0 (180.0) 
Acid 8111 ti l<•-SurJ<1ct• 186.0 (44.5) 121. 0 (242.0) 90.0 (180.0) 
A<id Sul Ii t t•-Baro111et r i <.: 22 J .0 (53.0) 121.0 (242.0) 90.0 (180.0) 

1Jr11ru Wc.1sl1 
Bis11lt 1tt•-S11rfal·t.' 1116.0 (44 5) JJ4.0 (168.0) 90.0 (180.0) 
His11lf 1l,•-Hdrometri( 221.0 (S~l.O) 134.0 (168.0) <J0.0 ( 180. 0) 
Acid Sul f i lt•-Surt.:1ct.• 18b 0 (44.5) 103 .5 (207.0) 90.0 ( 180.0) 
A•·1cl Su J J 1 l e-Hd 1 OLllt' tr i c 2L I. 0 (53.0) IOJ.5 (207.0) 90.0 (180 0) 



... 
::-.. 

T/l''LE V-'J (Cont inu<'d) 

/IV('LlJ!<' () f NIU ha"p ;tC i tf mi 11 s 170.7 (40.9) 47 · '· 
(qt._ R) 51. 0 I 10 I <)) 

Avcr.1g<' 0 f NIU h.1se hisuJ f ilP mi 11 s 159.4 (J8. 2) 109.) (2 IR.'•) 11.<J. 2 ( 11rn l) 

Avrr;ig•· () f MgO ha~P hi sul f i t.e mi I J s 110 2 (26.4) 4';.2 (90. I) W.7. ( (,(l. 4J 
/lvrr;og<' of Ca h.1Sf' only and ar i.d only mi 11 s 128.'l ()O. 9) 111. 4 ( 162 R) 16.9 ( 7 l. i) 

l\vrragr .,, Ca li.:ise acid mi I ls 1.-i Lh drum wash 131. 4 (11. 'i) 74.2 (14R.1,) (,r,. 1 ( 1 ·w 2) 

Av<' rag<' of tli I ls with <:llrT ROOS 1';2. 7 ( l6. 6) 66. I c1.i2.n 16.1' (7 l 'i) 

(a) 
(b) 
(c) 
( rl) 

(<') 

( f) 

(g) 
(h) 

( i ) 
(j) 

F - mil I with SHPT flow; R - mill with SBPT B<HJS. 
Pulp was not hl•·achpd al this mill and rlala arr thrrC'f .. rr not inclu<lr<I in .1vpragcs. r!ill is now dosP<l. 
Production rl.itn hPlrl confidf'ntial. 
Raw W<lSlt' flows from thesP mill" wPrP u:sPd to 1levelop •ftp empiric.I rPlation helW<'f'n r;iw waste flow ;rnd pPrcrrol s111f1t1• 
Jllllp producf'd on-sil<' {srp Figurr V-19). 
Pulp mill opPr;itions wpre shut clown shortly after data WPr<' gathrrC'rl. Thi" mill did not Pmploy a rf'cnv1·ry sy~trm. lht~ 

arr· n"t irodurlr<I in lhP .1vC'ragPs. 
ThP pulp mill opC'rations WPre shut rlown. OpPralions ,,r this mill ar<' now rrprrs••ntativP of the Noninl<')(t'1lPil-Tissrw l".1)"''" 
suhc.1lPp,ory, 
tli I I is now cl oSC'•I. 
This mil I prnducrs glassine papPrs. Data arC' not inrl•11IC'd in lh<' averag<'~ as f'f f111rnt is not consi.frr,.,I typical •>f 
thr s11hcalcgory. 
Only a portion of raw waste loarl was reported. Hill d •la not inclurlcd in avrr~grs, 
Th<' avrr,1ge perrent sulfite pulp pro<luced on-site is hrsp,J on thosr mills usr1I to dC'vf'lop thf' Pmpirical rrl<Jtinn '"'''"'"" 
flow ;ind percent sulfitP pulp (s••e footnoted). 



At mills in these subcategories, a sulfite cooking process is employed 
to produce pulps from which writing, printing, business, and tissue 
papers are made; pulps are produced using calcium, sodium, ammonia, 
and magnesium cooking bases. The average quantity of papergrade 
sulfite pulp produced at these mills is S8 percent of the total raw 
material furnish. 

Spent liquor recovery systems employed in this subcategory range from 
no recovery to the use of spent liquor evaporation systems in 
conjunction with modern kraft-type and fluidized bed recovery furnaces 
and incinerators. As shown in Table V-9, mills where recovery systems 
are not employed have significantly higher flow and BODS raw waste 
loadings than mills where recovery is practiced. Two mills without 
recovery systems have recently been closed leaving only one mill 
without an adequate recovery system. 

BPT effluent limitations were established for two separate papergrade 
sulfite subcategories: drum wash and blow pit wash. Allowances were 
provided for acid sulfite cooking of sulfite pulp and for mills with 
barometric condensers. Therefore, available raw waste load data have 
been reviewed with respect to the type of washing system, condenser, 
and cooking liquor used. 

The trend in the industry has been to the use of drum washing systems. 
Since 1976, drum washing (vacuum washing) systems have been installed 
at two additional mills. Figures V-17 and V-18 present information on 
the effect of washing processes on raw waste load BODS and flow. Raw 
waste flow and BODS data from five papergrade sulfite mills have been 
excluded from the plots shown in Figures V-17 and V-18. Mill 040001 
has been eliminated because pulp is not bleached at this mill. Mills 
040007 and 040006 have been eliminated because recovery systems are 
not employed at these mills. Mill 040010 has been eliminated because 
of its significantly higher flow relative to other mills in the 
subcategory. It should be noted also that BOD~ raw waste load at this 
mill is the lowest in the subcategory. Mill 040019 has been 
eliminated because only a portion of its raw waste load was reported. 
No significant difference in either the raw waste BOD~ or flow for 
mills using blow pit washing compared to drum washing was found. 

As illustrated in Figures V-17 and V-18, the percentage of sulfite 
pulp production relative to total production was determined to be a 
more significant factor than the type of washing system employed. 
Figure V-19 presents an equation, developed using a least squares fit 
method, that relates raw waste flow to the percentage of on-site 
sulfite pulp production. The correlation coefficient squared 
(r2=0.87) reflects the good statistical correlation of the regression. 

Figure V-20 presents a plot of BODS raw waste load versus the 
percentage of sulfite pulp produced relative to total production. 
Information is presented on the type of chemical base and cooking 
process. There is no apparent correlation between BODi raw waste load 
and the cooking process (acid or bisulfite) or cooking base (calcium, 
sodium, ammonia, and magn~sium) used. 
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EFFECT OF WASHING PROCESS ON RAW WASTE FLOW 
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Figure V-21 presents information on the effect of condenser type on 
wastewater discharge. There is no apparent correlation between raw 
waste flow and the type of condenser used. 

Groundwood-Thermo-Mechanical. Data are available for two mills that 
produce only groundwood-TMP pulp on-site. However, the number of TMP 
installations employed at complex mills in the integrated 
miscellaneous grouping has increased in recent years. All available 
data on raw waste load characteristics resulting from 
groundwood-thermo-mechanical pulping operations are presented in Table 
V-10. Included in the table are data representative of TMP production 
at an integrated miscellaneous mill where groundwood and unbleached 
sulfite pulp are produced to manufacture newsprint and some market 
pulp. The data for this mill reflect the BODi contribution that would 
be expected from the production of newsprint from TMP pulp. 

EPA reviewed the raw waste load information used to establish BPT 
effluent limitations for the groundwood-thermo-mechanical subcategory. 
The Agency found that the raw waste load was actually based on a mill 
where chemicals were added prior to refining. As shown in Table V-10, 
EPA revised the BPT BODS raw waste load to reflect the average load at 
mills where wood chips are pre-softened by heating, with no addition 
of chemicals. 

Groundwood-CMN Papers. Available data on wastewater discharge and 
BODS and TSS raw waste loads are presented in Table V-11 for six mills 
where groundwood pulp is produced on-site using either stones or 
refiners. Average on-site pulp production is 73 percent based on 
total mill production. Major products include newsprint, molded, and 
other coarse and specialty groundwood products. Raw waste load 
characteristics are relatively constant for all mills representative 
of this subcategory with the exception of one mill (No. 052016) as 
presented in Table V-11. Ave~age raw waste loads for this subcategory 
are higher than those used in the development of BPT limitations. 
Figures V-22 and V-23 present plots of raw waste flow and BODi versus 
the percentage of groundwood pulp produced relative to total 
production. No correlation is evident for either BODS or flow 
relative to the percentage of groundwood pulp used. 

Groundwood-Fine Papers. Data are available on eight mills 
representative of this subcategory. Table V-12 presents available 
data on flow, BODS, and TSS raw waste loadings. Printing grades of 
paper, both coated and uncoated, are produced at these mills from 
groundwood pulps produced on-site. Groundwood pulp relative to total 
production varies from 31 to 82.5 percent and averages 47 percent. 
The remainder of the furnish may be filler or coating pigments as well 
as purchased softwood and, to a lesser extent, hardwood pulps. 

Raw waste flow and BODi have been plotted versus the percentage of 
groundwood pulp manufactured on-site relative to total production. 
These plots are presented on Figures V-24 and V-25. No apparent 
correlation exists between either BODi or flow to percentage of 
groundwood pulp manufactured. 
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TABl.F. V-10 

SUl1t!ARY RAW WASTF. J.OAD DATA 
GROUNDWOOD-Tll ~:RMO-HF.CHAN I CAL SUBCATF.GORV 

Hi 11 No. 

070001 90 0 155 

070002(h) 118 12 497 

040001(c) 

BPT R.1w WaslC' 1.oad 
/\ss11mPcl BPT Raw Waste J,oacl 

AvPrngf' of Hi I Is ,,;ith $RPT flow 
AvC'ragP of Mills with<; Assumed BPT BODS 

Coarse, tJ11coalPcl 111.4 
Printing 

Nrwsprinl 3~.4 

Newsprint 

57. 6 

811.0 
88.0 

57 .6 
57.6 

(il) F - Hill with <;npr flow; B - Mill with" AssnmPd l'PT IJOIJ~. 

(b) S11pplPm<'11tal data submitted by mi 11 for 3/79 - 7/79. 

(19.5) 

(8.0) 

__ i.:_·) 

(13.11) 

(2 I. 1) 
(21. I) 

(13.8) 
(13.8) 

(c) Dilta arP represe11tativ<' of groundwood-thermo-mrch~niral opC'ration; 
berans<' other pulping operalio11s are employPd, mill is currently 
classified as integrated miscrllaneons. 

19.0 

16.2 

28.S 

21. 2 

39.2 
21. 2 

17 .6 
17.6 

(38.0) 

(32.3) 

(E-.Q} 

(42.4) 

(78.4) 
(42.4) 

(35.2) 
(35.2) 

41. 3 

41.4 

42.1 

39.9 
39. 'l 

42.3 
42.1 

(82.5) 

(86. 7) 

- _(-:-2 

(84.6) 

(79.11) 
(79. II) 

(84.6) 
(84.6) 
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Pr<>rluclion Profile 
--· --- ----- --·· 
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sumtARY RAW wASTE l.OAD DATA 
GROUNDWOOD-CtlN l'Al'ERS SUBCATEGORY 

Raw Waste Load -----·---·-------·---- ----· ----·-- - ---
f I ow BODS TSS 

f11 I l No. &___ (!J~ 1 ..... { ~-/d) _:_-:--- ----- - IYP<: ______________ _!<_!L_~~_g-~_J~}hl_ __ fu~h ___ (lb/.!l__ ___ ig/kkg ~_:_J1"bl!c} ___ 11lP!'J!'_L 

0'.>201~ 78.7 74 94 Nf'wsprint, 

05201b 7<J.2 36<) 465 Newsprint 

0'.>4004 (L) 61. 5 39 64 tloldeJ 

0';400t-(<) 72.4 ( <') (c) Hol1leJ 

W>4010(1>) 72. 7 8 II tJ.:>Jcled 

0'>40 )') 10.S 693 983 Newsprint, 
Special ties 

Aver<>lo(•' 7"1..5 

IJl'T llJW W.i~ le l.oad 

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

(d) ~-Hill with ~HPT flow. 
(h) Mi I I is now closed. 
(c) l'roJuclion data held confidential. 

f'ine 99. 7 (23.9) (--) (--) 

46.7 (11.2) 20.0 (40.0) (--) F 

94.3 (22. 6) 27 .0 (53.9) 103.6 (207.2) f" 

109. 3 (26.2) 19. I (38.2) 56.4 (112. 7) 

121. 9 (29.2) (--) (--) 

118.9 ~8.5) 21.4 (42.7) 47.3 _{94.~ 

98.S (23.6) 21.9 (43. 7) 69. I (138. I) 

99.3 (23.8) 17.4 (34.8) 48.5 (97.0) 
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GWD Pulp 
MiJ I No. m _ 
O'>L003 ~I. 0 

o·,2004 ]i .O 

052005 :l9. I 

052007 58.0 

052008 41.8 

0'>2013 38.5 

0~>2014 34.0 

054014 82.5 
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481 Coated 65 9 ( 15. 8) 28.6 (57.2) 

755 Printing 55 .5 (13.3) 27.8 (55.6) 

224 Printing 96 8 (2'.l. 2) (--) 

787 Coated 54 (13. I) 10. I (20.l) 

(a) Coated 70. (16.8) 15.6 (31. 2) 

285 Coated 54 7 (13. I) 12.0 (24.0) 

76 Printing 61 .3 (I~, ?2 16.8 (}},~) 
Spec ia ll ies 

68 .4 (16.4) 17. 6 (15. I) 

<JI .0 (21.9) 16. 7 (33.3) 

~BPT flow 64 .1 (15.4) 17. 6 (35. I) 
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Integrated Miscellaneous Mills. Available data on wastewater 
discharge and BODS and TSS raw waste loadings at all remaining mills 
with on-site production of pulp(s) are tabulated in Table V-13. At 
these mills, multiple pulping operations or miscellaneous pulping 
processes not adequately described by specific subcategory definitions 
are employed. Information is also provided on the types of pulp(s) 
produced and the various products manufactured on-site. 

Deink. Flow, BODS, and TSS raw waste load data are available on 20 
mills representative of this subcategory and are shown in Table V-14. 
At these mills, printing grades of paper, tissue, or newsprint are 
produced. 

Raw waste flow and BOD~ data were evaluated to determine if the type 
of product manufactured or the percentage of deinked pulp relative to 
total production affects raw waste loadings. In Figures V-26 and V-
27, data on flow and BOD~ are plotted relative to the percentage of 
deink pulp produced on-site. No apparent correlation exists between 
flow and BOD~ raw waste loads as a function of the percentage of 
deinked pulp produced on-site. 

However, because of differences in flow and BODS raw waste loads, EPA 
concluded that the deink subcategory should be- divided into three 
separate groupings: fine, tissue, and newsprint. Generally deink 
mills where tissue is produced exhibit the highest flow, BODS, and TSS 
raw waste loads, while mills where newsprint is produced -have the 
lowest raw waste loads. The average raw waste loads for each of these 
product sectors is shown on Table V-14. 

Tissue from Wastepaper. Data are available for 21 mills 
representative of this subcategory. Principal products are sanitary 
and industrial tissue, including industrial packaging, wadding, and 
packaging and wrapping tissue. At these mills, mixed wastepaper is 
generally processed with little preparation, except for screening and 
cleaning prior to paper production on the papermachine. 

Table V-15 presents available data on wastewater discharge and BODS 
and TSS raw waste loadings. There are nine mills where industrial 
grades and 12 where sanitary grades of tissue are made. There are no 
significant differences in raw waste loadings for industrial grade 
mills compared to sanitary tissue mills. 

Paperboard from Wastepaper. Data are available for 146 mills 
representative of this subcategory, which is the largest in terms of 
number of mills in the pulp, paper, and paperboard industry. Raw 
waste load data are presented in Table V-16. Flow, BODS, and TSS raw 
waste loadings are low compared to other industry subcategories. Mill 
sizes range from 0.5 to 871 kkg/day (0.6 to 960 tons/day), averaging 
129 kkg/day (142 tons/day). Products made at mills in this 
subcategory include linerboard, corrugated board, chip and filler, 
folding boxboard, set-up box, gypsum board, and other construction 
boards, packaging materials, and automotive boards. At most mills, 
three or more types of products are produced on-site. 
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TABLE V-13 

Sll'IHARY RAW WASTE LOAD DATA 
lllT!GRATlD HISC!LLANEOUS Piii.LS 

Raw Waste Load 
Production.J?rofile_(t/d Furnisb)(a) 

Flow . --eoi>s _____ ---rss ____ 
Hill No. A B c D ! F G Total kl/l<kg __ (~~ If!)__ _w~~(_l_b_L~). _ _!g/Hg__:::j}"~}l,_L 

010010 41K 798UK 903USK 112 1,854 131. 9 (31.6) 15.3 (30.6) 9.4 (18.8) 
OJOOll 3K 156U 865U 454 1,478 58.0 (13.9) 10.5 (21 .0) 22.2 (44.4) 
010012 209K 335UK 336UIC 9 889 123.9 (29.7) 18.6 (37.2) 12.4 (24.8) 
0!0013 tolK 751UK 852 109.7 (26.3) 22.0 (43.9) 59. I ( 118. I) 
010014 137K l,193U 1,330 86.8 (20.8) 19.6 (39.1) 17 .2 (34. 3) 
010015 232K 264U 682U 1, 178 42.1 (10. 1) 19.6 (39. 2) 27.3 (54.6) 
010022 140K 1,007U 1,146 60.9 (14.6) 311.3 (76.5) 
0!0026 135K 505UK 208K 33K 881 179.9 (43. I) 52.3 (104.5) 60.3 (120.5) 
0!0027 (b) (b) (b) (b) (b) (b) (b) (b) 111.0 (26.6) 34.5 (68.9) 
010039 617U 326 943 
010050 615K 750U 1,365 
010056 J,590USK 1,590 73.4 (17.6) 32. 7 (65.4) 21. 7 (43.4) 
010059 934US 934 57.6 (13.8) 15.5 (31.0) 29.5 (58.9) 
015010 638UK 259US 23K 920 105.2 (25.2) 50.7 (101.4) 55.0 (110.0) 
030003 310U 975US 878W 2, 163 73.0 (17.5) 18.9 (37. 7) 20.2 (40.4) 
030007 633UK 528KU I, 161 138.5 (33.2) 36.2 ( 72. 3) 229.0 (45R.O) 
030008 20K 416UK 406K 245 1,087 173.6 (41.6) 38.4 (76. 7) 8. :! (16.5) 

....... 030011 251K 394K 645 157.3 (37. 7) 12.0 (63.9) 76.3 (IS2.5) 
U1 OJOOl4 169K 527K 7 l:l llK 1,420 
-....J o.•0016 I, JJ7UK I, 137 131. 4 (31. 5) 25.2 (50.J) 52.3 ( 104. 6) 

010017 (b) (b) (b) (b) (b) (b) (b) (b) 255.0 (61. I) 65.8 (DI. 5) 57 .5 (115.0) 
030019 494 IOOKG 226 820 
030021 698 2921! 593 1,583 88.5 (21. 2) 27 .6 (55. I) 53.2 (106.4) 
030025 168K 439K 607 97.6 (23.4) 30.5 (60.9) 28.5 (57.0) 
030029 (b) (b) (b) (b) (b) (b) (b) (b) 245.8 (58. 9) 43.2 (86.3) 66.7 (113.4) 
030035 I ,050K '•54 1,504 83.9 (20. I) 32. 5 (65.0) 74.4 (14R.R) 
030036 
030038(d 1,410UIC 1,410 
030040 1R5K 119KU 431K lOIK 816 160.7 (38.5) 27.9 (55.7) 
030041 164K 140K 49K 353 128.9 (30.9) 24.7 (49.4) 59.2 (llR.3) 
030043 (b) (b) (b) (b) (b) (b) (b) (h) 139.0 (33.3) 19.5 (39.0) 24.4 (41!.R) 
030044 92K 670K 854K 1,616 124.4 (29.8) 15.9 (71. 7) 86.6 ( 171.2) 
030050 l,549KS 1,549 
030053 967UK 156 1,323 109.7 (26.3) 28.5 (57.0) 43. I (86 I) 
030054 (b) (h) (b) (b) (b) (b) (h) (") 147.7 (35. 4f'sl )47. 8 (95.5) 113. I (226.2) 
030055 (I>) (b) (b) (b) (h) (b) (h) (b) 161. I (38.6) 10.6 (61. I) 4J.4 (1!6.R) 
030056 413KU 168K I ,019K 1,600 102.2 (24.5) 28.R (57.5) 26.1 (',2.5) 
040001 721. 4201.0G 493 93. I (22.1) )9 6 ( 7?. I) 94.3 ( 1118. 6) 
040004 1851. IRS 191. s (45.9) 98. 7 (197.3) 12.2 (2'• .1) 
040005 1711.P 171 SO. I ( 12 .0) 5~ R 1117.5) 17 - 7 ('!"> '•) 



TABLE V-IJ (Cuul i nued) 

Haw \.l.l1>Lt· Lo.id 
P rodtH t 1 on l'ror i I e _ ( t I ,J I l_lrl!) ~11 H'.!) ~·1 ow BODS TSS 

iliJJ Nu_ 1\ !I c J) E F G Tota I !<T/kkg :- (!<s., i It i -~gf~!<g-~ (!JJL} k__st~i< 8 -__ -{ '!tltT 

0'.>200& 7BGH SOG I 21\ 160_2 (:38_4) 27 .0 (S'.L 'l) 70.8 (I 4 l . 6) 
05L009 ( h) (Ii) (h) (b) (h) (t•) (") (b) 98.9 ( 2:3 - 7 ,. st ) I 4. 4 (28.7est) 12_ I U4.2Psl) 
0'">2010 (b) (h) (h) (b) (b) (ti) (b) (h) 107_7 (25.8) 24. 7 (49_4) 69_5 (138.9) 
052011 2'Jf{ 5 I 7G 546 68.4 (\6. 4) 13.6 (27.2) 51. 6 (103-2) 
052() 17 27G 27 
054001 JG 3 
u54002 I 12(; 112 
0'>400J I 18GK <Jl9GK I ,037 75.9 (18.2) 12_0 (24. 0) 55.8 (I I I. 5) 
0'.0400.'i 54K 99GK 1,412GKX 1,565 98.S (2J.6) 26.6 (5J.2) 44.8 (89.S) 
0'>4008 495r;p 495 69-7 ( 16. 7) 12. I (24.2) '.19.6 (79 - I) 
0'">4009 25b(;p 37GP 293 
0'.>4011 5 7:)(.J.0 l 7Gl.O 592 86.8 (20.8) 26.2 (52.4) 72. 7 (145.3) 
054012 (b) (b) (h) (b) (h) (b) (h) (L) 
O'i40 I_! '.1f< 101' JO 45 1/9.4 (43.0) 17.9 (JS. 8) 97.4 ( 194.8) 
0'>4016 2lJOGI. lb1a;1. I ,201GI. 45GI. I ,552 75. I (18.0) 21. 9 (43.8) 18.8 (J7.6) 
()')4017 (b) (h) (h) (h) (h) (b) (b) (b) 55.9 (13.4) 12.8 (25.S) 42.7 (85.4) 
060001 (I.) (h) (") (b) (b) (It) (h) (h) 105.2 (25.2) 43.0 (86.0) 18.8 (:17.5) 
060002 400t1K 400 66.8 (16.0) 31-3 (62.5) 10'.l.5 (207.0) 
OtJOOOJ (< ) 207M 207 80. I (19.2) 45. 7 (91.1) 55.3 ( 110. 6) 
080010 UGT 13 350.9 (84. I) 28.S (57 .0) 
OBOOl I (b) (bJ (h) (b) (b) (b) (h) (b) 96.4 (23. l) 7.4 (14.7) 
(J/j(J()l2 (b) (b) (h) (b) (b) (b) (11) (b) I, 256. I (301 _0) 29.3 (58.6) 
0800 IJ (b) (IJ) (11) (b) (h) (h) (b) (h) 131. 9 (JI. 6) 3.9 (7. 8) 

f--' 080014 (h) (L) (h) (b) (h) (h) (L) ( l>) 154.8 (37. I) 7.6 (15. I) 
l,"1 080015 (h) ( h) (h) (I>) (h) (b) (h) (h) 301. 7 (72.3) 3.6 (7.2) 
co 01>0016 (b) (b) (h) (b) (h) (b) (b) (h) 43.0 (10.3) 6_8 ( IJ.6) 

01:10020 I IT 11 1,684.2 (403.6) 4b.8 (93-6) ]2.0 (63.•J) 
Ol!002J 36TP :16 131.0 (:Jl.4) 40.3 (l!O. 6) 47. 9 (95. I!) 
080025 ( 1.) (h) (h) (b) (11) (h) (b) (b) 217.8 (52.2) 49.4 ( 98 _II) 100.2 (200.:J) 
01:100-i'i(d) 14T 14 250.11 (60. I) 3 )_ 4 (62.8) 51. /! (I OJ_'>) 

Oll00'.i2 60PKT JI' 6J 53.8 (12.9) 14.5 (28-9) 38.2 (76. J) 
(j/j(l(J'ii1 53T 53 
OiViOO l( c) 3GI' 3 12.9 (3. I) 2.8 (S.6) 14. I (28. I) 
I 0500&( c) 7.5 
105046 6T 6 336.8 (80. 7) 46.] (<J2.5) 73.:J ( 146.5) 
1050td 32N 32 467.8 (112. I) 104.4 (208. 7) 102.8 (205.6) 
105064 21T 21 842.S (201.9) 140.S (281.0) 167.J (334.5) 
140001 (h) (h) (h) (b) (b) (b) (h) (b) 
J')OO\J I 150SN 150 -----------------------Self-Contained-----------------
1500 IL (h) (l>) (h) (b) (h) 11>) (b) (b) 241.2 (57.8) 18.S (37.0) 11. 4 (22. 7) 

150014 79'1' 79 42.6 (10.2) 41.11 (83.6) 13. 7 (27.1) 
150015 SN 5 
150016 (h) (h) (b) (b) (b) (b) (b) (h) !62.3 (38.9) 200.7 (401 .3) 328. I (656. I) 
!';0017 2'1' 2 154.4 (37.0) 71. I (142.2) 48. :J (96.5) 



T\BJ,E V-JJ (Continurd) 

Raw Waste Load ---·-- -- -··- -----· --- ·--·--
Production Profile (t/d furni ·;h) (a} Flow BODS 

Hill No. _A ___ B ______ c·-·-==---[-=~-·~_f!-==__ F-~--~· Q_ __ ~_t_a!... kl]_~k_L:.::_-:lks_~yt) __ .istl<~g _jif~ltl 

150018 
150020 
150026 
150029 

SST 
SN 

JST 
(b) (b) (b) 

123N 

(b) (b) (b) I b) 

85 
!JI 

18 
(h) 

122. 7 (29.4) 3.R 
577.6 

74.7 (17 .9) 

---------- ---- ·------------- ----

A. Market Pulp 
B. Packaging anrl Converting Products 
C. Board and Construction Products 
D. Printing Writing and Related Papers 
E. Newsprint 

~_!'ni ~!!.J?~.'!i.&.'!.a ti ~ms 
G. Grounrlwood 
K. Kraft, bleached 
U. Kraft, unblrached 
S. Semi-Chemical 
T. Cotton 
R. Recycled Pulp (Wastrpaper) 

(7 .6) 
(1155. 2) 

rs:. 
k_gikfr ... (lf>/l) 

1I.8 
441. 0 
67.6 

(2'l.5) 
(RR2.0) 
( I J';. 2) 

F. Sanitary Tissue 
G. Other - Includes specialty, thin, synthetic, 

non-wood (other than cotton writing), 
construction, and 1110lded papers. 

N. Non-wood (Other than cotton, inrlurl~s synthrtics) 
H. Chemi-Hechanical 

(b) Production data held confidrntial. 
(c) Hill is closed. 

L. SuJflte 
P. Greater than soi purrhasrd pulp 
0. Thermo-Mechanical 
X. Soda 
Y. Df-inkrrl 

(d) Hill was an integrated 111iscellanpous mill at ti111e of data collection, but has subsequently eraser! pulping operations 
and is now classified as Nonintegrated-Fine Papers (Cotton Fiber Furnish}. 



TABLE V-14 

SUMHARY RAW WASTE LOAD DATA 
OEillJC SUBCATEGORY 

Production Profile 
Furuiah ~t£dl Raw Waate Load 

Purch ~tLd2 Product Flow BOOS TSS Sl!PT 
Ifill lfo. !t£dH~2 l!b2 WP Pull! Broke (t£d2 Type kl/kk1 !k&al£t2 1tsL1t1t1 pb£'.t2 kg(kkg {lb£'.t2 {c2 

DeiDk Fine 

140005 188 51 166 19 379 Unctd Print 100.1 (24.0) 17 .4 (34.8) 197.3 (394.6) BF 
Writina 

140007 155 57 55 54 41 349 Ctd & Unctd 53.8 (12. 9) 55.0 (110.0) 162.1 (324.1) BF 
Printina 

140008 77 62 9 10 29 128 Unctd Print 114.8 (27 .5) 72.8 (145 .5) 189.0 (377. 9) B 
Writina 

140017 (d) 61 (d) (d) (d) (d) Ctd Print 126.0 (30.2) 20.4 (40.7) 216.0 (432.0) B 
140019 43 60 8 18 6.5 Unctd Print 44. 7 ill.i2 ~ ill.:!2. 106.0 il.!.Ul BF 

Averaae 88.1 (21.1) 37.3 (74.6) 174.1 (348.1) 

BPT Raw Waate Load 102.0 {24.4) 90.0 (180.0) 202.5 (405.0) 

Averaae of Ifill• with SBPT !lov 66.4 (lS. 9) 31. 1 (62.2) 1.55. 1 (310.2) 
Averaae of Ifill• with SBPT 30D~ 88.1 (21. 1) 37.3 {74.6) 174.1 (348.1) 

OeiDk Tiuue 

140010 (d) so (d) (d) (d) (d) San Tiuue ll8. l (28.1) ~~.I! r111 ~) 1"1.,, (:~~ .. ~ 
140029(e) 20 73 6 22 S&A Iiuue (--) (--) (--) 
140030(£) 60 40 30 30 100 Sao Tiuue 75. 1 (18.0) 56.7 (113.4) 166.6 (333.2) BF 
140011 (d) 96 (d) (d) (d) (d) San Tiaaue 90.6 (21. 7) 104.3 (208.5) 292.1 (584. 2) F 
140014 (d) 94 (d) (d) (d) (d) Sao Tiuue 90.6 (21. 7) 73.2 (146. 3) 225.8 (451.5) BF 
14001S (d) 100 (d) (d) (d) (d) Tiuue 139.8 (33.5) (--) (--) 
140018(1) 36 91 1 36 Ind Wrap,Tia•ue 2S.5 (6. 1) (--) (--) F 
140021 170 87 20 150 Sao Tiaaue 205.7 (49.3) 80.3 (160.S) 247.3 (494.S) B 
140022 56 48 26 6 50 Sao Tiaaue 166.9 (40.0) (--) (--) 

140024 (d) 100 (d) (d) (d) (d) San Tiaaue 203.2 (48.7) 148.3 (296 .5) 320.8 (641. 6) 
14002.5 92 85 4 11 100 Sao Tiuue 62.6 (15. 0) 35.9 (71.8) 161. 6 (323.2) BF 
140028 (d) 99 (d) (d) (d) (d) Sao Tiaaue 156. I ill:!!l. 112.6 iill.:..il 375.2 (750.J) 

Average 136.9 (32.8) 87.2 (174.3) 251.0 (501. 9) 

BPT Rav Waste Load 102.0 (24.4) 90.0 (180.0) 202.5 (405.0) 

Average of !fills with SBPT flow 81.4 (19 .S) 71. I (142.2) 226.5 (45'.l.0) 
Averaae of Ifill• with SBPT BOD~ 119.3 (28.6) 61. 3 (122.6) 192. 1 (384.2) 

Deink Newa2rint{12 

140002(b.) 
140003(h) 
140013(b.) 

Average 67 .6 (16.2) 15.9 (31. 7) 96.8 (193.S) 

(a) Wastepaper to deink process. 
(b) Percentage of deink pulp used calculated by aub.tractina waatepaper, purcb.aaed pulp, and purchased broke from final 

daily production, aaauming thi• ia equal to the amount of deink pulp utilized, then dividing by the final daily pro-
due ti on. 

(c) F - Kill with SBPT flow. 
B - Ifill with SBPT BODS. 

(d) Production data held confidential. 
(e) Self-contained; not included in averages. 
(f) Operates with low deink uae. ~ot included in averages. 
(g) Produce• a coarse grade and recirculates approximately SO'X. of its treated ~!fluent. Not included in averages. 
(h) Production and raw waate load data held confidential. 

l so 
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RAW WASTE FLOW VERSUS PERCENT DEINK PULP PRODUCED 

DEINK SUBCAfEGORY 
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TABLE V-1.5 

SUMMARY RAW WASTE LOAD DATA 
TISSUE FROM WASTEPAPER SUBCATEGORY 

Raw Waste Load 
Production Flow BODS TSS 

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

I. Industrial Tissue 

090002 19.S 72.6 (17.4) (--) (--) 
085004 47.0 141.9 (34.0) 22.4 (44. 7) 106.4 (212.8) 
085006 (a) 138.1 (33.l) 37.6 (75.1) 103.3 (206.5) 
090006(c) 10 . .5 29.2 (7 .O) c--> 46.7 (93.3) 
100005 1.5.2 62.2 (14.9) 14.2 (28.4) 38.0 (76. O) 
100011 11.2 -----------------------Self-contained-----------------------
100012(c) 7.0 3.5 . .5 (8 . .5) (--) (--) 
100015 .5.S -----------------------Self-contained---~-------------------
100001 (a) ~ ill.:12 ~ ill.:..Ql 13.3 ~ 

Average w/o 99.7 (23.9) 20.2 (40.3) 65.3 (130.S) 
Self-Contained Milla 

II. Sanita~ Tiuue 

090004 20.0 59.7 (14.3) <--) (--) 
090010 (a) 76.8 (18.4) 18.8 (37.6) 59.4 (118.7) 
100002 7.5 -----------------------Self-contained-----------------------
100003 83.0 51. 7 (12.4) 8.7 (17.3) 9.2 (18.4) 
100004 15.0 -----------------------Self-contained-----------------------
100007(d) 20.0 -----------------------Self-contained-----------------------
100008 16.0 -----------------------Self-contained-----------------------
100013 20.0 156.S (37.5) 9.3 (18. 6) 88.9 (177 .8) 
100016 7.3 237.9 (.57 .0) .53.5 (107.0) 128.0 (25.5.9) 
10.5007(c) 11.9 22.1 (.5.3) (--) c--> 
090014 40.7 138.S (33.2) 22.0 (44.0) 68.2 (136. 3) 
100014(c)(d) 20.7 -2.:l -1!:..ll ~--2 ~--2 

Average w/o 120.2 (28.8) 22.5 (44.9) 70.7 
Self-Contained Hilla 

Overall Averaae w/o 111.0 (26.6) 21..5 (42.9) 68.3 
Self-Contained Milla 

BPT Raw Waste Load 105.0 (2.5.2) 14.S (29.0) 110.S 

Averaae of All Hilla 
with SBPT flow 68.0 (16.3) 12.1 (24.1) 30.0 
Average of All Milla 
with SHPT BOD~ 88.9 (21.3) 9.7 (19.3) 37.4 

(a) Production data held confidential. 
(b) F-Mill with SBPT flow; B-Hill with SBPT BODS. 
(c) Extensive wastewater recycle performed; not-included in averages. 
(d) Mill ia now closed. 

163 

(141. 4) 

(136 . .5) 

(221.0) 

(59.9) 

(74. 7) 

:iBPT(b) 

F 

BF 

BF 

F 
F 

BF 

B 



Ti\llf.E V-16 

SlJl1Ni\RY Ri\W WASH; 1.01\D Di\Ti\ 
PAPF.RRO/\RD FROM Wi\STEP/\PER SUl!Ci\H:GORY 

Production Prof i l "._.i!./ cl) (a) H.•W WastP. J,r,arf 

PerTrnt 
Mi 11 Corrugat t•d Flow ROIJ5 TSS 

No. A B c J) E F G Tot•l Furrtish kl/kkg_ . (kg~_)/t) kg/ kkg . (!b/l) kg/kks ( lh/t j 'IH'T(i>) 

Nonc_o_r.r.ugat ing Hecf iunt Furnish 

OR',002 JS 35 56 -------------------Srlf-Contair1r1t------· ---------------
011'>009 90 90 6 J 7. I (R.'J) 8.9 ( 17. 7) 12 .6 uc,_ 2) n 
I !0001 (d :100 250 240 170 960 59 28.4 (6. R) 12. 5 (2'; .0) 19. 1 (:lR.5) F 
l !0002 45 45 3] (l.4 ( 0. 1) 2.0 (3. q) 10. R ( 21. 5) HI 

l 1000l(P) (c) (t) (cl (c-) (c) (<) (c) (c) 19 20.9 (5 Cl) (--) ( - - ) F 
110004 178 178 10 I:). 9 (1.8) I .l. 0 ( 2'i 9) 12. J (24. 2) F 

11000', 16 130 16 162 46 (--) ( - - ) ( - - ) 
110006 127 127 24 IO.O (2.4) J2. ·1 ( (jt,. (>) J:J_f, (47.2) F 

110007 170 170 18 ---- - -- ------- - - - - -Sr J r -Conl a i twcl- - - - - - - -- - - - - - - --- - - --
110008 58 14 72 45 I(,. 3 (1.Q) 20.J (40 (,) 6.4 (12.8) F 

110009 94 94 2:i. 4 (5.6) 1.b (7. l) 8.2 ( 16.)) HI 
110011 14 35 122 171 40 17. 9 (4.1) 7.:1 ( 14 . ~) l I. I (22. 2) FR 
110012 208 208 18 15.9 (J. 8) 4.5 (9 0) 10. 1 (20.6) f ~ 

I IOO I:l (410 C+D) 410 22 2') .5 (6 l) I 2. ') (25 .0) 1'>.Q (71. 7) F 

110015 79 79 0 - - - - - - - -- - - - - -- - - - -s~ 1 f - C, 111 la j nrd - - - - - - - - - - - - - - - - - - - - - -
..._. 110016 49 49 0 -------------------Srlf-C(>nlainr1\----------------------
m 110017 84 84 0 2.5 (0.6) ( -- ·' ( - - ) 
.:::> l lOOlA ------------no <lala given-------------------- 49 -------------------Srlf-C1,11l~inrd----------------------

110019 \B 25 36 79 20 (--) ( -- ) ( -- ) 

110020 9 2J 54 86 17 (--) ( -- ) ( -- ) 

110022 21 17 40 28 76.4 (lR.1) 14. 1 (28.2) zq .R ( c,4. 6) 
l I002:l 138 138 56 (--) (--) (--) 

110024 223 90 24 317 71 4.2 (I. 0) "!. 2 (6. "l) 2. I ( 4 - c,) ~II 

110026 150 1'10 0 -- ----- -- ---- --- --Sc If-Cont a i 11rd---- - - - - - ··- - -- -- -- - - --
11(1029 2 l J:l 135 63 9.6 (2.3) 7.5 ( 14.9) A.~ ( 1 7. 5) f fl 
1100] I 150 150 44 7. I ( 1. 7) ( -- ) ( - - ) F 

1100.12 74 74 61 (--) (--) ( -- ) 

!JOO"!) 96 96 82 - - - - - - - - - - - - - - - - - -Sr I f - Cont a i rwd- - - - - - - - - - - - - - - - - - - - -

110034 165 165 11 (- - ) (--) (--) 

I 1003.'i 150 27 44 221 5 18. 8 ( 4. '>) 11.0 ( 21}. ()) 10. 7 ( 21. 4) F 

1100:16 61 61 8 3 (2.0) 3.7 (7. 1) l. 1 (2.6) fl! 

110037 89 57 20 166 28 -- ---- ---- --- -----Sr If-Cont a i 1H•d- - -- - ---- -- -- -- -- - - - --

110018 92 .I 95 16 40.9 (9.8) 12.5 (24 9) 11.9 (27. 8) 
l 10039 ( c-) (r) (r) (c) (c) (c) (c) (r) 18 :11. 3 (7. 5) 15. 4 (:I0.8) 27. 2 (54. 1) 
110040 ( c-) (r) (c) (r) (<") (c) Cd (r) 16 25.0 (6.0) Q.7 (19.4) 7.9 ( 15. 7) Fil 

110041 88 16 104 35 35.9 (8.6) 5.2 (10.4) 4. I (8. I) n 
l JOOl.J 130 30 160 46 18.8 (4.S) I. 0 (1.9) I. 1 (2. 2) Fil 

110044 108 39 ------------------Srlf-Containrd----------------------
110045 100 175 25 300 JI+ 30 0 (7.2) I. 0 (2.0) 19 .. l (7R.5) Fil 

110046 16 67 :17. l (8.9) ( -- ) 7. I (14.2) 



TA!ll.E I -16 ( l.CJ!l l. j llll<'tl) 

Production I~i:_o_ r i_ 1_~ __ ( _t Id)_ (a_) __ - Pa"' 1.iastP Lo.id 
r(' I cent 

Ni 11 Cnr' 11g.1t ,-cl Flow BODS Ts~; 

No. /\ B c 0 F. F G Total F11 r nislt _kl/kkg - (kg~l/l) _ kg/kkg jli>/t) ~J(/kkg (I I>/ I J ~IH'T\ I•) 

110047 JOO 70 100 270 23 20.0 (4.8) 6. 5 (I :L 0) 2 - 1 ( 4_ I I I'll 
1100411 53 53 8 (--) (--) ( - - ) 

110050 32 234 5 271 24 :J0.5 (7. :l) 10.0 (20.0) I'- 0 (71 'I) ll 

110051 40 146 9 195 )'.! 45_5 (10.9) 10. 7 (21. 4) IJ - 1 (26 n I\ 
1100'>2 9'> 95 26 25.5 (6. I) 9. I (Ill.I) 5. () (I 0 (I) fll 
110053 300 JOO 34 J.l. 9 (3.1) R. I (16.2) l.R ('i . l' rn 
11005'> ( 153 A+R+C) 153 99 14.6 (3.5) 16.4 (32. 7) I I. R (:/1_ 'i) F 
110056 JO 55 6:, 47 21. 7 (5.2) 9. 2 (18.4) 7 - 1 ( 14 - 1) fll 
11005/l (.-) ( <') ( <') (c) (c) (c) (c) (c) '•4 14.2 (3.4) 70.0 (19.9) J '- '} U l. A) Fil 
110059 (<·) (c) (<') (c) (c) (c) (c) (<-) 56 42. 1 ( 10. 1) 16.'i (12. 9) 26.2 ( S2. I I 
110060 (r) (c) ( (') ( C') (c) (c) (c) (c) I (--) (--) ( - - ) 

110061 ( .-) (r) (c) ( C') (c) (c) ( r) (c) 32 31. 3 (7. 5) 9. 1 ( 111. I) 8.6 (I 7 2) )l 

110062 89 3 4 96 26 34.6 (8.3) 11. 5 (22. 9) 8.2 ( 16 -4) 
I 10064 11 11 23 ------------------Srlf-Cnntainrd----------------------
110065 76 76 (--) (--) (--) 

110066 120 120 20 5.4 (I. 3) 7. 7 (15.3) CJ .R ( JQ _ 6) Fil 
110067 58 58 23 28.8 (6.9) I. 5 (3.0) I. 5 Cl.OJ H1 
I 10068 437 437 49 7.5 (!.II) 6.5 (12.9) (--) fll 

J'. 110069 134 134 34 30.9 ( 7. 4) 7.4 (14.8) 16.5 ('l l. ()) fl 
JI I 10070 68 68 47 4.2 (I. 0) (--) ( - - ) f" 

110071 58 511 61 (--) (--) ( -- - ) 

110072 152 152 0 34.6 (8.3) 10.4 (20.8) 26.6 (S1. 7l ~ 

110074 63 63 69 (--) (--) (--) 

110075 68 68 66 8.3 (2.0) (--) ( - - ) 

110076 99 99 "14 4.2 (I. 0) 5. I ( 10. 2) 2.5 ( 4 - ')) rn 
110077 175 175 81 (--) (--) ( -- ) 

110078 63 63 75 2.5 (0.6) (--) ( - - ) 

110079 61 61 81 11. .1 (2. 7) (--) (,_Q ( l} 7) 

1100111 60 60 ------------------Srlf-Cnnlainrd----------------------
110082 45 40 30 115 19 79.7 ( 19. 1) 5.2 (10.4) l. .5 (l>.<J) ll 

110083 (c) (c) (c) (c) (c) ( (') ( C') (c) 65 28.0 (6 7) fl.'l (17.8) 10.11 (21. 'i) Fil 

110084 105 105 11 15.9 (). 8) :l. 2 (6.4) 4.6 (<l - l ) Fil 

110085 (d )(e) 68 (102 D+f.) 52 222 33 15.0 (:l. 6) 10.2 (20.3) 1'.'>.8 ('l 1 . 'i) Fil 

110086 115 85 200 7 ------------------Srlf-fnntainrd----------------------
1100117 442 442 41 27.5 (6. 6) 67. 5 (135.0) 16.9 ( l I_ 7 .1 F 

1100118 43 43 29 27. I (6.5) (--) ( -- ) F 

1100119 35 35 II (--) (--) ( - - ) 

110090 54 3 20 77 22 I I - 7 (2.R) 1I.3 (22.6) 7.5 (14 9) 

110091 24 '.l6 30 90 27 1.1. 4 (]. 2) /l. 0 (I 5. CJ) R.!J (17.R) I· n 
110092 200 200 6 1 .1 (O.J) :l.8 (7. 5) 2.2 (/· lJ Ill 

110093 49 !JI 140 HI 29.6 ( 7. I) (--) lll.O ( S'l. 'I I I 
110094 q9 'l9 21 (--) ( -- ) (--) 

110095 (r) (c) (c) (<-) (c) (<·) ( (') ( (') JO 12. 5 ( 1. ()) 21. 7 (41.J) .-._o ( 7 ')) 

110096 (r) ( c) (c) (r) (c) ( (') (r) (c) 29 (--) (--) ( - - ) 



TABLE V-16 (Continued) 

---------· Production Profile (t/d) (•) Rav Waste Load 
Pf'rc.,nt 

f'li II Corrugat.,d Flow 8005 TSS 
~~-- ____ ---~-- _B ____ c ___ D __ E ___ F ___ ~~~urni_~ ____!_l_Lk!l___{_k..e.!L_tj__ kglltli:g (lb/l) ~&/!_kg (lb/t) :$BPTill 

110097 93 112 206 92 15.9 (3.8) 10.3 (20.5) 2.1 (4.2) FB 
110098 40 5 54 8 1 128 53 13.8 (3.3) (--) (--) F 
110099 282 108 390 80 8.8 (2. I) (--) 1.4 (2.8) F 
110100 61 61 60 12.9 (3.1) (--) (--) F 
110101 198 198 J3 9.6 (2.3) 3.5 (7 .0) 3.7 (7 .3) FB 
110102 50 so 0 (--) (--) (--) 
110103 (c) (c-) (c) (c) (c) (c) (c-) (c) 80 (--) (--) (--) 
110104 (c) (c) (c) (c) (c) (c) (c) (c) 74 (--) (--) (--) 
110105 (c-) (c) (c) (c) (c) (c) (c) (c) 80 l. 3 (0.3) 1.6 (3.1) 0.1 (0.2) FB 
110106 192 70 262 42 12. l (2.9) 27 .8 (55.6) 16.3 (32.5) F 
110107 (114 D-tf!) 114 16 -------------------Self-Contained--------------------------
1101011 90 90 3 (--) (--) (--) 
110110 (c) (c) (c) (c) (c) (c) (c) (c) 43 9.6 (2 .J) 11.2 (22.4) 13.3 (26.5) FB 
110111 (c) (c) (c) (c) (c) (c) (c) (c) 21 17. I (4. I) 3.6 (7.2) 4.2 (8.4) FB 
110112 (c) ( r) (c) (c) (c) (c) (c) (c) 21 8.8 (2. I) 3.4 (6.8) 5.0 (10.0) FB 
110113 (c) (r) (c) (c) (c) (c) (c) (c) 62 15. 9 (3.8) 5.1 (10. I) 34.0 (68.0) FB 
110114 136 136 26 6. 7 ( 1.6) 2.5 (5.0) 0.1 (0.2) FB 
110115 6 200 206 43 (--) (--) (--) 
110116 27 27 0 ------------------Self-Contained---------------------
110117 6 3 70 79 46 5.4 ( l. 3) 4.4 (8.7) 3.4 (6.7) FB 

I-' 110118 (c) (c) (c) (c) (c) (c) (c) (c) 0 14.6 (3.5) (--) (--) F 

°' 0) 110119 54 54 44 28.0 (6. 7) 6.1 ( 12. I) 2.8 (5.5) FB 
110120 30 12 42 32 10.8 (2.6) 7.5 (15.0) 1.5 (3.0) FR 
110121 74 96 170 69 7.1 (t. 7) 1.2 (2.4) 1.5 (2.9) FB 
110123 (r) ( c) (c) (c) (c) (c) (c) (c) 53 18.4 (4.4) 11.0 (22.0) 9.4 (18.8) FB 
110124 27 IOI 128 2 45.5 (10.9) 12.8 (25.5) 32.6 (65.2) 
110125 6 24 69 99 3 I. 3 (0.3) t .0 (2.0) I. 5 (3.0) f"R 

110126 195 195 29 23.4 (S.6) 0.8 ( l. 5) 0.5 (0.9) FR 
110121 (c) (c) (c) (c) (c) (c) (c) (r) 45 52.2 (12.5) 12.5 (25.0) 19.5 (39.0) 
110128 (c) (c) (c) (c) (c) (c) ( .-) (c) 69 (--) (--) (--) 

110129 14 76 90 38 (--) (--) (--) 
110130 (c) ( r) (c) (c) (c) (c) (c) (r) 14 6. 7 ( 1.6) (--) (--) F 
llOIJJ(e) (c) ( r) (c) (c) (c) (c) (r) (c) 54 14.2 (3.4) l. 9 (J.8) 0.3 (0.6) FB 
l 10133(e) (c) (r) (c) (c) (r) (r) (c) (c) 74 (--) (--) (--) 
110134 38 18 40 (--) (--) (--) 
110115 (c) ( c-) (c) (c) (c) (c) (c) (c) 47 -----·------------Self-Contained---------------------
1101·111 66 41 II 1111 41 18.8 (4.5) II. 9 (17.7) 18. I (36.1) Fii 
110140 220 220 45 10.0 (2.4) 4.9 (9. I!) 4.9 (9. 7) t"B 

11IJ141 (g) 20 49 30 5 104 15 20.0 (4.8) (--) (--) F 
110142 61 12 16 122 211 95 ------------------Self-Contalnpd---------------------
110141 85 123 208 53 9.2 (2.2) 7 .0 (13.9) (--) FR 
110144 7 13 42 62 24 (--) (--) (--) 

11014~( .. ) - 234 234 42 (--) (--) (--) 

1 IOJ/•6 23 20 43 911 ------------------SPlf-Contained---------------------
I 10147(f) 49 1.5 64 7. I (I. 7) I. I (2. 2) 0.7 (I. 4) rn 
1111148 115 115 22 10.11 (2.6) I. 8 (3. s) 2.2 (4.4) FR 



... 
C' .... 

TARIF. V-16 (Continued) 

_ Proij11<:_!io11_~ro!_ilr __ (V~LJ_l!)_ ____ _ 
P-•rcent 

f1 i 11 Corrugatf'd Flow BODS TSS 
. __ F ______ ~ _____ To~~l __ !••r_!l_i_sh ____ Fft_1IL--=J~~!Lt}_~l!/kkg--(ib/t) ~i~/_kkLJ_l_~i) __ ~BPT(h) No. A B c D E 

-·-·-----·· 

110149 3 
110150 ;>'; 35 
110151 20 28 
110152 (I IS C+D+F.) 
150019 

Avrragr of <100 pert e>nt co rruga lr<I 
(w/ o srl f-ronlainrd mills) 

llPT Raw Was LP l.o:HI 

Ave rag<' of <100 p<>rrenl corrugated 

furnish mills 

furnish mills ~BPT 

3 
60 
48 

llS 

flow 
Avrr<tgf' of <100 pcrrenl corrugalr<I furnish mills "$BPT BODS 

(;orn1gati11g_ Mf>•!in_m Furnish 

110010 10 
110014 90 
110025 4'; 4011 
1100211 8] 
11 OO~lO 126 
110049 (r) (c) (r) ( ( ) (r) (c) (c) 
110054 <J7 
11005 7 (cl (c) (c) (c) ( C') (c) (c) 
110073 l'.;O 
1101J9 21 87 

Averagr of 100 prrcrnt corrugatf'd furnish mills 
(w/o srlf-cnntained mills) 

RPT Raw WaslP Load 

Avrragr of 100 prrcrnt corrug.1tP<f furnish mi I ls 
Avrragr (1 f 100 pPtC'Pnl corr11ga te<I furnish mills 

AvPragr of Al I Hi I ls ( w/ o sf'l f-ronlai ne•I Ill i J 1 R) 

Avf'rage of All Hills Sfl~f flow 

('1) A Lirwrhnard 
B Co1·r11g<>l ing 
C Chip~ Filtrr Board 
D Fo Id i 11)( Ro" rd 
E s .. t-up lloa rel 
f' Gypsum \.la 11 l>oa rd 
G Othrr Roard Products 

(h) F-Hi I ls :>!lPl' flow; B-Hi I ls with <J!PT RODS. 
(c) Product i"" <lat., hrl<f confi<lrntial. 
(d) l'rod11ct.in11 from 2 millA. 
(r) Hi I I is ""w clo~Pd. 

~BPT 

~BPT 

10 
90 

4S3 
83 

126 
(c) 
97 

(c) 
150 
110 

flow 
RODS 

73 
57 
5.5 
18 
0 

100 
100 
100 
100 
100 
100 
100 
100 
100 
100 

I. 7 

12.9 
20.0 

(0.4) 
(--) 
(--) 
(3 .1) 

~'!) 

19.2 (4.6) 

30.0 (7.2) 

14.2 (3.4) 
17.S (4.2) 

(--) 
3.3 (0.8) 

10.8 (2.6) 
0.8 (0.2) 
s.o (1.2) 
2.9 (0. 7) 

(--) 
JO.S (7.3) 

4.3 

9.2 

11. 3 

8.8 
S.9 

13.2 
19.3 
0.6 

S.4 

17.S 

(--) 
(--) 
(--) 
(8.6) 

~.:.:L 

(18.4) 

(22.5) 

(17.5) 
(It. 7) 

(--) 
(26.4) 
(38.6) 
(I. 2) 
(--) 

(IO. 7) 
(--) 

(35.0) 

(--) 
(--) 
(--) 

6.4 (12.8) 
_(~::) 

10.4 (20.8) 

I 1.0 (21.9) 

8.7 (17.4) 
7.8 (lS.5) 

(--) 
11. I (22.2) 
2.3 (4.6) 
I. 3 (2.6) 
5. I (JO. 2) 
2.8 (5.6) 

(--) 
28.5 (57.0) 

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

~:::-l__ i::.L S:_:: ) __ 

8.8 (2. I) 11. 2 (22.4) 8.S (17.0) 

30.0 (7. 2) 23.0 (46.0) 1I.0 (21. 9) 

4.6 (I. I) 9.6 {19. 2) 4.S (9.0) 

11.8 (2. I) 11.2 (22.4) 8.5 (I 7. (I) 

18.4 (4.4) 9.2 (18.4) 10.2 (20.1) 

13.4 (3.2) 8.7 (17 .4) 8.3 ( 16. 6) 

(f) Nnt i11cl•11l<'•l in averag1>s of mills rmploying corrugating furnish as corrugating cl'1ta w"re not provide<! by mill personru'I. 
(g) Hill ,;f'lf-n-.ntairn'<I through spray irrigation of mill f'ffl11t•11t. 

F 

Fil 
F 

FR 
f'B 
rn 

F 

FR 

II 



Attempts were made to determine if product mix has any affect on raw 
waste load characteristics. Two types of multiple regression analyses 
with one dependent variable were performed on the raw waste load data 
presented in Table V-16. No significant correlation was found to 
exist between raw waste levels and product type. 

At 19 mills, no discharge of wastewater is practiced; these tend to be 
smaller mills, less than 190 kkg/day (210 tons/day), with slow-speed 
machines. All product types are being produced at self-contained 
mills. Table V-17 presents a summary of the method used in handling 
wastewater at each of the self-contained (zero discharge) mills. 

Wastepaper-Molded Products. Table V-18 presents available data on 
wastewater discharge and BODS and TSS raw waste loadings for 15 mills 
representative of this subcategory. Various molded products are 
produced at these mills including food packs (e.g., meat display 
trays, egg cartons, and other containers of special design) and items 
such as molded sewer pipe and flower pots. These mills range in size 
from 2.5 kkg/day (2.8 tons/day) up to 169 kkg/day (186 tons/day) and 
have an average size of 44.2 kkg/day (48.7 tons/day). While these 
operations utilize primarily a wastepaper furnish, some grades also 
incorporate filler and sizing materials. Molding operations do not 
utilize Fourdrinier or cylinder paperrnachines, but employ forming 
machines on which several vacuum pick-up forming dies are located. 
The individual products are formed in one operation, pressed, and then 
dried. 

Builders' Paper and Roofing Felt. Table V-19 presents available data 
on wastewater discharge and BODS and TSS raw waste loadings at 57 
mills representative of this subcategory. At these mills, a variety 
of construction papers are produced, including roofing felt and 
shingles for the building trade. Both saturated and unsaturated 
papers are produced at mills in this subcategory. Generally, the 
asphalt saturation process utilizes a closed-cycle application system; 
saturating operations are also done at off-site converting plants. 

A mixed wastepaper furnish is predominantly used. Generally, this is 
very low grade material, consisting of some corrugating and a great 
deal of mixed waste. At 23 of these mills, some coarse defibrator 
groundwood-type (TMP or other groundwood) pulps are produced on-site. 
This pulp is characterized by a yield of over 90 percent and is very 
coarse because there is little, if any, screening subsequent to the 
pulping step. Even at mills where groundwood pulps are produced, well 
over half of the total furnish is wastepaper. 

No significant difference in the raw waste load characteristics are 
apparent between groups of mills where saturated and unsaturated 
papers are produced. The average BOD~ raw waste loading is higher at 
mills where TMP pulp is produced than at mills where essentially only 
wastepaper is utilized in the furnish. Where other groundwood pulps 
are produced on-site, lower average raw wastewater characteristics are 
exhibited than at mills where TMP/wastepaper or only wastepaper are 
used. These differences may not be as significant as indicated by the 
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Mill 
Number 

085002 

110007 

110015 

110016 

110018 

110026 

110033 

110037 

110044 

110064 

110073 

110081 

110086 

110107 

110116 

110135 

110141 

110142 

110146 

TABLE V-17 

METHODS OF WASTEWATER DISPOSAL AT SELF-CONTAINED 
PAPERBOARD FROM WASTEPAPER MILLS 

Method of Handling Wastewater 

Settling basins and sand filters with total recycle. 

Rotating screen, 2 clarifiers, partial reuse of clarified 
wastewater, remainder to evaporation pond. 

Savealls and screening of wastewater with total recycle. 

Savealla with total recycle. 

Settling basin with total recycle. 

Savealls with total recycle. 

Savealls with total recycle. 

Screening, clarifier, and settling basin with total recycle. 

Savcall ~~t~ pdrlldl reLyLle LO pro~ess, prl..IDary claritier 
treats remaining wastewater with more recycle, remaining 
wastewater (about 2i) treated by ASB with settling basin 
and evaporation. 

Saveall with total recycle. 

Screen with total recycle. Emergency holding pond and 
recycle also available. 

Saveall with total recycle. Emergency overflow to city 
sewer. 

Screens, clarifier, settling basins, and clarifier with 
total recycle. 

Clarifier with total recycle. 

Unknown. 

Clarifier with total recycle. 

Clarifier with partial recycle, remainder flows to spray 
irrigation system. 

Saveall with total recycle. Can discharge to POTW when 
required. 

Saveall with total recycle. 
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Sludge 
Disposal 

Unknown 

Landfill 

Unknown 

Unknown 

Unknown 

Unknown 

Unknown 

Reused 

Reused 

Unknown 

Landfill 

Unknown 

Landfill 

Landfill 

Unknown 

Unknown 

Reused 

Unknown 

Unknown 
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TABLE V-18 

SUl'll'IARY RAW WASTF. l.OAJJ DATA 
WASTEPAPER-MOLDED PROllllCTS SUBCATEGORY 

Produrtiou Profile ·--·-·----------------· ·-----·----- --· 
Raw Waste l.CJad 

·-------· -- -·----
Product FI ow HOD5 TSS 

Mill No. 
---···----·---- --------·---·-

Fu.£!1J~-- ___ -·· Hl1!.L . _ !l'.P!'_ -· _____ _ ~-~/k\Zi:=_-(k~ffi) . .ksL!<~s- I(i>/l2 ___ Si/kks. _O!>~J 
l'l0002(J)(c) 
J.'i0004(c) 
l.'i0005(d) 
I '>0006 ( c) 

1'>0007 
l '.>0009 (a) 

P>Cl010(d) 
1~,oo11 

I '>0021 

150021 

WP 
WP 
WP 
1;wn, Pulp 
Substitute 
WP 
N<'WS' GWD 
Subst ilute 
Newll 
News, Blank, 
Purch GWD, K 
News, GWD, 
l'cat Hoss 
Box Cuttings 
GWD Substitute 
t.WD, BLK 
9'.t WP 
K, GWD, 55°1 WP 
News 

20.0 
2.8 
5.5 

43.7 

(b) 
(b) 

60.0 
(b) 

16.6 

61.8 

186.0 

Pipe, Conduit 
Egg Cartons 
Containers 
!'folded Products 

Molded Products 
Molded Products 

20.4 
74.7 
25.0 
46.3 

89.7 
18.8 

Molded Products 31.3 
Egg Cartons, Trays 71.4 

Molded Products, 173.2 
Peat Ho:;s 
Molded Products 54.7 

Molded Products 86.8 

85. I 
110.2 

(4.9) 
(17.9) 
(6.0) 

(11.1) 

(21.5) 
(4.5) 

(7. 5) 
(17.1) 

(41.5) 

(13. I) 

(20.8) 

(20.4) 
(26.4) 

4.6 

2.4 
10.4 

15.9 

9.4 
J0.5 

5.2 

7.6 

8.6 

5. I 
0.2 

(9.2) 
(--) 

(4.7) 
(20. 7) 

(31. 7) 
(--) 

(18.8) 
(20.9) 

(10. 4) 

(15. 2) 

(17.2) 

(10.2) 
(0.4) 

20. I 

8.4 
18.9 

23.7 
0.5 

15.0 
23.4 

J]. 2 

16.8 

10.9 

12.8 
0.9 

(40. I) 
(--) 

( 16. 7) 
(37. 7) 

(47.3) 
( 1. 0) 

(30.0) 
( 46. 7) 

(22. ]) 

(J"L 6) 

(21. 7) 

(25.6) 
( l. 8) 

150024 
1~0025 

150028 
1'>0030 

K, GWD Substitute 
News 

93.4 
26.5 
11.0 

Molded Products 
Molded Products 
Flower Pots 
l'loldcd Products 

---------------------Self-contained------------------
:1. 0 

Av.-1·.ige (w/o sel £-contained mil 1) 
Avcr.igc of Recycle Mills (w/CJ self-contained mill) 
AverJge of Non-Hecycle Hills (w/o self-contained a1ill) 

Hl'T Raw Waste Load 

(J) Hill recy< Jes significant amount of process wastewater. 
(11) 1'1·oduclion data held confidenti.il. 
(<) Milli:; C"lused. 

68.4 
23.8 
88. 1 

88. I 

(_ ::_:__) 

(16.4) 
(5. 7) 

(21.1) 

(21. 1) 

7.3 
5.5 
7.9 

7.9 

( ~-=--) 

(14.5) 
(10.9) 
(15.8) 

(15.8) 

]'). 5 
11.0 
14.8 

14.1! 

( --:. ) 

(27.0) 
(22.0) 

(29.6) 

(29.o) 



TARJ.r. V-19 

SUHtlMtv Ri\W WASTE LOAD DATA 
BUILDERS' PAPt::i ANO ROOFING FELT SUBCAH:GORY 

________ ----------~~duct!_<!_l_l_ Profl.__!!!_ _____________ -·---------· ·- -· - Raw Waste f.oa<I -------- ...... -··· -- ----- -
Prorlnct Subgroup f I ow BOllS T~;:; 

11ill~--!':~!"'!!.':Jh _______ S.!-_L<!) ___ !n>~-~- _______ !':i!li_s!i~ 1) ______ (~)_ __ k!/~kg--~~~g_;i_J(t) ___ ~&L_kfui "_"(_l~{t) kg/kkg <I h/t) '111'r(t') 

120001 WP, WF 32 Conatruction Paper s w 65. I ( 15 .6) (--) ( - - ) 

120002 WP, WF, Rag 116 Construction Paper u w ).J {0.8) (--) ( -- ) F 

Roofing Ft>lt 
120003 WP, Chips (d) Construction Paper T 8.3 (2.0) (--) ( -- ) ,.. 
120004 WP, Rags, GWD 69 Construction Paper s G 4.2 ( 1.0) 5.5 (I 0. 9) I. 5 (2.9) ~fl 

120005 WP, GWD 170 Asbestos Ff"Jt u G I. 3 (0.3) 4.2 (8.]) 2.2 ( ,._ J) Fil 
Organic Felt 

120006 WP, GWD 123 Construction Paper u G ----------------Self-ContaJnp<f------------------
120007 WP, GWD 90 Construct ion Paper s G ----------------Self-Container!---------------- --
120008 WP, WF (d) Construction Paper s w 26.3 (6. 3) (--) ( -- ) F 

Roofing Felt 
120009 WP, WF 40 Construction Paper s w (--) (- - ) 

120010 WP, WF 29 Construction Paper s w 28.8 (6.9) 2.1 (4.2) 2.J '/._ 6) Fil 
120011 WP, Chips 345 Conatruction Paper s T 7.5 (I. 8) 12.8 (25.5) 5. I ( I 0. I) Ffl .. 

..... 120012 WP, THP 228 Construction Paper s T 2.9 (0.7) 8.9 (I 7. II) 2.9 <5.8) HI .. 120013( f) WP, Chip!! 97 Construction Paper u T 13.8 (J.3) 33.4 (66.8) 10. I (;'ll. 2) ~ 

120014 WP, Baled Pulp 21 Construction Paper u w (--) ( - - ) 

120015 WP, Chips 92 Construction Papl!!r u T 5.0 ( 1.2) 11. 2 (22.J) 4. I (R.2) Fil 

120016 WP, GWD 30 Roofing Felt u T 7. 1 (I. 7) (--) ( - - ) F 
120017 WP, Tl1P 73 Roofing Felt s T ------ - ---- -- -- --Self-Con ta i 1u•<I - - -- -- - -- - - - - - - - -
120018 WP, Tl1P 88 Roofing Felt u T -----------------Self-Containr<I-----------------
120019 WP, Tl1P 156 Roofing Felt u T 4.2 (1.0) 7.4 (I'•. 7) F 

120020 WP, Chips, Tl1P 82 Roofing Felt u T -----------------Self-Containr<I-----------------
12002J(c) WP, GWD 172 Roofing Felt u T 48.4 ( 11. 6) 2Rl .2 (562.4) 33.4 (66.R) 

120022(£) WP, WF, Rag 53 Construction Paper u w 12.5 (3.0) 5. l (1<1.1) 8.0 ( J '). 9) FH 
120023(£) WP, Chips 75 Roofing Felt u T 19.2 (4.6) (--) ( - - ) F 

120024 WP, Tl1P 126 Roofing Felt u T 2. 1 (O.S) 3.4 (6. II) 2.4 <''- 7) ~II 

120025 WP, WF, Rag 44 Roofins Felt u w 9.6 (2.3) 24.0 (4R.O) 71. 6 ( ''• 1. 2) f 

Construction Paper 
120026 THP, Chips 71 Construction Paper s T -----------------Self-Containrd------------------
120027 WP, GWD 20 .. Construction Paper s G -----------------Self-Containr<I------------------
120028 WP, THP 193 Roofing Fr.lt u T 40.9 (9.8) 22.1 (44.2) I 7. 7 (l'>. 4) F 

120029 WP, THP 39 Roofing Felt u T -----------------Srlf-Containrrf------------------
120030 WP, WF, Rag 28 Roofing Felt s w 5.8 (I. 4) 2.2 (4.1) 6.9 (I l. R) HI 

Construction Paper 
120031 THP, Chips 167 Construction Paper s T 16.7 (4.0) 6.2 (12.4) 6.0 (12.0) FR 

120032(0 WP, Tl1P 77 Construction Paper u T 43.4 (10.4) 25.7 (51. 4) 40.9 (RI. R) F 

120033 WP, THP 60 Construction Paper IJ T 0.8 (0.2) (--) ( - - ) f 

120034 WP, WF, Rag 30 Constructjon Papr.r u w -----------------Self-Conlainrd------------ -- --
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TABLI V-19 (Continued) 

Production Profile Raw Waste Load 
Product Subgroup Flow BODS TSS 

Mill Ho. Furnish {t[d) Tme Finillb(a2 (b~ kl[ltltg {ltgal[t) ka/ltkg (lb[t) kg/kkg (lb/t) :SBPT(e) 

120035(f) WP, WF, Rag 71 Construction Paper s w (--) (--) (--) 
Construction Felt 

120036 WP, WF, Rag 54 Construction Paper s w (--) (--) (--) 
Construction Felt 

120037 WP, WF, Rag 49 Construction Paper u w (--) (--) (--) 
Construction Felt 

120038 WP, WF, Rag 51 Construction Paper s w 5.4 (1.3) (--) (--) F 
Construction Felt 

120040(f) WP, WF, Rag 44 Construction Paper s w ----------------Self-Contained-------------------
120041 (d) (d) Construction Paper s (d) ----------------Self-Contained-------------------
120042 WP, WF, Rag 55 Construction Paper s w (--) (--) (--) 
120043 WP, WF, Rag 43 Construction Paper s w 4.6 (1.1) (--) (--) F 
120044 WP, WF, Rag 21 Construction Paper s w (--) (--) (--) 
120045 WP, WF, Rag 36 Construction Paper s w 0.4 (0.1) (--) (--) F 
120046 WP, WF, Rag 72 Construction Paper s w (--) (--) (--) 
120047 WP, WF, Rag 63 Construction Paper u w 4.6 (1. 1) (--) (--) F 
120048 WP, WF, Rag 40 Construction Paper s w ----------------Self-Contained-------------------
120049 WP, WF 22 Construction Paper s w (--) (--) (--) 
120050 WP, WF, Rag 55 Construction Paper u w 10.0 (2.4) 5.0 (9.9) 7.6 (15.2) FR 
120051 WF, Purch 60 Construction Paper u 0 ----------------Self-Contained-------------------

Pulp 
120052 WP, WF 39 Construction Paper u w (--) (--) (--) 
120054 WP, WF 60 Builden Board u 0 7.9 (1.9) 3.9 (7. 7) 6.5 (13.0) FB 
120055 TMP, WF 334 Construction Paper s T ----------------Self-Contained-------------------
120056 WP, WF 242 Builden Board s 0 ----------------Self-Contained-------------------
120057 THP, WP 125 Construction Paper T 13.8 (3.3) 14. 1 (28.2) 15.3 (30.5) FB 
1200511 TMP, WP, Rag 118 Construction Paper u T ----------------Self-Contained-------------------
120059 THP, WP 140 Builders Paper u T ----------------Self-Contained--------------------- --
Average (w/o self-contained mills) 8.3 (2.0) 5.6 (11.1) 6.3 (12.5) 
Average Subgroup W (w/o self-contained 111ilh) 14.6 (3.5) 7.7 (15.3) 19.3 (311.5) 
Average Subgroup T (w/o ioelf-contained 111ills) 13.4 (3.2) 15.3 (30.6) 11.2 (22.3) 
Average Subgroup G (w/o self-contained mills) 2.9 (0. 7) 4.8 (9.6) 1.8 (3.6) 

BPT Raw Waste Load 60.0 (14.4) 17.5 (35.0) 35.0 (70.0) 

Average of Hi Ila with ~BPT flow (w/o self-contained mills) 11. 3 (2. 7) 11.2 (22.3) 12. 1 (24.2) 
Average of Hills with ~BPT BODS (w/o self-contained mills) 9.2 (2.2) 6.5 (13.0) 5.4 (IO.II) 

. ·---~-·--- --·-- ---- ------· 

(a) 
(b) 

-5 
w = 
T 
G = 
0 = 

Saturated; U = Unsaturated. 
PrPdo111inant ly wastepaper furnish. 
Furnish includPs Tl1P. 
Furnish includes other types of groundwood. 
Other furnish. 

(c) Mill recycles significant amount of process wastewater. Not included in averages. 
(d) Production data held confidential. 
(e) F - mi II with ~BPT flow; B - ml 11 with $ BPT BODS. 
(f) Hill is closPd. 



averages shown in Table V-19. While there are many mills in this 
subcategory, raw waste load data are available for a lower percentage 
of mills compared to other subcategories. Mills in each of the 
furnish groupings exhibit raw waste loadings significantly lower than 
those which formed the basis of BPT effluent limitations. 

Final product quality requirements are less stringent compared to 
other paper or board products. Therefore, the opportunity exists for 
recycling wastewater and reusing sludge in the process. At 17 mills 
in the subcategory, no wastewater is discharged. At a total of eight 
of these mills, a furnish is used that is predominately TMP pulp, at 
three a furnish is used that is predominately groundwood pulp, at four 
a furnish is used that is predominately wastepaper, and at two a 
combination of wood flour, wastepaper, and purchased pulp is used. 
Table V-20 presents information on the method of handling of 
wastewater at self-contained mills. 

Miscellaneous Secondary Fibers Mills. Available data on wastewater 
discharge and BODS and TSS raw waste loadings at all rema1n1ng 
secondary fibers- mills are presented in Table V-21. Generally, at 
these mills, processes are employed that are typical of two or more 
subcategories or unique processes are employed that are not 
characterized by the current subcategorization scheme. 

Nonintegrated-Fine Papers. Data are available on 36 mills 
representative of the nonintegrated-fine papers subcategory. Table 
V-22 presents available data on wastewater discharge and BODS and TSS 
raw waste loadings. Products include high-quality coated and uncoated 
printing, writing, and other business papers, and specialty items. 
The mills vary in size from 12 kkg/day (13 tons/day) to 987 kkg/day 
(1,088 tons/day). The number of machines in use varies widely from 
mill to mill; operating units are generally small. 

Attempts were made to relate factors such as coated versus uncoated 
production and the production of cotton or specialty items to raw 
waste load parameters. As shown in Table V-22, the mills where fine 
papers are produced from cotton fibers tend to have considerably 
higher raw waste load characteristics in terms of flow and BODS. 
Wastewater discharge and BOD~ raw waste loadings do not appear 
significantly different at mills where coated paper is produced 
compared to mills where uncoated paper is produced. Another major 
factor influencing raw waste characteristics is the frequency of 
"waste significant" grade changes at mills in this subcategory. Data 
are presented for overall subcategory averages comparing mills with 
different frequencies of waste significant grade changes: no grade 
changes, less than one per day, and more than one per day. A distinct 
correlation is seen, with wastewater discharge and BODS raw waste 
loading generally increasing with the frequency of grade changes. 

Nonintegrated-Tissue Papers. Available data on raw wastewater 
characteristics for 26 mills representative of this subcategory are 
shown in Table V-23. Both industrial and sanitary grades of tissue 
papers are made, primarily from purchased pulps. Some wastepaper and 
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Mill 
Number 

120006 

120007 

120017 

120018 

120020 

120026 

120027 

120029 

120034 

TABLE V-20 

METHODS OF WASTEWATER DISPOSAL AT 
SELF-CONTAINED BUILDERS' PAPER AND 

ROOFING FELT MILLS 

Method of Handling Wastewater 

White water recycle, remainder to evaporation ponds. 

Screening, lagoon, clarifier, and irrigation with some 
recycle. 

Total recycle. 

Clarifier and recycle with overflow to city sewer in 
cases of emergency. 

Total recycle at time of 308 survey; now a 
direct discharge. 

Clarifier and recycle. 

Primary and biological treatment and recycle. 

Primary and biological treatment and recycle. 

Total recycle. 

120040(a) Saveall, screening, settling pond, and recycle. 

120041 

120048 

120051 

120055 

120056 

120058 

120059 

Saveall, screening, and recycle. 

Saveall, screening, holding tank for process 
spill recycle, and evaporation pond. 

Neutralization, settling basin, and recycle. 

Filtration and recycle. 

Screening, clarifier, storage tank, and recycle. 

Saveall, clarifier, saveall, and recycle. 

Saveall and recycle. 

(a) Mill is closed. 
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Sludge 
Disposal 

Unknown 

Lagoon 

Unknown 

Landfill 

Unknown 

Landfill 

Unknown 

Unknown 

Unknown 

Landfill 

Landfill 

Lagoon 

Landfill 

Unknown 

Unknown 

Unknown 

Unknown 



.... 

Mill 
No. 

080002 
l 10042(a) 
l10080(b) 
110122 
110109 
110132 

110136 

120019 

140004 
140006 
140009 
140012 
140016 
140020 
140023 
140026 
140027 
150008 

TABLE V-21 

SUMMARY RAW WASTE LOAD DATA 
SECONDARY FIBERS MISCELLANEOUS MILLS 

Production Profile ------ ----------------- Raw Waste Load 
--------~ --------·--

Flow BODS TSS 
(t/d) Product 

20 
240 
536 
(c) 
533 
275 

61 

350 

72 
161 
138 
304 
(c) 
278 

98 
319 
201 

44 

Groundwood Specialties 
Gypsum Board, Roofing Felt 
San Tissue, Linerboard, Corrugating 
Electrical Insulation and Fiberboard 
Foldingboard, Wetlap Pulp 
San Tissue, Linerboard, Corrugating 
Chip & Filler Board, Tube Stock 
GWD Specialty, Pressboard, Other 
Board 
Gypsum Wall Board, Construction 
PJper 
Sanitary Tissue 
Fine, Specialties 
Sanitary Tissue 
Uncoated Fine Paper 
Market Deink 
Uncoated Fine Paper 
Unctd Fine & GWD, GWD Specialties 
Coated, Uncoated Fine 
Uncoated Fine 
Cotton Fiber, Specialties 

k 1-/-kk_g __ (_ k_g_a_l_/_t_) __ k_g_/_kk_g__ ( 1b!_~2 ~-=-~__!__&(~_ (I h It)-

35.9 
28.0 

35.5 
33.4 

l .'•. 2 

34.6 
101. 7 
5'). l 
34.2 

1L3 
98.9 
9'). 3 
92.2 
5ti. 3 
4'.>.5 

(--) 
(8.6) 
(6. 7) 
(--) 

(8.5) 
(8.0) 

(--) 
(3.4) 

(8.3) 
(24.6) 
(13.2) 
(8.2) 
(2.0) 

(23.7) 
(23.8) 
(22.1) 
(13.5) 
(10.9) 

25.0 
9.0 

34.3 

22.0 
13.7 

34.6 

14.5 
38.4 
29.0 
3.5 

(--) 
(--) 
(--) 
(--) 

(50.0) 
(18.0) 

(--) 
(68.6) 

(--) 
(44.0) 
(27.3) 

(--) 
(69.2) 

(--) 
(28.9) 
(76.8) 
(58.0) 

(7. 0) 

91. 2 
I 7. 3 

15.7 

3.4 
88.5 
46.9 
53.9 
68.8 
70.9 
27.6 

105.9 
105.0 

7.6 

(--) 
(--) 
(--) 
(--) 

(182.4) 
(34. 6) 

(--) 
(31.4) 

(6. 7) 
(176.9) 

(93.8) 
(107. 8) 
(137. 6) 
(141. 7) 

(55. I) 
(211.8) 
(210.0) 
(15.2) 

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

(a) Data is primary treatment effluent. 
(h) Data is representative of secondary fibers miscellane•>Us operation; siuc.e data collection, the mill h3s 

discontinued tissue production and is now classified .is a paµerboard from wastepaper mi 11. 
(c) l'rodu<:t ion data held confidential. 



TA!l!.F. V-7.2 

SUMHAl'Y RAW WASTE LOAD DATA 
NONTNTF.GRA'IF.D-FINE PAPERS SURCATF.GORY 

Production Profile R"w Waste Load 
·-·------------- ·- -- ------· -· . -·- ··----- . ------ ·- . ··- --·- --

Percent Grad~ 

Mi 11 Cotton Cha1·ge Flow ROD5 TSS 
Numher Furnish - - (!:_6! ) ___ i'_r_!>~'!C:~- -- JD.•y~;i) FT1<_kg-_<_ki~ 11 t~n f kg/kkg~(jb)_l__o!;)___ kg/kkg (I Ii/ t 011) <fll'l(h) 
-·· ·-- ---·- ------··-· - . 

Wood Fi t,..r Furnish 

080001 0 (c) Unctd Print 26.7 (6.4) 9.0 (17.9) 14 .I) (27. 9) l·B 
080005 I. 5 63 Print, Thin, Cotton 35. I (8.4) (--) (--) r 
080007(<1) 0 165 Unctd Print (' 68.9 (16.5) 6.9 (12.R) l 9 .R (3 1J.6) 
080009 0 1088 Ctd & Unctd Print .... 76.8 (18.4) ., . 9 (I I. 8) 25. () (SIJ.0) ll 
080017 0 125 Ctd Print I' --------------------Self-Contained----------------
080018 0 135 Unctd Print l' 24.6 (5.9) (--) (--) ,.. 
080019 () 54 Unctd Print 17.9 (4.3) (--) (--) r 
080027 0 381 Ctd & lhtl·td Print 38.0 (9. I) IJ.7 (27.3) 40. 7 (81. '!) F 

080028 0 81 Unctd Print 82.6 (19.8) (--) 44. 7 (89.3) 
080029 l. 7 116 Print, Write, Ind 45.9 (I I .0) (--) (--) F 

Conv. Cotton 
080030 0 74 Unctd Print + 22.5 (5.4) (--) ( - - ) F 

080031 0 (c) Unctd Print + 43.0 {10.3) (--) ( - - ) 

0800]) 0 15 Unctd + 9b.8 (23.2) 25 .6 (51. 2) 85.P (170.0) 

"""' 
080034 0 (c) Uncld 25.9 (6.2) 5.8 (IJ.5) 10.2 (20.4) l·ll 

(]> 080037 0 742 Ctd Print, Ro,. rd 0 2 l. 7 (5.2) 7. 7 ( 15. 4) I 7. o ()4. 0) Fil 
080038 0 (c) Ctd & Unctd Print (' 44.7 (10. 7) 10.5 (20.9) 43.'i (87.0) rn 
080040 0 587 Ct cl Print 86.0 (20.6) 16. 9 (33. 8) I 15 .2 (230.3) 
080041 0 412 Print, Write, Pkg 110.6 (26.5) 14.9 (29.8) 47. p, (95. 5) 
080045 0.8 144 Uncld Print 33.0 (7.9) 10. 8 (21.6) 41. 8 (83.6) r 
080046 0 455 Unctd Print 61. 3 (l4. 7) 13.8 (27.6) 11 . ., (62.9) t· 
080047 0 191 Unctd Print I.I 11. 7 (2.8) 3.3 (6.5) 4.) (8.9) I· fl 

080041! 0 173 Unctd Print 50.5 ( 12. I) I J. I (22. I) IR.3 (16 . .,) ,. 
080049 0 (c) llnctd Print 48.4 (I I. 6) (--) (--) 

080051 0 35 Unctd Print (! 73.9 ( 17. 7) (--) (--) 

080053 0 267 llnctd Print 53.0 (12. 7) 3.8 (7.6) 24.4 (48.llJ VI• 
080055 0 (c) Unctd Print, s .. t 0 54.2 (IJ.O) (--) (--

105021 0 ll5 Ctd Print, Electric;il 7). 4 (I 7. 1) (--) (--) 

105036 0 (r) Basf.' Stork, Thin (--) (--) (--) 

105047 0 lOl'I Ct<I Pkg II 79.7 <!'! :J)_ (~~l 11!. l (36 . _6) 

Avrrag<' (w/o self-contained 111i 11) 52.2 (12.5) 10.9 (21. 8) 35 · '· (70. 7) 
Average - no grade change 411.4 (I I. 6) 7. 7 (15.4) 18 " (36.8) 
Average - <1 grade ch;inge/clay 56.8 (13.6) 11. 4 (22. 7) 44 '> (89. 0) 
Avl'r:tge - >1 grad" change/d3y so. 1 (12. 0) 12.9 (25.8) 15 _(, (71. I) 

BPT R.w Wast<' Lo;id 63.0 (15.2) 10.8 (21. 5) JO ll (61. 6) 

Av" rage ~RPT Flow - no gr.1de ch3ngefi 38.0 ('l. J ) I. 7 (15.4) 17. () (14. 0) 
Aver.1ge ~llPT ROD5 - - no grade C"hanges 21. 7 (5.2) 7 7 (15.4) I 7. n ( 14.(J) 
Avprage ;<:BPT Flow - <l grade <"h;ingt·/day J9.2 ( '). 4) '). 6 (I 9. I) 29. 7 (';9.4) 



... 
""" """ 

TARIE V-22 (ContinuPd) 

Procluc-tion Profile Raw Waste Load 
Percent GrailP 
Cotton Cha11ge Flow BODS TSS Mill 

Numl>er Furn_~'l!i ___ {_tjd) __ ~__r~duct:_ ______________ _LD.1yJ~_l_ ___ 8:/!_kg_ (~_tlZ_~~f _ ___!_s/!<_~Jii;Zt~l _kglkkg- ( l_i!/t~) <J!f'T(h) 

Average :<BPT BODS - <l gradr c-hange/day J9.6 (9.5) 4.8 (9.6) 17 - ·i (34.6) 
Averagr ~RPT Flow - >l grad!' change/day 37.6 (9.0) 10.0 (20.0) 16. (32. 2) 
Aven•gr 5"RPT 80115 - > 1 grade change/day 5 I. 7 (12.4) 7.5 (14.9) 19.') (1•}. 0) 

Colton Filler Furnish - ·--- - --- --

080003 24.0 25 Cotton I' 149.4 (35.8) 6.0 (12.0) 7.0 (14.0) Fil 
080004 26.0 13 Cotton I' 88.9 (21. 3) l7 .9 (35. 7) 65.0 (130.0) FR 
080032 4.3 (c) Unctd Rag 118. l (28.3) 12 - l (24.2) 29.4 (511. 7) FR 
080042 5.0 43 Unctd Cotton,Carbon (I 78.9 (18.9) 19.5 (39.0) 44.8 (89.6) FR 
08004] 15.0 30 Unctd Print,Artist,Cotton • 269.2 (64.5) 40.7 (81. 4) 86.5 (173.0) 
080044 16. l 71 Unctd Print Cotton 141.9 (34.0) 15.9 (31. 7) 49.7 (99.4) FR 
080050 16.7 3J Unctd Print Cotton (I 25.S i~!l 13.7 (27.31 lS.2 i~_,}_) fll 

Avera gr 124.4 (29.8) 18.0 (35.9) 42.5 (85.0) 
Averge - > I grade rhange/day 176.5 (42.3) 22.9 (45.8) 5S.2 (110.4) 

BPT Raw Was tr Load 176.S (42.3) 22.9 (4S.8) S5.2 (t 10.4) 

Average of Mills ~BPT Flow 130.2 (31.2) 14.0 (28.0) 39 6 (71J. I) 
and ~ RPT BODS- >1 grade change/day 

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

(a) - = < 1; + = >1; U = unknown. 
(b) F-Mill with ~BPT flow; B-Hill with ~BPT BOOS. 
(c) Production data held ronfidential. 
(d) Raw waste load BODS data after primary treatment; Rt•IJS data are not included in averages. 



TABU: V-23 

SUHl'IARY RAW WASTE LOAD DATA 
NONJNTF.GRATED-TISSUE PAPERS SUBCATEGORY 

------- ProJ•!£l~_f.!~.~}!:_ ---· __ -------
Furnish Product Grad" F 1 ow 8005 TSS 

~!_i_!I No. P~cfr_:.-:=§Vf!::.=p"(.~--~-- {~l•ff=-'!'~-::-==--==-Chao8e/Da~ kl/k!a__ ~(~k8~a~IL/~tL) ___ ~k~g~/~kk,,,..1____i!.~b~/~l)'--~'k~1R/~k~k8..__~(l~b~/~l~)-~S=B~PT~(~b~)-

090001 23 
090005(e) (r) (c) 
090007 (c) (c) 
090008 (c) (c) 
090009 (c) (c) 
09001 I(.,) 62 
0'10012 62 
0900JJ(d) J' I 
090016 (c) (r) 
090017 (c) (c) 
090018(c) (c) (c) 
090019 139 19 
090020 887 57 
09002 I I I 9 I I 
090022 154 7 
090023 (c) (c) 
090024 (c) (c) 
090025 6 
0'J0026 2 I 

0?0027 140 
OY0028(d)(.,)(c) (c) 
090029 41 
090010 (r) (c) 
0900)1 14 
0')0032 26 
0900]3 15 

Avert:tge 

5 
(c) (c) 
(c) (<") 

(c) (r) 
(c) (c) 

12 

:l 
(<) (c) 
(c) (c) 
(c) (c) 

48 
5 

40 

(cl (c) 
(c) (c) 

(c) (c) 
14 

(c) (c) 
4 
4 

AvecaKC - Industrial Tiasu~ Ol1ly 
Avera~c - 110 grdde cJ1anges 
Aver..tgc - <I grade chauge/week 
AverJge - <I grade ~hdnge/Jdy 
AvcrJge - >I Krade chanKe/Jdy 

IWf !lJw Waste l.oad 

20 
(c) 
(c) 
(c) 
(c) 

70 
!\9 
37 

(<") 

(c) 
(c) 
159 
890 
176 
189 
(r) 
(d 

6 
50 

140 
(c) 
44 

(c} 
17 
27 
14 

loduatrial Tissue 
Sanitary Tissue 
Sanitdry TiaMue 
Sanitary Tiaaue 
Sanitary Tiasue 
Sanitary Tissue 
Sanitc1ry Titi&Ue 
Sanitary Tissue 
Sanitary Tiaaue 
Sanitary Tissue 
San! tary Tiuue 
Sanitary TiMBUe 
Sanitary Tiuue 
Hixed Product 
llixed Product 
llixed Product 
Sanilary Tissue 
llixpJ Product 
S•nilary Tituiue 
Sanitary Tiasue 
Sanitary Tissue 
ludu~trial Tissue 
Sanitary Tissue 
llixPd Product 
llixrJ Product 
llixt:J Product 

Avcr~g.- vf Iii I h with ~BPT I low - Ho grade changes 
Avernl(e ol ~1111& with :lillPT 80Jl5 - No 11c•dP changcs 
Av<'rd&<' of 11ilis with :liBl'T flow - <l 11rade change/we"k 
Aver•ge of Mi I h with :liBPT 8005 - <I grade change/wepk 
Avt•rJge of llllls with :liBPT flow - <I grade change/day 
AvPc'J8P of Hi I ls wi tl1 ~HPT 80Jl5 - <I grade change/day 
Aver.1g<' of Hi I Is with ::illf"f flow - >I gra<fe r1 •• uge/day 
Avt·r.1g•· <>f Hi I ls with ~BPT 11005 - >l gradc chaug<"/day 

(a) 
(I>) 

-··· -· - -·- - - --·--
~ = <l; ~/w =<I/week; U =unknown. 
~·-t1111 with ~BPT flow; 8-Hlll with :$BPT 811ll5. 
Produclii)u Jata held ronfideutial. 

0 
0 

0 

-/w 
u 
u 
-/w 

u 
+ 
+ 

-/w 
0 

u 
0 
u 
0 
0 
-/W 

0 

104.3 
23.0 
78.0 
96.8 
89.7 
78.9 
35.9 
63.8 
56.8 
56.3 
80.1 

103.5 
79. 7 

170. 7 
66.8 
30.9 

286.7 
74. 7 
17 .9 

143.6 
94.7 
32.5 
98.1 

177 .8 
_29.6 

85.5 
99.7 
57 .2 
55.5 

122.7 
125.2 

96.0 

39.6 
41.3 
40.9 

78.9 
78.0 
79.7 

(25.0) 
(5.5) 

(18. 7) 
(23.2) 
(21.5) 
(18.9) 
(8.6) 

(lS.3) 
(13.6) 
(13.5) 
(19.2) 
(24.8) 
(19.1) 
(40.9) 
(16.0) 
(7.4) 
(--) 

(68.7) 
(17.9) 
(4.3) 

(34.4) 
(22. 7) 

(7 .8) 
(23.5) 
(42.6) 

....!l:..!l 
(20.5) 
(23.9) 
( 13. 7) 
(13.3) 
(29.4) 
(30.0) 

(22.9) 

(9.5) 
(9.9) 
(9 .8) 
(--) 

(18.9) 
(18. 7) 
( 19. I) 

(--) 

4.5 
S.6 
8.0 

15.J 
9.9 

6.3 
18.0 
14.9 
12.8 

22.9 

9.1 

14.6 
17 .4 
0.7 

I. 7 

_!_:_Q 

10.4 
4.5 
4.8 

14.9 
10.9 
22.9 

11.5 

2.3 
2.7 

14.9 

JO.O 
9.0 

22.9 

" ) 
(.t) 
(c) 

Flow, BOD~ amt "J'SS data ool included in .. verages hecau~e t.hf"y do not r~preseut .a true raw wc.ste load. 
Ni 11 i:,; n~w cl o:-;ed. 

(9.0) 
(11. 2) 
(15. 9) 
(30.6) 
(19. 7) 

(--) 
(--) 

(12. 6) 
(36.0) 
(29.7) 
(25.6) 

(--) 
(45. 7) 

(--) 
(18. 2) 

(--) 
(--) 

(29. I) 
(34.8) 
(I. 3) 
(--) 
(--) 

(3.3) 
(--) 
(--) 

__ (2.0) 

(20.8) 
(9.0) 
(9.6) 

(29. 7) 
(21. 7) 
(45. 7) 

(22.9) 

(4.5) 
(5. 4) 

(29. 7) 
(--) 

(19.9) 
(17 .9) 
(45. 7) 

(--) 

5.0 
11.5 
28.5 
47. I 
25.7 

40.0 
53.2 
48.3 
43.9 

54.5 
31.2 
26.9 
15.8 

14.6 
53.8 
4. I 

6.6 

28.0 
s.o 

13.4 
32.0 
27 .9 
42.8 

34. 7 

7 .0 
6.6 

32.0 

31.3 
27.0 
54.5 

( 10.0) 
(22.9) 
(57.0) 
(94.2) 
(51. 4) 

(--) 

c--l 
(80.0) 

(106.4) 
(96.5) 
(87.8) 

(--) 
(108.9) 
(62.3) 
(53.7) 
(31.5) 

<--) 
(29. I) 

(107 .6) 
(8.2) 
(--) 
(--) 

( 13.1) 
(--) 
(--) 

__ (11.5) 

(56.0) 
(JO.OJ 
(26. 7) 
(64.0) 
(55. 8) 
(85.6) 

(69.4) 

(13.9) 
( 13. 1) 
(64.0) 

(--) 
(62.5) 
(54.0) 

(108.9) 
(--) 

8 
F8 
YB 

FB 
F 
F 
F 
F 
F 
F 

F 

n 
F 

F 
FB 

t" 
FB 

FD 



purchased deink and groundwood 
manufacturing operations. 

pulps are also used in the 

As with the nonintegrated-fine papers subcategory, the major factor 
influencing raw waste loadings is the frequency of waste significant 
grade changes. In general, wastewater discharge and BODS raw waste 
loadings increase with the frequency of grade changes. Insufficient 
data are available on the production of industrial tissue grades to 
determine if there are significant differences in raw waste loads due 
to differences in the type of products manufactured. 

Nonintegrated-Lightweight Papers. Available data on raw wastewater 
characteristics for 17 mills that are representative of this 
subcategory are presented in Table V-24. Lightweight, thin, tissue, 
and electrical papers are produced at mills in this subcategory. EPA 
attempted to group mills based on product type as illustrated in Table 
V-24. Differences between these groups are minor with one exception. 
At those mills where electrical papers are produced, larger quantities 
of water are discharged than at mills where non-electrical lightweight 
grades are produced. 

As with the nonintegrated-fine papers and nonintegrated-tissue papers 
subcategories, the major factor influencing raw waste loadings is the 
frequency of waste significant grade changes. Wastewater discharge 
and BODS raw waste loadings generally increase with the frequency of 
grade changes. 

Nonintegrated-Filter and Nonwoven Papers. Available data on raw 
wastewater characteristics for 14 mills representative of this 
subcategory are presented in Table V-2S. Average production is lS 
kkg/day (16 tons/day). At these mills, a wide variety of filter and 
nonwoven papers are produced such as open-blotting type papers, hand 
sheet testing blotters, oil and air filter papers (often saturated 
with resins), vacuum cleaner bags, and a growing variety of nonwoven 
type papers for personal, sanitary, and disposal uses. 

As with the other subcategories in the nonintegrated segment of the 
pulp, paper, and paperboard industry, the major factor influencing raw 
waste loadings is the frequency of waste significant grade changes. 
In general, wastewater discharge and BODS raw waste loadings increase 
with the frequency of grade changes. -

Nonintegrated-Paperboard. Available data on raw wastewater 
characteristics for 11 mills that are representative of this 
subcategory are presented in Table V-26. Major products manufactured 
at mills in the nonintegrated-paperboard subcategory include 
electrical board, matrix board (used for typesetting), food board, 
press board, and other board products. As shown in Table V-26, larger 
quantities of wastewater are discharged at mills where electrical 
grades or matrix board are produced. However, there is an inadequate 
data base on which to characterize mills where electrical board or 
matrix board are made. 
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TABLE V-24 

SUMMARY RAW WASTE LOAD DATA 
NOHINTEGRATED-LIGHTWEIGHT PAPERS SUBCATEGORY 

Profile Profile Raw Waate Load 
Furnish ~t[d2 Product Grade Flow BODS TSS 

Mill No. Purch WP Misc Broke ~tLd2 Change[Da;y:(a2 kl[kkg (k&al[t2 kg[kltg (lb[t2 taLtt8 (lb[t2 

Electrical Pa12er 

105003(f) 11.2 11.2 446.9 (107.1) (--) (--) 
105015 (b) (b) (b) (b) (b) 0 313.0 (75.0) (--) (--) 
105017 (b) (b) (b) (b) (b) 0 269.2 (64.5) (--) (--) 
105018(c) (b) (b) (b) (b) (b) 0 7.55.3 (181.0) (--) (--) 
105071 26.0 26.3 u 254.1 (60.92 11.4 ~ 19.1 ill.:.1l 
Average 320:9 (76.9) 11.4 (22.8) 19.T (38.1) 

Miscellaneous Tissue and Carbonized 

090015 47 .4 25.6 64.2 + 224.9 (.53.9) .57. 7 (11.5.3) 149.9 (299.8) 
105057 33.0 5.1 34.0 0 147.3 (3.5.3) 2.9 (5. 7) 5.2 (10.3) 
105058 34.0 4.9 35.0 208.7 .ill.:..Ql 11.8 ~23.62 25. 7 (51.42 
Average 193.6 (46.4) 24.1 (48.2) 60.3 (120.5) 

Printing & Thin Pa12er 

080039(f) (b) Cb) Cb) Cb) Cb) + 236.6 (56. 7) 29.4 (58. 8) 127.1 (254.2) 
105014 (b) (b) (b) (b) (b) 170. 7 (40.9) (--) (--) 
105020 203.0 4.0 2.0 203.0 202.4 ~ 8.3 fil.:12. 15.6 lli..:..ll 
Average 203.2 {48. 7) 18.9 (37. 7) 71:4 (142. 7) 

Carbonized, Thin, Cigarette - Less Waate12a2er 

01!0024 2Q.6 5.3 32.S 0 .;G . .3 ( i ... j) (--) \--) 
080021 (d) 30.3 26.9 0 10.8 (2.6) 0.2 (0.3) 0.1 (0.2) 
080022 102.4 11. 3 110.5 (--) (--) (--) 

090003 12.0 1. 6 4.4Ce)l8.0 128.9 (30.9) (--) (--) 

105013 15. 1 5.3 20.4 135.2 (32.4) 19.9 (39. 7) 57.0 (114.0) 
105016 (b) (b) (b) Cb) Cb) 517.5 {124.02 -1:..:l (--2 
Average 210. 7 C50.5) 19.9 C39. 7) 57.0 (114.0) 

Average of All Mills 237.0 (56. 8) 20.2 (40.3) 57.l C114. l) 
Average of Electrical 320.9 (76.9) 11.4 C22.8) 19 .1 (38.1) 
Average w/o Electrical 203.2 C48. 7) 21. 7 C43.3) 63.4 (126.8) 

Average of mills - no grade change and flow 
:i the Average w/o Electrical 103.9 (24.9) 2.9 cs. 7) 5.2. (10 .3) 

Average of mills - no grade change and BOD~ 
~ the Average w/o Electrical 147.3 (35.3) 2.9 cs. 7) 5.2 (10.3) 

Average of mills - <l grade change/day and flow 
~ the Average w/o Electrical 159.4 (38.2) 14.l C28.l) 36.3 (72.6) 

Average of mills - <l grade change per day and 
BOD~ ~ to the Average w/o Electrical 181. 9 (43.6) 13.3 (26.6) 32.8 (65.5) 

Average of Electrical mills - flow ~ the 
Average oi Electrical 278.S ( 66. 8) 11. 4 (22.8) 19. 1 (38.1) 

(al - = <l; + = >l; U =unknown. 
(b) Production data held confidential. 
(c) Represents a combination of process sewer and a very high flow from a thermal sewer. Apparently, mill 

must use high £:0w or, ~hernial sewer to meet thennal ilscharge limits. Sot included in averages. 
(d) After primary cldrification; not included in average. 
(e) Estimated to balance. 
(f) ~ill is now closed. 
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TABLE \'-25 

SUM!1ARY RAi• k;AST!. i.CAD DATA 
NON H.'TEGRATED-Fl LTEI< AhC: N01',,,\)\'f.}; PAPEF.5 St:KATEGOF.Y 

Mill l\o. (t./d) 

Production Profile 
Product 

TYJ?e 
Grade 

Change/Dav(a) 

10.50C5 

105029 
105030 
105031 
105033 

105034 
105043 
105044 
105045 
105051 
105052 
105053 
105054 
105055 

5.9 

4.1 
(b) 
0.7 
(bl 

(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 
(b) 

Average of All Mills 

Sat.urat.ed filt.er & 
Nom .. ·oven 
Technical & fill.er 
Filter 
Fi 1 t.er 
filt.er, wall Cover 
Miscellaneous 
Fill.er 
Filler, Blotting, Photo 
filter. Blotting, Pkg 
filter, Pkg 
Filter, Sat. Tech 
Filt.er 
fill.er 
filter, Phot.o, wrap 
filter, Saturated 

Average of mills - no grade change 
Average of mills - <I grade change/day 
Average of mills - >l grade change/day 

Average of Mills - no grade change and flo~· 

u 
0 
0 

c 
t: 

0 
0 
li 

S t.be Average of Milla ~it.h <l grade change/day 

Average of Mills - no grade changes and BOD~ 
S the Average of All Mills 

Average of Mills - <1 grade change/day and 
BODS S the Average of All Mills and flow 
$ the Avprage of All Mills with <1 grade 
ehange/day 

Average of Mills->! grade change/day and 

Flo~· 

kl/kkg (kgal1t) 

328.8 

144.0 
189.9 
394.3 
224. 1 

172. 3 
280.4 
25.9 
40. l 

171. l 
17.9 
.:.2 .6 
6.7 

~ 

166. I 
134.0 
250.0 
241.2 

69.3 

25.9 

171.1 

(78 .8) 

(34.5) 
(45.5) 
(94.5) 
(53. 7) 

(4J. 3) 
(b7.2) 
(l .2) 
(9.6) 

(41. 0) 
(4.3) 

(10.2) 
( l. 6) 

~ 

(39.8) 
(32.1) 
(59. 9) 
(57.8) 

(16.6) 

(6.2) 

(41.0) 

flow S the Average of Mills with <l grade change/dar 198.2 (47.5) 

Average of Milla >l one grade change/day and 
BOD~ S the Average of All Mills 

(a) - = <l; + = >1; U + Unkno~n. 
{b) Production data held confidential. 

288.4 ( 69. 1) 

181 

Ra"· W'aste 1.oad 
B_C_D_5~~~~~~~T-S-S~~~ 

i<g/kkf 

10.2 

25.0 
3.8 

5.0 

9.0 

12.2 
3.8 
5.0 

17 .o 

3.8 

3.8 

5.0 

9.0 

flbit) 

(--) 

(36.4) 
(--) 
(--) 
(--) 

(--) 
(49.9) 
(7.5) 

( -- ) 
( 9. 9 ~ 
(--) 
(--; 
(--) 

(: '. 9) 

(24.3) 
(7 .SJ 
(9,91 

(33. 9) 

(7 .5) 

(7 .5) 

(9.9) 

(--) 

(17.9) 

kg/i<kg ilb/tJ 

24.3 (48.6) 

14.7 (29.3) 
i--j 
(--) 

( -- ) 

(--) 
54.& (109.:;) 
lc.R (25.51 

(-- ·' 
19.;, (38. 8'; 

l -- J 

t--; 
(--) 

3S.3 (i6.5; 

27 .4 
12.8 
21. 9 
46.5 

12.8 

12.8 

19.4 

38.3 

(54. 7) 

(25.5) 
(43.7) 
(93.0) 

(25.5) 

(25.5) 

(38.8) 

(--) 

(76.5) 



....... 
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TAB!.E V-26 

SIJl1MARY RAW WASTF. LOAD DATA 
NON!NIT.Gl!ATF.D-PAPERROARD SllBCATF.C:ORY 

Production Profile 
_f.!~rif~h{!-/~j_- ----- ---- ·- p;.-;;,-ci;j~i -·-· ------Grade flow 

Purch WP _j_t/d)" -~Tjp;=·-·-~-=-~:: -- · Chang_f'./lla}'.(·•> _ kij_k~s:: (kga I ;t) Hill No. 

60.0 12 84.0 Packaging, Ba11 
(h) (h) (b) Matrix Board 

0115001 
085007 
085008 
085010 
!0'>001 
10';002 
!05019 
1050411 
105049 
10~070 

l0507l 

12 .0 22 50.0 Pkg, Bag, Sp<'ci a I ty 
(h) (h) (h) Hat rix Roa rd 

1J '> 38.2 Fooct Roard, Gift 
9.2 8.4 Hi Dens f.Jpc.:trical 
(b) (h) (h) LntPx, Sat Gaskets 

46.0 62.0 lmprt>11nat<'d FibPr 
44.0 5 I. 0 Impn·11nat<'d Hbrr 

(b) (b) (b) F.)PC"lric-al Board 
17. I 15.0 Saturated Pappr 

Vulcanizing 
110021 47.4 36.6 76.0 rr~fi~ Boarrt 

Average 
Avt'rag<' w/o Elt'ctrical 
Avt·ra11<' w/o El<'ctrical or Hatrlx 

AvPragP of Hill8 - no grade chan1t<' and flow 
$ the Avt'ragr w/o Electrical or Matrix 

Avcra~P of Hi I 1~ - no grade changP. and BODS 
$ lhP AvPraRe w/o F.lPctrical or Matrix -

Avrra1tr of Hills - <1 11rad<' change/day and flow 
$ th~ AvPra~e w/o F.lPc-trical or Halrix 

Averaite of Hills - <I itrade change/day and RODS 
~ th<' Avt'C88<' w/o Elt'ctrical or Hatrlx 

AvcragP of Hills - >I grade change/day •nd flow 
~ Av~r.1ge ~/o Elprtriral or Hatrix 

Avt'rng<' of Mil h - >I grade chang<'/day an<! BOD~. 

$ th~ Averagp w/o EIPctrlcal or H•trlx 

(a) - =<I; +=>I; U =Unknown. 
(b) Produrtiott dala hrld confidential. 

for 

+ 29.6 
u 184.9 
lJ 62.6 
ll 168.2 
0 10.0 
u 273. 3 

48.8 
38.8 
51.0 

u 221.6 
ll !05.6 

u 61.0 

106.8 
78.5 
51.8 

30.0 

10.0 

46.7 

29.6 

(7. 1) 
(44.1) 
( 15. 0) 
(40.1) 

( 7. 2) 
(65 .5) 
(I I. 7) 
(9.1) 

( 12. 7) 
(53. I) 
(25. l) 

( 15,_}) 

(25.6) 
(18.R) 
( 12. 9) 

(7.2) 

(7.2) 

(I I. 2) 

(--) 

(7. 1) 

(- - ) 

Raw Waste> Load - . - - ··- - -
ROIJ5 

kg~kkg_ (thit) 

10.0 
7 .0 
8.2 

87.S 
11.0 

25.2 
9.6 

10.4 

8.2 

!I. 2 

(- - ) 
(--) 

(20.0) 
( 13. 9) 
(16.4) 

(- -) 
( -- ) 

( -- ) 
(--) 

( 17'>. 0) 
(26.0) 

(--) 

(SO. J) 
( 19. I) 
(20.11) 

( 16.4) 

( 16.4) 

(--) 

(--) 

(--) 

(--) 

TSS 
kg/kkg ( i hit) 

2'>.0 
46.4 
41.2 

136.S 
42.4 

511. 
39. 
16 

41.2 

41.2 

(--) 
( -- ) 

(~0.0) 

(92. 7) 
(Rti.4) 

(--) 

( -- ) 
(--) 
( -- ) 

(272.9) 
(ll4. 7) 

(--) 

( 11 7. l) 
(7R.'.>) 
(7 :l. 7) 

(!16.4) 

(!16. 4) 

( - - ) 

(--) 

( - - ) 

(- - ) 



EPA attempted to evaluate data 
loadings as a function of the 
changes per day. The data base 
apparent between frequency 
characteristics. 

on wastewater discharge and BODi waste 
number of waste significant grade 

is very limited and no correlation was 
of grade change and raw waste 

Miscellaneous Nonintegrated Mills. Table V-27 presents available data 
on wastewater discharge and BODS and TSS raw waste loadings for all 
remaining non integrated mills. At these mills, products 
representative of two or more subcategories or unique products not 
defined by the current subcategorization scheme are manufactured. 

TOXIC AND NONCONVENTIONAL POLLUTANTS 

Screening Program 

As part of the overall project investigations, a screening program was 
undertaken to provide information on the presence or absence and the 
relative levels of toxic and nonconventional pollutants discharged at 
mills in the pulp, paper, and paperboard industry. As explained in 
Section II, screening was a three-phase effort. The first phase was 
the initial screening conducted by the contractor covering 11 of the 
15 mill groupings established as representative of the pulp, paper, 
and paperboard industry. The second phase included screening at 17 of 
the verification program mills where processes were employed that were 
characteristic of the four mill groupings not included in the initial 
screening program. The third phase involved 47 screening surveys 
conducted by EPA Regional Surveillance and Analysis (S&A) field teams. 
Collection and analysis of screening samples collected at the 17 
verification mills and at the 47 mills sampled by Regional S&A field 
teams adhered to the procedures specified in Sampling and Analysis 
Procedures for Screening of Industrial Effluents for Priority 
Pollutants (EPA, Cincinnati, Ohio, April, 1977).(15) 

Table V-28 presents a summary of the data collected during these 11 
screening survey programs. A summary of the analysis results for the 
second phase of the screening program conducted by the contractor at 
the 17 verification mills is presented in Table V-29. The results 
shown in Table V-29 are for only those compounds that were not 
detected in any wastewater samples taken at the 11 mills sampled 
during initial screening surveys. 

Table V-30 presents a summary of the analysis results for the 42 
regional surveys for which data are available. At 31 of the 47 
facilities surveyed by the Regional S&A teams, 3 individual 24-hour 
composite samples were collected and analyzed rather than a single 
72-hour composite. Analysis results for the screening surveys 
conducted by the Regional S&A teams are in general agreement with 
those conducted by the Agency contractor. 

183 



TABLE V-27 

SUMl'fARY RAW WASTE LOAD DATA 
NONINTEGRATED !flSCELLANEOUS MILLS 

Production Profile Raw Waste Load 
Production Flow BOD TSS 

!fill No. (tLd2 Product ltl/kk& ~k&al£'.'.t) k&£'.'.kk& (lb/t2 ks£'.'.kk& ~lb£'.'.t) 

080006 (•) Print, Pb.oto 43.4 (10.4) 4. l (8. l) 34.7 (69.4) 
080008 248 Print, Cotton, Pkg, Tieaue l. 7 (0.4)eat (--) 1.0 ( l. 9) 
080026 (•) Print, Pb.oto, Cotton, ----------------------Self-Contained-------------------

Specialty Pkg 
080036 (a) Print, Thin, Tie1ue, Release 53.0 (12. 7) 8.0 (15.9) 17.5 (35.0) 

Baee 
08.5005 (a) Pkg, Conv 63.4 (15.2) 4.4 (8. 7) 18.1 (36.2) 
105004 (a) Spec Pkg, Gla••ine 116. 0 (27.8) (--) (--) 
105008 262 Print, Tecb., Gasket, Sat (--) (--) (--) 
105010 (a) Spec Pkg, Sat 83.5 (20.0) 36.7 (73.3) (--) 
105011 12 Spec Pka, Glueine, Grea1e (--) (--) (--) 

Prf 
105012 4.5 Spec Pka, Glasaine, Grease (--) (--) (--) 

Prf 
10.5019 (a) Print, Write, Tape, Sat 96.4 (23.l)eat (--) (--) 

Gasket 
10.5022 (a) Unctd, Briatol, Pka 122.3 (29.3) 16.5 (32.9) 29.2 (58.4) 
105023 (a) Spec Pk1, Auto, Separated 170.3 (40.8) 10.2 (20.4) 15. 7 (31. 3) 
105024 (a) Print, Pka, Wet Str Gla••ine 159.8 (38.3) 4.5 (9.0) 25.5 (51. 0) 
10.5026 (a) Print, Poeter, Ind Conv Pkg, 108.5 (26.0) 10.5 (20.9) 17 .0 (33.9) 

Sat 
105027 27 Pkg 122.3 (29.3) 14.7 (29.3) 40.3 (80.6) 
105028 77 Print, Tech, Pkg, Sat, 59.3 (14.2) 8. 1 (16. 1) 24.1 (48.2) 

Surgical 
105032 33 Gaaket, Latex Sat 31. 3 (i .5)eat 3.4 (6.8)est 25.8 (51. S) 
10.5035 (a) Aebe•to1, Gaeket, Inaul 164.0 (39.3) (--) 30.2 (60.4) 
105037 43 Pk1, Ind Conv 89.3 (21. 4) 2.0 (4. 0) 3.0 (6.0) 
105038 50 Pkg, Ind Conv 125.2 (30.0) 10.0 (20.0) (--) 
10.5040 (a) Pk1, Ind Conv, Sat, Baa 127. 7 (30.6) 13.6 (27. I) 61. 7 (123.3) 
10.5041 (a) Bristol, Cable, Index, (--) (--) (--) 

Gasket 
105042 (a) Copybase, Release, Specialty 106.4 (25 . .5) 14.4 (28. 7) 50.6 (IOI. 1) 
105050 (a) Tape, Spec, Panela 184.0 (44. I) 17.4 (34.8) 41. l (82.2) 
10.5056 (a) Print, Thin, Pkg, Sat, 160.2 (38.4) 6.9 (13.8) 13.8 (27.6) 

Tia sue 
105059 153 Print, Ctd, Release, 44.2 (10.6) 8.3 (16.5) 34.0 (68.0) 

Spec 
105061 409 Pka, Print 53.0 ( 12. 7) 6.5 (12.9) 48.8 (97.6) 
105062(b) 36 Parchment (--) (--) (--) 

105065 57 Print, Pkg, Cover, Ma•kina J 10.2 (26.4) (--) (--) 
105066 (a) Tech, Asbestos, Pkg 223.3 (53.5) 4.3 (8.6) 156.5 (312. 9'. 
105067 (a) Tech, Pkg, Lightweight 222.8 (53.4) 4.8 (9 .5) 149.0 (297.9) 
105068 (a) Print, Photo, Pkg, Sat 10.5.6 (25.3) 18.6 (37.2) 86.8 (173. 6) 
105069 (a) Writing, Tech, Cotton 66.8 (16.0) 24.9 (49.8) 42.4 (84.7) 
105072 53 Pk3, Ind Conv 171.5 (41. 1) 7 .4 (14.8) 26.2 (52.J) 
120053(b) 150 Aobeotoa Gaskets (--) (--) (--; 
150003 (a) Asbestoa, Electrical Board (--) (--) (--) 

1.50027 (a) Phenolic Board (--) (--) (--) 

(a) Production data beld confidential. 
(b) Mill is now closed. 
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TABLE V- 28 

SUMHARY OF INITIAi. SCREENING PROGRAM ANALYSIS RESULTS 

NdW \o!!!_ler_ {!!BL!L_ l!_aw -~'.1;>!_<:_1Ja le~_ fl-!gf_!) ______ Final X.!tJ u~!!!_ __ Ui.BL!L ·--·------· 
Nol N<•l Not 

T<1XJ\ )
1
\1 I I u L .111 l Delccteci <IO JO-JOO >100 Ave llel<'L led <JO 10-100 >100 Ave lletecte<l <JO 10-100 >100 Ave --------- -----·--- --- -------·-------

I_ d( 1'11.tpl1llit.'l1t• II 12 II 
-.;__ .Jl r·ulr·i11 II 12 II 
l. .H rylu111 t 1·i ll• II l:l II 

4_ t•t'll/.1'01:"' II !, 6 2 3 6 5 
r) - ht"ll/. i ti i11t• II 11 11 
fi c.11·h"11 l t • l r J <.:Ii I u r i ch~ 

( l el t'ctcli) ,, rom(•l Ii.Jiit") II 12 II 
7. ("It I l' r·" 11<• 11 /. t• nt· II 10 8 II 
8. I, 2, 1•-t r i cit I u ruf1t·nzt..•1u .. • II 11 11 
'J lit·x.ict1 Io n..>ht~11ze111· II 12 11 
Iii. J 1 1.-d1< IJJ11r\H...,lh.1111• II 11 I 10 

,... 11. I, I, J-·l 1 H lrl<ir<J1·L11.u1e II 7 2 3 6 11 
ill 12. hl':<.Hhlut Ot"'lh.t111• II ll II 
\fl I l. l, 1-,llt Ii lun.1t lla.111t• II 11 JO 

1:.. I , l , 2- l 1 it h 1or1;1 I h.Hh~ 11 12 11 
I'> I, J ,l.,l- t1·tr,st lif1lrot•lhilllt.' II 11 JI 
lh. 'lil(Jn1t·ll1.J1u• II 1 ! II 
II. Iii~ ('Ii I ot 1t111t'L t.y I) 1· t ht~ r 11 I.! II 
I 8. I> i " ( 2-' lo I'' r "''l l1y I) t' l lit~ r II I l II 
l'J. l··l Ii I (lf Ut"l liy I 'i 11y I elhc r (1111 ,. ..... ) II ll II 
LO. 2-<. 11 l ll ron.Jplalh.i I e1;,• 11 I.! II 
21. ~ , ~ , t> - l r· i ch I o r 1) p li .- no l II 11 2 II 
LL. pd r· .Jc 111,, r~1111t! l ...1 l l"t'Sl> l II I.! II 
L I. l l1 lo rot 1)[ Ill (l ri< lolorouwlh~n<') 9 2 l 2 2 6 269 3 5 J 16 
L4. 2- ,-h I 1J ru11f1t•110 I II L! 11 
L '>. 1,1.-diclilurubt•nzt•fll' 11 ll II 
:!h. l, "}-di l 11 iorobc'llZCllt' II ll 11 
LI. I ,4-1l1 chl11ruht.•11zt•11t• II I l II 
lH. I ,, . ) -,I j l l1f1>fOl>l'liZ Id j lit' 11 I.! 11 
/.•). I, I -111 <ti Io r1H' t t1y I t·11t• II L! I I 



Tux I l Pol I ul.111l 

Hl. J ,1.-Lr.111:-.-d1l·ltJorcH•thyleue 
·il. ~,4-dilliloroplh'llol 

Jl. 1,2-di<.hl,iroprup.tne 
\ ;. I ,.l-~lilhluroprl1pyll·llc 

( I , 1 -d t l Ii Io rop r·opPnc) 
14. 2,4-di111t'lhylpl1o·11ol 
T1. 'l. 1 4-d1111lrot0Juc11t• 

Hi. 2,t>-d1111Lrolol1u•11t• 

I/. I ,l-d1pllt'llylh)"lrJZil1" 
·18. <'Lily I l>c11.<<'ll<' 
l'J. JI 11or • .u1L l1t·nc 

4ll. 4-dilot•>Phcnyl plu·uyl eLher 
.:.1. 4 .. 1,.-,,111opht•nyl pht'11yl ether 
4/.. l>i~l2-diloruts<>pr·,,pyl) ether 
!fl. Iii b ( '},-, h I" r·oel hoxy) methane 
44. nu·Lhyl .. 11•, chloride (d1chloro-

1hl't h.111<.·) 

4'>. ml'lhyl dilurid.- (ddoromelh•H•e) 
4o. ml'l hy I l>nllui de ( hromomelh~ue) 
4 7. b rPmuJ onn (Lr i b rumomelhane) 
'•8. dichJ,1rubro111omt•Lhane 
41J. LrichJu1<1f luoroml•lhane 
rlo. d1<"hlurc11fi t )llo1omethane 
~,1. <.ftJv1udih1·u1uo1111•thane 
1·1 l1t·x,1chJurohulJdil.~11e 

~)J. ht·X.tlhlot"tH'Y'- lopentadicne 
r-14. 1::.uphu.-u11e 

')'). 11.ipl1Lh.1 l <•1te 

Sh. n 1 tr 0Lc11Lt•nc 

S 7 • .l··ni t n1pl1t•nol 
')8. 4-n i l roph.,110 I 
~.'J. 2 ,4-(t i n1 l r~1phe11u I 

Not 
Detected ··----·-- --- . 

II 
11 
II 

II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
11 

3 
11 
11 
11 
II 
II 
II 
II 
II 
II 
IJ 
11 
11 
11 
II 
11 

<10 10-100 >JOO 

2 4 2 

TABLE V-28 1Coutinucd) 

Ave 

54 

N"t 
!let ,•<:led 

12 
11 
12 

12 
12 
12 
12 
12 
6 

IO 
12 
12 
12 
12 

12 
12 
12 
II 
II 
12 
II 
12 
12 
II 
II 
12 
12 
12 
12 

<10 

5 
2 

10-100 >JOO Ave ·---··--- -·- --· 

6 4 

9 

81 

23 

5 
12 

. _ ·- _ .!::!.!Jal_ ~!f!ue~-~U!BL!l ___ _ 
Not 

DetecLed 

11 
9 

II 

11 
11 
11 
11 
I I 

<j 

10 
11 
11 
II 
11 

II 
11 
11 
II 
to 
II 
11 
11 
II 
11 
II 
II 
11 
II 
11 

< 10 

2 

2 

2 

10-100 >JOO Ave 
. --·-·--··-------- ---

4 4 55 

19 



TABLE V-28 (C.:.ntinued) 

~~~Water_.fH&L_l ) ________ __ Raw !!'i<stewa~~!'. .fl:!&L!l_ . ·---·Fil~~! -~:!_f!'!"~~-11:!.8LV _ --···---
Not Not Nol 

Toxic Po 11 ut.ml --~tect~~Q. ___ ~Q.-100 ___ >100 __ ~~- Uctt'c-led <10 10-100 >100 Ave ()elected <I 0 1()-100 ) 100 Ave 
·- --- . -·- --- -----·- -·· ---·· --··---·--------- --------- --·-··----· .. 

60. 4,6-dinitro-o-<resol 11 1 ~ 11 
61. N-nilru~odimethylamine 11 12 11 
62. N-nilrosodiphenyldmine 11 lL 11 
6:J. N-nitrosodi-n-propylamine II 12 II 
64. penlachlorophenol II IL II 
65. phenol 0 9 2 6 () 2 6 4 624 0 ~) 5 89 
66. his(2-ethylheKyl) phthalate 7 3 5 2 6 3 66 5 '> 22 
67. butyl benzyl phlhalate II I.! 11 
68. cl i -n-hutyl phth,date 4 3 3 16 l 3 5 85 5 J 2 16 
69. cli-n-octyl phthJlate 10 12 11 
70. tli.-Lhyl phlhaldle 10 I 4 7 7 4 
71. cl 1111cthyl phlhJlate 11 12 II - 72. L••11zo( .JjJ11thr<1n·11e (I ,2-be11z.111thra-::?> 

""' 
(l'll<') 11 12 11 

7J. i.~·nzo( .t lpyrcn" (3,4-benzopyrcne) 11 12 II 
74. ],4-hvnzo t luoranlhene I 1 12 II 
7~. henzol kl t Juoranll1<'11e ( 11, 12-lwnzo 

fluoranthcne 11 I.: 11 
16. d1ryo.t•11e 11 11 II 
77 . .1cenaphthy I eue II 12 11 
78. aulhtctceue 11 ;; 2 2 I) 10 
]'). h<'uzo(ghi lpcryl<'ne (I, 12-benzo-

pe ryl "'"') II I.~ 11 
lW. I J11on·11e 11 l·· 11 
BI. phen.Jnlhn•ne 11 L: 11 
82. d1Lcnzof<1,h)anlhracene 

(I ,2,5,6-Jihenzanthracene) 11 ]_• 11 
8:l. inJenoll,~,3-cJfpyrene 

( 2, 3-o-pheny I cut•py rcne) 11 I~ 11 
84. py rem• II 1·· 11 
85. l<' L racl1 lo roe thy J <'Ill' 11 Ill 2 I 10 
81>. t oJupne 10 " 8 2 4 4 !> 4 



'l'AIJJ.lo; V-Lll (C•·1tli1111t•d) 

- ··---- ~~ w.,~I'!. {l:!.s!Jl_ - Haw W<tslewal"r (fJ&/ I_) --- . Fi"" I Eff)IJt'Jl~ __ (JlSLlJ. ... -··· ··--·- . 
Not N<>l Not 

f'oxj l. Pc.J I 11 t.111 l DetPcted <10 10-100 >100 Av" Del• cted <10 10-100 >100 Ave Delt•ct t'd <10 IO- 100 >100 Ave ·------- -·- ·---·----------· ····---··-· 

I\ I. tr ll hi on>t'lhy lf'l\1-' 11 10 2 11 
88_ vinyJ chlu1·idt· ( < h I 01-o<'lhy l t·ll") 11 12 11 
89. d I dr 1 n II 12 II 
'JO - tJJt> l,fr j II 11 12 11 
91. ch I ord.ttll' ( l C°( 1111 i Cd I mixture & 

IUt•l.tbol i lt'") 11 12 II 
•J2 _ 4,4' -l•llT 11 12 11 
'J'J _ 4 ,4' ·lllJE (p ,p' · lllJX) 11 12 11 
'J4. 4. 4. -IJlllJ (p ,p' -TIJE l 11 12 11 
9S. o-t•nctosuJ fdn ti 12 11 
'J6. ll-e11d<>~11 l fan 11 12 11 
'J 7. en<losu I I ,111 sod f.tlc' 11 12 11 

.... 'J8. en<lriu 11 12 11 

a. 99_ t.~Jld r i II <1lclf'l1ydt' II 12 II 
a: JOO_ ll<'plJdt I,,.. 11 12 II 

10 I. l1epliJchJ or t-'(IOXide 11 12 II 
102.u-UllC II 12 11 
JOJ. jl-BllC 11 12 II 
104. y-BllC (Ii 11dJ1tt•) 11 12 II 
10'.>. li-HllC 11 12 II 
106. l'l:B- IL42 (Aro< hlur 1242) 11 12 II 
10/. l'CH-12S4 (Arodtlur 1254) 11 I I 10 
I 08 _ l'CU- 122 I (Arocl1lur 1221) 11 12 II 
IO'J _ PCU- t:ni (Arocld or 1232) II 12 II 
110.l'Cll-1248 (Arochlur 1248) II 12 II 
I I 1.l'Cll-1260 (Arocl1 l or 1260) 11 12 II 
112.l'CR-1016 (Aroc-hl"r JO 16) II 12 II 
111. ToK<1pht•11., 11 ll II 
114.Aulimony ('foL.1 I) 0 II I 0 10 2 7 0 10 4 
115.Arsenit (ToLtl) 0 11 :l 0 11 5 0 10 3 
I l6.Asl1t•i.los (Fihru11~) II ll 11 
111. llt>r-y 11i11111 (Tut..d) 0 II 0 12 0 11 



... 
Cll 
..() 

TABLI·: V-28 (Continued) 

______ Raw Water (µg/l) ____ Ra_w_ Wast~'!'__a_~.!:_r_JtJ&L!2 ___ _ _ __ __ !!!!~ ~~f! 1 U_!:__nl _ _J}-1_8/ll ___ _ 

Toxic Pollutant -------

118.CadmiWD (Total) 
119.Chromium (Total)** 
120.Copper (Total)** 
121.Cyanide (Total) 
122.Lead (Total)** 
12 3. Mercury (Tota 1) 
124.Nickel (Total)** 
125.Seleniun (Total) 
126.Silver (Total) 
127.Thallit1111 (Total) 
128.Zinc (Total)** 
129.2,3,7,8-tetrarhlorodibenzo-p-

dioxJn (TCDD) 
130.Abietic Acid 
131.Dehydroabietic Acid 
132.Isopimaric Acid 
133.Pi•aric Acid 
134.0leic Acid 
135.Linoleic Acid 
136.Linoleoic Acid 
137.9,10-Epoxystearic Acid 
138.9,10-Dichloroalearic Acid 
139.Honocblorodehydroabietic Acid 
140.Dichlorodehydroabietic Acid 
141.3,4,5-Trichloroguaiacol 
142.Tetrachloroguaiacol 
143.Xylene 

*Not analyzed. 

Not 
Detected <10 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

* 
11 
lJ 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 
11 

11 
6 

11 
6 

11 
6 

11 
10 
11 

10-100 >100 

5 
10 

5 

5 

9 2 

Not Not 
·\ve Detected <10 10-100 >100 Ave Delrrted 
-----------~·------- ---------·-

1 
8 

27 
10 
10 

1. 2 
13 

2 
5 
2 

SS 

12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

* 
1 
1 

11 
2 

-3 
6 

11 
11 
12 

8 
11 
11 
I 1 
11 

3 

11 
4 

12 
2 

12 
12 
12 

2 
l 

8 
8 

7 

JO 

6 

4 

5 
4 
2 

2 

2 
42 

4 81 
26 
36 

1. 5 
35 

3 
2 
2 

6 SSS 

7 365 
10 700 

1 9 
s 87 
3 99 
3 192 

18 
s 

41 
s 

J 
44 

0 
0 
0 
() 

() 

0 
() 

0 
() 

0 
0 

·.'r 

7 
'.i 

11 
8 
6 

10 
11 
11 
II 
II 
11 
IO 
10 
II 

**Conaiatent discrepancies existed between split sample results for thi:. compound. 

<10 

II 
7 

11 
5 

11 
J 

11 
10 
II 

2 

10-100 >100 Avr 

4 
II 

6 

7 

J 
3 

2 
3 

4 

2 

I 

12 
~1 

JO 
16 

J_ 'i 
38 

2 
6 
2 

124 

94 
89 

12 
16 

6 



Compuuud 
NumhPr 

~ 

3 
..c. 
0 

30 

62 

TABLE V-:•9 

SU!111ARY m· SCREENING ANALYSIS RESUl.TS AT 17 VERIFICATION MILLS 

Average 

·--~~'!.8~ - ·- -· Concentration 
ND <10 10-100 >100 _ ~()~und ~~me _ S~nip!!' .Loc<~t i_~!! --·-- -·- -- - -· ---- ------ - ___iruu_ 

Benzi dine Raw Wastewater 15 I 0 I. I 
Final Efflut>nl II 1·:.-~· !>'•* 0 I. 5 

Acrylonitrile Raw Wastewater 16 0 I 0 l.4 
Final Effluent II 0 2 0 3.2 

1,2-dichloroethylene Raw Wdter 16 0 0 0.2 

N-nitcosodiphenylamine Raw Waslewatf'r 16 0 0 l.O 

*Compounds listed are those detected .Juring screening studies conducted al 17 
verification mills that were not det~rled in auy wastewater samples ldken al 
the II mills sampled duriug initial •creening surveys. 

*>'•Final effluent from clarifier al a ~,.Jf contained mill. 



'fAllLE V-10 

SlJ/INAllY OF El'A HEGIONAL S & A SCHEF.NING PROt;RAH RESU!.TS AT 42 tl!Ll.S 

K..iw Wasle •·iual Eftluent ·- ·----···------·· - - - - -- .. --- -- iia-:-aTti-i ff;--No. of Hills 
No. of tli 11 s wht.•t e po 11 ulanl No. of Hi L ls where polluta11t W'dS 

'f'1>x.lc 11t1f Jut,111l:-, wht>r<· IJOJ luldlll \ol.'aS dclterlc•d dl Conce11trdtio11 where pollutant detected at greater Conccntralions 
dt•l t>l'lc•d dht•V(' JI) 11g/ I WJ:i tft!f.t>Clt:d grt:~~ ~~!. lh~n JO !Jg/ L_ R'!_!!JSC J!J!IL l) -- WdS d"tecle1I - - ~d!~ __ ) 0 ___l!g{l __ ___ R~ug~ (_Hg(!)_ --·--·---

.. _ tu•f1£t'Jlt' JO 1 ND- 30 10 2 Nil- 80 
11. 1., I, 1- l r i d1 ! llr\>t~l h.Jnt• 9 4 ND- 70 7 ND- 16 
Ir>. 1 , I , '2 , l - Lt.' l r J l 11 I 11 r<,t• l }1..t ne () 0 ND Nil- Z4 
I 7 _ bi~(<l.J "rouu.:ll1yl) ctht>r 0 0 Nil NO- IL 
18. h1~(2-dtluro<'lhyl) et lier 4,900- 7,ZOO 
I.I L, 4, 6- tr 1 1 Ii I u n1phl'lllJ l 21 JO NO- 26:l IL 3 ND- 14 
2 l. (Ji ( ,, fV t l>f Ill ]~> 26 ND- 5,500 24 16 Nil- 1,200 
2'J. I, l -111 \!al ''l oet lty ll.'111' 4 0 ND- <10 4 l Nil- 86 
II - '2,~-dtl lll1>rnpltt·uul lb ') NO- 22:! 9 1 Nil- 41 
!4. 1. ,.'.+-1l111H'lh) lplit'llol ') 5 ND- 85 4 0 ND- <.10 
.!"). :'.,"t-1Jir11Lr1•l\Jl11t•11t.' 0 0 NO ND- 14 
h"1. 2 ,6-1l111i t 1·ul1>ltlt~Jlt· 0 0 Nil Nil- IS 
4J. 111~{ ~-d1J,., ut"'lhoxy) uwth.Jllc I ND- 74 0 0 ND 
«4 - nu· I l1y l1•11t• 1.. ti I 1..> r I J(• It; 13 ND-10,000 15 10 Nil- J,600 
4}. L11HmJJun11 1 0 <10 I ND- J:l 

f--' 4!L d I l It l 1J1 uli ro111<111tt.'l ht11h: 8 l. Nil- 88 0 ND- <10 
<r) /, C) • L 1· 1 ( hlu1·vt l1101 u111,·t l1.1ue :, I ND- 48 I 35- 260 
f--' :;1. l hi UrthlJi1f\)IJl()Jlll•llt.J1le 2 ND- 14 2 0 NO- <10 

-,j l1l' .-..:~1cl1 Ju co eye l <Jjlt'll t ,,,f i ('lit' l <IO- 16 
')", 1h1plil11 •• I r111...• 10 2 ND- 74 4 0 ND- <10 
St• 111 t i·uf1( liZt'flt' ND- 50 0 Nil- <JO 
~1L 4-11 i l l"Op1it·1tol <10- 18 () ND- <JO 
b.!.. N·111t rl1:-.<.dipfu•nyf.J1niue 2 0 ND- <IO I I 17- "l2 
h4. pt·11l.1 ... ti lt1rophc11dl JO 4 NO- 54 6 2 ND- 3Z 
c,'.). pht'11<1 I 14 25 Nil- 940 13 4 ND- 53 
ho. l•is(L-.-Ll1ylh.-xyl) !'lit ha I .it c· 27 11 ND- 624 28 12 Nil- I, 740 
ti 7 - l>11l; I l•t•u.·.y I "''th .. "' l •. 'J 2 ND- 240 7 2 NIJ- 30 
t>lS. di -11 J.u l y I pill b.1 I Jl t• 17 4 ND- ]80 19 2 ND- 15 
/()_ .t1 .. thyl plil h., J.1Lt• 12 :; Nil- 67 7 0 NIJ- JO 
/I - d i:11t·Lf1y I phlh.dult• '.-, ND- 31 I 0 Nil- <JO 
tl2. d ilit'llL:Oj J ,li).111tfi(dl t~ll<' 38 0 0 NIJ 
tl'). l 1,.' l 1 .J 1"11 I 0 l Ot~ l hy I t'Jll IO z Nil- 40 b 0 Nil- <JO 
86. l '"' l ut•n1• 2:1 7 NO- 200 15 J Nil- 200 
tl7 l rJchlot 01•lhyl1•ut' 8 () Nil- <LO _') I < 10- 15 
I 12. l'Ch- 10 I 6 (Art1l·11 I •1r 1016) I <10- 12 0 0 Nil 

-- --··-



ctlld 

114. 
fl'>. 
11/. 
118. 
119. 
120. 
121. 

122. 
124. 
IL'>. 
116 
127. 
12!S. 

I-' 
l.O 
N 

Ha"' 
tfcl .1 Is, Nl1. of Hi 11,, No. of SJ mp l«s 
Cy.tu i dt•, wJ1t•re pol l11Lrnl 11t'lectt"I at 

lot,, I Phenolic:~ WdS <il~t eel ~d 10 l n 99 p_g/ I . -·· .. - --· -

Aut imony 12 14 
Ar:;t•11 i c 8 9 
llt- ry I I 11101 4'\ 49 
Cdd1.ii 11111 9 12 
Ch ,.um i 1110 40 51! 
Cup1><• r 41 75 
1:y.111 i dt· 15 25 
J.l'ad 29 28 

N" kt> I 27 36 
St·l,•ui11m 3 5 
s i I VL'f J 6 
Thal I iu111 4 IO 
z ill< 50 45 

.,.,,1 .. 1 Pltt'llU' j C':i 40 16 

TABLE V-10 (Cuullnued) 

W<1l>le 
No. of Samp I es 
dete<·ted at 

No. of Samples 
at gn•ater 

than .1 '!!81 J --· 100 to 

4 
0 
0 
0 

24 
18 

6 
24 
20 

0 
0 
0 

52 

46 

999 pg/_! -

0 
() 

0 
0 
0 
2 

0 
0 
0 
0 
0 

12 

29 

--··-- -- ·-- -· 
No. of Hills 

where pollutant 
was detected 

6 
2 

40 
5 

24 
28 

6 
18 
23 

7 
I 
6 

39 

32 

Final Effluent --- --- --- ------·-- --· 
Ho. of Samples No. of Samples No. of Samples 

detected al detected al dl grcdler 

_!_<!__!~-2~ ...J:!&t !__ __ 19..Q. t_9 __ 22Lf:l.sll ____ !han__!. ~sl_l __ 

11 
2 

40 
5 

33 
64 
JI 
19 
211 
JO 
3 

12 
58 

45 

0 
0 
0 
0 

17 
J 
0 

13 
13 

0 
0 
0 

25 

21 

0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
4 

2 

Tire ful lu• .. 111g pol lulants w<-Ct' il<'leclcd in Jt leasl one raw wao;te and one final effluent sample al a concentration of less than 10 µg/l: 

6 <.'.trl1011 LclrJclduriJt• 
th fncol1c...·rtzcne 

~4. :.!-chJon1pht'll(J( 

25. l, 2-d i cl1 I ocoh~llZPne 
JI!. t•l t&y I ht•JIZt:'llt• 

l11. t I llOf.JJtl ht.>Jlt...' 

Th<' tul luwing lH.I t ul .111l ~ W('I e 

14. I, 1,2-lt ill•lnrul'lhJne 
~O. :!-l l1lor<111avhlhJlene 
:U. l ,J-•l1ddu1upropyl<!11e 

54. isophorone 
59. 2,4-dinilrophenol 
69. Ji-n-octyl phthalate 
81. phenauthrene/anthrJcenc 
84. pyrcne 

d,•tcclt!d 1n at least 011e final effluent sample at a concentration of less than 10 µg/l: 

Tl«· fol lowi11~ pullulJJJl" wet·e dcteclelf in dl least oue n1w waste sample al a concentration of less than 10 µg/l: 

)() - l ,2-d1chlo1·uellldll,. 42. bis(2-chloroisopropyl) ether 
I.I. l, l-J1chlorol'Lhd1te 45. IPt'lhyl chloride 
ii. pJ r .J <.:Ii Jo ro111t.' l .1 l. re so I 60. 4,6-dinitro-o-cresol 

n. 1 )t.-.Jj,·hlorohe11Le11e 77. acendphlhylene 



Verification Program 

As described previously, the contractor's initial screening survey 
results, industry survey responses, and available literature were 
reviewed to develop a list of parameters to be studied in verification 
sampling. Table II-8 presents a list of the priority and 
nonconventional pollutants analyzed as part of the verification 
program. During verification sampling at 17 mills where processes 
were employed that were characteristic of the four mill groupings not 
a part of the initial contractor screening program, screening studies 
were also conducted. As a result of this supplemental screening 
program, three additional priority pollutants not included on the 
verification compound list were identified. However, as shown earlier 
on Table V-29, the level and frequency of discharge of these compounds 
did not warrant a review of the existing GC/MS data tapes for the 
remaining 43 verification program mills to further investigate the 
presence of these three compounds in pulp, paper, and paperboard 
industry discharges. 

Verification samples were analyzed by GC/MS procedures that included a 
quality control/quality assurance program developed specifically for 
the analysis of pulp, paper, and paperboard wastewater samples. As 
discussed in Section II, these procedures were developed to provide 
higher quality analytical results than could be obtained using the 
screening procedures. 

In the verification program, data were obtained on 42 organic priority 
pollutants, 6 metals, cyanide, 14 nonconventional organics (xylene, 4 
resin acids, 3 fatty acids, and 6 bleach plant derivatives), color, 
ammonia, and COD. 

Table V-31 presents a summary of the verification program priority 
pollutant analysis results by compound and subcategory. The table 
shows the number of samples taken at mills in each subcategory and the 
number of samples in which the specific compound was detected. The 
ranges of concentrations and the average concentration of specific 
compounds at those mills where the compound was detected are also 
shown. Results for both raw waste and final effluent sampling points 
are presented. 

Table V-32 presents a summary of the results of analysis for the 
additional nonconventional pollutants investigated during verification 
sampling. The same methodology and format utilized in Table V-31 has 
been used to present summary information in Table V-32. 

Long-Term Sampling Program 

As discussed in Section II, the Agency conducted a long-term sampling 
program to obtain additional toxic and nonconventional pollutant data. 
Tables V-33 and V-34 present summaries of toxic and nonconventional 
pollutant data obtained during sampling of a deink mill and a fine 
bleached kraft mill. Both tables present information on the number of 

193 
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TAULE V-31 

Slltll1ARY OF VERIFICATION PROCRAH ANALYSIS RESULTS 
.-OR TOXIC POLLUTANTS 

Total Tolal Hu11her Of *Concenlration ·~'*Average 

Number Of Sd!Oplf'• Detected Analyses Range (pg/I) Concentration (pg/l) CoA1nenta 

!1>~i~. !'.o!!.!!~-~·~~l~•!~"t<;~Y. ~f!uent _!!!Juent. Jr!f.!!!<"1.'..!:_ _ _!!!.!u".!'_t __ !n.f!'!ent ...... _l:!!!~".!'t __ _l<:a!:.!_~_l!t ._Ef!Ju~~ _ __lr:a_f_!!!!'..'!_t}_f.!!!_~1eut __ 

4. Bcn;:eue. 
Hackel HJ eJched Kraft 
i!CT Bk.ad1rd Krosfl 
Uob I ea chett Kr" ft 

0 Bag 
Semi-Chemjral 
Unblrachetl Kraft 

and Semi-Chemical 
Dissolviug Sulfite Pulp 
Papergrc1de Sulfite 
De ink 

0 fi'ine Papt•rti. 
0 Tissue Pa pt" rs 

J'issup !-~rom Wastepaper 

Pa pt• rboa ,-J fo"ro,. Wastepdper 

Bui lJers' Pap~r and 
Roc1fi11g ~-.. 1 t 

Noni ntt'g1-dl.ed-Fi11e Paper& 

Nouiutegrated-Filtcr anJ 
No11wove11 Pdflt!Cti 

6 6 
'l 9 0 

6 6 I 
6 6 3 

6 6 
4 4 2 

12 12 7 

J 3 
3 3 2 
3 3 0 
6 6 0 
3 3 

15 15 I 
3 3 0 

9 ;/. 

3 3 0 
6 6 0 
3 ] 

3 3 0 
3 3 0 

·--- ------

3 

2 
2 

0 
0 
5 

I 
3 

0 
0 

0 
0 
2 

0 
I 

.. ----- ---- -

o- 3 
0 

0- I 
5- 6 

I- 5 
o- 2 
o- 150 

o- 7 
o- 6 
0 
0 
o-
o-
0 

o- 4 
0 
0 
o-

0 
0 

..,.,. Ndnge. for lhose rajJls where pollutant was delected iu influeul or ~ffluenl. 
ww Avcrdg~ for tl1os~ mills whrre pollutant wag 1tctecled in i11fluent ur effluent. 

2- 3 I 2 Biological Trt-at111eint 
o- 2 0 Biological Treatmt!nt 

o- 3 I Biologic-al Treatment 
o- 3 5 l Biological Treatment 

0 3 0 Biologicdl Trealmenl 
0 I 0 Biological Treatment 
o- 96 57 16 Biological Trcatmenl 

o- 3 2 I Biological Trca lmt~nt 
2- 3 3 3 Partial .-tnal Eff J u"nt 
o- 4 0 Biological Trratmt"nt 
0- 0 Biolo1ical Treatment 
0 0 Primary Treatment 
0 0 Biological Tr~atm~nl 
0- 3 () Primary Treatmc11l 

POTW 
0 0 0 Primary Treatmf'nt 
0 0 0 Biological Treatml"nl 
o- l Primary TrPatmrnt 

0 0 0 Biological Treatmt>nl 
o- 4 0 Pri .. ary Trcalmeul 



Total 

TAIJJ.t: V-.l I (C<>ntinut•d) 

-kConct~ntration 

kangc (µg/ I) Numl1er Of SalRp I rs 

!'!~!£ l\~! ~t~l~~~(~~~~a l~~! y __ _!11 ~!~~~L _ _1~!._f ~!~~-~l:. 

Tota I N11011Jer Of 
Deteclelt AnJlysP5 
''!~!•t __ ~u1.,~~- _ l11fluc11l .~! !!.!~~·n.~ 

4. Bt•11ze11e (contiuucd) 
N0nir1Le~rdted-PaperbodrJ 

JntegraLetf Hiscc))dneou5 
Nonintf'gr..1teJ HisceJ la1wous 

6 CarLou 'fclrdchlor ide 

7. Clilorobt•n.1.cne 
Ile ink 

o Tissu~ Pdpers 

JO. 1,2-flh:hloroethdne 
D~ink 

o Tissue Papers 

Noninlegraled-Fine Pdpers 

11. 1, I, 1-Tr•chloroethane 
Alkalittf'-Fine 
llubleilche<.I Krdfl 

and Semi-Che•ica} 
P.:iperg1·ade Sul f i Le 
De ink 

6 
12 
6 
3 

3 
3 

3 
3 
6 
3 

9 

6 
12 

o Fiue Papers 3 
PaprrboJrd t"rom Wastepaper 15 

3 
Builders' Paper and 

Roof inf! Fe It 9 
3 

Integrated Miscellaneous 12 
Honjr1te8raled HisceJ]aneous 6 

3 

6 
12 
6 
3 

Not Jctccted 

3 
3 

3 
J 
6 
3 

9 

6 
12 

3 
15 

3 

3 
12 
6 
3 

2 
3 
2 
0 

3 
0 

2 
0 
I 
0 

J 
3 

3 
7 
2 

0 
3 
J 
3 

0 

0 
0 

0 
0 
3 
0 

0 

0 
3 

0 
0 
3 

0 
0 
J 
3 

o-
6-
o-
0 

:17-
0 

0-
0 
0-
0 

o-

4 
11 

47 

5 

2 

71 

J
JJ0-2 ,000 

6- 53 
o- 4 
o- 5 

o- 20 
0 
3- 187 
4- 9 
7- 22 

~ Range fc)r ll1ose •ilia where pollutant wa1 detected in influe11t or effluent. 
*"k Aver.age for those mills where pollutant waa detected in influent or effluent. 

o-
0-
o-
0 

0 
0 

0 
0 
J
o 

0 

0 
6-

0 
0 
2-

0 
0 
1-
4-

2 
2 
2 

2 

8 

4 

5 
17 

kkAvcrdge 
Con<:cnl ral ion (µK/ 1) Corwflt."fll s 

lnflueut . E_!l lu!'n~ _ !n.t!~.!'~ff:f~!l!""l 

I 
9 
I 
0 

43 
0 

J 
0 
1 
0 

24 

5 
1,243 

22 
2 
2 

7 
0 

67 
6 

14 

I 
I 
0 

0 
0 

0 
0 
2 
0 

0 

0 
7 

0 
0 
3 

0 
0 
2 

JO 

Biological Treatrn~11t 

Biological Tredlmt!Ul 
Primary Treatment 
Pri~ary w/llc1Jdjng Pond& 

Partial Final Efflnenl 
Biological Treat~e11t 

Pdrlial •'inal Effl11<'11t 
Biological Tr<'atmeut 
Biological Treal81t'Ot 
PriMary Treatruent 

IHoJogical Treatment 

Biological Treatment 
Biological Treatiaeul 

Biological Treatment 
Biological Treatment 
Primary Treatment 

POTW 
Primary Treatment 
Biological Treat...,.nl 
Prii:aary Treatment 
l'ri11ary w/Holding Pond 



Total 
Number Of Sa•ples 

Tol(.i<.~. ~oJ ll~~~n.~(~~-~·~~l_!_li~!"Y __ }.!!~!~J~~! E~!J~~~!:. 

l"l. l,l-Oirhl(1ruett1dtlr 
PJ11ergrade S11Jt"ite 

15. I, J ,2,2-Tclradtlorot•Lhane 

21. 2,4,6-Tni:hloropht-nol 
HJrk~t BJ~Jt·h~d Kraf l 
RC:T BleJt.ht.~•I Krdft 
AlkJI 1nt--Fine 
Dissolving Sulfite Pulp 
Pdpc-~q~Ltdt· Sul f j l<' 
Deiok 

12 

6 
9 
9 
4 

12 

o Fiut• PJlH'rs 3 
o T 1 ~sue Pdpers J 

3 
l'apc·rboJrd from Wdstevaper 15 

3 
lnlegrJle•I MisccJJar1co11s 12 
Nu11i11tcgrdled H1sc~lldt1~ous 6 

'l.2. l'drachlorullt<'la Cresol 

L.L Chlorotor111 
Dss~olving Kraft 
HJrkct Bleached ~raft 
BCT Hlcarhed Kraft 
Alkdline-l•ine 
U111Jle.arhec1 Krdfl 

o l.int'rhoJrJ 
St·nii -Chenli ca I 
\Jublt'rtd1ed Kraft 

Jlld St.•1ui-Cht·11ical 
Dissolvi11g Sulfite Pulp 
Pa pt• rgraJe Su J f i te 
Grc,u1Hlwood-Fine Papers 

3 

) 

6 
9 
9 

3 
6 

6 
4 

12 
6 

12 

Not detected 

6 
9 
9 
4 

12 

3 
3 
) 

15 
J 

12 
6 
3 

Not dete<·ted 

3 
6 
9 
9 

3 
6 

6 
4 

12 
6 

TABLE V-31 (Conlinuoed) 

Total Number Or 
Oet~Lted A11alyses 

r !!f ~~,~·~--~ !'!. !~!!.~ 

3 

6 
B 
9 
4 
6 

2 
3 
0 
5 
3 
I 
3 
0 

3 
6 
9 
9 

3 
3 

2 
4 

12 
6 

0 

6 
I 
7 
4 
6 

I 
3 
0 
2 
) 

I 
3 
0 

3 
6 
8 
9 

0 
0 

0 
4 

12 
6 

*Concentratinn **Average 
Range (µg/l) Conu,.nlration (µg/l) c.,_nls 

__ !.!!!.!tJen!_ _ _!;glue'!! ____ !f!!l_IJent _Eff!'!enl __ Ioflu~nt/Efflu~!__ 

5- 22 

I- 26 
0- 21 
3- 23 
7- 15 

10- 370 

o- 16 
29- 65 

0 
o- 5 

270- 420 
o- 18 
6- 30 
0 

360- 900 
830-2,200 
580-4,000 
43-1,800 

I

I -
2 
4 

o- 6 
110- 360 
62-8,600 
17- 240 

0 

3- 6 
o- 2 
o- 8 
I- 7 
2- 270 

o- 21 
39- 43 

0 
o- 6 

420- 450 
o- 3 
6- 28 
0 

40- 86 
6- 20 
0- II 
2- 110 

0 
0 

0 
1- 42 

JW-1,200 
4- 36 

12 

11 
8 

II 
II 

181 

7 
48 

0 
2 

360 
6 

18 
0 

647 
1,405 
1,550 
1,148 

I 
2 

3 
268 

2,677 
99 

0 

5 
I 
3 
5 

106 

7 
41 

0 
I 

430 

19 
0 

67 
12 
6 

52 

0 
0 

0 
13 

433 
15 

Biological Trealmenl 

Biological Treau.ent 
Biological Treau.ent 
Biological Treat11ent 
Biologic•) Treat•eut 
Biological Treat•ent 

Biological Treat..,nt 
Partial Final Effluenl 
Biological Treat11ent 
Biological Treau.ent 
Primary Treau.ent 
Biological Treat•ent 
Primary Treat.ent 
Pri-ry w/Holdlng Pond 

Biological Trealment 
Biological Treat11ent 
Biological Treatment 
Biological Treat.ent 

Biological Treatment 
Biologjcal Treatment 

Biological Treatment 
Biological Treat•ent 
Biological Treat10ent 
Biological Treatment 

·>: RJrlftf.' for those r•ills ""'hen• pol)ulant was detected in influent or effluent. 
*-:.: Avt-'r.Jgt~ f1>r Lhost- alills where pollutant wets 1fctected in Jnflueut or effluent. 



Total 

lvx 1 (, l'o 11 ul.t~ll (~u1!~·~-!_~gory 

Nu.iober Of Sdnaples 

Influeul ~ff!~~.!~~_ 

23. Clilvroform (cunliuued) 
Oe1nk 

u 1''i1w f>.:t(J<•rs 

o Tissue Papers 

o Nt:wsµri11t 
Ti~::out.• Fr11111 Wdslt•pJper 

Hui Ider~· P..tper dlld 
RoofiuK Fell 

No11i11tegral~d Fine Pai.u:rs 

NoniuleKrJlt~d Tissue Papers 

Noninl•'&l"Jl<~ct Lightweight 

J 
J 
3 
3 
6 

15 
J 

9 
J 
6 
j 

3 
3 

Pa1,e1·s 3 
l11lt·grJl,•d Miscel laneou::o 12 
No11i11lt•1i<rated HitH'<'l l.u1eous 6 

24. 2-Chlorophrnol 
l'dpe1·grode Sul file 
Uci11k 

o Fiue Papers 

ll 2,4-Uic.hloniphenol 
N•ckrl Bl~Jched Kr•ft 
BCT Rlearhed Kraft 
AlkJlint.•-t'ine 
Ui!tsolving SuJfite Pulp 
l'dpeq,(ra1te Sul file 

12 

3 

6 
9 
9 
4 

12 

J 
.l 
3 

6 

15 
J 

J 
6 
3 
J 
3 

J 
12 
6 
3 

12 

6 
') 

9 
4 

12 

TABLE V-JI (Continued) 

Total Number Of *Conceutration **Average 
D<•Lected AnJ I yses Range (µg/l) Concentration (µg/ l) Co11111ents 

lnflu<·nl -~!flo!~'..!'.~---·-.1.!!!!_~~~ !'_!_fluent _.!..!'.f.!.•!.!;•!!: _EfU~!!!:._ __ . !.!'.~!.IJ.~nt/~ffluenl 

J 
J 
J 
3 
l 
0 

ll 
0 

J 
0 
3 
3 
J 
0 

3 
4 
3 
0 

2 

4 
4 
2 
2 
6 

0 

] 

3 
3 

0 
I 
3 
0 

0 
3 
J 
3 
0 

J 
3 
3 
0 

3 

4 
2 
I 
7 
3 

670-9,700 
l ,000-1,800 

12- 46 
I 
o- 9 
0 
o- 40 
0 

2-
0 
0-
4-
2-
0 

21 

26 
9 
4 

15- 51 
O-l, 100 
3- 15 
0 

o- 120 

0- 2 

o- 8 
0- 4 
o- 6 
o- 4 
2- 220 

95- 240 
48- 61 

2- IO 

o-
0- I 
o- 20 
0 

0 
o-
4-
4 
0 

2-
0-
2-
0 

21-

0 

6 
6 

3 
14 
6 

50 

o- 8 
o-
o- 5 
o-
o- 130 

4, 190 
1,367 

25 

3 
0 

15 
0 

10 
0 
6 
7 
J 
0 

27 
417 

8 
0 

65 

4 
2 
3 
2 

103 

145 
55 

5 

0 

4 
0 

0 
3 
5 
4 
0 

3 
5 
4 
0 

37 

0 

4 
I 
2 
I 

53 

Biologicdl Treatment 
Partial final Effluent 
Biological Trealmt"lll 
POTW 
Biological Treatment 
Priaary Treatment 
Biological Treatment 
Primary Treatment 

POT\t' 
Pri•ary Treatment 
Biological Treal•ent 
Pci•ary Treatment 
Priaary Treatment 
Biological Treatment 

Biological Treat11ent 
Biologi~al Treat•ent 
Primary Treat01ent 
Prio1ary w/Holding Pond 

Biological Treatment 

Biological Treat•ent 

Biological Trcatm~nt 
Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Tre•tment 

.;._. t<at1KP lot Lhose mj I ls ..-hf' re polh..1tanl was dctr.(·tec.J in influeul or effluent. 
~·.··;.· Avt'rdgc...' tur thost• 1111JJs where pulJutaut ti.>a.~ detected iu influent oc effluent. 



1--' 
1..0 
CD 

Told I 

Numher Of Sample:. 
f11(l11tml 

JI. 2,4-Dithlnr.,pht~uuJ (<·unli11ut:d) 
Dt· 1111' 

,i Fine P.Jl•t•1·s 
o T J ~bt1t• P.1pc c:. 

JR. ElhylfJt.•11...:t>ne 
tl.u·)..c•l Blt.•J<·hetl Krdft 
BC:T llJ1•Jd1t•d Kr.tft 
ll11hJt.••H·hl·d KrJft 

o u.-1,.-; 
S1•rn1 -Clu·1111 CJ I 
G1u11111\wood-t-"1n ... P..lper~ 

Uc 111k 

o Newsprint 
o Tiss111· P..iperb 

Hui Jdt>r~· P.•per auJ 
Hoof inK fo't>l l 

N~)11111l~grated-}"'i lter 

3 
3 

6 
q 

6 
6 
6 

3 
:I 
3 
6 
3 

9 
3 
3 
3 

and Nonw-oven PJper.s 3 

3 
No11 lnlt·gral ed-P.alu·rhoa rd 6 
Jnte~l""c&lt•d tli.stellaueous 12 

No111nL1•gr.tled Hii;rt.•11.uu.•ous 6 

ltJ. Fl11ordnlht•11t• 
llissnlving Kratt 
Oi:,~olvi11g Sulfite Pulp 

3 
4 

1£ t t I •Jent 

J 
j 

6 
9 

6 
6 
6 

:I 
3 
6 
3 

3 

3 
3 
6 

12 
6 
3 

3 
4 

TAHl.E V-:ll (Continued) 

Told) N11mht'r OJ 
Dt.·lc .. :ted A11dly~e.·s 

Int Jueul lft l1w11t 

0 

I 
0 

3 
2 

2 
l 
0 

3 

0 

0 

0 
3 

2 
0 

... --· ·--. 

1 

2 
0 

0 
I 

0 

2 
0 

0 
0 
0 
0 

0 
3 
0 

0 
0 
2 
0 

0 
0 

0 

*Concentration *~Average 

Range (µg/l) Conccnlralion (µg/1) 
l!!l!1_1!'1_l_~-- ___ E_f!J-'!'.'.!'t _ l.!!!:_l~~_llt __ E_f_!!l_l~!_l!:_ 

0-
1-
0 

0-
0 

1-
o
o-

0-
27-

0 
2-
o-

5 
5 

82 

2 
2 
3 

4 
45 

74 
5 

1- 11 
0 

54-39,000 
0 

o-
0 
2-
0-

o-
0 

0-
0-

2 

6 
2 

32 

7 
4 

o-
0-
0 

0 
o-

0 
0-
0 

u 
0 
0 
0 

0 

3 
2 

3 

2 

36- 300 
0 

0 
0 
o-
0 
0 
0 

0 
0-

2 

2 
4 
0 

27 
0 

2 

2 
33 

0 
27 

2 

5 
0 

13,081 
0 

I 
0 
3 
I 

13 
0 

2 

0 

0 

0 
1 
0 

0 
0 
0 
0 

0 
149 

0 

0 
0 
I 
0 
0 
0 

0 

Co1D111ents 
_ !!'Puent/~f!luent,__ 

Biologicdl Trealment 
Partial Final Effluent 
Biological Tr~alment 

Biological Treatment 
Biological Treat•~nt 

Biological Treatment 
Biologicdl Treatment 
Biological Tr~ataenl 

POTW 
Partial Final Effluent 
Biological Tre.1t•ent 
Biological Treatment 
Primary Treatm~nt 

POTW 
Primary Tr~atment 
Primary Treatment 
Biological Treatment 

Biological Treataenl 
Primary Treatment 
Biological Treatraent 
Biological Treataent 
Primary Tr~atment 
Primary w/Holding Pond 

Biological Treatlllent 
Biological Treat~ent 

·-------------

·:, Rangt.• fur tho::1t' 111ills whert> pollutant was dt-lt.>cleJ in influent or effluent. 
** Avl:r~•K~ f,,r lftu~e mills wf,cce pollutar1t WdS det1•ct~d in i11fluent or effluent. 



TABLt: V-31 (Continued) 

Total Totdl NUA1ber Of *Concentcation **Avecage 
NU111ber Of Sa•pl es Oetected Analyses Range (µg/I) Concentration (~lg/ l) Co-.,nls 

!_~!<i, __ _f~!_!~_!!f!~/Subcal'08~~i' . l!>!!!!!!'.!:._!!!!~~'!!__.!!!__f_!~~----Effln<:~ __ IE_~~uenl ____ Efflu~•!: __ !_n_fJuen_~ _ l.ifflu~l~ __ __!!~lueE_l/Uf!__1~c;_ll_!__ 

44. Methylene Chloride 
Oissolving Kraft 
Market 81 !!ached Kraft 
BCT Bledched Kraft 
Alkaline-fine 
llnblearhe•I Kraft 

o l~inerboard 

o Bag 
Semi -Cht.•m i cal 
llubleached Kraft 

dOd Se~i-Chemical 
Oissolvlng Sulfite Pulp 
Papergrdd~ Sul file 
Gruundwood-Fine Papers 
Ile ink 

a Ti s~uc Papers 

o Newsprint 
Tis!->ue From Waslepaver 

Paperhoan.I l''rom Wastepnper 

Wa2ilepaper-Molded Produi.:ts 

Bui l<iers' Paper and 
Roofing Felt 

Noniutcgrated-li'ille Papers 

Noninlegrated-Lightwelghl 
Papers 

Ho11integraled-Paperhoard 
I11t~gratt•J Miscella11rous 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 
6 
3 

3 
6 

12 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 

6 
3 

15 
3 
3 

3 
6 
3 

3 
6 

12 

3 
4 
4 

3 
3 

JO 

3 
0 
I 
3 
3 
6 
0 
2 
0 

4 
0 
I 
2 

J 
4 

0 
2 
6 
2 

0 
5 
6 

J2 
0 

3 
0 

0 
2 
3 
3 

0 
2 
3 

2 
0 
4 

o-
1-
o-
2-

2 
4 
3 

2- 3 
o- 290 
0- 21 

o- 220 
o- 3 
0-2,500 
o- 13 

J 1- 14 
0 
o- 3 

17- 410 
1- 11 
o- 4 
0 
o- 2 
0 

o-
0 
o
o-

o
o
o-

6 

I 
17 

2 
3 

10 

* Rauge tor thost> mills wht~re pollutant was delectec1 jn influent or effluent. 
*4

.:C Avecdge foe Lllo:ie mills where pollutant was detected in influent or effluent. 

0 
o-
0-
o-

0 

o-
1-

2 
4 

6 
14 

0- 80 
o- 2 
2-3,100 
0 

1- J 
0 

0 
o- 4 
o- 4 
3- 142 
o-

0 
o-
5-

o-
0 
o-

I 
8 

2 

I 
2 
3 

2 
50 

6 

58 
2 

291 
4 

12 
0 
I 

174 
5 
2 
0 

0 

2 
0 

I 
-;. 

0 

2 

0 
4 
5 

13 

271 
0 

2 
0 
0 
0 
2 

'.">0 
I 

0 

0 
2 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treatment 
Biological Treatmen~ 
Biological Treat~ent 

Biological Trealmenl 
Biological Treatment 
Biological Treatment 
Biological Tredtmcnt 

Partial Final Effluent 
Biological Treatment 
POTW 
Biological Treatment 
Primary Treatment 
Biological Treatment 
Priaa ry Trea tU1ent 
BioJogical Treatment 
POTW 

PUTW 
Primary Treatment 
Biological Treatment 
Primary Trcatmcr1t 

Biological Treatment 
Biological Treatmc11t 
Biological Treatment 



N 
0 
0 

TABLE V-31 (Continued) 

Total Total Number Of *Concentration 
Detected Analyses Range (µg/l) N11A1be r Of Samp Jes 

Toxic .!'~~J_)~·~~~-~!~~~-l.!-'&~i:y __ .!_~~!!.~ -~~!}_~~!:~!. l!•~ I •~"._!~I_ -~~[!u~•!! ___ !E}_!_~~nt _ _ --~!_!!~~·t 

47. Hromoform 
Papt•rboarJ Fco111 Wastep.1per 

48. Dj ch J orobro1110111cthane 
l)issolvi11g KrafL 
Al kd 1 i llt'-Fi ne 
P.1pergracle Sult i te 
l'dJWrhoard t•ront Wastepaper 

Huilderb' Pap~r aud 
Houfing Eo~eJt 

49. Tri<l1lorof·Juoroaethaue 
Bui ldertt' Pd per and 

Roufiug Fell 

51 . n i h1 omoda I oro01r.lhane 
Builder~' l'dper and 

Roofing Fell 

~4. I sophurone 
Uuh)e.tdlt'd Krafl 

o l.inerhoard 

55. NJphtlialeue 
.St-nli -Ch~111i CJ l 
Ois:,,J)v1n~ S11Jfite Pulp 
Pdp~rgrJ(1~ Sulfite 

15 
3 

3 
9 

12 
15 
3 

9 
3 

9 
3 

9 
3 

3 

6 
4 

12 

15 
) 

3 
9 

12 
15 

3 

3 

3 

3 

3 

6 
4 

12 

0 

I 

I 
3 
3 
0 

0 

0 

0 

3 

2 
3 
3 

0 

0 
0 
I 
0 
3 

0 

0 

0 

0 

0 
0 
3 

0 
o- 119 

0- 4 
13- 18 
8- 40 
0 
o- J 

o-
0 

o-
0 

0-
0 

8-

14 

8 

5 

15 

o- 5 
3- 4 

22- 230 

* HJr1ge for tl1o~c mill~ where pollutant was detected in jnfJue11l or efflucol. 
-1.:. Avt~rag<' tor those mil ls when~ pollutant WdS Jt•l('cleJ in influt·nt or effluent. 

0 
0-

0 
0 
o-
0 
I -

0 

0 

0 

0 

0 
0 
7-

62 

5 

2 

86 

;.-:<AveragP 
Concentration (µg/l) 

l11flue1'l ~fflt1e11t .. ---- ---- - -----

0 
40 

15 
26 

0 

5 
0 

3 
0 

2 
0 

II 

:I 
4 

102 

0 

21 

0 
0 
2 
0 
I 

0 

0 

0 

0 

0 
0 

36 

Comm~nt s 

_!!!i!IJ~lll /.!"'.JJ!~~ 

Biological l'reatm~nt 

Primary Trcatmeul 

Biological TreJtment 
Biological Tceatment 
Biological Treatme11t 
Biological Tredlment 
Pcimary Treatment 

POTW 
Primary Treatment 

PO'N 
Primary Treatment 

POTW 
Primary Treatment 

Biological Treat~e11l 

Biologi~al Treatment 
Biological TrealAIPOl 
Biologi<·a) Trt:>dt1ueot 



N 
0 
I-' 

TABLE V-JI (Cunt imw•I) 

~). NJphltHt lc->ue (cont inueJ) 
Deluk 

u fint.' PJp~rs 
o T1:-.:;1w PJpen; 

lntq~ralt.•d ~J1 scel lan~ou:, 

Tola I 
N'u1ubc c Of ~drup I t•s 
lufluent t:ffl11t•nl 

] 

3 
] 

6 
3 

12 

3 
] 

3 
6 
J 

12 

Total N11mht>r Of 
Uelt~<·ted An.tly~P& 

Jnfl11~11t Effl11e11t 

2 
0 
0 
3 

0 
0 
0 
0 
2 
0 

59. 2, 4-di 11 i l ropheuol Not delected 

64. 1't•nldchJorophe11ol 
BCT Blc•<hrJ Kr•lt 
AJkJJ lHP-Fiih' 

S~JUi -Ch1•m i ca I 
Uul>lC"adu·d Krafl 

ar1J Sr1ni-C:hemicdl 
P.ipt~q~rJ1tt> Stll file 
Groundwood-Fine Papt-rs 
Deiuk 

o 1-'ine PJpers 
o Tissot.' FJpers 

Wdslt~pap1•1·-Mol<led Product~ 

Builders' Paper and 

9 
9 
6 

6 
12 
6 

3 
1 
3 

15 
3 
3 

Hoofing ~·elt 9 
3 

Integrated Hiscclldncous 12 
Noninlegr."lted HiscelJ.H1eous 6 

6~. Pht·rw I 
Dissolvi11g Kt·dfl 
Mdrket Bl~dched Kraft 

3 
6 

9 
9 
6 

6 
12 
6 

3 
3 
3 

15 
3 
3 

3 
12 
6 

3 
6 

3 
J 
I 

1 
6 
3 

3 
3 
0 
5 
J 
I 
0 

6 
0 
4 
0 

2 

] 

6 

3 
2 

0 

3 
3 
0 
0 
3 

0 
2 
0 
2 

3 
5 

;'•Conce11trdtiou 
H•11g~ (pg/ J) 

.. !~!~~~!1~ Effl11r1tt 

67- 190 
0- 78 
0 
0 

16- 43 
o- 4 

5-
6-
0-

0-
1-
3-

31 
II 
5 

12 
12 

9- 24 
10- 61 

0 
o- 19 

850-1,200 
0- 6 
0 

17- 160 
0 
o- 29 
0 
o- 200 

8- 110 
13- 26 

0 
0 
0 
0 
o-
0 

16-
o-
0-

0 
0-
0-

27 

21 
1 
2 

4- 20 
27- 38 

0 
0 

1,100-1,400 
0- 4 

0 
o-
0 
0-

10-

o-

s 

68 

29 
2 

*Range for those mills when· pollutaut wah detect~d in infJuenl or effluenl. 
·:.-A AverJgf? tor those mills where pollutant Wds detected i11 influent or effluent. 

-Jr:.·Aver.lge 
Cor1ce11lralit111 (µg/1) 

~'!fl~~~~--~!f~l)f·~~~ 

142 
48 

0 
() 

26 

19 
8 
2 

2 
6 
6 

15 
38 
0 

6 
1,050 

2 
0 

65 
0 

12 
0 

72 

54 
20 

0 
0 

0 
0 

18 
0 

19 

0 

ll 
34 

0 
1,200 

I 

0 

0 
27 

18 

Commeut:. 
!!• __ ll 11~11t l"~~ •.!~~\~ 

Biological TreJlmcnt 
PJrlial Findl £fflut•11t 
Biological Trrdlme11t 
Biologic:dJ Treatme11t 
Primdry Treatmt~nl 
Biological Trealm~nl 

Hiological TrcalmPnt 
Biologir3l Trcdlment 
Biological Treatmc->11l 

Biological Tn•atmcnt 
ttioJogical Tredtment 
Biologi l'J l TreatAlent 

Biological Tredlmer1t 
Partial Final Effluent 
Biological Treatme11t 
Biological Treatme11t 
Primary Treatme11t 
Biological Treatme11l 
POTW 

POTW 
Primary Tr~almer1t 
Biological TreJtmrnt 
Pri111ary Trt>'atmt~nt 
Primary w/llolding Pond 

8iologi<·al Tredtmt•11t 
Biological Trealme11l 



TABLE V-31 (Continued) 

Total Total NUllber Of *Concentration **Average 
Number Of s .. mplea Detect"d Analyses Range (jJg/l) Concentration (µa/l) c-nt• 

To~!_~:. r.o~-~ ~J!~~~,~~£_ategor~_ - Jo fluent Effluent ~)uent Effluent Influent Effluent Influent Effluent Jnfluent[!ffluent 

65. Phenol (continued) 
!JCT Blead1ed Krall 9 9 9 4 25- 92 o- 17 55 5 Biological Treat.eat 
Alkaline-Fine 9 9 6 2 4- 14 o- 2 II 1 Biological Treal8ent 
Unbleached Kraft 

o Linerbodcd 3 3 J 3 41- 110 3- 4 77 3 Biological Treat..ent 
o Baa 6 6 6 0 50- 140 0 89 0 Biological Treat9ent 

Semi-Chemical 6 6 6 6 160- 400 3- 24 230 14 Biological Treat..,nt 
llnhleached Kraft 

and Semi-Che•ical 6 6 6 0 30- 100 0 56 0 Biological Treat.ent 
Dissolving Sulfite Pulp 4 4 4 4 12- 19 1- 10 14 5 Biological Treat..,nt 
Papergrdd<• Sul ti te 12 12 II 8 o- 640 o- 250 176 41 Biological Treat.ent 
G rouuctwood-t' i ne I' ape rs 6 6 6 4 15- 51 o- 5 28 2 Biological Treatment 
flpinlr. 

o f'i ne Pape ra J 3 3 0 8- 41 0 22 0 Biological Treat.ent 
o Tittsue P..tpera 3 3 3 0 76- 150 0 119 0 Partial Final Effluent 

3 3 0 0 0 0 0 0 Biological Treataent 
o Newsprint 3 I o- 4 1 PO'N 
Tis~ue fC"CJ• Wastepaper 6 6 6 4 4- 140 o- 6 41 2 Biological Treat.ent 

3 3 0 0 0 0 0 0 Prieary Treat.ent 
Pdperboard From WaatPpaper 3 3 3 3 430- 500 310- 520 457 427 Priaary Treat.ent 

N 
15 15 15 2 6- 91 o- 13 41 1 Biological Treat.ent 

0 WastcpJpcr-f1olded Produclti 3 3 4- 8 6 PO'N 
N 3 3 3 7- 9 o- 3 8 Biological Treat.ent 

thli lder-s' Paper auJ 
Roofing Fell :l 3 3 3 l, 100-1,400 1,200-1, 700 1,233 1,433 Pri-ry Treat.ent 

9 9 51- 280 134 PO'N 
Nouintegr ... tcd-Fine Papers 3 3 3 3 44- 150 22- 66 94 38 Priaary Treat..,..t 

6 6 4 0 o- 25 0 6 0 Biological Treat.ent 
Nonjr1tegrdted-Tjssue Papers 3 3 3 2 1- II o- 9 5 4 Biological Treat..,nt 

1 3 2 2 o- 2 o- 3 1 2 Pri•ary Treat..,nt 
Noni nt~gra Le\l-Lightwright 

PJpers 3 3 2 2 o- 4 o- 3 2 2 Biological Treat.eat 
No11inleMrated-Filler 

Jrtd Nonwoven PJpers 3 3 0 2 0 o- 17 0 10 Pri-ry Treat.arnt 
3 3 3 1 8- 150 o- 3 64 I Biological Treataent 

N<)n i ntt:'gcatec1-Paperboa rd 6 6 6 3 2- 10 o- 3 6 2 Biological Treat ... nt 

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

-!.. Range for those •ii Is where pollutant was det.,cted in influent or effluent. 
·,';-,'r Avcr.o1gc for those •l I h wl1ere pollutant was detected in influent or effluent. 



Total 
Nuonhcr Of Samples 

'f~~ i~ !'._o_l ! IJ~ ~~~ /~IJ~' :' ~~g~!}'__!!!!J 11cnl _~f flucn_! 

65. l't1t'110 1 ( conl i """" J 
l11tcgr.1t1•d Misu,l lancous 12 
Noniulegraled Mi sc<•1 laueous J 

66. Bis(2-ethylhcxyl) Phlhalale 
Uissolviug Kraft 
Mackel Bleached Kraft 
BCT Bledchcd KrJft 
Alk .. Iinc-fi11e 
Unbleached Kratt 

u Linc rhocJ nt 
o Bag 

Semi-Chemical 
llnhle.i<:hed Kraft 

and Semi-Chemical 
Diss<.>lvlng Sul fi l" Pulp 
Papergrdde Sulfi1.
G1·0111u.Jwuud-1''i11e J',JJll~rs 

Ile ink 
o Fine Papers 
o Ti»oue Papers 

o Newsprint 
'J'jsi;ue Frum Wastepaper 

WJstepaper-Molded Products 

llui ldt'rs' Paper .i1ul 
H0u f i ng f•' It 

6 

3 
6 
9 
9 

J 
b 

6 

6 
4 

12 
6 

.1 
3 
3 
3 
3 
6 
3 

15 
3 
3 

9 
3 
3 
t> 

12 
3 
6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 

3 
6 
3 

15 

3 

3 
3 
6 

TABJ,E V-31 (Continued) 

Total Number Of 
Detected Analyses 

Influent Effluent 

9 
2 
4 

3 
6 
8 
7 

3 
2 
5 

5 
4 
9 
4 

2 
3 
2 
3 
3 
5 
3 

11 
3 
3 

9 
0 
3 
3 

7 
2 
4 

1 
4 
6 
6 

I 
1 
6 

5 
4 
5 
6 

1 
0 
1 

1 
3 
I 

10 

0 
3 
4 

*Conce11tration 
Range (µg/l) 

Influent Effluent 

o
o-
0-

68 
5 

14 

15- 180 
6- 21 
o- 35 
o- 190 

3- 130 
o- 7 
0- 46 

o- 16 
2- 22 
o- 200 
0- 18 

0- 10 
4- 26 
o- 20 
8- 20 
3- 5 
o- 19 

17- 34 
o- 83 

11- 18 
1- 4 

5- 80 
0 

410-2,500 
0- 13 

o
o
o-

o-
7-
o
o-

o
o-
3-

15 
3 
8 

4 
94 
11 
49 

9 
4 

29 

o- 14 
3- 38 
o- 91 
2- 14 

o- 4 
3- 5 
o- 2 

0- 1 
o- 8 
o- 20 
0-1,200 

o- 2 

0 
28-2,494 
o- 25 

* HJngc for thooP mi tis where pol lutanl was detected in influent or effluent. 
·',~· Aver.1ge f<>r tl1ui.c mi I ls where pollutant was detected in influent or effluent. 

**Average 
Concentration (µg/l) Conwnents 

Jn flue'!_~_ U!_!~~n_t __ J_n_f_luent/Eff Jue'!~-

15 
3 
6 

72 
14 

8 
29 

49 
4 

21 

10 
9 

29 
7 

4 
13 

8 
13 

4 
10 
23 
14 
14 

3 

35 
0 

1,193 
3 

4 
1 
3 

32 
3 

16 

3 

15 

10 
14 
21 

7 

3 
4 

1 
3 
7 

87 

0 
869 

6 

Biological Treatment 
Primary w/Holding Pond 
Primary Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treatment 
Partial Final Effluent 
Biological Treat•ent 
POTW 
Primary Treat111ent 
Biological Treatment 
Primary Treatment 
Biological Treatment 
POTW 
Biological Treatment 

POTW 
Primary Treatment 
Primary Treatment 
Biological Treatment 



T<>la I 
N11111t.t·r 01 Sdntples 
In! l111•nl Effluent 

66. tl1~U-clhyll11'><yl) Phlh.ilate (conlinued) 
N1nlj11lc.~Krdlt:d-Ti!-.sue Pdper:; 3 3 

Noni 11 L "gr d t 1 • d - L 1 x I 1 l ,.., . i gh t 
P.iprrs J 

Noninlt·~rdlt->d-Fi ltt•r 

Jntf No11-\"\>Vt!ll P.qK•rs J 
I 

No11111ll'gr.Jlt~d-Pdpt·1hl,ard 6 
lulq.~ratt•d ni~<e( ldneous l:L 
No11i11tc.>gr.Jled Mi:;leiJaueous J 

6/. B11t yl lltenzyl l'hlh.1 l.il1' 
lJ11hl.,J1hed Kr.Jfl 

" 11 .. g 
St·111 l -Ch<'111i, .t I 
IJ1~,,dving Sulfil<' 1'11lp 
llt- i 11k 

o Nt•\v!-.print 
1'.tp£"rboard From W.Jslt•paper 

Bui l1ft•1s 1 P"p<'r .11111 
P.uof in;; Ft>l l 

No11111tt~grdlt.~d-Tis!'>llC Papers 

08. lli-11-Butyl Phth.il.Jte 
Uissolviug Kratl 
n.irkel Blra1·hcd KrJft 
llCT BI '""'"'"I J( I •• fl 
Alk.iline-Fine 
llnhleached Kr.ifl 

o Linerbodnt 
o llag 

Semi -Chem i 1·.i I 

6 

u 

'· 
:3 
I 

15 

J 
9 
·1 

:I 

] 

b 

9 
9 

] 

6 
6 

3 

3 

3 
3 
6 

12 
3 
6 

6 
6 
4 

3 
15 

3 

J 
3 

3 
6 
9 
9 

3 
6 
6 

TABLE V-:JI (Continut•d) 

Tut.ii Number Of 
Deleclcd Analyses 

Influent Effluent 

3 
3 

3 

3 
6 
9 
3 
b 

2 

0 

J 
J 
4 

0 
3 
3 
0 

2 
6 
5 
2 

3 
I 
6 

3 
2 

J 

2 
3 
3 
9 
3 
6 

0 
0 
1 

3 
0 

0 

1 
0 

I 
5 
I 

3 
0 
0 

· . .'•Conce11Lralion ·k-kAveragt~ 

Range (µg/1) Concenlrat i 011 (µg/ I) Conunenls 
!r1fl'!."'!~ -· ~~f.l~~rit __ !!•f!•~en_~ _ ~f!l111'..!.'.!:_ __ ..!1_1(l_~J<::._ll_t,jEfJ_!11~1t 

8-
6-

73 
IJ 

4- 7 

0- I 
14- 160 
4- 31 
0- 25 
6- 15 
3- 150 

0-
0-
0 

39 
I 

3- 8 
17- 190 
0- 170 

0 
5- 12 

620- 950 
0 

0-
3-
0-
0-

l
o
I-

13 
4 

27 
2 

10 

11 

8-
o-

38 
13 

6- 7 

0- 4 
13- 61 
0- 7 
0- 220 
I- 26 
1- 11 

0 
0 
0-

38-
0 

o-
0 

o-
0-
0-
0-

1-
0 
0 

81 

0 

15 

3 
19 
23 

2 

2 

'JO 
8 

85 
11 

8 
II 
34 

23 

0 

5 
80 
51 

0 
9 

797 
0 

7 
4 
9 

7 
1 
4 

23 
7 

7 

2 
JI 

2 
25 
15 
6 

0 
0 
1 

63 
0 

0 

5 
0 

1 
8 
4 

0 
0 

Biological Treatment 
Primary Treatment 

Biological Trealment 

Primary Treatment 
Biological Treal111enl 
Biological Treatment 
Biological Treatment 
Primary w/llolding Pond 
Primary Treatment 

Biological Tredtment 
Biological Trt·at111enl 
Biological Treatmenl 

POTW 
Primary Treatment 
Biological Treatment 

Primary Treatment 
POTW 
Primary Trealmeut 
Biological Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Trealmeut 

Biological Treatment 
Biological Treatment 
Biological Treatment 

~ HJ11ge for those mills where pollutant was detected in influent or effluent . 
.... Avt•rag" for those 111i I ls where pollutant was detected in Influent or effluent. 



TABLE V-31 (Continued) 

Total Total Nu.Wer Of *Cooceotration **Avera11e 
Himber Of Saapleo Detected Analyse• Range (µg/l) Concentration (µg/l) Comment a 

'.!'!>Xie P~l!!!!'!ul/Subcate~- _ Influent .Effluent Influent .Effluent Influent _ _!:ffluent Influent Et fluent Influent/Effluent 

6g. Di-n-Butyl Phtbalate (continued) 
Unbleached Kraft 

and Semi-Cheaical 6 6 4 0 o- 12 0 5 0 Biological Treat•ent 
Dissolving Sulfite Pulp 4 4 2 l o- 2 o- 1 l Biological Treatment 
Papergrade Sulfite 12 12 I 0 o- 3 0 l 0 Biological Treataent. 
GroundwooJ-Fine Papen 6 6 4 4 o- 8 o- 11 3 4 Biological Treatment 
De ink 

o Fine Papen 3 3 3 2 3- 9 o- 12 5 6 Biological Treat..,nt 
o Tissue Papen 3 3 l 2 o- 10 o- 12 3 5 Partial Final Effluent 

3 J 0 0 0 0 0 0 Bioloaical Treatment. 
o Newsprint 3 1 o- 2 1 PO'N 

Tiaaue Froa Wastepaper 3 J 0 0 0 0 0 0 Priaary Trealllt!nt 
6 6 1 0 o- 17 0 6 0 Biological Treatment 

Paperboard Froa Wast.epaper J 3 2 J o- 85 JO- 55 32 44 Primary Trealllt!nt 
15 15 11 0 o- 21 0 9 0 Biological Treatllt!nt 

Bui ldera' Paper Mnd 
Roofing •"el t. J J 0 0 0 0 0 0 Priaary Treat.lent 

N 9 5 o- 25 9 PO'N C> 
01 Nonintegrated-Tissue Papers J 3 1 0 o- 3 0 1 0 Priaary Treat.aent 

3 3 0 0 0 0 0 0 Biological Treataenl 
Non int.egra led-1.ightve igbt 

Papers J 3 o- J o- 5 2 Biological Treatment 
Nonintegrated-Filter 

and Nonwoven Paper• 3 J 0 1 0 o- 2 0 Priaary Treatllt!nt 
J J 0 0 0 0 0 0 Biological Treatment 

Nonint.egraled-Paperboard 6 6 J 1 110- 230 o- 61 180 20 Biological Treatment 
Intearated Hiacellaneous 12 12 4 2 o- 7 o- 4 1 1 Biologic.I Treatllt!nt 

69. Di-n-Octyl Phtbalale Not detected 

70. Diethyl Phthalate 
Dissolving Kraft J 3 I 0 o- 7 0 2 0 Biological Treatment. 
Harket Bleached Kraft 6 6 J 0 o- 2 0 1 0 Biological Treatment 
Unbleached Kratt 

and Se•i-Cheaical 6 6 2 0 o- 20 0 1J 0 Biological Treat•ent 
Dissolving Sulfite Pulp 4 4 0 o- 9 0 9 0 Biological Treat~nt 
Papergrade Sulfite 12 12 o- 5 o- 14 2 5 Biological Treatment 

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

* Raoge for those mills where pollutant was detected in influent or effluent. 

** Ave rage for those mills where pollutant was detected in influent. or effluent. 



N 
0 
O""I 

TABl.E V-31 (Cunt inued) 

Total Tota 1 Nuwber Of 
Number Of Sdmples Del<'Cled Analyses 

Toxic- P~l~~~~~!!l/~~~~~!"}' __ !!!_~!~enl -~-~!!!!..t'.'!!!.._. }_!•f!!!.-t:!I~ .~!_!f!~~~~t 

70. Uiethyl ~1thalale (continued) 
Ueiuk 

o Jo~iue Papert1 3 
o N~\W::.pri11t 3 

Tissue From Wastepaper 3 
6 

Pap~rt>Odnt From W.astcpapcr 3 
15 

HuiJJers' Papt:r and 
Rool i ng Felt 3 

9 
NonintegrJled-Ti ss11e Pape-rs 3 

3 
Hon 111Legrdled-Paperboard b 
lutegntlt:d Mita·cllancous 12 

76. ChrysPne 

11. Arena)Jhthylenc 

78. Anthrace11e 
Di8solvi11g Kraft 
llCT Bledched J(ra fl 
Distio!vj11g Sulfite Pulp 

81. Pht>11dnthn·ne 

84. Pyrene 
Djsbolvi11K kraft 

85. Tetrachlorot:thylene 
BCT Bl eachecl Kraft 
Alkaline-Fine 
Unbleached Kraft 

o Bag 
i'dpergradt: Sulfitt> 
Groundwood-.fo"ine Papers 
De ink 

0 nne 
Tissue From Wasteptlper 

J 
9 
4 

3 

9 
9 

6 
12 
6 

3 
3 
6 

3 

3 
6 
3 

15 

3 

3 
3 
6 

12 

Not detected 

Not detectt'd 

3 
9 
4 

Not detected 

9 
9 

6 
12 
6 

3 
) 

6 

0 
2 
l 
6 

0 
6 
I 
0 

0 

3 

2 
0 
I 

J 
2 
0 

2 

0 
0 
J 
3 

0 

0 
0 
2 
2 

0 
0 

0 

0 
0 

0 
2 
0 

0 

0 

*Co11cenlratio11 
Rdnge (µg/I) 

Influent Effluent -------·--·-- -------

0- JO 
o- 4 
0 
0- 55 

12- 210 
38- 690 

0 
o- 180 
0- 35 
0 
o- 12 
o- 6 

o-
0-
0 

o-

5 
3 

6 

I- 5 
o- 3 

0- 2 
0-

o- 2 

22- 180 
o- 220 
0 

0- 6 

0 
0 

220- 320 
o- 310 

0 

0 
0 
o- 130 
o- 4 

0 
0 
()-

0 

0 
0 

0 
o-
0 

0 
o-
0 

6 

57 

*Mange for Lhose mills whPre pc,llutaut was detp1·ted jn influent or effluent. 
**Average for those fnills where pollutant was dclt•cted in inf)ueul or effluent. 

**AvL"rage 
Conce1tlrdtion (µg/l) Conne11ts 

h!f!u~'!~ .. J";.!~!·~!'t __ .!.!'IJ.•!!!!'.!/Efflu~.r!~ 

J 

0 
26 
79 

234 

0 
29 
12 
0 
4 
2 

2 
I 
0 

2 

3 
I 

I 
0 

95 
74 

0 

2 

0 
0 

273 
71 

0 

0 
0 

58 

0 
0 

0 

0 
0 

0 
3 
0 

0 

19 
0 

Biological Treatment 
POTW 
Primdry Treatment 
Biological Treatme11t 
Primary Treatme11t 
Biological Treatment 

Primary TreJlment 
POTW 
Primary Treatment 
Biological Treatme11l 
Biological Trratme11t 
Riologicdl Treatment 

Biological T1cat~ent 
Biological Treat~erll 
Biological Tredtmrnt 

Biological Trealmeul 

Biological Treatment 
Biological Treatment 

Biological Treatment 
Biological Treatment 
HioJogical Treatment 

Biological Treatment 
Primary Treatment 
Biological Treatment 



N 
0 
-...J 

TAB!.£ V-31 (Conlinucd} 

Tola l Tola! Number Of *Concentration *'·~Average 

Numb .. r Of Samples Detected Analyses Range (~lg/ l) Co11ce11t ra lion (µg/ l) Comments 
'.!~~ i c_ __!_'~ 1_ l t!~<J'! l/ ~!•~c~l!:.8_ory ___ I !l f J uc'!~ ___1;ff I uenl Inf~~<:'!~ E f! l ucnt _ ___ !!!_~_!!:'~l_t ______ l=!_f!•!~ul __ !!!!.!_uent _F;_fflu':'~~ __ !!_i_!!u<o_nU~:~f!nent 

85. TelrdC·hJorot•Lhylt'nc (continued} 
Paperboard from Wnstcpaper 15 

3 
Bui ldcrs' Paper and 

l<oufi11g h•ll 

Noni nl egra l t.•d-Papc rboa rd 

86. Toluene 
Dissolving Krafl 
tla rket II leached K1·a ft 
BCT Bleached Krall 
Alkaline-fine 
Unbleached Krafl 

o !.i1wrb0Jrd 
o Bag 

Seuii -Chemical 
Unb!c .. cht•d Kraft 

and S~ui-Chemical 
UissuivinK Suitite Pulp 
Papergr,.dc Sul fi l•· 
Gr<,11111lwiood-Firu~ P.1pcrs 
De ink 

o ~·ine Papers 
o Tissue PJJ.H~rs 

o New1<pri11l 
Tissue From Wastepaper 

Paperboard from Wilslepaper 

Builders' P.1per and 
Woofing Felt 

<) 

J 
J 
:I 
6 

] 

6 
9 
9 

3 
6 
6 

6 .. 
I2 

6 

J 
:I 
J 
J 
6 
.1 

15 
.l 

9 
3 

IS 
3 

3 
3 
J 
6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 

6 
3 

15 
3 

3 

0 

I 
0 
0 
0 
3 

2 
3 
6 
8 

3 
4 
3 

3 
I 
9 
6 

3 
3 
3 
3 
5 

ll 
3 

8 
0 

0 
0 

0 
3 
0 
0 

0 
0 
0 
0 

0 
0 
3 

0 
0 
7 
3 

0 

0 

2 
0 
6 
3 

0 

0-
0 

0-
0 
0 
0 
2-

3 

2 

4 

0- I 
I- S 
0- 4 
0- 180 

I
O-
3-

2-
0-
0-
1-

3 
23 

7 

4 

70 
63 

11 - ISO 
JO- 20 
1- 4 
s- 20 
o- 4 
o- 2 
0- 39 
I- 6 

0- 620 
0 

·'· Rctuge fnr- Lhose mi I ls where pollutant was detected in jnfluent or effluenl. 
~ .. ,-,Average fer those mills where pollutant was detected in influent or effluent. 

0 
0 

() 

8-
0 
0 

0 
0 
0 
0 

0 
0 
I-

0 
0 
o-
0-

0 
0-
0 

0-
0 
0-
2-

0 

9 

4 

66 
2 

8 

s 
s 

0 

0 
0 
() 

3 

I 
3 
1 

23 

2 
6 
s 

3 

23 
lJ 

58 
15 

3 
14 

2 

10 
4 

81 
0 

0 
0 

0 
8 
0 
0 

0 
0 
0 
0 

0 
0 
2 

0 
0 

14 

0 
1 
0 

2 
0 
2 
3 

0 

Biological Treatmenl 
Primary Trealment 

POTW 
Primary Treatment 
Primary Tredlment 
lliological Treatment 
Biological Treatmenl 

Biological Treatnwnl 
Biological Treatment 
Biological Trealmenl 
lliological Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Trealmenl 
Biological Treatment 
Biological Treatment 
Biological Tredtmenl 

Biological Trealmenl 
Partial Final Effluent 
Biological Tredlm••nt 
POTW 
Biological Treatmenl 
Primary Trealmenl 
Biological Treatment 
Primary Treatment 

POTW 
Primary Treatmenl 



TABLE V-31 (Continu.,d) 

Total Total Hu.her Of *Concentration **Avera&" 
NU191>.,r Of ~a•ples Detected Analya.,s Ranae (µg/ I) Concentration (µg/ I) c-nta 

·.~·'?.'! ! ~. ~~!J'!tau~{~'!b.£~-~~~~!!!~.l'!!'nt Effl'!.,nt _ _!nfluent -~!fluent ___ _!!!_fluent _ __!!!!'!!'!'l Influent Effluent Influeat[Effluent 

86. Toluene (continued) 
Nonintegrale~-Fine Papers 6 6 0 3 0 I- 2 0 2 Biological Treauoent 

3 3 0 0 0 0 0 0 Pri .. ry Treat.,..nt 
Non integrated-Tissue Papers 3 3 3 3 2- 380 1- 15 130 6 Pri .. ry Treat..,nt 

3 3 0 0 0 0 0 0 Biological Treat...nt 
Nonintegrdted-Lightweight 

Papers 3 3 2 2 o- 5 o- 2 2 Biological Treatment 
Nouinlegraled-Filter 

and Nonwoven Papers 3 3 I 0 o- 6 0 2 0 Bioloaical Treauoent 
3 3 0 0 0 0 0 0 Primary Treauoent 

Nonintegrated-Pape<board 6 6 3 4 o- 5 o- I 2 I Biological Treatment 
J11tegrated Hi~cellaneoua 12 I:? 6 7 o- 660 o- 150 99 66 Biological Treauoent 
Nonintegrat~d Miscellaneous 6 6 3 0 2- 6 0 4 0 Primary Treat...nt 

3 3 2 o- 3 o- 2 I Pri .. ry w/Holding Pond 

N 
87. Trichlororthylene 

0 BCT Bleached Kraft 6 6 3 0 I- 2 0 2 0 Biological Treat.,..nt 
co Semi-Chemical 6 6 3 0 4- 15 0 9 0 Biological Treatment 

Unbleached Kraft 
and Sc~i-Che•ical 6 6 2 0 o- 3 0 I 0 Biological Treauoeot 

Pape<grade Sulfite 12 l.l 3 0 2- 33 0 15 0 Biological Treat..,nt. 
Ile ink 

o Fine Papers J 3 3 3 130- 850 3- 11 493 7 Biological Treat ... nt 
o Tis~ue Papers 3 3 3 0 8- 13 0 11 0 Partial Fiaal Effluent 

3 3 0 0 0 0 0 0 Biological Treatment 
Paperboard fro11 Wastepaper 15 15 5 0 0- 5 0 l 0 Biological Treatment 

3 3 0 0 0 0 0 0 Pri .. ry Treatment 
Builders' Paper and 

Roofing •"ell 9 5 0- 38 11 POTW 
3 3 1 0 0- 2 0 1 0 Pri..,ry Treauoent 

106. PCll-1242 
Oeink 

o Fine Papers 3 3 0 o- 9.9 0 3 0 Biological Treauoent 

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

* Rau8t- for lhose mill• where pollutant was detected in influent or effluent. 
-Jrk Avet·JR~ for tboae •ills wh<"re pollutant waa detected ln influent or effluent. 



TABLE V·JI (Continued) 

Total Total N.,.ber Of *Concentration **Average 
Number Of Sa•plea Dt'tected Analyses Range <111/l) Concentration <111/1) c-nt• 

!o~!~ _ P.£1! 11~1'!.f~'!Ecat~!)'. l!i_!!uent Effluen~~luent Effluent Influent Effluent Influent Effluent lnfluent[Effluent 

107. PCB-1254 
Unbleached Kraft 

a11J Scmi-Ch~mical 6 6 3 3 o- <I o- 2 Biolo1icel Treat ... nt 
o .. ink 

o Tissue Papers 3 3 0 o- 4 0 1 0 Biological Treatment 
3 3 0 0 0 0 0 0 Partial Final Effluent 

'fissu~ Fr<>11 Wastepaper 6 6 4 3 o- <I o- <l I 1 Biological Treataenl 
3 3 0 0 0 0 0 0 Primary Treatment 

PJperboard •·ram Wastepaper 15 15 I I o- <I o- <l <l <l Biolo1ical Treataent 
3 3 2 3 o- <l <l <l <I Priaary Treataent 

Buildt"n;' Paper and 
Roofing Fell 9 3 o- <l <I POTW 

3 3 0 0 0 0 0 0 Primary Treataent 
Non integrated-Fine Papers 3 3 2 0 o- <l 0 <I 0 Priaary Treat..,nt 

6 6 0 0 0 0 0 0 Biological Treatment 
Nonlntegrated·filter 

oand Nouwoven Papers 3 3 1 0 o- 28 0 9 0 Pri .. ry Treataent 
3 3 0 0 0 0 0 0 Biological Treat..,nt 

N Integrated Hiacellaneous 12 12 2 2 o- <l o- <I <l <l Biological Treatment 
0 Nonintcgrated Hiscellaneous 6 6 I 0 o- 7 0 2 0 Pri .. ry Treataent 
'-0 3 3 0 0 0 0 0 0 Prioaary w/Holding Pond 

108. PCB- Ll2 I Hot detected 

109. PCB-1232 Not detected 

110. l'CB-1248 
Paperboard frOtll Waat .. paper 15 15 4 2 o- JO o- <l 5 <l Biological Treataent 

3 3 0 0 0 0 0 0 Pri .. ry Treataent 
Builders' Pap.,r and 

RoufinK r .. 1t 9 2 o- 4 POTW 
3 3 0 0 0 0 0 0 Pri .. ry Treatment 

II I. PCB 1260 
o .. ink 

o Tiasue Papers 3 3 I 0 o- 3 0 0 Partial Final Effluent 
3 3 2 0 o- <l 0 <l 0 Biological Treat..,nt 

112. PCB 1016 Hot detected 

119. Cbrt>l'lium 
Dissolving Kraft 3 3 3 3 5- 21 <2- 19 11 10 Biological Treataent 
Hark"t Rlf'ached Kraft 6 6 6 6 7- 20 9- 73 13 26 Biological Treat..ent 
BCT Bleacherl KrJfl 9 9 9 9 4- 300 5- 240 85 55 Biological Treatment 
Alkd I im·-nne 9 9 9 9 <2- 76 2- 17 26 7 Biological Treatment 

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

Jr Range for those •ills where pollutant w~s detecteJ in influent or eff11Jent. 
·:.·* Aver.ige for those mills wher~ pollutant was dete<.:led in influent or effluent. 



TABLE V-31 (Conlinucd) 

Total Total N1111ber Of *Cooceutration **Average 
Nwober Of Sa•ples Detected An;olysea Range (µg/ l) Concentr•tion (µg/ l) Ca....nta 

To~.~~- Po! I '!~!'"~l~_lJC:~~&O_!~ I11.f!~!!~ _ Efflu~!_ __ !!!.!!!!~~!!I~!!!__ _lnflue!•!__ _ _!:fflue!'~nfluent -~flu~'!!:_ lnflu~11_!_[Effl~!!!_ 

119_ Chromium ( conli nueJ) 
lln~leddlt'd Kraft 

0 I. i ue rboa rd 3 3 3 3 <2- 11 5- g 7 Biological Trear..ent 

" Bag 6 6 6 6 12- 26 5- 17 )8 12 Biological Treatment 
Scmi-ChcUJ.ical 6 6 6 6 18- 42 16- 23 29 19 Biological Treatment 
Unbleached Kufl 

and Semi-Ch,.•icdl 6 6 6 6 g- 76 8- 47 29 19 Biological TreaLment 
J)iss0Jvir1g Sulfite Pulp 4 4 4 4 18- 46 11-1,100 33 285 Biological Treatment 
Pap~q~ra•le Sulfite 12 12 12 12 6- 66 3- 16 23 8 Biological Treatment 
Grouuth .. ood-fo'ine Papers 6 6 6 6 I- 20 <I- 6 5 2 Biological Treatment 
De ink 

o Jo·ine Pave rs 3 3 3 3 29- 49 2- 9 42 5 Biological Treatment 
o TisHUt~ Papers 3 3 3 3 12- 18 6- 20 15 12 Partial Final Effluent 

3 3 3 3 4- 13 <I- 3 8 2 Biological Treat.ent 
0 New::.priul 3 3 <5- 54 29 POTW 

Tissue •·rom Was t,.paper b 6 6 6 <2- 63 <2- 28 20 13 Biological Treatment 
3 3 3 3 8- 27 5 17 5 Prl-ry Trealment 

N Paperboard from Wastepaper 15 15 15 15 <2- 870 <2- 17 90 8 Biological Treat..,nl 
I-' 3 3 3 3 180- 280 ISO- 195 230 165 Pri•ary Treat..,nt 
0 Wdstepapcr-HoldeJ Products 3 3 3 3 5- 14 3- 4 9 3 Biological Tre•t•ent 

3 3 <2- 8 5 POTW 
Bui ld~r:>' Paper and 

Roofing l'elt 9 9 24- 250 81 POTW 
3 3 3 3 290- 370 230- 350 337 290 Pri-ry Trealment 

Nonj11L~grated-Fine P•per"s 6 6 6 6 <I- 6 <I 3 <l Bioloatcal Treatment 
3 3 3 3 I- 8 <2- 3 5 2 Pri-ry Treat..,nt 

Nonintegr·at~d-Tj~sue Papers 3 3 3 3 <I- 2 <2- 3 2 2 Bioloaical Treatment 
3 3 3 3 22- 23 <2 .23 <2 Pri-ry Tre.at..,nt 

NoninlPgraleJ-Lighlwelghl 
Paper:rt 3 3 3 2 2- 4 o- 3 3 2 Bioloaical Tre.ai..cnt 

Noninlegraled-Wlll~r 

and Nonwoven Papers 3 3 3 3 <I- I <I- 2 I I Pri-ry Treatment 
3 3 3 3 5- 8 <I- 4 6 3 Biological Treatment 

Noni ut~gr.ttrd-PaperboarJ 6 6 G 6 5-1,800 <2- 13 675 6 Biological Treatment 
Inleg,-at~d Miscellaneous 12 12 12 12 <I- 12 <I- 18 5 5 Biological Treatment 

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

* ff;jnge for those •ills wh~re pollutant was detected in influent or efflueot. 
,\-k Average for Lhos~ 1111 ls where pollutant vu dete~ted in influent or effluent. 



N ...... ...... 

Total 
Nu.lier Of Samples 
Influent Effluent 

119. Chr011i,.. (continued) 
Nonintegrated Klacell•neoua 6 

3 

•20. Copper 
Dia•olving kraft 
Karket Bleached kr•ft 
BCT Bleached Kraft 
Alkal ine-FinP 
Unbleached kraft 

o Linerboard 
o Bag 

Se11i-Chetaic•I 
Unbleached Kraft 

aud Se•i-Che•ical 
Di•aolving Sulfite Pulp 
Papergrade Sulfite 
Groundwood-Fine Paper• 
De ink 

o Fine Papers 
o Tissue Paper• 

o Newsprint 
Tissue From Waatepaper 

Paperboard From Waatepaper 

WaMtepaper-Holded Products 

Builders' Paper and 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 
3 
6 
3 
15 
3 
3 
3 

Roofiug ~·ell 9 
3 

Nouintegrated-Fine Papers 6 
3 

No11integral~d-1'issue Papers 3 
3 

6 
3 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

J 
3 
3 

6 
3 

15 
3 
3 

3 
6 
3 

3 

TABLE V-31 (Continued) 

Total Number Of 
Detected Analyses 

Influent Effluent 

6 
3 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

J 
3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 
6 
3 
3 
J 

6 
3 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

J 
3 
3 

6 
3 

15 
3 
3 

3 
6 
3 
3 
3 

*Concentration 
llilnge (111/l) 

Influent Effluent. 

<l
s-

39-
24-
lg-
9-

22 
39 

42 
37 
70 
48 

<2- 16 
12- 46 
44- 120 

16- 64 
8- 35 

<2- 220 
12- 62 

42- BO 
22- 37 
8- 21 

57- 89 
24- 100 

8- 15 
2- 650 

150- 188 
3- 34 

25- 44 

30- 270 
185- 210 
<I- 20 
6- 62 

17- 25 
65- 88 

1-
<2-

<2-
4-

<2-
< 1-

<2-
4-
5-

20 
2 

42 
26 
42 
23 

7 
15 
37 

2- 28 
6- 28 
8- 100 
5- 24 

<2- ll 
12- 40 
<l 

3- 110 
<2- 18 
<2- 42 

143- 162 
2- 5 

87-
<1-
16-
15-
13-

97 
81 
26 
33 
17 

-------- ·---------

* Rang~ for those mills where pollutant wae detected in influent or effluent. 
**Average for those mills where pollutant waa detecteJ in influent or effluent. 

**Average 
Concentration (µg/J) 

Influent Effluent 

11 
18 

40 
31 
46 
22 

9 
24 
79 

38 
17 
71 
28 

61 
29 
13 
76 
55 
13 
96 

169 
16 
37 

145 
202 

13 
43 
22 
74 

5 
2 

17 
14 
17 
8 

5 
9 

25 

15 
20 
33 
14 

6 
22 
<l 

47 
8 

15 
152 

4 

93 
18 
19 
25 
14 

c-ot• 
Influent/Effluent 

Pri .. ry Treatment 
Primary w/Holding Pond 

Biological Treat..,ot 
Biological Trest...nt 
Biologic•! Tre•t...nt 
Biological Treat...ot 

Biological Tre•tment 
Biologic•! Tre•tment 
Biological Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treat.ment 
Partial Final Effluent 
Biological Treatment 
POTW 
Biological Treatment 
Pri•ary Treatment 
Biological Treatment 
Pri•ary 
Biological Treatment 
POTW 

POTW 
Pri•ary Treatment 
Biological Tr~at•~nt 
Priaary Treatment 
Biological Tr~atment 
Pri•ary Treatment 



N ....... 
N 

TABLE V-31 (Continued) 

Total Total NU11ber Of *Concentration **Average 
NW11ber Of Samples Detected Analyses Range (µg/I) Concentration (µg/l) Coaaents 

Toxic !'.~_l l!Jl_~ri!/Suh~!"&~ __ l_!'flue!'_~fflue!'! _ !!'!:l':!~'!!--~~fluen!_ __ Inf_~~~- __ g!:.!_uen__t ___ !.!'f_!uent E!!!.!.'!.!'! __ --.!!!.f!':!ent/Et!:.!_!_!~n_!_ 

120. Copper (continued) 
Non integrated-Lightweight 

Papers 3 
Nonintegrated-Filter 

and Nonwoven Papers 3 
3 

Nonintegrated-Paperboard 6 
Integrated Miscellaneous 12 
No11integrated Miscellaneous 6 

121. Cyanide 
Semi-Chemical 
Unhlea~hPd Kraft 

and Semi-Chemical 
De ink 

3 

3 

6 

o Fine PapP.rs 3 
o Tissue Papers 3 

3 
o Newsprint 3 

Tissue Jo'rom Wastepaper 6 
3 

Paperboard .to~rom Wastepapt'r 15 
3 

WJstcpdper-Holded Products 3 

llui lders' Paper and 
Roofing ~·e It 

Nonintegrated-Lightweight 
Papers 

Nonintegrated-Filter 
and Nonwovcn PaperH 

3 

9 
3 

3 

3 
3 

3 

3 
3 
6 

12 
6 
3 

3 

6 

3 
3 
3 

6 
3 

15 
3 
3 

3 

3 

3 
3 

3 

3 
3 
6 

12 
6 
3 

3 

6 

3 
3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 

3 

3 
0 

2 

3 
3 
6 

12 
6 
3 

3 

6 

3 
3 
3 

6 
3 

15 
3 
3 

3 

3 

3 
0 

10- 54 

14- 28 
6- 120 

17- 300 
2- 68 
4- 59 

60- JOO 

<10 

<10- 25 

32- 162 
72- 110 

<10 
720-2,600 
<10 
<10 
< 10- 143 
29- 155 

<10 
<10 

90-1,200 
25- 170 

<10 

<10-
0 

13 

*Range for lhose mills where pollutant was detected in influent or effluent. 
** Average for those 11illa where pollutant was detected in influent or effluent. 

o- <10 

9- 10 
6- 13 

<I- 10 
<I- 31 
<1- 12 
<2- 31 

<10 

<JO- 15 

40- 95 
170- 200 
<10 

<10 
<10 
< 10- 34 
<10- 25 
<10 

25- 190 

<10 

<10 
0 

37 

19 
61 
78 
33 
29 
81 

<10 

16 

108 
88 

<10 
1,560 

<10 
<10 

27 
74 

<10 
<10 

368 
108 

<10 

II 
0 

4 

10 
9 
4 

13 
8 

12 

<10 

II 

72 
185 
<10 

<10 
<10 

14 
18 

<10 

117 

<10 

<10 
0 

Bio)ogical Treatment 

Primi11ry Treal•ent 
Biological Treataent 
Biological Treatment 
Biological Treatment 
Primary Treatment 
PrilD4ry w/Holding Pond 

Biological Trealaent 

Biological Treatment 

Biological Treatment 
Primary TreatJnent 
Biological Treatment 
POTW 
Biological Treatment 
Primary Treatment 
Biological Treatraent 
Pri•ary Treat~ent 
Biolosical TrPatqent 
POTW 

POTW 
Primary Treatment 

Biological Treatment 

Biological Treatment 
Primary Treatment 



TAJll.li V-:ll (Conlinue<I) 

ToLal Tolal Number Of *Concentration ~-.<-Average 

Number Of Sample• DeLecLe<i Analyses Range (µg/l) Conc~nlralion 11~/J) Comments 

__ !'!.!~!"f!!_~f!~eul __ )_1.'.!}~<'ll_t __!_f_!!_U!!'!_~-- . !!'J~~-n-~ ____ _!f_f!_I!_~'!!__ _ Influent _1:!._f lu'.'11_.lo_ _ I !)_f~_"..ll__t /!(_f c !__U~H~ 

121. Cyanide (continued) 
Nonintegrat~d-Paperboard 6 
IntrgraLe<l Hiaccllaneoub 9 
~0111ntegralrd Hiscella11~ous 3 

Ill. !.ead 
I>issolvinR Kraft 
Harket Blea<hed Kraft 
BCT Bleached Krdft 
AJ kd Ji ne-1-'i ne 
Unbleached Kraft 

o 1.inerboard 

" Bag 
Se111i -Cht~m i cal 
UnbJ eached Kraft 

6 

3 
6 
9 
9 

3 
6 
6 

dUd Semi-Chemic.al 6 
Di•solving Sulfite Pulp 4 
Papergrad .. Sul fl te 12 
Groundwootl-Fine Papers 6 
De ink 

o li'in(• Papers 3 
o Tissue Papers 3 

3 
o Newsprinl 3 

Tissue li"ro,. Wastepaper 6 
3 

Paperboard Fro~ Waslepaper 15 
3 

Wa•tepaper-Holded Products 3 
3 

Buil~ers' Paper and 
Roofing •·elt 9 

3 

6 
9 
3 
6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 

6 
3 

15 
3 
3 

3 

6 
9 
3 
0 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

:~ 

3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 

6 
9 
3 
0 

3 
6 
9 
9 

3 
6 
6 

6 
3 

12 
6 

3 
3 
3 

6 
3 

15 
3 
3 

3 

<10-1,650 
<IO- :W 
<10 

0 

5-
<1-
<l
<2-

18 
54 
10 

<2- <20 
5- 24 

47- 131 

9- 42 
11- 25 
<2- 86 
4- 16 

64- 320 
<2- 44 
<I- 30 
28- 260 

4- 120 
<2- 8 
<2- 900 

135- 230 
2- 33 

<2- <20 

36- 880 
210- 360 

----·- - --- --------------------------------------------
* Range for lhoae •ilh where pollutant was detected in influent or effluent. 

** Average for those mills where pollutant waa detected lo influent or effluent. 

<10-
<10 
<10 

0 

<2-
< I -

3-
< I -

2-
2-

22-

80 

IS 
29 
45 
15 

10 
34 
50 

<2- 24 
o- 30 

<l- 42 
4- 19 

24- 30 
<I- 22 
<I- 3 

4- 120 
<2- 3 
<2- 140 
60- 130 

7- 18 

50- 190 

310 
II 

<10 
0 

6 
9 

17 
6 

<13 
14 
95 

24 
16 
25 

9 

149 
22 
12 

163 
44 

5 
137 
198 
22 

<13 

264 
273 

26 
10 

<10 
0 

8 
9 

18 
6 

5 
16 
35 

13 
15 
JI 
8 

28 
JO 
2 

38 
2 

23 
92 
12 

137 

Biological Trealme11l 
Biological Treatmer1t 
Pri~ary w/Holding Pond 
Primary Treatme11l 

Biological Tredlmt~nt 
Biologi<:al TrcatJAenl 
Biological TreJt.menl 
BioJogical Treatment 

Biological Treatment 
Biological Trealment 
Biologil·al Treatment 

Biological Treatment 
Biological Treatment 
Biological Treatment 
Biological Treatment 

Biological Treatment 
Partial Final Effluent 
Biological Treatment 
P01\I 
Biological Treatment 
Pri88ry Treatment 
BiologicMI Treal ... nl 
Pri88ry Treat.lent 
Biological Treat•ent 
P01\I 

P01\I 
Pri .. ry Treatment 

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



TABLE V-31 {Con ti nued) 

Total Total HU8ber Of *Concentration **Average 
Humber Of Sa•plea lletected Analyses Range {jJg/l) Concentration (jJg/l) c-nts 

!~~~!'~'!tant/Subcateg~!I __ Infl~nt Effl!!~_..!!tflue'!!_~ffluent Influent Effluent Influent Effluent Influent£Eff luent 

122. Lead (continued) 
Nonintegrated-Fine Papers 6 6 6 6 <I- a <I- 5 3 3 Biological Treat..,nt 

3 3 3 3 <1- 10 6- 21 5 13 Priaary Treat8ent 
Nonintegrated-Tisaue Papers 3 3 3 3 <I- <2 <2 <2 <2 Biological Treat.ent 

3 3 3 3 <2- 32 <2 14 <2 Pri .. ry Treatment 
NoninleJ!raled-Lightwelght 

Papers 3 3 3 2 5- 12 o- <l 9 <l Biological Treat.rot 
Nonintegrated-Filter 

and Nonwoveu Papers 3 3 3 3 <I- 22 <I- 1 g I Pri .. ry Treatment 
3 3 3 3 1- 6 <2- 10 4 6 Biological Treatment 

Nonintegrated-Paperboard 6 6 6 6 <2-9,000 <2- 20 3,334 9 Biological Treatment 
Integrated Hiacellaneous 12 12 12 12 <1- 40 <2- 26 12 7 Biological Treatment 
Nonint<'guted Hiacel laneous 6 6 6 6 <2- 40 <2- JO 16 7 Pri .. ry Treatment 

3 3 3 3 <2- 30 <2 11 <2 Pri .. ry w/Holding Pond 

123. Hercury 
Dissolving Kraft 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment 

N Harket Bleached Kraft 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment ._. BCT Bleached Kraft 9 9 9 9 <0.5 <0.5 <0.5 <0.5 Biological Treatment 
~ Al ka I i11e-}"ine 9 9 9 9 <0.5 <0.5- 0.9 <0.5 0.5 Biological Treatment 

Unbleached Kraft 
o Linerboard 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treat..,nt 
o Baa 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment 

Seml-Che•ical 6 6 6 6 <0.5- 0.6 <0.5 0.5 <0.5 Biological Treat..,nt 
Unblea<-hed Kraft 

and Se•i-Chemical 6 6 6 5 <0.5 o- <0.5 <0.5 <0.5 Biological Treat..,nt 
Dissolving Sulfite Pulp 4 4 4 4 <0.5 <0.5 <0.5 <0.5 Biological Treatment 
!'Jp<"rgrade Sulfite 12 12 12 12 <0.5- 1.8 <0.5- 1.5 0.7 0. 7 Biological Treatment 
Groun,Jwood-Fine Papers 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treat..,nt 
Ile ink 

o Fiat' P.apera 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment 
o Tissue Papers 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Partial Final Effluent 

3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment 
0 Newsprint 3 3 <0.5- 2.4 1.2 P01W 

Tissue Fro• Wastepaper 3 3 3 3 0.6- 1.2 <0.5- 0.9 1.0 0.8 Pri11a ry Treatment 
6 6 6 6 <0.5- 1.2 <0.5- 2.0 0.6 0.8 Biological Treat..,nt 

--- --- -- --· ---------·-·-------------- --
* R,1111gt.' for those •ills where pollutant was detected in influent or effluent. 

** Avf!rage for thofie •ills where pollutant waa detected in influent or effluent. 
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TABLE V-31 (Continued) 

Total Tulal Number Of 
Number Of Samples Detected Analyses 

_ _l_~fluenl -~fluen_!_ ___ !_!lf I uen~ _!!!!~ent __ _ 

113. Herc·ucy (co1lli11ued} 
PJJ1t~rl.i0Jrd i.·rom WJstcp.ipec 3 

JS 
Wdhtcvat>er-Molded Produtls 3 

3 
Huil(lers' Pdl•er and 

l<oofinK Felt 3 
9 

No11integrdted-Fine Paper!t .1 
6 

Honiulcgr.1t~d-'J'is~ue Papers 3 
3 

Nnn i nlc)!1·dlt'd-Li&hlwe ight 
Pal'crs 

No1ainteg1·ated-Filter 
3 

dlltl Nonwoven Paperli 3 
3 

Nt>ni11tegratrJ-PapcrboarJ 6 
l nl egrated Hi see] laneous 12 
Houtnf egrated HiscellJ11cous 3 

124. Nick1•l 
Uisso]viug kratl 
tla1 ket flJpach .. d Kraft 
UC1 Bl<'oched Kraft 
A I ka 1 iue-to· ine 
llnl>IPa<-h<'d Kraft 

lJ Lj 1wrUoard 
o R.1g 

St•rui-Chewica l 
U11t•lt!ached Kraft 

Jud Secai -Chemica I 
Uiobolving Sulfite Pulp 
Papt'q~rcu.le Sul fj le 
GrcarnJwooJ-Finc PJp~rs 

6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
15 

3 

3 

3 
6 
3 
3 

l 

3 
3 
6 

12 
.J 
6 

J 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
IS 
3 
3 

3 
9 
3 
6 
3 
3 

3 

3 
3 
6 

12 
3 
6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

3 
JS 

3 

3 

3 
6 
3 
3 

3 

3 
3 
6 

12 
3 
6 

3 
6 
9 
9 

3 
6 
6 

6 
4 

12 
6 

*Concentration 
Range (µg/l) 

Influent ___ _!:!fluent 

<0.5 
<0.5- 1.0 
<0.5 
<0.S 

<0.5 
<0.5- 1.0 
<0.5 
<0.S- 0.8 
<0.5 
<0.S 

<0.S 

<0.S 
<0.5 
<0.S 
<0.S- 0.6 
<0.5 
<0.S- 1.S 

<2- 8 
16- 59 
<2- 120 
<2- 33 

<2-
<2-
<2-

<2-
8-
3-

<2-

9 
12 
22 

29 
45 
48 

8 

<0.5 
<0.5- 2.2 

<0.5 

<0.5 

<0.5 
<0.5- 0.7 
<0.5 
<0.5 

<0.5 

<0.S 
<0.S 
<0.S 
<0.5- 0.6 
<0.5- 0.6 
<0.S 

2-
8-

<2-
1-

3-
<2-
6-

lS 
18 
30 
16 

6 
10 
17 

<2- 12 
<2- 269 
<2- 18 
<I- 10 

* Raugt..' tor lhost• mills where pollutant was dete<.:ted in influent or effluent. 
**Average fur tl1ose ~j)ls wh~ce pollulant was detected in influent or effluent. 

**Average 
Concentration (µg/l) 

Influent Effluent 

<0.5 
0.6 

<0.5 
<0.5 

<0.S 
0.6 

<0.5 
0.6 

<0.5 
<0.5 

<O.S 

<O.S 
<O.S 
<O.S 
o.s 

<0.5 
0.8 

5 
31 
36 
16 

5 
6 

12 

10 
2S 
15 
s 

<0.5 
o. 7 

<0.5 

<0.5 

<0.5 
0.6 

<0.5 
<0.5 

<0.5 

<O.S 
<0.5 
<0.5 
0.5 
0.6 

<0.5 

10 
14 
12 

8 

s 
5 

10 

5 
130 

9 
s 

c,,...,ot• 
Influent/EHi uent 

Pri .. ry Treatment 
Bioloaical Treat ... nt 
POTW 
Bioloaical Treat..,nt 

Primary TreMtment 
POTW 
Primary Treatment 
Biological Treataent 
Biological Treatment 
Priaary Treatment 

Biological Treat..,nt 

Primary Treatment 
Bioloaical Treataent 
Biological Treatment 
Bioloaical Treataent 
Primary w/Holding Pond 
Priaary Treatment 

Biological Treatment 
Bioloaical Treataent 
Biological Treatecnt 
Biological Treatment 

Biological Treatment 
Biological Treataent 
Biological Treatment 

Biological Treatment 
Biological Treat...,nt 
Biological Treatment 
Biological Treataent 



TARU: V-31 (Continurd) 

Total Total Nuaber Of ·kConce11tration **Average 
Nwober Of Samp)Ps Detected Analyses Range (µg/l) Concentration (µg/ 1) Co-.ents 

Toxic ~)ol !~~~!1~/§~~~!.~8.'.•!Y. !rlf!u_"!!~ __l:f!_lueot -~luen~ _ __!fU.!.!!"!'.~- . __ !!!!_lue'!! _ --~fflu~~ _ _!!ifluent -~fflu~'!! __ Influent/Efflue1_1!___ 

124. Nickel (couti1mt>d) 
Ur1uk 

u (o"int• Pdpers 3 3 3 3 5- 20 <2- 7 15 4 Biological Treataent 
0 Tibt.UC' Pape:> rs 3 3 ] 3 4- 9 <2- 6 6 Partial Final Effluent 

3 3 3 3 <I- 4 <I- 4 2 2 Biological Treat.Jllent 
0 Nt•\olspri11t J 3 5- 30 15 POTW 

Tis::.ue fcum Wastepapt•r 3 J J 3 5- 25 2- 6 15 3 Prlaary Treataent 
6 6 6 6 2- 92 3- 25 21 13 Biological Treatment 

J>.ipcrho.irc.1 l'~rom Wast,.pdpcr J J J J 42- 139 33- 69 84 56 Primary Treat-nt 
15 15 15 15 <2- 130 <2- 44 37 14 Biological Treat-nt 

W.1 ~ l"PJJW r-110 I detJ Products 3 J <2- 2 2 POTW 
J 3 3 3 10- 48 <I- 5 23 3 Biological Treatment 

8ui lJen.' Paper dRd 
Hoof i11g ~"IL 1 3 3 3 84- 160 JOO- 140 115 120 Primary Tre•lment 

9 9 12- 65 40 PO'N 
No11 i Ill '-'l(r...il ett-F.i ne Papea~s ] 3 3 ] <2- 12 <2 5 <2 Primary Treatment 

6 6 6 6 <1- JO <I- 13 5 6 Biological Treat.ent 

N No11J11l ,·1itrdted-Ti ssue Pd pc rs 3 3 3 3 <2 <2- 3 <2 2 Biological Treat..,ot 
I-' 3 3 3 3 <2- 2 <2 2 <2 Priaary Treat..,nt 
en Nou intcgrale1l-l.i ghlt..iei ght 

Papt·rs 3 3 3 J <2 o- <2 <2 <I Biological Treat•eot 
No11i11legrat~d-Filter 

dlld Nunwoven Papers 3 3 3 3 <I <I- 3 <I 2 Pri...,ry Treatment 
3 3 3 3 <I- 3 <I- <2 2 <I Biological Trealaent 

Nou i nLe.Mratr.od-Paperboa rJ 6 6 6 6 <2- 29 2- JO 13 5 Biological Treatment 
lulegratcd 11isC'ellaneous 12 12 12 12 <2- 9 I- 12 5 5 Biological Treateent 
Nonj11t~grdle<I Hisrella11eous 3 3 3 3 <2- 8 <2- 7 4 4 Prilll8ry w/Holding Pond 

6 6 6 6 8- 44 <2- 15 28 6 Priaary Treat..,nt 

128. Zinc 
Vissolvin& Kraf L 3 3 3 3 73- 78 44- 51 75 48 Biological Treat.ent 
HJ rket Bleached Kraft 6 6 6 6 JOO- 185 46- 91 154 61 Biological Treat9"nt 
ttcr BJeadied !(raft 9 9 9 9 74- 200 45- 360 138 110 Biological Trest9"nt 
A1kal i11e-fine 9 9 9 9 67- 290 36- 208 149 72 Biological Trealaent 

------- --- -----·----. ---·----··· 

* ffoogt~ foe those. mills where poll utaot wa• detected in inJ"luent or effluent. 

*~'" Ave rJge for those iail ls where pollutant vas d<>teded in influent or effluent. 



N 
....... ......, 

Total 
NU111ber Of Sample• 

~x-~_~_!lut~~ubc'_!~!}'___ .Influent Effluent 

128. Zi11c (continued) 
Unbleached Kraft 

o Linerhoard 
o Bag 

s.,,. i -Cheaic'a 1 
Unbleached Kraft 

and Semi-Cheaical 
Di•solving Sulfite Pulp 
Papergrade Sulfite 
Groundwood-Fine Papers 
Deinlt 

o Fine Papers 
o Tiaaue Papers 

o Newsprint 
Tissue Jo'ro• Wastepaper 

Paperboard From Wastepaper 

WastPpaper-Holded Products 

Build~rs' Paper and 
Roofing fell 

Nonintegraled-io'ine Papers 

Noninlegraled-Tiasue Papers 

NonintegrJted-Lishtweisht 
Pape!rs 

No11integraled-Filter 
and Nonwoven Papers 

Noninlegrated-Paperboard 
lntegrat~1I Hi»cellaneous 
~oninlcgrated Miscellaneous 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 
3 
3 
6 
3 

IS 
3 
3 

3 
9 
3 
6 
3 
3 

) 

3 
3 
6 

12 
3 
6 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 

3 
6 
3 

IS 

3 

3 

3 
6 
3 
3 

3 

3 
) 

6 
12 

3 
6 

TABLE V-31 (Continued) 

1'otal Jluaber Of *Concentration 
Detected Analyses Ranae (µg/l) 

Influent Effl~~. Influent Effluent 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 
3 
3 
6 
3 

15 
3 
3 

3 
9 
3 
6 
3 
3 

3 

3 
3 
6 

12 
3 
6 

3 
6 
6 

6 
4 

12 
6 

3 
3 
3 

3 
6 
3 

15 

3 

3 

3 
6 
3 
3 

3 

3 
3 
6 

12 
3 
6 

37- 120 
41- 230 
78- 230 

24- 58 
42- 85 
s- 150 

53- 90 

97- 352 
170- 260 
30- 46 

300- 375 
52- 59 
31-3,560 

1,100-1,600 
26-4, 720 

120- 330 
262- 465 

2,500-3,000 
S-2, 100 

49- 91 
6- 185 

52,000-54,000 
46- 160 

12- 22 

I I- 15 
118- 193 
72-2,050 
12- 710 
10- 48 
40-3,840 

27- IOO 
16- 150 
31- 120 

JS- 46 
37- 77 
25- 420 
9- 86 

30- 38 
51- 82 
5- 36 

22- 33 
<5- 183 

1,000-1,900 
40- 210 

26- 73 

1,900-2,900 

75- 160 
<3- 35 
60- 140 
19- 29 

o- 8 

9- 17 
40- 66 
<5- 210 
15-1,800 

1- 7 
<2-1 ,ooo 

*Range for those •ills where pollutant waa detecteJ in influent or effluent. 
·k*' Average for those mills where pollutant was detected in influent or effluent. 

**Averase 
Concentration (µg/J) Co....,nts 

lnflu.,nt F.fflu~~__!E.!lueot[Efflu~nt _ 

71 
136 
143 

40 
70 

104 
74 

206 
200 

40 
335 

54 
677 

1,433 
1,206 

200 
392 

2,800 
999 

71 
55 

53,300 
92 

16 

13 
159 
710 
259 

25 
802 

67 
81 
69 

25 
60 

118 
45 

33 
71 
19 

27 
88 

1,500 
113 

2,400 

118 
18 
88 
23 

4 

12 
56 
72 

443 
3 

217 

Biological Treatment 
Biological Trealment 
Biological Tr.,ataenl 

Biolo1ical Treatment 
Biological Treatment 
Biological Treal.lllent 
Biological Treatment 

Biological Treat-..nt 
Partial Final Effluent 
Biolosical Treat•ent 
PO'l'W 
Primary Treatment 
Biolosical Treatment 
Primary Treauaent 
Biological Treat•ent 
PO'l'W 
Biolosical Treatment 

Pri•ary Treatment 
POTW 
Primary Treatment 
Biological Treatment 
Biological Treat•ent 
Primary Treatment 

Biolo1ical Treat111eut 

Primary Treatment 
Biological Treat111ent 
Biological Treat~ent 
Biologicdl Treat•ent 
Primary w/Holding Pond 
Primary Tceat•ent 



TABLE V-32 

SUHHARY OF VERIFICATION PROGRAl'I ANALYSIS RESUJ.TS 
FOR NONCONVENTIONAL POJ.LUTANTS 

AvPr.1gc 
Total 11...l>cr Total Nlllllbf'r of Concentration Concentration 

Toxlc Pollutant/ of Sa"'Ple• Det .. cted Analy•e• Range (µg/l) (µ11/1) 
_ J!'_~cate11~Y __________ ____ I!'nu .. n_!____Efflu~!_ __ Influent EfH\)ent ______ _l__!!fluf'nt__ ___ _J;_ff_!_ue'!_t __ ln _ _!"!uent ___ E_!!_!\)~'!_f: __ ~o~e·~~ 

no. Ahietlc Acid 
Dissolving Kraft 3 3 3 3 8600-18000 100-2500 11800 1467 BioloRind Tre.ttmrnt 
Harket BIPached Kraft 6 6 6 3 6- 390 0-1800 178 767 BioJoRicaJ Trralfllrnl 
BCT Bl,.3chPd Kraft 9 9 7 6 o- 2700 o- 520 1041 I 19 BioloR,ic-al TrPalmt•nl 
/\I ka I ine-Fin" 9 9 6 3 190- I 100 0- II 470 J Riologi<·al Trrat111Pnt 
Unblrached Kraft 

o Linerboard 3 3 3 2 350- 1200 o- 21 753 10 Biological TrPfllmrnt 
o Bag 6 6 6 6 3700-12000 30- 250 6983 165 Biological TrC"atmrnl 

s.,.i-Che•ical 6 6 3 3 220- 290 JS- 43 257 J9 Biofo1tic11l Tr,-atmrut 
Unhleached Kraft and 

SPmi-Chemical 6 6 6 6 650- 2000 Sll0-1000 IJ92 710 BinJogical Trralm,.nt 
Dlsoolving Sulfite Pulp 4 4 4 3 94- 5200 0- 940 IQ47 383 Biolol'ical Trrat.mrnl 
Papergradt" Sulfite 12 12 8 9 o- 490 8- 340 137 76 AierloRiC'al Tn•atmPnl 
Groundwood-Fine Papers 6 6 6 ~ 11- 600 o- 26 182 Biological Treat '"'·nt 
De Ink 

N o Fine Pap" n 3 3 3 2 700- 990 o- 31 1137 12 Diologlcal TrPafmt•nt ....... o Hew11print 3 3 2300- 4100 1467 POTW ex:> 
o Tissul" PapPr!ll 3 3 3 J 370- 680 50- 140 557 97 Pa rli a I Final EffJ11r11t 

3 3 3 3 330- 740 40- 90 513 72 Biological Tr<>alm•·nl 
Tissue Fron1 Wastepaper 6 6 4 0 o- 150 0 54 0 Biologica 1 Trpalmenl 

3 3 3 3 120- 260 35- 140 203 84 Primary TrPalmPnt 
Paperho3rd From Wastepaper 15 15 15 6 18- 1900 o- 96 651 19 Biological Tn•almPnt 

3 3 3 0 120- 710 0 407 0 Primary TreatmPnt 
Waslep~per-Moldrd Products 3 3 3 I 190- 250 0- 21 210 7 Biological TrPatnrcnt 

J 3 540- 680 6JJ POTW 
Bui ldera' Paper and 

Roofing Felt 9 9 930-14000 7559 POTW 
3 3 0 0 0 0 0 0 Prim~ry Treatment 



TABLE V-32 (Continued) 

AvPr<tgr. 
Total NulOb"r Total lfllllbf'r of Concr.ntrat.fon Conc-rnlration 

Toxic: Pollutant/ of Sa111pl .. s Det .. ct"d Analyses Range (µg/I) (µg/ I) 
_ s_~b~!f~e_g<>_ry_ ___ ______ _J_n_!lue_.!!_t __ _!!fluent ___ lnflu"~--~!.Uue'!!. ____ InfluPnt Ef f luPnl I nf_l ne!!! ____ .!_f_!_l ~"nl Comments - ---·--·--------. ---- . 

130. Ahi •t l.c Acid (cont lnue<f) 
Nonintegralcd-Fine Papers 6 6 5 2 o- 660 o- 18 207 6 Biologir11 l TrP.1lmf·11t 

3 3 0 0 0 0 0 0 Prim~ry TrPalmr11t 
Nonintegrated-Tissue Papers 3 3 3 0 39- 75 0 53 0 Primary Trf"almP11t 

3 3 0 0 0 0 0 0 Biologic;1l Trratmenl 
Nonint .. gratpd-Paperboard 6 6 5 0 o- 1800 0 748 0 BioJogic-al TrP.1lrnr11t 
Integrated Miscellaneous 12 12 8 6 o- 4100 o- 160 1029 61 Biological TrealmPnl 
Nonintegrated Hiscellanf'ous 6 6 3 I 140- 240 o- 24 177 8 Primary Trratmenl 

3 3 0 0 0 0 0 0 Primary w/Holdjn~ Ponrl 

131. Dehydroabiet i c Add 
Dissolving Kraft 3 3 3 2 3000- 5200 o- 800 3500 520 Biologiral TrP11lmrnl 
HarkPt BleachPd Kraft 6 6 6 6 10- 560 2-1000 232 431 Biological Tr<'ttlmP11t 
BCT BIPached Kraft 9 9 9 9 280- 1400 48- 310 861 123 Biological Tr~almrnt 
Alkaline-Fine 9 9 6 6 140- 430 3- 7 273 5 Biological Trf"alme11t 

Unbleached Kraft 
o Linf'rboard 3 3 3 3 330- 640 6- 15 470 II Biological Treatmrnt 
o Bag 6 6 6 6 950-27600 30- 200 7142 85 Biological Treatment 

5.,.,i-Ch..,.ical 6 6 6 4 79- 230 o- 27 168 14 lliologicAI TrPatmrnt 
Unblrached Kraft and 

N 5.,.,J-CheMical 6 6 6 6 230- 1000 200- 330 607 235 Biological Tre:ttnwnt 
I-' Dissolving Sulfite Pulp 4 4 4 4 190- 1870 6- 400 1000 171 Biological Trratmrnt 
•.o Papergrade Sulfite 12 12 12 9 2- 1300 o- 950 421 246 Biolc>glcal TrPat n1r11t 

Groundwood-Fine Papers 6 6 6 6 28- J60 10- 50 148 26 Biological Trt>atmrnt 
o .. 1nk 

o Fine Papers 3 3 3 3 1400- 2900 42- 62 2267 49 Biological Treatmp11t 
o Newsprint 3 3 2600- 4800 3700 POTW 
o Tissue Pap.,rs 3 3 3 3 2200- 4700 130- 630 3267 343 Partial Final Effluent 

3 3 3 3 1400- 2400 180- 300 1833 253 Biologic~! Treat111f"nl 
Tissue FrOlll Wastepap~r 6 6 6 4 150- 840 o- 37 372 20 Rio logical TrP.atment 

3 3 3 3 220- 650 160- 300 417 250 Pri~ary TrPatMcnt 
Paperboard From WaslPpapPr 15 15 15 12 130- 920 o- 140 479 55 Biological l'rpat,,.,ent 

3 3 3 3 410- 530 59- 120 467 96 Primary Treat•ent 
Wast~paper-Holded Producta 3 3 3 3 340- 530 2- 170 453 61 Biological TrPalmrnt 

3 3 550- 620 573 POTW 



TABLE V-32 {Continued) 

A•eraae 
Total lf.-...r Total H....,..r of Concentration Concentration 

Toxic Pollutant/ of sa..,lea Detected Analyaea Ranae <111/l) <111/1) 
_Subcal"l!'.rt Influent Efflllf'nt Infhent lffl,...nl Influent If fluent Influent Effluent c-nt• 

131. Dehydroabf etic Acid {continued) 
Buildera' Paper and 

Roofi11g Fell 9 9 670- 6000 2199 POTW 
3 3 3 3 110- 170 60- 200 143 117 Pri .. ry Tr.,aUlent 

Nonint.,grated-Fine Papers 6 6 6 6 58- 720 17- 66 433 45 Biological TreaUlent 
3 3 3 3 160- 660 49- 150 483 93 Pri .. ry TreaU...nt 

Nonintegrated-Tiaaue Paper• 3 3 3 3 190- 230 85- 112 213 98 Pri .. ry Trealllenl 
3 3 0 0 0 0 0 0 Biological Treat1ae11t 

Nonintegratrd-Filter 
and Nonwov~n Paper• 3 3 2 0 o- 50 0 :13 0 Biological Tre•t..,nt 

3 3 0 0 0 0 0 0 Pri .. ry TrraUlent 
Honintrgrated-Paperboard 6 6 6 4 110- 780 o- 180 413 64 Biological Treal..,nt 
Integrat"d Miac.,llan.,oua 12 12 10 9 o- 2000 o- 310 585 96 Biological Treat..,nt 
Nonint.,11rated Miac.,llaneoua 6 6 6 4 2- 400 o- 220 174 67 Pri .. ry Treatment 

3 3 3 3 10- 16 160- 270 lit 200 Pri .. ry v/Holding Pond 

132. Taopi .. ric Acid 
N Di1aolving kraft 3 3 3 3 660- 1300 160- 590 887 380 Biological Treat...nt 
N Mark"t Bleached kraft 6 6 3 3 66- 180 230- 500 115 407 Biolo11ical Tr.,at...nt 
0 BCT Bl.,ached kraft 9 9 8 7 o- 250 o- 86 107 21 Biological Treat...nt 

Al kal in.,-Fin" 9 9 6 3 54- 110 o- 3 74 Biological Treat..,nl 
Unbleach"d kraft 

o Lincrboard 3 3 3 2 711- 450 o- 10 283 6 Biological Treat..,nt 
o Bag 6 6 6 3 3110- 1600 o- 32 770 15 Biological Treal..,nt 

s.,•i-Ch.,.ical 6 6 6 3 23- 48 o- 16 34 1 Biological Tr.,•t-nt 
Unbleached kraft and 

Se•i-Che11ical 6 6 6 6 260- 850 140- 260 547 187 Biological Tre•t-nt 
Di11olving Sulfite Pulp 4 4 4 3 15- 1760 o- 230 774 115 Biological Treat...nt 
Papergrad" Sulfite 12 12 6 1 o- 230 o- 84 62 17 Biological Tr.,,.t ... nt 
Groundwood-Fine Papers 6 6 4 5 o- 110 o- 6 29 3 Biological Treat...nt 
De ink 

o Fine Papers 3 3 3 3 420- 900 I- 9 587 5 Biological TrP11t....nt 
o N"vsprint 3 3 240- 690 510 POTW 
o Tissue Papers 3 3 3 3 110- 180 14- 24 150 18 Partial Final Effluent 

3 3 3 3 120- 270 I- 20 193 13 Biolo11ical Tr.,aternt 



TABl.E V-32 (Continued) 

Average 
Total N1111ber Total Number of Conc.,ntration Concentration 

Toxic Pollutant/ of Sa11ple• ~t.,ct.,d Analy""'" Rang., <111/l) <1111/0 
__ _;;~bc_a_!~ ________ l'!!_lueot EHluPnt lnflu_~ot Efflu.,nt lnflu.,nt Effluent Influ.,nt Efflu.,ot c.,...,nt_a _______ 

IJ2. lsopiaaric Acid (continued) 
Tissu., from Wa11tepap.,r 6 6 3 0 21- 43 0 32 0 Biological Treat..-nt 

3 3 3 0 13- 45 0 28 0 Prlaary Treataent 
Paperboard fro• Wa11t.,pap.,r 15 15 15 4 12- 600 o- 15 128 3 Biological Treat..,nt 

3 3 3 1 65- 100 o- 23 84 8 Primary Trratment 
Wastepaper-Molded Products 3 3 3 0 41- 56 0 48 0 Biological Treal111cnt 

3 3 80- 120 94 POTW 
Bui Jd.,ra' PapPr and 

Roofin11 Felt 9 9 160- 3000 1164 POTW 
3 3 0 0 0 0 0 0 Prhrary Treai:-nt 

Honlntegrated-finr PapPra 6 6 6 0 8- 140 0 39 0 Biological Tr.,atment 
3 3 0 0 0 0 0 0 Primary Treat•~nt 

Noninte11rated-Tlssur Paprr• 3 3 3 1 23- 46 o- 6 37 2 Pri•ary Trratllt'nt 
3 3 0 0 0 0 0 0 Biological Treatlll<'nt 

Nonlnt,.11rated-Paperbosrd 6 6 6 0 8- 190 0 62 0 Biological TrPatlltf'nt 
JntPgrated Misc~llaneo11s 12 12 8 6 o- 1400 o- 77 374 31 Biological Treat ... nl 
Noninte~ralPd HisceJlanPous 6 6 3 2 69- 110 o- 22 84 11 Primary Tr.,ataent 

3 3 0 0 0 0 0 0 Primary w/Holding Pond 

133. Pimaric Add 
N Dissolving Kraft 3 3 3 3 970- 1900 620- 790 1357 710 Biological Treatl9f"nt 
N 
......... t1arket Blrachrd Kraft 6 6 3 3 120- 200 320- 530 157 430 Biological Treatment 

BCT BIPached Kraft 9 9 7 6 o- 350 o- 74 115 22 Biological Treatntf"nl 
Alkaline-Finr 9 9 6 0 20- 93 0 63 0 Biolo11ical Tre-atrM"nt 
Unbleached Kraft 

o LinPrboard 3 3 3 I 38- 51 o- 3 43 I BJ ol ogle-a I Tn~atmrnt 
o Bag 6 6 6 6 420- 2500 JO- 60 1168 32 Biological TreatllK'nt 

S<'mi-Ch,..,lcal 6 6 4 2 o- 130 o- 13 J6 4 Biological Tr~stt1arnt 
Un~lr•«hed Kraft and 

SPrai -Chcmi cal 6 6 6 6 37- 370 39- 190 152 106 lliological Trf";ltllf"nl 
Dis•olving Sul flte Pulp 4 4 3 3 180- 450 20- 38 277 31 Blolo11!cal Treatment 
Pav~rgrade Sulfite 12 12 2 o- 64 o- 52 25 17 Biological TreallM'nl 
Groundwood-Finr. Papers 6 6 3 31- 150 o- 15 76 5 Bfolo11ical Treatntf"nt 



N 
N 
N 

Tola l Numher 
Toxir Pnllntant/ 

Su he a lt>gc:>_ry _ 
of SaMples 

lnfJupnt Effluent -·-- . - --·-

11'.J. Pimaric Aci~ (contir1uel1) 
llei nk 

o Fiue Papers 
o NPw:-print 
o Tis!liUP. Papers 

Tissue From WaslPpaper 

P~prrhoar<l FroM Wastepap~r 

Wastrp<tJ>C"r·Holdrd Products 

Builders' Paper ancl 

3 

3 
3 
6 
3 

15 
3 
3 
3 

Roofi1111 F<'lt 9 
3 

NonintPgrated-finc Par~rs 6 
3 

NoninlrRrated-TissuP. Papers 3 
3 

Nonint,.grated-Paperhoard 6 
lnlC"gr~lr(I Hiscrlla11rous 12 
NoninlrRratrd Hiscp]laneo1Js 6 

114. Olrir Acid 
Dissolving Kraft 
Market BlP$ChPd Kraft 
BCT Bleached Kraft 
Alkaline-Fine 
llnhlPadtPd Kraft 

o LinPrboard 
o flag 

SeMi -ChPIRic• I 
UnhlPaChPd Kraft and 

Srmi-Chrmical 

3 

3 
6 
9 
9 

3 
6 
6 

6 

3 

3 
3 
6 
3 

15 
3 
3 

3 
6 
1 
3 
3 
6 

12 
6 
3 

3 
6 
9 
9 

3 
6 
6 

6 

TABLE V-32 (Continupd) 

Average 
Total NtURher of Concentration Concentration 

Detrcted Ana 1 yNes Range (µg/ l) (µg/ 1) 
1 n f ~~n!:__!_! fl!J<c!I!___ ___ ___!!l_~lU"._h_!: _____ E_f_f!_u.,nt_ l_f!Cl U<'n_t,_ __ E !i_l_u_en_t ______ Conwnrnts 

3 
3 
3 
3 

II 
3 
3 
0 

9 
0 
5 
0 
2 
0 
J 
4 
3 
0 

3 
6 
7 
6 

J 
6 
6 

6 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
4 
0 
0 

2 
6 
4 
6 

3 
3 
4 

6 

92- 160 
220- 310 
31- 52 
36- 160 
2- 18 

19- 78 
o- 210 

35- 48 
48- 64 

0 

130- 1600 
0 
o- 40 
0 
o- 15 
0 

22- 29 
o- 1300 

40- 65 
0 

3000-
250-

o-
16-

lo500 
520 

2900 
970 

160- 500 
1700- 6700 

21- 200 

210- 1200 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
o- 1,8 

0 
0 

o-
22-
o-

15-

810 
250 

92 
130 

1,- 65 
o- 150 
o- 56 

130- 800 

127 
257 

39 
80 
12 
43 
78 
41 
57 

0 

576 
0 

19 
0 

10 
0 

25 
181, 

54 
0 

3667 
345 

108" 
276 

337 
3133 

115 

618 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

25 
0 
0 

333 
153 

17 
41 

38 
70 
33 

407 

Riologiral TrC'almr11t 
PClTW 
Pa rtia 1 Fina 1 ~:rr 111 .. nt 
Biological TrPatmPrtl 
Biological Treatmrnl 
Primary Treatmrnt 
Biological Treatmrrtl 
Primary Treal11t>11l 
Biological Treat~r11t 
POTW 

POTW 
Pri•ary Trf"almrnt 
Biological Treatmf"11t 
Primary Treat•Pnl 
Primary Tr~al1t1ent 
8fo1ogical TrP"llltf"nl 
Biological Treat"1rnt 
Riologiral TrPat .... nt 

Pri~ary Treatmr.nl 
Primary w/llolding Pond 

Biological 
Biological 
Biological 
Biological 

Treal11tf"nl 
TreatOM"nl 
TrealllN:'nl 
TrPal~nl 

Biological Treat ... nt 
Biological Treat .... nt 
Biological Treatlllt"nt 

Biological Treat..,.nt 
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w 

TABl.E V-32 (Continued) 

Av .. rag" 
Total NU9ber Total Nllllber of Concentration Concentration 

Toxic Pollutant/ of S•11pl"s Det.,cted An•lyses Range (µg/l) (µg/1) 
--~ll~ategory_L ____ _ Influent Ef fl uo.;e::.:n::.:t'---__ lnfluent __!ff luenL_ __ __cl::.:u=-:flu"nt Eff_lurnt __ lnfl~e_!I~-- _t; f flll'O!'.! ___ f.o-n~_s _______ _ 

134. 01.,lc Acid (continued) 
Dissolving Sulflt" Pulp 
Papergrade Sulfite 
Croundwood-Fin" Paper• 
Delnk 

o Fin" Papera 
o Newsprint 
o Thau" Pap"ra 

Tissue Froa Wastepaprr 

Paperboard Fr09 Wastepaper 

W•strpap.,r-Holded Producta 

Builders' Paper and 
Roofing Felt 

Nonintegratpd-Fine Papers 

Nonint.,grated-Tisau" Papera 

NonintPgrated-Pap .. rboard 
lnt.,grated Hiscellaneous 
Nonintr.grated Hiscellaneoua 

135. Llnoleic Acid 
Dissolving Kraft 
Harket Bleached Kr•ft 
BCT Bleached Kraft 
Alka!inf!-Fine 
Unbleached Kraft 

o Lin<'rboard 
n Bag 

Serwi-Che,.ical 

4 
12 
6 

3 
3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 
6 
3 
3 
3 
6 

12 
6 
3 

3 
6 
9 
9 

3 
6 
6 

4 
12 
6 

3 

3 
3 
6 
3 

15 
3 
3 

3 
6 
3 
3 
3 
6 

12 
6 

3 
6 
9 
9 

3 
6 
6 

4 
12 

6 

3 
3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
0 
3 
0 
3 
3 
3 

It 
3 
0 

3 
6 
6 
3 

3 
6 
3 

4 
9 
4 

3 

3 
3 
5 
I 

JO 
0 
3 

0 
0 
0 
2 
2 
0 
5 
2 
0 

I 
6 
0 
3 

0 
0 
3 

28- 11160 
14- 330 
17- 450 

500-
1300-

190-
310-
98-
8 J-
34-

180-
460-
340-

830-
0 

55-
0 

210-
4-

250-
o-

48-
0 

2200-
220-
180-
170-

1200 
1500 

710 
560 
270 
200 
940 
450 
540 
360 

3500 

80 

290 
29 

270 
1900 

68 

3900 
2300 
1300 
470 

150- 270 
610- 1700 

66- 160 

31- 120 
o- 220 
o- 46 

30- 75 

470- 750 
220- 280 

o- 310 
o- 74 
o- 310 
0 
5- 80 

0 
0 
0 
o- 61 
0- 47 
0 
0- 230 
o- 13 
0 

0- 510 
26- 100 

0 
2- 7 

0 
0 

13- 17 

1157 
129 
174 

967 
1367 
400 
410 
183 
147 
339 
290 
493 
353 

2237 
0 

65 
0 

260 
13 

260 
450 

55 
0 

2900 
792 
762 
283 

203 
958 
122 

81 
70 
23 

49 

590 
243 
193 
25 
78 

0 
48 

0 
0 
0 

27 
27 

0 
38 

8 
0 

170 
64 

0 
4 

0 
0 

14 

Biologf cal TrPalmr11t 
Biological TrPalnwnl 
BioJogicAl Treatme11t 

Biological Treat111Pnt 
PO"N 
Partial Final gfflurnt 
BioloRi~al TrPatm~nt 

Biological Trealm•nt 
Primary 1'r~atment 
Rt o log fr a I Treatm•·nt 
Prjmary Treat~~nt 
Biological Tr<"allll<"rtl 
PO"N 

PO"N 
Primary TrealMent 
Biologi~al TrpalmPnl 
Primary Treatment 
Primary Tr~atmenl 
Biological Trf'almPnl 
Biologfral TreolmPnt 
Biological Trralmr11t 
Primary Treatment 
Primary w/Holding Pond 

Biological Trralmrr1t 
8i<1Jogical TrPalmr11t 
Biological Treatmer1t 
Riological Treatmr11l 

Biological Trf'atm<"nt 
Riolo1tiral Trpatmr11t 
Biologic~) Trratmenl 



TABJ.11! V-32 (Continued) 

Avlf'r<tgt" 

Total H ... ber Total H_b.,r of Conc.,ntral ion Concf!ntration 
Toxic Pollutant/ of Sa11pl"• O..t.,ct"d Analya"a Rang" (µg/l) (µg/1) 
---~_ubca~~ Infl_~~--~-g_!_uent ___ Inf l uen!___ Efflu.,n_t _______ Inf! u"E_t_ __ -~ f_l_11ent _!n_!:_l _u.,E!_ ___ ~ff l u~"-~-- Conmen ls -----·. ··--

135. Linol..tc Acid (continu.,d) 
Unbl.,ach"d Kraft and 

s.,.i -ch.,•ica l 6 6 6 3 98- 820 o- 170 441 59 Biolo11ical TrPat1nr11l 
Diaaolving Sulfit" Pulp 4 4 3 I 240- 1000 o- 25 510 8 BioloRical TrPatmrnt 
Pap.,rgrad" Sulfite 12 12 9 4 8- 270 o- 160 63 34 Biolo11lcal TrP;ttmrnl 
Groundwood-Fine PapPra 6 6 3 3 180- 620 11- 150 317 72 Biological Trealtnrnl 
n .. lnk 

o Fin" Pap"ra 3 3 3 0 260- 650 0 470 0 Biolo11ical Treatmrnt 
0 x .... aprint 3 3 160- 1200 750 POTW 
o Tiuu" Papers 3 3 3 0 38- 86 0 55 0 Partial Final Effl n~nt 

3 3 3 0 74- 320 0 178 0 Biological Trf"1tl.nrnt 
Paperboard Fr09 W11at.,paper 15 15 5 0 o- 117 0 63 0 Riolo~i~al Treatment 

3 3 0 0 0 0 0 0 Primary Trra l"'"" t 
Waall'paper !lold"d Products 3 3 3 0 170- 240 0 207 0 Rio logical Trt"alMrnt 

3 3 110- 150 123 POTW 
Build<!ra' Pap<!r and 

Roofing F"1t 9 8 o- 3600 897 POTW 
3 3 0 0 0 0 0 0 rrtJnary TrPalDWnt 

Hon integrated-Fin" Pap"ra 6 6 I 0 o- 200 0 67 0 Biolo11ical TreatmPnl 
3 3 0 0 0 0 0 0 Primary Tr~atmPnl 

Honint.,grat.,d-Filt"r 
and Honwov~n Paper• 3 3 0 I 0 o- 9 0 3 Bio I ogle a I TrP11t111rnt 

Jntrgrat"d !liac.,llan .. oua 12 12 7 I o- 830 0- 6 290 1 Riologic:al TrPatmrnt 

N Nonint.,grated Kiac.,llan.,oua 6 6 2 0 o- 77 0 33 0 Primary Tr~at1M"11t 
N 3 3 0 0 0 0 0 0 PriNary w/Hol<li1111 Pon•I 
~ 

136. 1.inol.,nic Acid 
Kark"t Bl.,ach"d Kraft 6 6 3 3 22- 210 40 53 126 47 Biological Trf"almP11l 

Alkaline-Fin" 9 9 J 0 42- 93 0 71 0 Biolo11ical Trr.a trnrnt 
Unbleach<!d Kraft 

o Bag 6 6 J 0 670- 3170 0 1543 0 Riological Trf'almP11t 

s-i-Che10ical 6 6 3 3 54- 140 31- 39 98 35 Riological Treatmr11t 
Papergrnd<! Sulfit" 12 12 5 0 o- 130 0 58 0 Blologh-al Trf"atme11t 

Groundwood-Fim! Pap"n 6 6 3 0 120- 480 0 250 0 Biologfral Trf'.';1tmP11t 



TABl.E V-32 (Continu .. d) 

AvPrt1RP 
Total NUllber Total NuR1ber of ConC"entration ConcPnlrAtion 

Toxic Pollutant/ of Sa"'Pleo Detected Analyses Ran1te (µg/1) (1111/ I) 
___Jl_~bcat~_8<_>.r_y _________ 1.nfl'!_~_E_f.f_lu•nt . __ l_n.Q._l!~tt -~HluPn!._ Influent f.ffluent lnflu .. ut Eff 1 uent Co11111enls -·---·---- ---------- -------- ··---

lJ6. 1.lnolenic Acid (continued} 
o .. ink 

o Fine Papers 3 3 3 3 85- :JJO 79- 120 212 99 :iio I 011ic"ai TrPat111rnt. 

o Newsprint 3 3 <100- <200 < 167 POTW 
Paperboard From Wast<'p•per 15 15 3 55- 83 o- 14 69 5 Biolo1tlr~I l'rratmrnt 

3 3 0 0 0 0 0 0 Primary Tr~atment 
Builders' Paper and 

Roofing Felt 9 3 84- 170 138 POTW 
3 3 0 0 0 0 0 0 Pri11ary Tr~atmPnl 

137. Epoxyltl!aric Acid 
Dissolvins Kraft 3 3 0 800- 850 0 817 0 Biological Trt-alnwut 

Unbl .. achl!d Kraft and 
Seroi-Chemical 6 6 3 2 99- 380 o- 190 266 113 Biologtcal 1'rPatn1rnl 

Pap .. rgradl! Sul file 12 12 1 I o- 120 o- 20 40 7 Rlologlcal TrPalmf'nt 

Paperboard Fro• Wastepaper 15 15 3 0 310- 490 0 413 0 Biolo~ical Trratmp11l 

3 3 0 0 0 0 0 0 Pri~ary Treat111e11t 

139. Chlor~dehydroabietlc Acid 
N Dissolvln1t Kraft 3 3 3 3 1300- 1600 330- 700 1433 473 Biological TrPatmrril 
N Harkrt Bll!•ched Kraft 6 6 4 3 o- 120 0- 140 SU 42 Biolo1tlcal TrP.atmrnt 
U'1 BCT Bleached Kraft 9 9 5 5 o- 190 o- 31 78 I I Bio logical Trflatmf'nl 

Al kaliu .. -Fine 9 9 9 0 2- 240 0 44 0 Biologirctl Treatmrnt 
Se•i-Che1Rical 6 6 0 3 0 3- 18 0 9 Biolosical Trf'.:ttmrnt 

Di1111olving Sulfite Pulp 4 4 4 3 45- 360 0- 241 161 108 Biologic~I Treo1tmr11t 

Papergrade Sulflt" 12 12 6 3 8- 340 o- 93 123 39 Biological Treatment 

o .. tnk 
o Fine Papers 3 3 3 0 330- 730 0 467 0 Biological Trflalment 
o Tissu~ Papers 3 3 3 2 18- 28 o- 26 24 14 Partial final Ef fl 11C't1l 

3 3 0 0 0 0 0 0 Biological Tr~atn1~nl 

lntcgralPd Hiscellaneous 12 12 4 1 o- 84 o- 3 33 Biologir•l TrE'at111enl 



TABLR Y-32 (Continued) 

Avereae 
Total lhmber Totel ll•mbc!r of Concentretioa Conceatrelion 

Toxic Pollutant/ of s...,1u O..tectf!d Anelyaea llenae (µg/ I) (Jig/I) 
__ Jl.ubceteaory Jnflu_'!_n_t Effluent Influent Effluent Influent Effluent Jaflue~f fluenl c-nt• 

140. Dichlorodehydroabielic Acid 
Markel Bleached Kreft 6 6 3 3 JO- 86 JI- 6S 57 39 Biological Tre•l-nt 
BCT Bleeched Kreft 9 9 2 I o- 15 o- 4 3 I Biological Treatmrnt 
Alkaline-Fine 9 9 2 0 o- 32 0 6 0 lliological Treat-nt 
s-i-Ch ... 1c.i 6 6 0 2 0 o- JO 0 13 Biological Trr•t .. nt. 
Dissolving Sulfite Pulp 4 4 I 0 o- 280 0 93 0 Biological Trea~nt 
Paperarade Sulfite 12 12 3 I o- 5 o- J 2 I Biological Treatment 
Delnk 

o Fine Papers 3 3 2 0 o- 12 0 6 0 Biological Treat-nt 
Integrated Kiacellaneous 12 12 1 0 o- 5 0 2 0 Biological Tre•t-nt 

141. Trichlorogualacol 
Market Bleached Kraft 6 6 3 0 15- 21 0 18 0 Biological Treat-nt 
BCT Bleached Kr•ft 9 9 1 0 o- I 0 I 0 Biological Treat-nt 
Aikalin<!-Fln" 9 9 4 I o- 9 o- 2 4 1 Biological Treat-nt 
Dissolving Sulfit" Pulp 4 4 I 0 6 0 6 0 Biological Tr.,at-nt 
Paperarade Sulfite 12 12 3 2 2- 6 o- 3 4 2 Biological Treat-nt 
De ink 

o Fine Pap"rs J 3 2 3 o- 28 10- 17 14 14 Biological Trt!'at..ent 

N 142. Tetrachloroguaiacol 
N Marltet Bl.,•ched Kraft 6 6 6 0 4- 23 0 JI 0 Biological Tre•~nt 
Cl BCT Bl.,•ched Kraft 9 9 6 I 2- 17 o- I 8 I Biological Tr.,et-nt 

Alk•line-Fine 9 9 9 5 4- 17 o- II 7 3 Biological Treat-nt 
Dissolving Sulfit" Pulp 4 4 4 2 4 2 Biological Treat.,.nt 
Pap.,rgrad" Sulfite 12 12 0 o- 2 0 0 Biological Tr.,at-nt 
De ink 

o Fin" Pap"ra 3 J J J 4- 16 6- 13 8 9 Biological Trf'•t-nt 

143. Xylen"• 
Alkalin .. -Fine 9 9 2 0 o- 8 0 4 0 Biological Tre•latfont 
Unbl.,ach"d Kraft 

o Lin.,rhoard 3 3 3 0 22- 44 0 33 0 Biological Tre11ll9f'nt 
o Bas 6 6 3 0 8- 10 0 9 0 Biological Treat~nt 

s .... t-ch.,,.ical 6 6 2 3 o- 4 I- 3 2 2 Biological Trpatnteut 
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TABLE V-32 (Continued) 

Average 
Total NumbPr Total Number of Concentration Concentration 

Toxic Pollutant/ of Sa11plea Detected Analyse• Range (µg/l) (µg/l) 
_ -~_!lb ca ~e_g~ry ___________ l_nQ_~_n_t Eff l_~u'--'e~n'--'t __ ~I n=f0l_ u-=-e"-'n~t"----'E"'f'-'f'-'l'-'u'-'e~n'--'t.'--- ---'I"'n"'f'-'l'-'u'-'e'-'n'-'t'--·---=!-=-f-=-f-=-1-=u-=-en=t---=l n f 1-~~!!_~_E ff I uen_~__s~~!~ _________ _ 

143. Xylenes (continued) 
Unbleached Kraft and 

5.,,.i-Chet11i ca 1 
Papergrade Sulfite 
Ile ink 

o f"ine Papen 
o Newsprint 
o Ti 11aur Papers 

Paperboard Fr.,. Wastepaper 

Ruilders' Papttr and 
Roofing Felt 

Nonjntegrated-Ti1111ur Pap~rs 

Noni ntegrated-1.i ghtve !ght 

6 
12 

3 
3 
3 
3 
6 
3 

15 
3 

9 
3 
3 
3 

Papers 3 
NonintegrAted-Paperboard 6 
Integrated HiscellanPoUa 12 
Nonintegrated H!acellaneoua 6 

149. Color 
Dissolving Kraft 
Harket Bleached Kraft 
OCT BlPaChf'd Kraft 
Alkal ine-t"ine 
Unbleached Kraft 

o L!nerbna rd 
o Bag 

S<'Mi-CheMica J 

3 

3 
6 
9 
9 

3 
6 
6 

6 
12 

3 

3 
3 
6 
3 

15 
3 

3 
3 
3 

3 
6 

12 
6 
3 

3 
6 
9 
9 

3 
6 
6 

3 
3 

I 
3 
2 
0 
5 
I 
5 

9 
2 
3 
0 

2 
3 
7 
3 
0 

3 
6 
9 
9 

3 
6 
6 

0 
0 

0 

0 
0 
1 
0 
0 
0 

2 
3 
0 

0 
3 
I 
3 
0 

3 
6 
9 
9 

3 
6 
6 

19-
o-

27 
4 

o- 20 
5- 110 
o- 9 
0 
o- 140 
o- 31 
o- 6 
o- 3 

3- 63 
o- 28 

140-37000 
0 

o- 8 
5- 14 
o- 160 
7- JO 
0 

0 
0 

0 

0 
0 
o- 13 
0 
0 
0 

o- 32 
160-1600 

0 

0 
1- 4 
o- 4 
6- 340 
0 

22 

7 
46 

5 
0 

28 
10 
3 
1 

18 
14 

13547 
0 

5 
8 

23 
9 
0 

0 
0 

0 
0 
0 
0 
2 
0 
0 
0 

16 
800 

0 

0 
3 
I 

147 
0 

Biological Treat•ent 
Biological Treat ... nt 

Biological Treat...,nt 
PO'N 
Biological Treat ... nt 
Partial Final F.ffluent 
Biological Treat...nt 
Pri11ary Treatiaent 
Biological Treat...,nt 
Pri•ary Treatment 

PO'N 
Pri•ary Treat...,nt 
Primary Treatment 
Biologic-al Treat...,nt 

Biological TreatMPnt 
BiologJcal TreatMf'nt 
Biological Treat..,nt 
Pri•ary Treat ... nt 
Pri•ary v/Holding Pond 

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

(Platin ... Cobalt Unite) 
1086- 2220 - 935-1326 
1420- 1920 1310-1920 
875- 2030 1340-2040 
630- 1210 430-1380 

70- 290 
340- 1900 

1820- 8000 

190- 240 
350-2400 

2350-6400 

(Platinum Cobalt Unite) 
)475---if60-- Biological Trcat...,nt 

1680 1597 Biological TreatD1Pnt 
1233 1610 Biological Treat...,nt 
850 826 Biological TreatMent 

173 
I 130 
3915 

213 
1208 
3825 

Biological TrPatmcnt 
Biolo11ical Tr<'at .... nt 
Biological TrPat.,.nt 
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TABLE V-32 (Continued) 

Avf"rage 
Total Nu.,ber of ConcPnlratfon ConcP.ntral ion 

loxir Pollutant/ of Sa111J•l<'s D"terted Analyses (Platinu11 Cobalt llnlts) (Phtinut11 Cobalt Units) 
Suhr_at_Pgory ____ _ ________ ln!!!!_en_!- __ Ef!!.!!e_!!l,_ ___ ln_f!uent _ EUJ2e~- __ I_n~!~~r_i_!_ ____ E~!_l_!1~_11t __ Lnf_lur.~- --~f_f_l!le'!_l __ Cc,>aDents 

149. Color (~ontinued) 
Unhlf•ache,J Kraft and 

Srm i -Chemi (',-,} 
f}ir-;~olving Sulfitl' Pulp 
ra1)rrgrade Sulfite 
Groundwood-FinP. P;tprrs 
Or ink 

o Fine Pt1pP.rs 
<1 NP.wsprint 
o Tia111ue Papt-r.s 

Tiasuf" From Waatepapt1r 

Paprrhoard From Wastepaper 

Wastepaper-Molded Products 

Bui 1,1..-rs' Paper 
and Rooting Felt 

Nonintegrated-Fine PapPr• 

Nonintegr3ted-Tisaue Papers 

Nonintegrated-Llghtweight 

6 
4 

12 
6 

3 
3 
3 
3 
6 
3 

IS 
3 
3 
3 

9 
3 
6 
3 
3 
3 

Papers 3 
Noninte~rated-Filter 

and Nonwoven Pap~ra 3 
3 

Non integrated-Paperboard 6 
lntr~rated Miscellaneous 12 
HoninteRrated Hiscellaneoua 6 

3 

6 
4 

12 
6 

3 

J 
3 
6 
3 

15 
3 
3 

3 
6 
3 
3 
3 

3 

3 
3 
6 

12 
6 
3 

6 
4 

12 
6 

3 
3 
3 
3 
6 
3 

15 
3 
3 
3 

9 
3 
6 
3 
3 
3 

3 

3 
3 
6 

12 
6 
3 

6 
4 

12 
6 

3 

3 
3 
6 
3 

15 
3 
3 

3 
6 
3 
3 
3 

2 

3 
3 
5 

12 
6 
3 

200- 1080 
1070- 2600 

14- 7100 
<5- 300 

48- 140 
i60- 420 
210- 220 

<5 
<5- 470 
5- 40 

<5- 570 
950- 970 
82- 170 
<5- 125 

370- 1980 
7600- 8300 

<5 
48- 830 
<5 
<5 

<5 

<5 
10- 100 
<5- 14 
<5- 4660 
<5 
<5 

170- 390 
1150-3600 

<5-3150 
<5- 48 

31- 90 

JOO- 190 
<5 
14- 50 
14- 50 
<5- 200 

880- 920 
23- 810 

7400-8300 
<5 
6- 112 

<5 
<5 

<5-

<5 
<5- 20 
o- 50 

<5-4590 
<5 
<5 

425 
1506 
3046 

139 

103 
320 
217 

<5 
811 
23 

159 
960 
121 
53 

936 
8000 

<5 
311 

<5 
<5 

<5 

<5 
43 

7 
1060 

<5 
<5 

258 
16611 
1500 

21 

68 

153 
<5 
31 
38 
86 

897 
302 

11000 
<5 
34 
<5 
<5 

<5 

<5 
10 
15 

938 
<5 
<5 

Biological Treatlllf'11t 
Biological Trf"alrmPnt 
Biological TrPal11e11t 
Biological TrPatmenl 

Biological Treatment 
POTW 
P•rlhl Final F.ff!u .. nt 
Biological Treat...,nt 
Biolo~ical Treatlllt"nt 
Pri•~ry Treatm~nt 

Biological Treat...,nt 
Pri~ary Trealntent 
Biol ogica I Treatm<•nt 
PO"N 

POTW 
PriMary Treat.,..nt 
Blologic•l Treat.,..nt 
Pri11ary Treatment 
Biological Treat...,nt 
PriMary TreaU..-nt 

Biological Treat..,nt 

PriMary Treatmient 
Biological Treat .... nt 
Biological Treatment 
Biological Treat11ent 
PrlMary Treat•ent 
Prl•ary w/Holding Pond 



TABLE V-32 (Continued) 

Total N1111hl!r Total N1111bl!r of Concentration AvPrage 
Toxic Pollutant/ of Sa•plea Dl!tected Analyses Range Concentration 

Su~_ca_!_~o-~y lnfl'!_en_t_!'Xflu<!ll_t ____ !!'.f.!..u~nt Efflu.,nt Inf l Uf'D_t ____ . _!!f.!! ~!'_t _ _!!l_!:.~".''!! __ ~f f !.u'!!!~--~~-Ot'!_ ·----- ---···-···-

150. Ammonia ---~!L ____ (•gl_l)_ __ 
Dis•olvln11 Sul ff tf' Pulp 4 4 3 3 6.2- 24.3 3.45- 9.5 12 7 Bioluglcal Trt>at111f"nt 
PapPr11rade Sul fit" 12 12 2 3 o- 260 6.8- 4R 105 21 lliologiral Treatll'E>nt 

15 I. COD 
Di~solving Kraft 2 3 2 3 1290- 1510 330- 780 1400 497 Biological Treat.mH-nt 
Market BIParhed Kraft 6 6 6 6 530- 920 370- 440 735 407 Biological TrP.at111ent 
BCT Bleached Kraft 9 9 9 9 300- 1270 290- 470 765 397 Biological TreatDtPnt 
A I ka Ii n .. -n "" 9 9 9 9 400- 820 110- 310 576 244 Biological TreatntPnt 
Unhleached Kraft 

o Linerboard 3 3 3 3 550- 670 220- 490 617 310 Biological TrPalmPnt 
o Bag 6 6 6 6 590- 1840 345-1000 I 113 663 Biological Treat18Pnl 

S ... i-CheMi ca 1 6 6 6 6 1940- 2820 1055-1930 2410 1493 Biologica 1 Treat.ent 
Unbleached Kraft and 

SeMi-Ch .. •ical 6 6 6 6 648- 1296 80- 464 897 310 Biological TrP11l~nt 
Dissolving Sulfitl! Pulp 4 4 4 4 1744- 3170 1040-2170 2251 1404 Biological TrPal-nt 
Papergradl! Sulfite 12 12 12 12 780- g100 690-2370 4901 1342 Biological Trl!at...,nt 
Groundwood-Finl! PapPra 6 6 6 6 450- 1020 77- 200 625 136 Biological Trl!at-nt 

N D .. ink 
N n Fine Papers 3 3 3 3 700- 2850 50- 260 1600 170 Biological TrPai:-nt 
~o o NPwsprint 3 3 1980- 4720 3733 POTW 

o Tissue Papers 3 3 3 3 1700- 2400 360- 500 2063 430 Partial Final Efflul!nt 
3 3 3 3 370- 512 77- 87 435 82 Biological Treatlll!nt 

Tissue Fro. Waatepaper 6 5 6 5 230- 500 170- 220 363 192 Biological Trl!at..,nt 
3 3 3 3 160- 250 110- 156 190 131 Pri .. ry Trl!at...,nt 

Paperboard From Waatl!papl!r 14 15 14 15 164- 6400 5- 540 1333 201 Biological Trl!at...,nt 
3 3 3 3 8440- 9060 2980-8320 8833 4797 Prill8ry Trl!ai:-nt 

Wastrpapl!r-Holdl!d Product a 3 3 3 3 262- 346 66- 101 291 82 Biological Trl!at11ent 
3 3 560- 880 693 POTW 

Buildl!ra' Paper 
and Roofing Fl!lt 8 8 2560- 5120 3923 POTW 

3 3 3 3 11800-19500 16100-24300 16667 19133 Pri .. ry Trl!at...nt 
Nonlntegratl!d-Fine Papl!ra 6 6 6 6 87- 220 73- 110 168 87 Biological Treatlll!nt 

3 3 3 3 254- 763 22- 26 437 25 Prl .. ry Treat...nt 
Nonintegrated-Tlaaul! Papl!ra 3 3 3 3 16- 20 85- 110 18 95 Biological Trl!atlll!nt 

3 3 3 3 26- 666 102- 142 399 119 Pri .. ry Trl!atlll!Dt 
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Tot.I Humber 
Toxic Pollutant/ 
--~b_<;'!t~S?.!L 

of Sa11plea 
----~J~o~C~l~u~e~nt Effluent 

151. COD (continued) 
Nonintegrated-Lightweight 

Paper!' 
NonintPgrated-Filter 

and Nonwoveu Papr.ra 

NonintPgrated-Paperboard 
Integrated Hiacellaneous 
Nonint.P.grated H:fscellaneous 

3 3 

3 3 
3 3 
6 6 

12 12 
6 6 
3 3 

TABLE V-32 (Continued) 

Average 
Total Hu.her of Concentration Concentration 

Detected Analyses Range (•g/l) (•g/l) 
lo fluent___!!!!- uen_t____ I ofl uent Ef fl u_e_n_t~~I~n~C~l~u~e~n"t~~E~f~f~l~u~e~o~t---~~nta ________ _ 

3 3 230- 475 45- 90 313 69 Biological Treat ... nt 

3 3 77- 136 13- 57 104 28 Prt .. ry TrPat111ent 
3 3 230- 250 40- 56 240 49 Biological Treat ... nt 
6 6 <5- 370 12- 97 203 46 Biological Treat...,nl 

12 12 140- 2240 92- 590 848 255 Biological Treat ... nt 
6 6 125- 230 28- 80 184 48 Pri...,ry Treat...,nt 
3 3 130- 810 81- 98 493 89 Pri•ary w/Holding Pond 

------- --·--
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TABLE V-33 

SUtlHARY OF LOllG-TERll SMIPLIRG PROGRAM ANALYSIS RESULTS 
FOR TOXIC POLLITl'AMTS 

Total Nmihf'r 
Total Number of Sa~~ _ of DetectPcl _~!!~!~!_- ~~ccnlr!li~ll ~~n.l!.1!J&f.!) _ 

Raw Secondary Final Raw Seconday Final Raw s .. conday Final Toxic 
!'_0}__!11tant/Sub_category Waate lnflu<'_fl~_!_f_f_l_uent,__ --~•_st~ __ I_n_f_~u~t _ __!_ff_!_u.,_n_t ____ Waste* Influe!'l~-- _F.ffl~~flt** __ ====-----' 
21. 2,4,6-Trlchlorophenol 

Fine 81.,achPd Kraft 0 23 69 l3 63 0-5 0-6 
Delnk-Tissue Papers 23 19 69 22 18 59 0-16 0-15 0-22 

22. Chlorofo.-. 
Fine Blpach"d Kraft 0 23 69 23 69 227-772 21-230 
Deink-Tiaaue Pa~ra 23 19 69 23 19 69 19-600 60-800 10-61 

31. 2,4-Dlchloroph.,nol 
Finf' Bleached Kraft 0 23 69 2 4 0-1 0-2 
Delnk-Tiaaue Papers 23 19 69 18 4 9 0-6 0-2 0-8 

64. Pentachlorophenol 
Fine BleachPd KrAft 0 23 69 6 15 0-11 0-7 
Deink-Tiaaue Papers 23 19 69 22 16 42 0-IJ 0-12 0-23 

106. PCB-1242 
O..ink-Tiasue Papen 23 19 69 23 19 69 2.0-77.0 0.6-9.6 0.2-1.9 

*72-hour c09poaite samples 
*'~24-hour co111posite 88"'Jlles 

~~.,r~_ac_ Con~~'!~~~io11(1Jg_ll) 
Ra., s .. condiry 1' inaJ 

___ ~ast~---- Influent F.ff lucnt 

J_ 8 2.7 
8.11 8.4 ).7 

404 58 
273 262 l2 

0.1 0. I 
1.8 0.4 0.4 

I. 2 0.8 
4.8 3.8 7.~ 

21. 3 3.8 0.8 



TAlll.E V-34 

SUP!tlARY OF J..ONG-TERtl SAl'fPLlNG PROGRAl'I ANALYSIS RESULTS 
FOR NONCONVENTIONAI. POLLUTANTS 

Total Number 
-~~al HU11hc_£_~f:~~_ll __ ___ .o_!_Qetect"d ~na lyses __ __f~11ce_f}~_!~!:_!_<!_n _R~!!£"-~ll&f !2 .. ~-\'!'!_agr __ ~onc_.,_n_l _!_a_ lion ( 1'!1~ 1) 

Toxic Raw Secondary Flnal Raw SPconclay Final Raw s .. couday Final R•w Sc-con<lay Fin.ii 
P_<!l l_u~~~lSu_~cat~o_!"l'.__ Wast(!* Influent* E_!f_!_u_<'_~~~t_r ___ rn_llu_.,nt ___ E_f_f!u_.,n_t_ Wa:qtp Influent Effluent Waste Influent F.fflurnl --- ------·--. ·-· ·-·------ -- . 

130. Abl.,tic Acid 
Fin" llleach.,d !Craft 23 69 23 59 200-12,000 0-1!,000 1,890 2f)8 
Del nk-Tlasue Papers 3 I II 3 I 0 55-156 34 0 110 34 u 

131. Dehydroabielic Acid 
Fine l!lrached !Craft 23 69 23 55 12-1,800 0-1,100 259 "17 
Deink-Tiosue PapPr• 3 1 II 3 7 180-405 275 0-16 291 275 

112. lsnpi10aric Acid 
Fine Rleached Kraft 23 69 23 61 140-4,900 0-3,'IOO 775 154 
Df'ink-Tiuue Papero 3 I II 3 I 19-57 Ill 0-5 36 81 0.5 

113. Pimaric Acid 
Fin<' Bleachl'd !Craft 21 69 21 25 0-510 0-370 70 II 
Oelnk-Thsue Paprra 3 I II 2 0 2 0-11 0 0-11 4.1 0 1. 4 

134. Olric Acid 
N Floe e1 .. ach .. d Kraft 23 69 19 44 0-6,700 0-3,700 I, DO 119 
w Delnk-Tiosue Papers 3 I II 0 0-322 0 0-8 107 0 o _ 7 
N 

135. Linoleic Acid 
Fin~ BlPach"d Kraft 23 69 23 55 390-12,000 0-3,900 2, 160 IOR 
Deink-Tiasue Papers 3 I II 3 I 0 120-286 49 0 187 49 0 

136. Linolenic Acid 
rlne Bleached Kraft 2J 69 3 2 0-4RO 0-25 50 0.6 
Deink-TissuP Pap<'ra 3 I 11 0 0-90 0 0-10 30 0 <)_'I 

137. Epoxystl'aric Acid 
fine BlPached Kraft JO 30 JO 18 85-490 0-63 208 Q. 

Of'lnk Tissue Papen 3 II 3 0 I 11-44 0 0-6 26 0 0 .'> 

118. Dichloroot<'aric Acid 
Fine Bleached Kraft 23 69 20 44 0-640 0-125 175 19 
DPi nk Tissue PapE"rt1 3 II 0 3 0-25 0 0-64 11.3 0 I.I 

139. Honochlorodrhydro-
ab ietic Acid 

Fin<' Bleached Kraft 23 6? 19 25 0-217 0-110 66 R 
OP ink-Tissue Papero 3 II 0 0 0-14 0 0 4.7 0 () 

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

'~72-hour C'OnlpOR{tP sa11tp)es 

**24-hour COMpO&i le sa111ples 



TABLF V-34 (Continuf'd) 

Total Number 
.. _Tot!!_! ___ Nwnber of Sa!!r.!.l!!_. of Detected Analyse!__ Concentration Rang~l!2_ Avera.s_~~nc:rnt_rat i on_~µg/}) 

Toxic Raw Secondary Final Raw Seconday Final Raw Seconday Final Raw Srcond;ty Fina I 
Pol lu!_!lnt/Subcate~ __ Waste* .. l!_lfluent~- ~U.!!J~nt>h'r ~~_n_!luel!! __ Eff!_~ent Waste Influent Effluent Waste lnfluPnt Eff 1 U<'nl ----------

140. llichlorodehydro-
abietic Acid 

Fine Bleached Kraft 23 69 13 24 0-41 0-33 9.6 2.6 
Deink-Tissue Papers 3 1 II 0 0 0 0 0 0 0 0 0 

141. 3,4,5-Trichloro-
guaiacol 

Fine Bleached Kraft 23 69 5 19 0-4 0-7 0.6 0.7 
Deink-Tissue Papers 3 1 11 0 0 0 0 0 0 0 0 0 

142. Tetrachlorogua iacol 
Fine Bleached Kraft 23 69 3 13 0-2 0-6 0.2 0.3 
Deink-Tissue Papers 3 1 II 0 0 0 0 0 0 0 0 0 

153. Palustric Acid 
Fine Bleached Kraft 23 69 12 27 0-1,800 0-1, 100 170 2' .) 

Deink-Tissue Papers 3 11 3 I 0 20-59 17 0 39 17 0 

154. Lrvopi1118ric Acid 
N Fine Bleached Kraft 23 69 0 2 0 0-66 0 I. 5 w 
w Deink-Tissue Papers 3 l 11 0 0 0-37 0 0 12 0 0 

155. 4,5,6-Trichloroguaicol 
Fine Bleached Kraft 23 69 0 0 0-2 () 0 
Deink-Tissue Papers 3 11 0 0 0 0 0 0 0 0 0 

156. Neoabietic Acid 
Fine Bleached Kraft 23 69 16 35 0-5,200 0-3,000 811! 9'> 
Deink-Tissue Papers 3 l II 0 0 0 0 0 0 0 0 0 

157. 4,5-Dichloroguaiacol 
Fine Bleached Kraft 23 69 2 0 0-1 0 0 CJ 

Deink-Tissue Papers 3 11 0 0 0 0 0 0 0 0 0 

158. Sandaracopimaric Acid 
Fine Bleached Kraft 23 69 19 27 0-690 0-570 125 l 7 
Drink-Tissup Papers 1 11 0 0 0-44 0 0 IS 0 0 

161. 2,4,5-Trichlorophrnol 
Fine Bleached Kraft 23 69 0 0 0 0 0 0 

Deink-Tissue Papers 23 19 69 5 0-11 0-10 0-8.4 0.5 0.5 o. 3 

162. Dinethyl SulfidP 
Fine Bleached Kraft 23 69 23 45 448 .. J,740 0-230 I, 370 '>5 
Deink-Tissue Papers 3 1 11 0 0 0 0 0 0 0 0 0 

------- ------· ---------

*72-hour composite samples 
**24-hour COlllpOSite samples 
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TABLF. V-34 (ContinUP<Jl 

Total N11111b"r 
~t!!___!_~b.,r _o_!_~~- __ o!.__0..t"£!."d Ana!~.!!__- ...fo:>!!_c,.ntra.!:_~'!....!l~n-~.!L Avf'rag" ~"'D~!'tratlo!!_fJJ.&L!l 

Toxic Raw Secondary Final Raw Seconday Final Raw s.,conday Final Raw Seconday Final 
Pol_l'!_l_•ntLSubc~t!'&~!:Y ___ W~s t"* _ . .l.'!!}_11.!~*-__!;_f_f I uen_t** _ _!l~~'!_f_l_U_!!!_l __ E_~flu!''!!. ____ '!•• i,_., ___ ) nf~'!!'.!- _ _!:!_f!!'!"_nt __ '!as te __ _l_n_f.!!Je.11_":_ ... E f f_l_uent _______ _ 

161. Oiniethyl Oi•ulfidP 
Fine Bleach"d Kraft 
O~ink-Tinsu~ PapPrs 

*72-hour ~o~po~ile sampl~s 
*4.ii-24-hour c.,..,.,<'~i te sa11pJes 

23 
I 

69 
II 0 

21 
0 

5 
0 0 

38-1,800 
0 

0-13 
0 0 

743 
0 

0.6 
0 



samples taken, the number of samples where each pollutant was 
detected, and the concentration ranges for each pollutant. 

Summary 

Table V-35 lists the total number of facilities sampled during the 
screening, verification, and long-term sampling programs by 
subcategory. 

Supplemental Data on Nonconventional Pollutants 

Color. Table V-36 presents additional color data obtained during 
earlier EPA investigations (under Contract No. 68-01-3287). These 
data were used to supplement color data obtained during verification 
sampling. 

Ammonia. Limited data are available on raw waste or final effluent 
ammonia discharge levels at the eight mills where ammonia is used as a 
cooking chemical. Theoretical calculations of the range of ammonia 
concentrations in raw wastewaters were developed based on typical 
rates of ammonia loss during pulping and pulp washing (losses due to 
volatilization have not been considered in these calculations}. Table 
V-37 presents theoretical raw waste loads of ammonia in the 
subcategories where ammonia is used as th~ base chemical in pulping 
(semi-chemical, dissolving sulfite pulp, and both papergrade sulfite 
subcategories). 

Limited data are available on actual ammonia raw waste loads. Table 
V-38 presents available ammonia data for five of the eight mills where 
ammonia is used for pulping. These data are generally within the 
range presented in Table V-37 and tend to support the theoretical 
calculations. 
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N 
w 
O'I 

TABLE V-35 

TOllC POLLUl'ANT SAltPLING 
DATA BASE 

llo. lfilh 51111Pled 
EPA Region 

Subcate~!l: or Ifill Grou2in1 Screenina Screenina Verification 

Diaaolvina Kraft I 0 1 
Market Bleached Kraft 4 0 2 
BCT Bleached Jraft 2 1 3 
Alkaline-Fine 5 0 3 
Unbleached Kraft 

o Linerboard 4 1 1 
0 Bag 0 0 2 

s-i-Ch-ical 3 1 2 
Unbleached Kraft and Se11i-Che11ical 2 1 2 
Diaaolving Sulfite2Pulp 4 0 2 
Paperarade Sulfite 0 1 4 
Groundwood-Thent0-lfecbanical 2 0 0 
Groundwood-C!llf Paper• 1 0 0 
Groundvood-Fine Paper• 0 1 2 
De ink 

o Fine Papen 0 0 1 
o Tiaaue Papen 0 1 2 
o lfewaprint 1 0 1 

Tiaaue FrOll Waatepaper 0 0 3 
Paperboard Fre111 Waatepaper 5 0 6 
Waatepaper-lfolded Product• 0 0 2 
Builder•' Paper and Roofing Felt 2 0 4 
Nonintearated-Fine Paper• 0 1 3 
Nonintearated-Tiaaue Papera 0 1 2 
Nonintegrated-Liahtweight Papers 0 0 1 
Nonintegrated-Filter and 

Nonwoven Papen 1 0 2 
Noninte1rated-Paperboard 0 0 2 
Inte1rated lfiacellaneou1 7 1 4 
Secondary Fibera-lfi1cellaneou1 1 1 0 
Nonintegrated Mi1cellaneou1 2 0 3 

Tot.I 47 11 60 

11nclude1 Fine Bleached Kraft and Soda 1ubc1tf'gorie1. 

Long-Term 
Sa!1!2lin1 

0 
0 
0 
1 

0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
1 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

2 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum WRsh) 
subcategories. 

3SOlle mills 1a11pled for screening and verification; 107 different fRcilitfes were 
sampled. 

Total 
Mill Visits 

2 
6 
6 
9 

6 
2 
6 
5 
6 
5 
2 
I 
3 

l 
4 
2 
3 

11 
2 
6 
4 
3 

3 
2 

12 
2 
5 

120
3 



Dissolving Kraft 
Narket Uleached Kraft 
UCT Bleached ~raft 
Alkaline-Fine 

TABLE V-:16 

SUPPLEHE.NTAL C<lLOR DATA 

Concentration Range 
Total .N1111ber of Samples (Platinum CobalL Units) 

Influent Eff~l_u_e~n~t~~~-Influent Et fluent 

6 
12 
12 
21 

6 
12 
12 
23 

1310-1780 
1010-2360 
1040-3380 
650-1480 

1170-1710 
1040-2360 
1160-1830 
:,30-1830 

1 
Jncludes •·tne llJeached Kraft and Soda subcategories. 

Average Concentration 
(Platinum Cobalt Units) 

Influent Effluenl 

1545 
1733 
1625 
953 

1460 
1830 
1480 
953 

Cnnwnents 

BiologicJI Treatment 
Biological TreJlmcnt 
Biological Treatment 
Biological Treatment 
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TABLE V-37 

THEORETICAL RAW WASTE AMHONIA LOAD 

Semi-Chemical 

Dissolving Sulfite Pulp 

Papergrade Sulfite 

Ammonia 
Required(a) 

(I b/t) 

67 

125 

100 

BPT RWL Flow 
(kgal/t) 

10.'.l 
l 0. :3 

66.0 
66.0 

44.5 
44.~> 

-·-·-----·------·--· ---------------

Assumed 
Recovery 

Efficiency 
% 

50 
90 

so 
90 

50 
90 

Raw Waste Load 
NH3-N 

(1 h/t) (mgL_!_l 

33.5 390 
6.7 80 

62.5 114 
12.5 23 

50.0 135 
10.0 27 

(iJ) Reported average ammonia (as nitrogen) required per ton of pulp produced.(28) 
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TAHLE V-38 

SUMMARY OF AVAILABLE AMMONIA DATA 
~·oR ALL Mr 1.1.S us I NG AMMON I A AS THE 

CHEMICAL PULl'ING BASE 

_ --·- -· _. ___ Ra~as.~e Averages (N!Q-NL _______ . ___________ Xi.O_!l~ _ _!g_!1:1enl ~V~!"a_aes (NH3_~!:!) __ 
Months of Months of 

Mil I _'!'g(_~ __ ___!!U~~!_. __ D~ta _______ !)~ta So'!rce ___ ·------~&_/I lb/d _____ _!t>/~- . _ _D~ta ____ Dal.'!~.'!~<:_e _____ _ 

Semi-Chemical 

020014 337 10, 100 20.2 12 DMR 266 7,990 

Dissolving Sulfite Pulp 

046005 ..,•c * * * * * 
046006 20 3,490 6.9 Verification 5 788 

Papergrd<le Sul file 

04000 I (.J) * * * * 124 3, 130 
04000 I (a) * * * * 139 4,860 
040008 * * * * * * 
040012 so 7,540 27.2 9 Supplemental 43 6,170 
040016 * * * * * * 
040019(c) 157 2,680 4.0 Verification 20.9 1,590 
040019 * * * * 19 1,406 
040020 * * * * * 1'; 

J_!l.~!'~ t_r_y_ Sub111i tted Data 

A * * * * 9. I 1,790 
B(d) * * * * 16.6 993 
c * * * * 12. l 1,260 
E * * * * 11. 4 1,520 

•• * * * * 5.2 716 

. -- ----·-· --- --------

* Data Not Available 
(a) Mill added aR1Donia to effluent for neutralization; mill is now closed. 
(L) Data from "Aerated Lagoon Treatment of Sul file Pulping Effluents," Report lo U.S. 

Environmental Protection Agency, Water Pollution Control Resear<h Series Program 
12040 ELW, December 1970. (39) 

( c) R .• w Wable averages are for the pulp 111il I only. 
(d) Effluent data is based on discharge from biological treat111Cnt rece1v1ng pulp mill 

waste only. Concentration reported is that calculated for total mill discharge 
asbuming no ammonia is present in the balance of the mill wasle"ater. 

16.0 12 DMR 

* * 
1. 6 Verification 

31. 3 14 DMR 

* 12 (b) 

* * 
21.4 35 DMR, Supple111e11tal 

* * 
2.4 I Verification 
I. 7 22 DMR, Supplemental 

* * 

* 19 Industry Suhmiltt•d Data 

* 15 Industry Suhmi t tt•d Ila ta 

* 9 Industry Submitted Ddla 

* 2 Industry Submitted Data 

* Industry Suhooi tted Dal a 

------ -- ------·-





SECTION VI 

SELECTION OF POLLUTANT PARAMETERS 

WASTEWATER PARAMETERS OF SIGNIFICANCE 

The Agency has conducted an exhaustive study of the pulp, paper, and 
paperboard industry to establish effluent limitations reflecting the 
best practicable control technology currently available (BPT} and the 
best available technology economically achievable (BAT}, new source 
performance standards (NSPS}, and pretreatment standards for new and 
for existing sources (PSNS and PSES}. After completion of a review of 
existing regulations, a review of available literature, and an 
evaluation of data obtained during sampling at over 100 mills, the 
following pollutant parameters have been identified as present in 
pulp, paper, and paperboard wastewaters and should be subject to 
limitation under BPT and BAT regulations, NSPS, PSNS, and PSES, as 
appropriate: 

Conventional Pollutants: 

Toxic Pollutants: 

BOD~, TSS, and pH. 

Trichlorophenol ~TCP}, 
pentachlorophenol (PCP}, 
and zinc. 

SELECTION OF WASTEWATER PARAMETERS OF SIGNIFICANCE 

The EPA's determination of pollutant parameters of significance in 
wastewater discharges from the pulp, paper, and paperboard industry 
involved a review of existing regulations and an evaluation of data 
obtained after completion of an extensive sampling program. 

All pollutants detected in pulp, paper, and paperboard wastewaters are 
subject to limitation except if excluded for one or more of the 
following reasons: 

Conventional Pollutants 

1. The pollutant is indirectly measured by measurement for another 
parameter. 

2. The pollutant is indirectly controlled when a selected parameter 
is controlled. 

3. Insufficient data are available on which to base limitations. 

Toxic Pollutants 

Paragraph 8 of the Settlement Agreement in Natural Resources Defense 
Council, Inc. v. Train, 8 ERC 2120 (D.D.C. 1976), modified, 12 ERC 
1833 (D.D:-C:- 1979)(1)(2), provides guidance to the Agency on 



exclusions of specific toxic pollutants, subcategories, or categories 
from regulations under the effluent limitations guidelineP, standards 
of performance, and pretreatment standards: 

"B(a) The Administrator may exclude from 
regulation under the effluent limitations and 
guidelines, standards of performance, and/or 
pretreatment standards contemplated by this 
Agreement a specific pollutant or category or 
subcategory of point sources for any of the 
following reasons, based upon information 
available to him: 

(i) For a specific pollutant or a 
subcategory or category, equally or more 
stringent protection is already provided by 
an effluent, new source performance, or 
pretreatment standard or by an effluent 
limitation and guideline promulgated pursuant 
to Section(s) 301, 304, 306, 307(a), 307(b) 
or 307(c) of the Act; 

(ii) For a specific pollutant, except 
for pretreatment standards, the specific 
pollutant is present in the effluent 
discharge solely as a result of its presence 
in intake waters taken from the same body of 
water into which it is discharged and, for 
pretreatment standards, the specific 
pollutant is present in the effluent which is 
introduced into treatment works (as defined 
in Section 212 of the Act) which are publicly 
owned solely as a result of its presence in 
the point source's intake waters, provided 
however, that such point source may be 
subject to an appropriate effluent limitation 
for such pollutant pursuant to the 
requirements of Section 307; 

(iii) For a specific pollutant, the 
pollutant is not detectable (with the use of 
analytical methods approved pursuant to 
304(h) of the Act, or in instances where 
approved methods do not exist, with the use 
of analytical methods which represent 
state-of-the-art capability) in the direct 
discharges or in the effluents which are 
introduced into publicly-owned treatment 
works from sources within the subcategory or 
category; or is detectable in the effluent 
from only a small number of sources within 
the subcategory and the pollutant is uniquely 
related to only those sources; or the 
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pollutant is present only in trace amounts 
and is neither causing nor likely to cause 
toxic effects; or is present in amounts too 
small to be effectively reduced by 
technologies known to the Administrator; or 
the pollutant will be effectively controlled 
by the technologies upon which are based 
other effluent limitations and guidelines, 
standards of performance, or pretreatment 
standards; or 

(iv) For a category or subcategory, the 
amount and the toxicity of each pollutant in 
the discharge does not justify developing 
national regulations in accordance with the 
schedule contained in Paragraph 7(b). 

(b) The Administrator may exclude from 
regulation under the pretreatment standards 
contemplated by this Agreement all point 
sources within a point source category or 
point source subcategory: 

(i) if 95 percent or more of all point 
sources in the point source category or 
subcategory introduce into treatment works 
(as defined in Section 212 of the Act) which 
are publicly owned only pollutants which are 
susceptible to treatment by such treatment 
works and which do not interfere with, do not 
pass through, or are not otherwise 
incompatible with such treatment works; or 

(ii) if the toxicity and amount of the 
incompatible pollutants (taken together) 
introduced by such point sources into 
treatment works (as defined in Section 212 of 
the Act) that are publicly owned is so 
insignificant as not to justify developing a 
pretreatment regulation ... " 

Nonconventional Pollutants 

1. The pollutant is indirectly measured by measurement for another 
parameter. 

2. The pollutant is indirectly controlled when a selected parameter 
is controlled. 

3. Insufficient data are available on which to base limitations. 

4. The pollutant is not of' uniform national concern (i.e., the 
pollutant is present at only a small number of sources and is 
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uniquely related to those sources) and should be regulated on a 
case-by-case basis, as appropriate. 

5. The pollutant is present but cannot be effectively reduced by 
technologies known to the Administrator. 

Review of Previous Regulations 

Conventional, toxic, and nonconventional pollutants have been limited 
under promulgated effluent limitations guidelines and new source 
performance standards applicable to wastewater discharges from the 
pulp, paper, and paperboard and builders' paper and board mills point 
source categories (see 39 FR 16578, 39 FR 18742, and 42 FR 1398). 
(3)(4)(5) Table VI-1 presents a summary of the pollutants that have 
been regulated or have been addressed in previous Agency rulemakings 
for each of the subcategories of the industry. 

Conventional Pollutants. Regulations limiting the discharge of BODS, 
TSS, and pH were proposed and/or promulgated for the original 22 
subcategories of the pulp, paper, and paperboard industry (see Section 
IV). These pollutants are subject to regulation as specified in 
section 306 based on the best available demonstrated. technology and in 
sections 301(b)(2)(E) and 304(a)(4) through identification of the 
"best conventional pollutant control technology" (BCT). As discussed 
in Sections II and XI, this document does not address establishment of 
BCT limitations. 

Toxic Pollutants. The only toxic pollutant regulated in the past was 
zinc (see 42 FR 1398). (5) This pollutant was regulated in the 
groundwood-thermo-mechanical, groundwood-CMN papers, and groundwood
fine papers subcategories; at the time of promulgation of BPT effluent 
limitations, zinc was commonly discharged at mills in these 
subcategories due to the use of zinc hydrosulfite as a bleaching 
chemical. 

Responses obtained during a survey of the industry indicated that zinc 
hydrosulfite was still used at one mill. Since the potential exists 
for the discharge of zinc due to the continued use of zinc 
hydrosulfite, EPA decided to continue to regulate this pollutant in 
those subcategories where zinc is currently regulated. 

Nonconventional Pollutants. Two nonconventional pollutants were 
controlled under prior regulations: settleable solids and color. 
Settleable solids were limited under regulations applicable to the 
builders' paper and roofing felt subcategory of the builders' paper 
and board mills point source category. (3) Settleable solids are 
measured during the analysis for suspended solids (TSS), a 
conventional pollutant. Therefore, EPA concluded that (a) settleable 
solids will be controlled by NSPS for TSS and by limitations, when 
established, that reflect the best conventional pollutant control 
technology (BCT) and (b) that BAT limitations for control of 
settleable solids are unnecessary and redundant. 
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TABLE Vl-1 
SUHl1AJlY OF PARAHETERS PROPOSEIJ OR Pl<UHUl.GATIW 

FOR Et'HUF.NT LIHITATIONS GUIDEI.INES BY S!lllCATEGOl<Y 

Conventional Polluta11ls 'foxic Pollutant NonconvPnlio11al Pollutant 
s_~~~~"~ ···-- ·-----·--·-------------- iii>O~--- :r~~---£!!._. ~_t_!lea~!~ .!!~I_i~'!_ ________ __:_-=~~!!<~~:::___::::::_=-:_ ------~-----_J;;;ior-=~~~~~ 

!!!!~rdled s~~'!! 

Dl•aolving Kraft x x x 
Harkrl Bleat'hrd Kraft x x x 
BCT Bleached Kraft x x x 
Alkaline-Fine 1 x x x 
Unbleached Kraft x x x 
Scmi-fhPmical x x x 
Unbleached Kraft and Se~i-Che•ical x x x 
Dissolving Sulfite Pulp 2 x x x 
Papergrade Sul fi ll'3 x x x 
Groundwood-Che•i-Hechanicdl x x x 
GrounJwood-Therat0-Hec:hanical x x x 
Groundwuod-CttN Papers x x x 
Groundwood-Finc Papers x x x 

~t:~~~!TY Fibrrs Segment 

De ink x x x 
Tissue From W<>stepaper x x x 
Paperboard From Wastrpaper x x x 
Wa•lepap.,r-Holdert Produt'ta 4 

Bui J Jers' Paper and Roofing Felt x x x x 

l!~i_!!._t!'&!:ated Seg..,n~ 

Non.integrated-Fine Papers x x x 
Nonintegrated-Tisaue Papera x x x 
NonintcgrateJ-Lightweight Paperi1• 
No11integrated-Filter and Nonwoven Pctpers<f 
Non11tl~grated-PapcrLoard4 

x 
* 

Regulations were proposed and promulgated for lb.ii; pollutant or pollutant parameter. 
Rcgulaliona were proposed for this pollut~nt or pollutant parameter. 

1 Incluctes Fine Bleached Kraft and Soda subcat~goriea. 

x 
x 
x 
x 

2 The BPT BOD~ effluent li•italiou for acetate grade pruduclion in the Dissolving Sulfite Pulp subcategory was 
rttm<.ln,Jed to EPA. 

3 Ind uJ'-'• Popergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wa~h) subcategories. 
1 These dL·e new aubcdl£>Mor1es !or which the Agency is establishing effluent l i111itatio11s and standards tor the 

fjrsl li111e. 

* 
'~ 

* 
* x 
x 
x 



BAT limitations were established for control of color in discharges 
from mills in the unbleached kraft, sodium-based neutral sulfite 
semi-chemical (NSSC), ammonia-based neutral sulfite semi-chemical 
(NSSC), and unbleached kraft/NSSC (cross recovery) subcategories (see 
39 FR 18742). (4) EPA proposed BAT color limits for the dissolving 
kraft, market bleached kraft, BCT (paperboard, coarse, and tissue) 
bleached kraft, fine bleached kraft, and soda subcategories. However, 
as discussed in Section II, BAT limitations were never promulgated for 
these subcategories. Additional subcategories where highly-colored 
effluents are disch~rged include both papergrade sulfite subcategories 
and the dissolving sulfite pulp subcategory. · 

As a result of further investigations by the Agency since the prior 
BAT limitations were proposed and promulgated, EPA concluded that the 
discharge of color in pulp, paper, and paperboard effluents is not of 
uniform national concern. Therefore, EPA proposed to withdraw all 
color limitations and will control color on a case-by-case basis as 
dictated by water quality considerations. While uniform national 
color limitations will not be established, the capabilities and costs 
of various end-of-pipe treatment techniques for the removal of color 
are presented in Sections VII, VIII, and Appendix A of this document 
as a reference for use by permit writers. 

Identification Of Other Compounds Of Concern 

In addition to the pollutants controlled by existing regulations, EPA 
investigated the potential for discharge of other toxic and 
nonconventional pollutants from the pulp, paper, and paperboard 
industry. A total of 129 specific toxic pollutants and 14 additional 
nonconventional pollutants were the subject of extensive study (see 
Section II). EPA conducted screening and verification studies that 
led to the exclusion of many specific toxic pollutants from regulation 
based on the guidance provided in Paragraph 8 of the Settlement 
Agreement. 

Screening Program. As discussed in Section II, the screening program 
consisted of three separate investigations: a) the initial contractor 
screening program, b) contractor screening studies conducted during 
verification sampling, and c) screening studies conducted by Regional 
Surveillance and Analysis (S&A) field teams. 

Results of Initial Contractor Screening Program-Table II-3 
presents the ""list of toxic and additional nonconventional pollutants 
analyzed as part of the screening program. Table V-28 presents a 
summary of the results of the contractor's initial screening studies. 
As previously discussed in Section II, EPA determined the specific 
toxic pollutants to be investigated during the verification program 
based on this abbreviated initial screening program and on other 
available data including information obtained in literature reviews 
and during the industry survey program. Specific pollutants were 
eliminated from investigation during the verification program only if 
the pollutant was not detected in wastewater samples collected during 
the initial contractor screening program, with the exception of seven 
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metals: antimony, arsenic, beryllium, cadmium, selenium, silver, and 
thallium. Based on initial screening results, EPA determined that 
these seven metals were present in amounts too small to be effectively 
reduced by the application of available control and treatment 
technologies. 

Results of Contractor Screening Studies Conducted During 
Verification Sampling-Table V-29 presents the results of screening 
studies conducted by the contractor during verification sampling at 17 
mills where processes were employed that are representative of those 
segments of the pulp, paper, and paperboard industry not included in 
the contractor's initial screening investigations. 

Results of Regional S&A Screening Studies-Table V-30 presents the 
results of screening studies conducted by EPA Regional S&A field 
teams. 

Exclusion of Toxic Pollutants From Regulation Based on the 
Results of the Screening Program-Table VI-2 presents a list or-thO"Se 
specific toxic pollutants that EPA excluded from regulation based on 
screening program results and the reasons for those exclusions. 

Verification Program. Table II-8 presents a list of all compounds for 
which EPA obtained chemical analyses during the verification program. 
A summary of the analysis results is presented in Table V-31. 

Toxic Pollutant Assessment. EPA assessed the analytical results of 
those toxic pollutants detected in verification program samples to 
identify those pollutants of potential concern and to determine which 
pollutants should be subject to limitation through the implementation 
of uniform national standards. 

Anticipated treatability levels for the specific toxic pollutants were 
developed by personnel in the Office of Quality Review, Effluent 
Guidelines Division.(40) Projected treatability for metals (zinc, 
nickel, copper, lead, and chromium) and cyanide were based on the 
proposed pretreatment regulations for the electroplating industry 
point source category.(41) The basis for comparing the results for 
mercury was proposed pretreatment standards for the metal finishing 
industry. (42) Table VI-3 presents projected treatability levels for 
those compounds included in the Agency's verification program. EPA 
compared verification analysis results with the treatabilities listed 
on Table VI-3 to determine if additional removal of these compounds 
might be possible through the application of various control and 
treatment technologies known to be capable of removing specific toxic 
compounds. 

Based on this comparison, EPA eliminated 19 toxic pollutants from 
further consideration in the assessment of pollutants of potential 
concern in discharges from the pulp, paper, and paperboard industry. 
These toxic pollutants were eliminated in accordance with Paragraph 
8(a)(iii); EPA determined that these pollutants are "present in 
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TABLE VI-2 
CRITERIA FOR !LIMI.NATIO.N OF TOXIC POLLUTANTS 

BASED O.N SCREENING PROGRAM RESULTS 
AND TOXIC POLLUTANTS !LilU.NAT!D 

Paragraph 8 (a) (iii) ''For a apecific pollutant, the pollutant ia not 
detectable ...•. " 

1. acenaphthene 
2. acrolein 
8. 1,2,4-trichlorobeozene 
9. hexachlorobeozene 
12. hexachloroethane 
16. chloroethane 
19. 2-chloroethylvinyl ether (mixed) 
26. 1,3-dichlorobeozene 
28. 3,3'-dichlorobenzidine 
32. 1,2-dichloropropane 
37. 1,2-diphenylhydrazine 
~u. *-chlorophenylphenyl ether 
41. 4-bro1110phenylphenyl ether 
46. methyl bromide (bro11e>111ethane) 
50. dichlorodifluoromethane 
52. hexachlorobutadiene 
57. 2-nitrophenol 
61. N-nitroaodi.lllethylamine 
63. N•nitroaodi-n-propylamine 
72. beozo[a]anthracene 

(1,2-benzanthracene) 
73. benzo[a]pyrene (3,4-benzopyrene) 
74. 3,4-beozofluoraotheoe 
75. beozo[k)fluoranthene 

(11,12-benzo fluoranthene) 
79. benzo[ghi)perylene 

(1,12-benzoperylene) 
80. fluorene 
83. iodeno{l,2,3-cd]pyrene 

88. 
89. 
90. 
91. 

92. 
93. 
94. 
95. 
96. 
97. 
98. 
99. 
100. 
101. 
102. 
103. 
104. 
105. 
113. 
116. 
129. 

vinyl chloride (chloroethylene) 
aldrin 
dieldrin 
chlordane (technical mizture and 
-tabolitea) 
4,4'-DDT 
4,4'-DDE (p,p'-DDX) 
4,4'-DDD (p,p'-TDE) 
a•endoaulfan 
P·endoaulf an 
endoaulfan sulfate 
endri.Jl 
endrin aldehyde 
heptachlor 
heptachlor epoxide 
a•BHC 
P·BHC 
y-BHC (lindane) 
6-BHC 
toxaphene 
aabeatoa (fibrous) 
2,3,7,8-tetrachlorodibeozo-p-dioxin (TCDD) 
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TABLE VI-2 (Continued) 

Paragraph 8 (a) (iii) "For a specific pollutant ..... is present in amounts 
too small to be effectively reduced by technologies 
known to the Administrator ..... " 

3. 
5. 
14. 
17. 
20. 
25. 
27. 
30. 
33. 

34. 
35. 
36. 
42. 
43. 
45. 

acrylonitrile 
benzidine 
1,1,2-trichloroethane 
bis(chlorometbyl)ether 
2-chloronaphthalene 
1,2-dichlorobenzene 
1,4-dichlorobenzene 
1,2-dichloroethylene 
1,3-dichloropropylene 
(1,3-dichloropropene) 
2,4-dimethylphenol 
2,4-dinitrotoluene 
2,6-dinitrotoluene 
bis(2-chloroisopropyl) ether 
bis(2-chloroethoxv) methane 
methyl chloride (chloromethane) 

53. 
56. 
58. 
60. 
62. 
71. 
114. 
115. 
117. 
118. 
125. 
126. 
127. 

hexachlorocyclopentadiene 
nitrobeozene 
4-oitrophenol 
4,6-dinitro-o-cresol 
N·nitrosodiphenylamine 
dimethyl phthalate 
antimony 
arsenic 
beryllium 
cadmium 
selenium 
silver 
thallium 

Paragraph 8 (a) (iii) "For a specific pollutant ..... is detectable in the 
effluent from only a small number of sources ..... 
and the pollutant is uniquely related to only those 
sources ..... " 

18. bis (2-chloroethyl) ether 
29. 1, 1-dichloroethylene 
82. dibenzo[a,h]anthracene 

(1,2,5,6-dibenzaotbracene) 
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TABLE VI-3 

PROJECTED TREATABILITY FOR VERIFICATION PROGRAM TOXIC POLLUTANTS 

Verification Compound Source for 
Toxic Compounds (Priority Pollutants) Comparison Level (µg/l) Concentration Used 

4. benzene so * 6. carbon tetrachloride so * 
7. chlorobenzene so * 10. 1,2-dichloroethane 100 * 
11. 1,1,1-trichloroethane 100 '~ 
13. 1,1-dichloroethane 100 * 
lS. 1,1,2,2-tetrachloroetbane so * 
21. 2,4,6-tricblorophenol 2S * 22. parachlorometa cresol so .... ( 

23. chloroform 100 * 24. 2-chlorophenol so ,~ 

31. 2,4-dichlorophenol so ,~ 

38. ethyl benzene so * 39. fluoranthene 10 * 
44. methylene chloride 100 ,~ 

47. bromoform so ;, 

48. dichlorobromomethane 100 * 
49. trichlorofluoromethane 100 * 
50. dicblorodifluoromethane 100 * 
51. chlorodibromomethane 100 * 
54. isophorone so * 
S5. naphthalene so * 
59. 2,4-dinitrophenol 25 '~ 
64. pentachlorophenol 10 * 
65. phenol 50 * 
66. bis(2-ethylhexyl) phthalate 10 .... , 
67. butyl benzyl phthalate 1 - 10 * 
68. di-n-butyl phthalate 25 ·'· 
69. di-n-octyl pbthalate 10 * 
70. diethyl phthalate 25 * 
76. chrysene 1 * 
77. acenaphthylene 10 * 
78. anthracene 10 * 
81. phenanthrene 10 * 
84. pyrene 1 * 
85. tetrachloroethylene 50 * 
86. toluene 50 * 
87. trichloroethylene 100 -!: 

106. PCB 1242 (Arochlor 1242) -.'< 

107. PCB 1254 (Arochlor 1254) * 
108. PCB 1221 (Arochlor 1221) * 
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TABLE VI-3 (continued) 

Verification Compound 
Toxic Compounds (Priority Pollutants) Comparison Level (µg/l) 

109. PCB 1232 (Arochlor 1232) 
110. PCB 1248 (Arochlor 1248) 
111. PCB 1260 (Arochlor 1260) 
112. PCB 1016 (Arochlor 1016) 1 
119. chromium 2500 
120. copper 1800 
121. cyanide 230 
122. lead 300 
123. mercury 100 
124. nickel 1800 
128. zinc 1800 

References 

Source for 
Concentration Used 

* 
* 
* 
* 
** 
** 
** 
** 
*** 
** 
** 

*Murray P. Strier, "Treat~bility of f')rg~nic !"d"r!ty p.,Jlut~nts - P~r~ ,. - Thei'.'" Est".mate1 
(30 Day Average) Treated Effluent Concentration - A Molecular Engineering Approach," 
Table I, 1978. (40) 

** Development Document for Existing Source Pretreatment Standards for the Electro
plating Point Source Category, EPA 440/1-79-003, August 1979. (41) 

*** Development Document for Proposed Effluent Limitations Guidelines and Standards for 
the Metal Finishing Point Source Category, EPA 440/l-82/09lb, August 1982. (42) 
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amounts too small to be effectively reduced by technologies known to 
the Administrator." These toxic pollutants are listed in Table VI-4. 

The following compounds were not detected in samples collected at any 
of 60 mills where verification surveys were conducted: 

1,1,2,2-tetrachloroethane 
2,4-dinitrophenol 
Chrysene 
Phenanthrene 
Parachlorometa cresol 

EPA included chrysene and 1,1,2,2-tetrachloroethane in the 
verification program because they were detected during the screening 
program in the raw wastewater from one mill at a level of less than 
one microgram per liter. These compounds were not detected in either 
raw wastewater or final effluent samples from any of 60 mills during 
verification sampling and analysis, including four mills in the same 
industrial subcategory as the one mill where they were detected during 
the initial screening program. During screening studies conducted by 
Regional S&A field teams, 1,1,2,2-tetrachloroethane was detected in 
the final effluent of one mill at a level lower than the projected 
treatability level presented in Table VI-3. 

EPA included 2,4-dinitrophenol on the list of verification compounds 
because its use was reported at one mill for which a survey response 
was received. However, it was not detected in samples collected at 
any of the 60 mills where verification surveys were conducted. During 
screening studies conducted by Regional S&A field teams, 
2,4-dinitrophenol was detected in the final effluent of one mill at a 
level lower than the projected treatability level presented in Table 
VI-3. 

Phenanthrene was included in the verification program because the 
analysis procedures utilized during the screening program did not 
provide a basis for distinguishing between anthracene and phenanthrene 
because they co-elute. During screening, the presence of either 
anthracene or phenanthrene or both was indicated. Therefore, EPA 
included both anthracene and phenanthrene on the list of compounds to 
be investigated during verification sampling. The procedures utilized 
during the verification program allowed for distinction between 
phenanthrene and anthracene. Phenanthrene was not detected at any of 
the 60 verification mills. 

EPA added parachlorometa cresol to the list of verification compounds 
because it is a chlorinated phenolic. Based on literature reviews, 
EPA determined that potential existed for the presence of chlorinated 
phenolics in pulp, paper, and paperboard effluents. However, 
parachlorometa cresol was not detected in wastewater samples at any of 
the 60 verification mills. 

The toxic pollutants bis(2-ethylhexyl) phthalate and methylene 
chloride were eliminated from further consideration because they were 
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6. 

7. 
10. 
13. 
15. 
22. 
39. 
44. 

48. 
49. 
51. 
54. 

TABLE VI-4 

TOXIC POLLUTANTS ELIMINATED FROM ASSESSMENT 
BASED ON VERIFICATION PROGRAM RESULTS 

DETECTED BELOW TREATABILITY LEVEL 

carbon tetrachloride 
(tetrachloromethane) 
chlorobenzene 
1,2-dichloroethane 
1,1-dichloroethane 
1,1,2,2-tetrachloroethane1 

parachlorometa cresol2 

fluoranthene 
methylene chloride3 
(dichloromethane) 
dichlorobromomethane 
trichlorofluoromethane 
chlorodibromomethane 
isophorone 

59. 
66. 
69. 
76. 
77. 
78. 
81. 
108. 
109. 
112. 
119. 
120. 
123. 
124. 

2,4-dinitrophenol 1 

bis(2-ethylhexyl) phthalate3 
di-n-octyl phthalate 
chrysene4 

acenaphthylene 
anthracene 
phenanthrene5 
PCB-1221 (Arochlor 1221) 
PCB-1232 (Arochlor 1232) 
PCB-1016 (Arochlor 1016) 
chromium (total) 
copper (total) 
mercury (total) 
nickel (total) 

1 Not detected during verification sampling; detected in final effluent(s) 
during screening program below treatability level. 

2 Not detected in raw waste or final effluent samples during screening or 
verification programs. 

3 Laboratory contaminant. 

4 Not detected during verification sampling; detected in raw waste stream(s) 
below treatability levels during screening program. 

5 Not detected during verification sampling; co-elutes with anthracene using 
screening procedures. 
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reported to be laboratory contaminants. Therefore, verification data 
on these compounds may not be valid. The toxic pollutant methylene 
chloride is used in the preparation of sample containers and in 
extraction procedures used in the analysis of semi-volatile organic 
toxic and nonconventional pollutants. 

Based on the comparison of available verification data to the 
treatability levels developed by the Office of Quality Review, EPA 
identified for each subcategory those toxic pollutants with 
concentrations equal to or in excess of specified treatability levels 
in either the raw wastewater or treated effluent. Table VI-5 presents 
a summary of the toxic pollutants of potential concern for each 
subcategory based on this comparison. 

Upon determining the toxic pollutants of potential concern, EPA 
evaluated all available data. The purpose of this analysis was to 
determine those pollutants of potential concern that should be limited 
through implementation of uniform national standards. Table VI-6 
presents data summaries used in the determination of which toxic 
pollutants occur at sufficient levels and frequency to require 
implementation of uniform national standards. The summary includes 
the range and average concentrations of the toxic pollutants found in 
raw wastewater and final effluent samples collected at all mills where 
levels exceeded the treatability levels presented in Table VI-3. 
Average concentrations were calculated based on those mills in a 
subcategory where the specific pollutant levels exceeded the 
treatability level. This method allows presentation of levels of 
pollutants that would approximate the average concentrations expected 
at mills where the pollutant is present due to use of similar 
processes or process chemicals. 

As a result of this evaluation, EPA eliminated 20 toxic pollutants 
from further consideration in the assessment of the necessity for 
development of uniform national guidelines. Paragraph 8 of the 
Settlement Agreement provides guidance for the elimination of these 
specific toxic pollutants. Table VI-7 lists those criteria cited in 
Paragraph 8 and the specific toxic pollutant(s) eliminated based upon 
the criteria. 

Based on this analysis, the Agency proposed uniform national standards 
for the control of three additional specific toxic pollutants besides 
zinc: chloroform, trichlorophenol and pentachlorophenol (see 46 FR 
1430; January 6, 1981). 

Subsequent to proposal, EPA reviewed its analysis of toxic pollutant 
discharges from the pulp, paper, and paperboard industry. EPA 
determined that uniform national standards for the control of 
trichlorophenol and pentachlorophenol should be promulgated. 
Trichlorophenol (TCP) and pentachlorophenol (PCP) were consistently 
detected in treated effluents in excess of treatability levels at 
those mills where slimicide and biocide formulations containing these 
compounds were used. Additionally, P.CP and TCP are likely to pass 
through publicly owned treatment works (POTWs). Technology (chemical 
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TABLE Vl-6 

SUKl1AJIY OF DATA ASSESSffENT - TOXIC POLLl!J'AHTS OF COHCKRH 

NUllber of Sa11plea iu Exccas Concentration 
Number of Sallj)lea Analyzed -~ Treatabillty Leveh Range 11g/l 

Tox_! c Po 1 l uta!!_tf Subc ateao!:}_. _ lnflllt!nt Eff-=l-=u-=eo=-t~---- In fl ~nt Eff-=1-=u=e=o-=t ___ l::.;n=.focl::.;u::.:e=nt Effluent 

4. Benzene 
Papergrade Sulfite 

11. 1, I, I-Trichloroethane 
Papergrade Sulfite 
Integrated Hiscellaneoue 

21. 2,4,6-Trichloropbenol 
Harket Bleached Kraft 
Papergrade Sulfite 
De ink 

o Tissue Papers 
Paperboard Fr<>11 Waalepaper 
Nonintegrated Hiscellaneoua 

23. Cblorofor11 
Dissolving Kraft 
Harket Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 
Diaaolving Sulfite Pulp 
Papergrade Sulfite 
Groundwood-1''ine Papers 
De ink 

o Fine Papera 
o Tissue Paper• 

Integrated Hiscellaneoua 

24. 2-Chlorophenol 
Papergrade Sulfite 

31. 2,4-Dichlorophenol 
PapergrJde Sulfite 

38. Ethylbenzene 
Market Bleached Kraft 
'fisaue From Wastepaper 
Nonintegrated-Tiassue Papers 

12 

12 
12 

6 
12 

6 
18 
9 

3 
6 
9 
9 
4 

12 
6 

J 
6 

12 

12 

12 

6 
9 
6 

12 

12 
12 

6 
12 

6 
18 

9 

3 
6 
9 
9 
4 

12 
6 

J 
6 

12 

12 

12 

6 
9 
6 

3 

3 
I 

1 
3 

3 
3 
1 

3 
6 
9 
8 
4 

11 
3 

3 
3 
3 

2 

3 

I 
3 

0 
0 

0 
3 

3 
3 
I 

0 
0 
0 
3 
0 

12 
0 

2 
0 
0 

0 

3 

0 
0 
2 

140-150 

130-2,000 
3-187 

13-26 
330-370 

29-65 
270-420 
6-30 

360-900 
830-2,200 
580-4,000 
43-1,800 
110-360 
62-8,600 
130-240 

670-9,700 
I ,000-1,800 
450-1, 100 

0-120 

180-220 

0-82 
2-74 
54-39,000 

7-96 

6-8 
0 

5-6 
170-270 

39-43 
420-450 
6-28 

40-86 
6-20 
0-11 
2-110 
1-42 
120-1,200 
16-36 

95-240 
48-61 
2-14 

21-50 

90-130 

0 
0 
36-300 

(a) Detect"d in f i na I effluent •••plea at I eve la lower than the 30-day average treatabi.l i ty comparison value. 

Average 
Concentrationa P.&L! 
lnf luent Ef f lueot 

147 

1,243 
67 

20 
350 

48 
360 

18 

647 
1,405 
1,550 
l, 148 

268 
2,677 

170 

4, 190 
1,367 

833 

65 

203 

27 
27 

13,081 

40 

7 
0 

5 
210 

41 
430 

19 

67 
12 
6 

52 
13 

433 
26 

145 
55 
10 

37 

106 

0 
0 

149 

C090e~-- --

Detected in tinal efflu
ent samples of one mill 
at low levels. 

(a) 

(a) 

(b) 

Detecled ir1 two ti11al 
effluent samples at one 
•ill whe~e biological 
treatment is nol 
employed. 

(b) Detf'l"t"d in final effluent saaples at levels higher than the 30-day average treatability comparison value only at •ill(s) wh.,re BPT eftluent 
li•itations are not attained. 
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TABLE Vl-b (Continued) 

Number of Samples in Excess Concenlralion Average 

~um.~~.!:--~~!'~I ~~ A_n_!!_!YE><! --~~ _!!~!~!>! ~l!l'.-. Le~~ _____ Range µ_8/ _!_ ___ ~!'~ntr~~~U8/! 
!!'~ ~ c:_ P~!..l'!!.~_n lf ~•!>c~~S~Y- _____ _!oft uent,_ _!f!.!'!~!. .. __ ··- ___ _!'!!.! uen~!'f fluent Influent Effluent Inf~.!'.~!- Efflut•nt _____ Co111111ents 

. --- -----. -· ·-·---·--- -- - ··-- ----· -----
47. Bromofor11 (b) 

PdlJr.rbodrd 1"'ru111 Wast<'paper 18 18 0-119 0-62 40 21 

SS. Naphthalene (b) 
Paper3raJe Sulfite 12 12 2 22-:lJO 7-88 102 36 
Deiuk 

0 1''ine Papers J 3 3 0 67-190 0 142 0 
0 Tissue P,aper• 6 6 2 0 0-78 0 48 0 

64. Pentachlorophenol 
8CT Bleached Kraft 9 2 3 S-JI 16-21 19 19 
Alkaline-Fine 9 I 0 6-11 0-1 8 I 
PapergraJe Sulfite 12 12 2 0 9-12 0 II 0 
Groundwood-Jo" i ne Papers 6 6 0 3-12 0-2 6 
De ink 

0 fo'ine Papeni 3 3 2 2 9-24 4-20 lS 12 
0 Tissue Paperti 6 6 2 3 10-61 27-38 38 34 

Paperboard .Fro1n Wastepaper 18 18 s 3 0-1,200 0-1,400 156 400 
Bui !der& 1 Paper and Roofing Felt 12* 0 6 17-160 65 *I mill was self-
Integrated Miscellaneous l:t 12 3 0 12-29 o-s 23 3 contained and 3 dis-
Noninlegrat t'!ll Hiscellaneous 9 9 2 2 0-200 0-68 72 27 charge to POl"W•. 

65. Pheuoi (b) 
Dissolving Kraft 3 3 I 0 8-110 10-29 S4 18 
BCT Bleached Kratt 9 9 5 0 44-92 0-17 67 7 
Unbleached Kr"ft 

0 1.i nerboa rd 3 3 2 0 41-110 3-4 77 3 
0 Bag 6 6 s 0 S0-140 0 89 0 

Semi-Che•ical 6 6 6 0 160-400 3-24 230 14 
Unhlcarhed Kraft and 

Semi-Chemical 6 6 3 0 30-100 0 56 0 
Papergrade Sulfite 12 12 6 2 78-640 0-250 3:13 80 
Grouudwood-Finc Pa pt-rs 6 6 0 15-51 0-5 34 2 
Oeink 

0 Tissue Papers 6 6 3 0 76-150 0 119 0 
Tissue From Wdslepaper 9 2 0 24-140 0-6 77 2 
Pdperboard fro~ Wastepaper 18 18 9 3 59-500 O-S20 204 144 
liui Jdt!tS 1 Paper and Roofing Felt 12 0 12 0 51-1400 409 
Noninlt·grated-Fine Papers 9 9 2 44-150 22-66 94 38 
NonintcgrateJ-t'i I ter and Nonwoven 

Papers 6 6 0 8-150 0-3 64 
I11tegraled Miscellaneous 12 12 0 10-68 0 31 0 

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

(a) Detected in final effluent samples at levels lower than the 30-day average treatabj)ily comparison value. 

(b) Detected in final effluent samples at levels hlgher than the 30-Jay average treatahil!ty comparison value only al mill(s) where BPT effluent 
li•ildtions dre not atlait•ed. 
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TABLE VI-6 (Continued) 

Number of Sa•ples io Excess Concentration Avt-rage 
Ni.wb"-!:_~. f _~a'!!'~ Ana 1 y~<:<! __ !>f _!!:ealab!!!!Y _!-eve~-. _____ .!!_ange .I!!/!_ ____ . r'-u"<:!'".!!~~!!! 1!8/_1 _ 

~~~!<:_ ~l l'!_~.!!!!t/Sub~tcg!'_~}' __ ____ .!.'!fluen~ _. F.!!luen.l ___ -· _ ____ !_!!!lue!!~-~!·guen~·-·- _ __!!!~]!'!'!!~---- _gf)!J~'!~- __ - l_!i_!J_'!_~n_! _ E_!f!t•!'_!!!_ - . ~~~~·-~~ 

67. Butyl Benzyl Phlhalate Detected in final 
Unbleached Kr•fl effluent samples al 

0 Bag 6 6 2 0 0-39 0 23 0 very low levP.Js. 
Diuolving Sulfite Pulp 4 4 0 I 0 2 0 2 
De ink 

0 Newsprinl 3 0 3 3-8 s 
Paperhoc1rd From Wa•tepaper 18 18 7 3 0-190 0-81 61 21 
Builders' I' aper and Roofing Fell 12 0 3 0 5-12 0 9 0 
Nonintegrated-Tisaue Papers 6 6 3 620-950 0-15 797 5 

68. Di-N-Butyl Phthalate Dett.•cted in fianl 
BCT Bleached Kraft 9 9 1 0 0-27 0-23 lb 8 effluf'nt &a11pJ es at 
Paperboard l'r<>111 Wastepaper 18 18 I 3 0-85 30-55 32 44 very low levels. 
Nunintegrated-Paperboard 6 6 3 I 110-230 0-61 180 20 

70. Diethyl Phth~late Deteded at low levels 
Tiasue From Wa:itepaper 9 9 I 0 0-55 0 26 0 10 tinal effluent 
Paverboard 1''ros Wastepaper 18 18 7 5 12-690 0-320 183 JJ8 &amp lea of onJy two 
Builders' Paper and Koof ing Felt 12 0 3 0-180 42 111i l ls where BPT I iAii ls 
HonintegrateJ-Tisaue P•pera 6 6 0 0-35 0 12 0 are attained. 
Honintegraled-Paperboard 6 6 0 2 0-12 0-130 4 58 

84. Pyren" (a) 
Dissolving Kraft 3 3 0 0-6 0 2 0 

85. Telrachloroethylene Only deleclPd ju one 
De ink final eftluenl sample. 

0 io~ine Pape cs 3 3 2 0 22-180 0 95 0 
Tiaaue lroa Waatepaper 9 9 1 0-220 0-57 74 19 

86. Toluene 
Alkal ine-•"ine 9 9 1 0 1-180 0 62 0 (b) 
Papergr~de Sulfite 12 12 2 1 10-70 3-66 44 29 
Groundwood-Flne Papen• 6 b 0 1-63 0 2J 0 
Delnk 

0 Fine Papen 3 J 0 11-150 0 58 0 
Buildrra' Paper and Roofing Felt 12 0 2 0-620 120 
Honintegraled-Tissue Papers 6 6 I 0 2-380 1-15 130 6 
Integrated Hiscell•oeous 12 12 3 6 0-660 70-150 147 99 

(a) Detected in final effluent aa•plea at level• lower than the 30-day average treatabilily c0111pariaon value. 

(b) Detected in final effluent aaoaplea at levelo higher than the 30-day average treatability coiapariaon value only at •ill(a) where BPT effluent 
li•itations are not attained. 



TABLE VJ-6 (Continued) 

NUllher of Sa11plea in Excess 
N ... be!_~!__~~Andyze~ of Treatability Leveh 

!'!~~~- Pol !'!tant£~~~!!."&~- Influent Effluent ______ Influent Effluent. 

87. Trlchloroethylene 
De ink 

o Fine Papera 

106. PCB-1242 
Dt'ink 

o Fine Papers 

107. PCB- I 254 
Unbleached Kraft and Seai

Che•i cal 
Ueink 

o Tissue Papers 
NonintegrateJ-Filter and Nonwoven 

Papers 
NoulntegrateJ H1scelldncous 

110. PCB-1248 
Pdperboard 1-'ro• Wastepaper 
Builders' Paper and Roofing Felt 

11 I. PCB I 260 
De ink 

o Tis1i.ue Papers 

121. Cyanide 
De ink 

o Newsprint 
Builtlers' Paper and Roofing Felt 
Nonlntegraled-Paperboard 

I:.!:.!. J.cacl 
lJeink 

o Fine Papers 
Paperboard Fro• Wastepaper 
Builders' Paper and Roofing Felt 
Noni nt~gra ted-Paperboa rd 

128. Zinc 
Tissue Fro• Wastepaper 
PaperboarJ From Wastep•per 
Huilcters' Paper and Roofing 
Nonintegro1tcd-Tiasue Pa.pf"r& 
Noninlegrated-Paperboard 
Nonintegrated Miscellaneous 

Felt 

3 

3 

6 

6 

6 
9 

18 
12 

6 

3 
12 
6 

3 
18 
12 
6 

9 
18 
12 
6 
6 
9 

3 

3 

6 

6 

6 
9 

18 
0 

6 

0 
0 
6 

3 
18 

() 

6 

9 
18 

0 
6 
6 
9 

3 

0 

3 
2 

3 

3 
4 

2 
3 

I 
5 
5 
3 

0 

0 

0 

0 
0 

0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 

. ---- -- ---------------------------

Concentr•tion 
Ranae 111/l 

Influent Effluent 

130-850 

0-9.9 

0 

0-3.8 

0-28 
0-7.1 

8.3-10 
0-7.4 

0-3 

720-2,600 
155-1,200 
21-1650 

64-320 
130-900 
180-880 
3,300-9,000 

118-3,560 
550-4, 720 
1,200-3,000 
52,000-54,000 
170-2,050 
42-3,840 

3-11 

0 

0-2 

0 

0 
0 

0 

0 

16-80 

24-30 
<2-140 
50-190 
6-20 

110-183 
75-1,900 

60-140 
54-210 
<2-l,000 

(a) Detecl .. d i11 final f'ffluent ~amples at Jevela lo,,.._.r lllan the JO-day avera1e treatabillty coepariaon value. 

Averaae 
Coocentrat.ions fla/1 
Influent Effluent. 

493 

3 

0 

9 
2 

9 
4 

1,560 
499 
610 

149 
443 
355 

6,667 

1,316 
1,811 
2,267 

53,333 
1,273 
1,347 

7 

0 

0 

0 
0 

0 

0 

42 

28 
51 

137 
11 

148 
469 

88 
138 
401 

(a) 

(a) 

Only detected in one finAl 
effluent •1110ple at very 
1- levela. 

<•> 

(a) 

(a). 

(b) 

(h) lktecte<I in final effluent .. raples at levels higher than the JO-day average treatabillty coepariaon value only at •ill(a) where BPT effluent 
limit~tiu11s Jre not attained. 



TABLE VI-7 

CRITERIA FOR ELIMINATION OF TOXIC POLLUTANTS 
BASED ON VERIFICATION PROGRAM RESULTS 

AND TOXIC POLLUTANTS ELIMINATED 

Paragraph 8(a) (iii) "For a specific pollutant . . . . is present in amounts 
too small to be effectively reduced by technologies 
known to the Administrator ... " 

4. benzene 
11. 1,1,1-trichloroethane 
24. 2-chlorophenol 
31. 2,4-dichlorophenol 
47. bromoform 
SS. naphthalene 
6S. phenol 
67. butyl benzyl phthalate 
68. di-n-butyl phthalate 

70. diethyl phthalate 
84. pyrene 
86. toluene 
87. trichloroethylene 

121. cyanide 
122. lead 

Paragraph 8 (a) (iii) "For a specific pollutant ..... is detectable in the 
effluent from only a small number of sources ..... and 
the pollutant is uniquely related to only those sources ... " 

38. ethylbenzene 
8S. tetrachloroethylene 
107. PCB 1254 
110. PCB 1248 
111. PCB 1260 
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substitution) is available that will virtually eliminate the discharge 
of PCP and TCP associated with the use of chlorophenolic-containing 
biocides in the pulp, paper, and paperboard industry. The Agency has 
determined that removal of PCP at POTWs is on the order of only 54 
percent. (43) Limited data are available on the TCP removal capability 
of POTWs; however, available data on the capability of biological 
treatment to remove TCP indicates that reductions approaching 100 
percent do not occur (see Table V-31 ). 

After reviewing all available information, EPA decided to withdraw the 
chloroform regulations that were proposed for the nine subcategories 
where chlorine or chlorine-containing compounds are used to bleach 
pulp. The technology basis of the proposed limitations was biological 
treatment capable of attaining BPT effluent limitations. Proposed 
limits were based on the highest concentrations found after biological 
treatment at mills in the nine subcategories where BPT limitations are 
being achieved. EPA's review of all available chloroform data, 
including data provided in comments on the proposed rules, identified 
nine mills where closed biological systems (either oxygen-activated 
sludge or deep tank aeration systems) are employed that inhibit 
chloroform volatilization. The Agency also determined that the nine 
mills with closed systems are likely to exceed the proposed chloroform 
limit even when BPT effluent limitations are attained. The Agency 
decided to withdraw the proposed BAT limitations for chloroform since 
(a) installation of biological treatment assures adequate treatment of 
chloroform for all but nine mills and (b) the proposed BAT chloroform 
limitations cannot be achieved at the nine mills without major 
modification of the existing closed biological treatment systems. 
Further, the incremental removal of chloroform that would occur at 
these nine mills is not justified in light of the non-water quality 
impacts that would result from the application of chloroform removal 
technology. EPA estimated that compliance with proposed chloroform 
limitations would increase the energy used to operate wastewater 
treatment systems at these nine mills by over 70 percent. 

The Agency also decided to withdraw the proposed NSPS for chloroform 
because EPA anticipates that chloroform will be effectively controlled 
at new sources through the application of open biological treatment 
systems; closed biological treatment systems are now employed at only 
about 4.7 percent of the existing direct discharging mills. 

At proposal, EPA was aware that some wastepapers are contaminated with 
PCBs which were once used in the manufacture of carbonless copy paper. 
However, only limited data were available on the discharge and 
treatability of PCBs in the pulp, paper, and paperboard industry. 
Thus, PCB effluent limitations were not proposed for those 
subcategories where wastepaper is processed. Instead, the Agency 
sought comments and additional data on the discharge of PCBs and 
explained that EPA would evaluate all available data between proposal 
and promulgation to determine whether BAT limitations for control of 
PCBs are appropriate. 
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After proposal, the Agency obtained all available information on the 
discharge of PCBs in the pulp, paper, and paperboard industry and 
determined that PCB-1242 is a pollutant of concern in discharges from 
mills in the deink subcategory where fine or tissue papers are 
produced. Therefore, concurrent with the final regulation, EPA 
proposed BAT effluent limitations and NSPS for control of PCB-1242 in 
the deink subcategory. The proposed regulation is the subject of 
another document. (44) 

Prior to promulgation, based on the guidance provided in Paragraph 8 
of the Settlement Agreement, EPA reexamined the toxic pollutants of 
potential concern for this industry as they relate to pretreatment 
standards. Table VI-8 lists those toxic pollutants of potential 
concern for which the Agency did not establish pretreatment standards 
and the reasons therefor. 

Nonconventional Pollutant Assessment. During the screening and 
verification programs, EPA investigated discharge levels of 14 
additional nonconventional pollutants (xylene, four resin acids, three 
fatty acids, and six bleach plant derivatives) specific to the pulp, 
paper, and paperboard industry and ammonia (used at eight mills as a 
cooking chemical). Table V-32 presents a summary of the verification 
program results for these nonconventional pollutants. One of the 
bleach plant derivatives, 9,10-dichlorostearic acid, was detected only 
once in arr internal process sewer sample at a market bleached kraft 
facility. Therefore, EPA eliminated it from further consideration 
because it was not detected in final effluent samples at any of 60 
mills. 

Another nonconventional pollutant, xylene, was detected in significant 
quantities in the final effluent at only one verification mill, where 
it was known that xylene was used. Therefore, EPA decided not to 
establish uniform national regulations for control of xylene in the 
pulp, paper, and paperboard point source category; the pollutant (a) 
was detectable at potentially significant levels in the effluent of 
only one source within the category where the pollutant is uniquely 
related to only that source or (b) was present in amounts too small to 
be effectively reduced by technologies known to the Administrator. If 
the permit issuing authority is aware that xylene is used at a mill, 
EPA recommends that the permit writer undertake a closer examination 
of the levels being discharged to determine if xylene should be 
limited in the NPDES permit. 

EPA assessed data on the remaining four resin acids, three fatty 
acids, and five bleach plant derivatives. Verification program 
results for raw waste and final effluent discharges were summarized 
for each compound by subcategory. A similar summary was completed for 
all of the verification mills where BPT effluent limitations for BODS 
and TSS were attained. Tables VI-9, 10, 11, and 12 present these 
summaries. 

Data available to the 
technology basis of 

Agency show that biological treatment (the 
BPT in those subcategories where high levels of 
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TABLE VI-8 

EXCLUSION OF TOXIC POLLUTANTS OF POTENTIAL CONCERN FROM 
PRETREATMENT STANDARDS 

Toxic Pollutant 

4. benzene 

11. 1,1,1-trichloroethane 

23. chloroform 

24. 2-chlorophenol 

31. 2,4-dichlorophenol 

38. ethyl benzene 

47. bromoform 

SS. naphthalene 

6S. phenol 

67. butyl benzyl phthalate 

68. di-n-butyl phthalate 

263 

Reason for Exclusion 

Below treatability in raw waste 
at all but one mill. 

Below treatability in raw waste 
at all but one mill. 

Average POTW removal is 61 percent 1 

However, the only POTW sampled by 
EPA that receives wastewater from 
a mill where chlorine is used to 
bleach pulp removed 97.8 percent 
of the raw waste chloroform 1 . 

Direct discharger removal averages 
96.7 percent. Pass through is 
unlikely. 

Below treatability in raw waste 
at all but one mill. 

Below treatability in raw waste 
at all but one mill. 

Below treatability in raw waste 
at all but one mill. 

Average raw waste discharge is 
below treatability 

Below treatability in raw waste 
at all but two mills in two 
different subcategories. 

POTW removal is 83 percent 1 . 

Direct discharger removal ranges 
from 0 to 100 percent; average 
removal is approximately 91 
percent. Pass through is 
unlikely. 

POTW removal is 99 percent 1 • Pass 
through is unlikely. 

Below treatability in raw waste 
at all but three mills in three 
different subcategories. 



70. diethyl phthalate 

84. pyrene 

85. tetrachloroethylene 

86. toluene 

87. trichloroethylene 

106. PCB-1242 

107. PCB-1254 

110. PCB-1248 

111. PCB-1260 

121. cyanide 

122. lead 

TABLE VI-8 (cont.) 

POTW removal is 99 percent 1 . Pass 
through is unlikely. 

Average raw waste discharge is 
below treatability. 

Below treatability in raw waste 
at all but two mills in two 
different subcategories. 

POTW removal is 91 percent 1 . Direct 
discharger removal ranges from 
39.1 to 100 percent. Average 
removal is approximately 90 
percent. Pass through is unlikely. 

Below treatability in raw waste 
at all but one mill. 

POTW removal is comparable to 
proposed BAT2 . Pass through is 
unlikely. 

Never used in the manufacture of 
carbonless copy paper. Found at 
low levels only periodically. 

Never used in the manufacture of 
carbonless copy paper. Found at 
low levels only periodically. 

Never used in the manufacture of 
carbonless copy paper. Found at 
low levels only·periodically. 

POTW removal is 61 percent 1 • Direct 
discharger removal ranges from 
31.2 to 91.6 percent; average 
removal is approximately 70 
percent. Pass through is unlikely. 

Below treatability in raw waste 
at all but four mills in four 
different subcategories. 

1Based on information contained in Fate of Priority Pollutants in Publicly 
Owned Treatment Works, US Environmental Protection Agency, September 1982. (43) 

2Based on a comparison of information contained in Fate of Priority Pollutants 
in Publicly Owned Treatment Works, US Environmental Protection Agency, September 
1982 (43) and information contained in the Development Document for Proposed 
Effluent Limitations Guidelines and Standards for Control of Polychlorinated 
Biphenyls in the Deink Subcategory of the Pulp, Paper and Paperboard Point 
Source Category

1
US Environmental Protection Agency, October 1982 (44). 
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TABLE VI-9 

SIJKltARY OF Ilrl'LUENT CONCENTRATIONS* FOR RESIN AND FATfY ACIDS 
AND CHLORINATED DERIVATIVES FOR ALL VERIFICATION FACILITIES 

1- 2-
Debydro- lso- Lino- Lino- Epoxy- Dicbloro- Cblorodeby- Cblorodeby- Tricbloro- Tetrachloro-

Treat•cnt Abietic abietic piioaric Pi,...ric Oleic leic leoic atearic atearic droabietic droabietic guaiacol guaiacol 

-···--·· -· -------- --- -- _!}'Ii~_ --- _ !~ _____ 13! ______ __!ll ___ _____!TI__ -- !~'!___ 135 136 137 138 139 140 141 142 Total 

!!!~-~!:~~<! ~~n!c_ 

Dissolving Krdft Biological 11,800 3,500 8B7 1,357 3,667 2,900 817 1,433 26,361 
Harket Ble<.1cheJ 

Kcafl 1 Biological 13 26 383 1,320 126 3 5 1,876 
BCT Bleached Kraft Biological 1,043 861 107 115 1,084 762 78 3 l 8 4,062 
Alkdline-t'ine~ Biological 470 273 74 63 276 2B3 71 44 6 4 7 1,571 
Unble.ocbed Kraft 

o J.j nerboard Biological 7S3 470 283 43 337 203 2,089 
0 Bag Biological 6,983 7, 142 770 1,168 3, 133 958 1,543 21,697 

Semi-Che•ical Biological 257 168 34 36 115 122 98 830 
Unbleachf'd KrJft 

"' and Se111i-Chcmic-al Biological 1,392 607 547 152 618 441 266 4,023 

°' OiRsolving Sulfi le 
LJl Pulp Biological 1,949 1,000 774 277 1,157 510 161 93 6 4 5,931 

Papergratle Sulfite 3 Biulogic~l 137 423 62 25 129 63 58 40 123 2 4 1,067 
Grountlwood-t' in~ 

Pttpcrs Biological 182 148 29 76 174 337 250 1,196 
I ulegrd lt~d 

Hiscclldneoua Blologicdl 1,029 585 374 384 450 290 33 2 3, 147 

~~!.'~~!Y ~·_i_!!~_!~-~~C_!!~ 

Dt•ink 
o Fine Papers lliological 837 2,267 :,111 127 967 470 212 467 6 14 8 5,962 
0 Hcwspriul POTW 3,467 3,700 510 257 1,367 750 167 10,218 
o Tissut• Pdpers Pa rti a 1 Flow, 557 3,267 150 39 400 55 24 4,492 

Biological 
Biological 513 1,833 193 80 410 178 3,207 

Ti S!iUP. }o'ro• 
Waslepdpcr Primary 203 417 28 43 147 838 

lholf..lgicaJ 54 :172 32 12 183 653 
Pdp<' rboa rd F'rf..lm 

Wdslcpaper Primary 407 467 84 41 290 1,289 
Biological 651 479 128 78 339 63 69 413 2,220 

*Ave~~g~- concentrations µg/l. 

1 Data al 011c.~ mi 11 wr1·e nol in<.:Juded due to upset conditions being reflected in the final effluent. 

2 Includes Fiuc Bleached Krafl and Soda subcalegoE'ies. 

3 fncJu,fPs l'•pcrgrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drua Waoh) subcategorieH. 



TABLE Vl-9 (ContinueJ) 

I- 2-
De hydro- lso- Lino- Lino- Epoxy- Dlcbloro- Chlorodeby- Chlorodehy- Trichloro- Trtrachloro-

Trealaeul Abietlc abiellc pi•aric PiMaric Oleic leic lenic steaE'ic atearic droabietic droabietic guaiacol guaiacol 
_'!n>~ - JJO !:U _ 132 . !'.!;! ___ 134 __!~ _ _!~6 ______ !1L ___ ~ ___ _!;!~------~---__!_4_1 _____ l!!~--- !_<>~! . ·--·---

Waslepdp~r-HolJed 

~rodu<·llf Biological 210 453 48 57 493 207 1,468 
POTW 631 573 94 353 123 I, 776 

Bui ldcrs' Pd per and 
Roofing t'e 1 t POTW 7,559 2. 199 1, 164 576 2,237 897 JJ8 14,770 

Primary 143 143 

~~·.!..!!!~~&!~!.~~ §~g__~~~ 

NonjntegrJted-Yine Primary 483 483 
Pdpers Biologic.ti 207 433 39 19 65 67 830 

Nouintegrdted-
Ti~sue Paper:. Biologi<'al 13 13 

Pr iaary 53 213 37 JD 260 573 
Nou i11Lt.•gra t~d-1. ight -

l\J wdghl Papers Biological 
(]' Nouintegrated-filtcr 
CJ' dnd Nonwoven 

Pcapers Biologic-al J:l 33 
Noni11tegrated-

Paperboard Biological 748 4JJ 62 25 260 1,508 
Non integrated 

n i rH·e 1 L.tneous Pri•ary w/ 14 14 
Holding 
Pond 
Prl•ary 177 174 84 54 55 33 577 

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

*Aver.a~~ l'Oll<'t!lllrat ions µg/1-
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TABLE Vl-10 

SUMl'IARY Ot' lffHUENT CONCENTRATIONS·;.- .-OR RESIN AND FAiTY ACIDS 
AND Clll.ORINATEll DERIVATIVES FOR ALL VERIFICATION UCILITIES 

I- 2-
llehydro- !so- Lino- Lino- Epoxy- Dichloro- Chlorodehy- Chlorodeby- Tricbloro- Tetrachloro-

Tredlmenl Abietic al1ietic pimaric PJaaric Oleic leic lenic stearic atearic droabietic droabirtic guaiacol guaiacol 
r~ _ -·- _1_:!Q... _____ n __ 1 ________ !~~--- _ _ J1L _____ 11~---n~-~ ___ 1 __ 31 __ .... 11!!___ ____ _!lL___ 140 14_1 _______ !.1t.2 ____ ~ta1 

_I!!~~~'-!~~ ~t:'B~~~~ 

DistHJlving Kraft Biolo11ical 1,467 520 380 710 333 170 473 4,053 
tla rket BI e..tchf"1f 

Kr.tfl 1 Biologi<"al 4 69 55 47 175 
BCT Blt•.tcht'•t Kraft Biological 119 123 21 22 17 II I 315 
AUtct l 1ne-Fine~ Biological 3 5 41 4 3 58 
Unhh.:dchcd Krafl 

I.inerboarJ Biologic.ti JO II 6 I 38 66 
0 Bag Biological 165 85 15 32 70 367 

Semi-Chemical Biological 39 14 7 4 33 14 35 9 13 168 
llnl>leached Kr.1ft and 

St-111i-Chemi cal Biological 710 235 187 106 407 59 113 1,817 
lhssulvinK Sulfite 

Pulp Biological 383 171 115 JI 81 8 108 2 899 
PapPrgrt1de Sulfite 2 Biological 76 246 17 17 70 34 7 39 2 509 
Groundwood-Fin~ 

PJpers Biological 26 3 5 23 72 136 
lntegrateJ 

tliscellaneous Biological 61 96 31 25 38 253 

~~C:~!.Jary_ ~-_!l>l"r~. -~mt_:~~ 

Deiuk 
0 Fine Papers Biological 12 49 5 49 99 14 9 237 

" New~print PO'l'W 
0 TisMue PJflt~rs Partial Flow, 97 343 18 590 14 1,062 

Biological 
l!iologil'a I 72 253 13 243 581 

Ti ssu~ From 
W.:Jstcpaper Pri•ary 84 250 25 359 

Biological 20 193 213 
P.tperhoard Fro• 

Wastepaper Priaary 96 8 104 
Biological 19 55 J 78 5 160 

W•slepaprr-Hold~d 

Products Blologfral 7 61 48 116 
POTW 

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



Builders' Paper and 
Roofing Felt ·POTW 

Primary 

Noniotegrated Sepent 

Primary 
Biological 

Nonintegnled-nne 
Papers 

Noninlegraled
Tissue Papers Pri••ry 

Biologic.I 
Nonintegrated-Ligbt-

weight Papers Biological 
Non integrated-Filter 

and Nonwoven 
Papers 

Noninlegraled
Paperboa rd 

Non integrated 
l1iscel laneoua 

Biological 

Blologi ca 1 

Pri-ry w/ 
Holding 
Pond 
Primary 

---------- ---------
*Average concentration µg/l. 

TARLE Vl-10 (Continued) 

SUl'IKARY or EFFLUENT CONCENTRATIONS* FOR RESIN AND FATTY ACIDS 
AND CllLOlllNATED DERIVATIVES FOR ALL VERIFICATION FACILITIES 

Dehydro- Iao
Abiet ic •bietic pi•aric 

130 131 132 

4 

8 

117 

93 
45 

98 

64 

200 

67 

2 

11 

Lino
Pima r i c Oleic leic 
Ill_____!~ __ _D5 

27 
27 

8 

3 

Lino-
lenic 

136 

Epoxy- Dichloro-
atearic atearic 

137 138 

1 Data al one •ill were not included due to up8et conditions being reflected in the final effluent. 

2 Includes •·ine Bleached Kraft and Soda subcategories. 

3 Includes Papergrade Sulfite (Blow Pit Wash) and Pdpl'rgrade Sulfite (Drum Wash) aubcategoriea. 

I- 2-
Chlorodehy- Chlorodehy- Trichloro-
droabielic droabietic guaiac:ol 

139 140 141 

Tel rachloro-
guaidC'Ol 

142 -·-·- -···----- Total 

117 

93 
49 

127 
27 

J 

64 

200 

94 



TABJ.E VI-II 

SUHHARY o•· INHUENT CONCENTRATIONS* FOH RESIN AND FATTY ACIDS 
AND CHinRINATED DERIVATIVES FOH VERIFICATION HILLS HEETING BPT EH'LllENT LIHITATIONS 

I- 2-
Dehydro- !so- Lino- Lino- Epoxy- Oichloro- ChloroJehy- Chlorodehy- Trichloro- Telrachloco-

Treatm~nl Abietic abiel.ic plmaric Piiaaric OJei<.: )eic lenic slearic slearic droahietic droabietic guctia<.:ol guaiJcol 
___ Typ~- ____ !lQ___ _ __!_l! ____ !E ___ _!~~ ----~ __ l'.!_L __ !;!6 ___ . __ _!'.!? ______ !l!!__ ______ !n ____ -----~Q ______ l~ _____ !~-- _!~t"! 

!•!!~.8£_a_l~~ _§~.&.~eut 

H .. rkel. Bleached 
Kcafl 1 Biological 13 26 383 1,320 126 3 5 1,876 

BCT Bl e.oched Kraft Biological 350 547 51 58 533 257 116 1,912 
Alkal lne-nne2 Biological 470 273 74 63 276 283 71 44 6 4 1,5 71 
Unbleached Kraft 

0 l..i nerboard Biological 753 470 283 43 337 203 l,089 
Semi-Chemical Biological 153 29 II 69 262 
UnblPached Kraft and 

SE" .. i-Chemicctl Biological 1,633 750 590 243 937 730 4,88.1 
Pavergr .. dP Sulfite 3 Biological 18 97 115 
GruundW"ood-fo"ine 

Paper a Biological 305 245 55 76 38 719 
I 11tegra ted Biological 2,700 1,400 1,020 747 1,280 307 54 7,~08 

Hi 6Ct" l l dOt>OUS 

l\J ,,... 
IC 

~~~_!!~~!~_fi~!S__l!~~ 

lleiuk 
0 Ji~ine i'apE"rs Biological 837 2,267 587 127 967 470 212 467 6 14 6 5,962 
0 Tissue Paper• Biological 513 1,833 193 80 410 178 3,207 

Tis~ue Fro• 
Waal<'f'"per Primary 203 417 28 43 147 6:!6 

Biological 54 372 32 12 IB3 65] 
Paperboard Fro• 

Wastepaper B.iolog.icd 426 357 173 150 342 413 1,861 

H~!l.!!_l~!att'd S~&'!!'..1!.!: 

Honintesraled-.fo'ine Priaary 483 483 
Papen Biological 207 433 39 19 6S 67 6]0 

Nonintescaled-
Tissue Papers Priaary 53 213 37 10 260 573 

Biological 13 )) 

Noni11tesrdtecJ-Filter 
and Nonwoven 
Papers Biologic-al JJ 33 

Non integrated-
PdpedJOdrd Biological 1,477 667 117 25 260 2,546 

--··----------· - ----------- ----·--------------- -- ·-·· ----------~-------- ---------~--· 
*Averc1ge concentrations µg/ l 

I Data at on~ mili were not included due to upael t·onditioua being reflected iu lhe final effluent. 

~ Includes Fioe Bleached Krafl and Soda subcategories. 

" Juel mt~R Pap<'rgude Sulfite (Blow Pit Wash) and l'•pergrade Sulfite (Drwo Wash) subcatt"goriea. 
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TABLE Vl-12 

SllllllARY UF EFHUlNT CONCrnTRATIONS* FOR RESJN ANIJ FATTY ACJUS 
ANJ> CJJ!.ORINATEIJ Df:HIYATIVES FOil YERH'ICATION l!IJ.J.S IJEET!NG IJPT J::ffl.IJJ::NT l.JllJTATWNS 

Dehydro- I so-
'freatn1cnl Abietic abit>tic- pim.1ric PiWlaric 

____ i:~ .. _______ !1Q__ _____ !--3! 132 ___ _ 1n 

Markel Blea<..ht!d 
Kra fl 1 

OCT Blea<·hed Kraft 
Alkal ine-t"ine 2 

Unbleached Krafl 
Liuerhodrd 

Se111i-Che111icaJ 
Unblea<·he,f Kraft and 

Semi-Chemical 
Papergr.Jde Sul fi tc 3 

GrounJwoo<l-Fint' 
Papers 

lnt.,gral.,J 
Miscellaneous 

De ink 
o Fine Pdpers 
o Tissue Papers 

Tissue From 
Waslep.1per 

Pap~rboard 1'"ro01 
Wastepdper 

Hoo integra ted-Jo'ine 
Papers 

Nonintegrated
Tissue Papen 

Noninlegrated-Filler 

Biological 
Biological 
Biological 

lliological 
Biological 

Biological 
BiologicJl 

Biological 
Biological 

Biological 
Biological 

Primary 
Biological 

Biological 

Primary 
Biological 

Primary 
Bioloaical 

and Nonwoven P~pera Biolosical 
Nonintegrated-

Paperboard Biological 

*Average concentrations µ1/l 

55 
3 

to 

g3o 

12 
143 

12 
72 

84 

16 

4 

4 
122 

5 

11 
2 

263 

36 
105 

49 
253 

250 
20 

42 

93 
45 

98 

128 

19 

6 

203 

5 
67 

5 
13 

5 

2 

29 

167 

5 
42 

Olei<· 
134 

69 
15 
41 

38 
II 

613 

11 
66 

49 
243 

25 
193 

70 

27 
27 

1.ino- Lino- tpoxy- Di ch lorn-
lcic lenic steJric slt•aric 

135 136 _1n 138 --------- ---· 

55 47 

4 

11g 

99 

3 

1 Data at one aill were not included due to up•el conditions being reflected in the final effluent. 

2 lncludea Fine Ble;oched Kraft and Soda •ubcategorie•. 

3 Includes Paperarade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) aubcategorie•. 

I - 2-
Chlo rodehy- Chlorodehy-
Jcodbiet i c <1rodbietic 

139 140 ··- --·--- ·-·--··---·-

5 

Trichloro- Tctra<·hloro-
gudi.Jcol guetiacol 

141 142 

14 9 

Tt>l.11 

175 
245 

58 

66 
I] 

2. 194 

69 
42.l 

217 
581 

359 
2 l:l 

I JJ 

')3 

49 

12 7 
27 

3 

128 



resin acids, fatty acids, and bleach plant derivatives are generated) 
is very effective in reducing raw waste loadings of resin acids, fatty 
acids, and bleach plant derivatives (see Table VI-13). Almost no data 
are available for potential BAT treatment technologies such as foam 
separation, chemically assisted clarification, ion exchange, or 
activated carbon. In addition, analytical methods have not been 
developed for measuring these nonconventional pollutants. For the 
above reasons, EPA cannot establish BAT effluent limitations 
guidelines and NSPS for control of resin acids, fatty acids, and 
bleach plant derivatives on a national basis. 

Wastewaters discharged from mills in the pulp, paper, and paperboard 
industry are generally nutrient deficient. It is normally necessary 
to add nutrients, such as ammonia and phosphorus, to ensure efficient 
operation of biological treatment systems. However, there are eight 
mills in three subcategories where ammonia-based cooking chemicals are 
used in the pulping process. The Agency did not propose establishment 
of ammonia limitations because there were very limited data available 
on ammonia discharges from these eight mills. EPA sought additional 
data and requested comments on the necessity for establishment of 
uniform national standards for control of ammonia in the pulp, paper, 
and paperboard industry. 

Some commenters stated that ammonia should not be regulated on a 
uniform national basis because of the absence of wide-spread receiving 
water quality problems from routine industrial discharges of ammonia. 
They stated that ammonia occurs naturally in the environment, is 
readily metabolized to nitrite and nitrate, and, therefore, is best 
regulated on a case~by-case basis. Other commenters urged the Agency 
to collect additional data on the level of ammonia discharges and 
applicable treatment technologies to determine whether effluent 
limitations ·were necessary. 

After reviewing the comments and all available ammonia data, EPA 
decided not to establish ammonia limitations. In reaching that 
decision, the Agency confirmed that there are only eight mills in 
three subcategories where ammonia-based cooking chemicals are used in 
the pulping process. Resulting ammonia raw waste concentrations range 
from 20 to 340 mg/l. After application of BPT, about 12 to 32 mg/l of 
ammonia remain, depending on the subcategory considered. When BPT 
effluent limits are met, about 3.6 million kg (8.0 million pounds) per 
year of ammonia are removed from industry raw wastes. 

EPA identified two technologies capable of removing additional ammonia 
from pulp, paper, and paperboard industry wastewaters: (a) conversion 
of existing biological treatment systems to operate in a nitrification 
mode and (b) conversion to the use of a new chemical base (i.e., 
sodium or magnesium). These technologies are discussed in detail in 
Sections VII and VIII and Appendix A of this document. 

The Agency investigated the ammonia removal capability of these 
technologies and also estimated the economic impact that would result 
from establishing ammonia limitations. Uncertainties exist in the 
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Subcategory 

Integrated Seament 

Dissolving Kraft 
1 Harket Bleached Kraft 

BCT Bleached ~raft 
Alkaline-Fine 
Unbleached Kraft 

o Line rboa rd 
o Ba1 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Sulfite Diasolvin13Pulp 
Papergrade Sulfite 
Groundwood-Fine Paper• 
Integrated Hiacellaneous 

Secondary Fibers Segment 

Deink 
o Fine Papers 
o Newsprint 
o Tissue Papers 

Tissue From Wastepaper 

Paperboard From Wastepaper 

Waatepaper-Holded Products 

Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Sonintegrated-Fine Papers 

Non1ntegrated-Tissue Papers 

Nonintegrated-Lightweight Papers 
Nonintegrated-Filter and 

Nonwoven Papers 
Nonintegrated-?aperboard 
Nonintegrated Miscellaneous 

TABLE VI-13 

REMOVALS OF RESIN AND FATTY ACIDS 
AND CHLORINATED DERIVATIVES 

All Verification Hill• 
Concentration ~~gll) Percent 

Treatment TYJ>e Influent Effluent Removal 

Bioloaical 26,361 4,053 85 
Biolo1ical 1,876 175 91 
Bioloaical 4,062 315 92 
Biological 1,571 58 96 

Biological 2,089 66 97 
Biolo1ical 21,697 367 98 
Biological 830 168 80 

Biological 4,023 1,817 5S 
Biolo1ical 5,931 899 85 
Biolo1ical 1,067 509 52 
Bioloaical 1,196 136 89 
Biological 3, 147 253 92 

Biological 5,962 237 96 
POTW 10,218 
Partial Flow, 4,492 1,062 76 
Biological 
Biolo1ical 3,207 581 81 
Primary 838 359 57 
Bioloaical 653 213 67 
Primary 1,289 104 92 
Biolo1ical 2,220 160 93 
Biological 1,468 116 92 
POTW 1,776 
POTW 14, 770 
Primary 143 117 18 

Primary 483 93 81 
Biological 830 49 94 
Primary 573 127 72 
Biological 13 27 0 
Biological 

Biological 33 3 91 
Biological 1,508 64 96 
Primary w/Holding Pond 4 14 200 0 
Primary 577 94 84 

Verification Hills 
Meeting DPT Limitation• 

Concentration ~~&lll Percent 
Influent Effluent Removal 

1,876 175 91 
1,912 245 87 
1,571 SS 96 

2,089 66 97 

262 13 95 

4,883 2, 194 55 

115 0 100 
719 69 90 

7.~08 423 94 

5,962 237 96 

3,207 581 82 
838 359 57 
653 213 67 

1,861 133 93 

483 93 81 
830 49 94 
573 127 78 

13 27 0 

33 3 91 
:!,546 128 95 

1 Data at one mill were not included due to upset conditions being reflected in the final effluent. 

2 Includes Fine Bleached Kraft and Soda subcategories. 

3 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) subcategories. 

4 Treatment system detention time is three days. 
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modifications required to convert existing pulp, paper, and paperboard 
biological treatment systems to operate in a nitrification mode (i.e., 
proper detention time, sludge age, and operating temperature). 
Therefore, the Agency assumed that ammonia limitations, if 
established, would be attained through conversion~ to a different 
(non-ammonia) chemical base. 

The Agency estimates that an additional 2.02 million kg (4.45 million 
pounds) per year of ammonia could be removed from wastewater 
discharges from the eight mills where ammonia based cooking 
ch~micals are used. Capital and total annual costs at the eight mills 
would be $120 million and $36.3 million, respectively (1978 dollars). 
These costs would result in production cost increases ranging from 2.9 
to 15.4 percent and might cause the closure of four of the eight 
mills. 

Because of these projected severe economic impacts, the Agency 
determined that establishment of uniform national standards for 
control of ammonia is unwarranted. If required to protect water 
quality, ammonia limitations are best established on a case-by-case 
basis. 

• 
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SECTION VII 

CONTROL AND TREATMENT TECHNOLOGY 

INTRODUCTION 

This section describes the control and treatment technologies in use 
and available for application at pulp, paper, and paperboard mills to 
reduce wastewater and/or wastewater pollutant discharge. There are 
two major technology approaches that may be employed: (a) in-plant 
production process controls and (b) effluent treatment technology. 
Production process controls are those technologies implemented to 
reduce the effluent volume and pollutant loading discharged from the 
manufacturing facility. Effluent treatment technologies are those 
end-of-pipe treatment systems used to reduce the discharge of 
pollutants contained in mill effluents. In most instances, pollution 
abatement programs developed for use at individual mills include both 
approaches. In some cases, production process controls and effluent 
treatment technologies can yield comparable results. For example, 
suspended solids removal equipment may be employed internally within a 
mill to allow for reuse of clarified water in the process and 
recovered solids in the product; at another mill, end-of-pipe 
technology may be relied on to a greater extent to produce similar 
effluent characteristics. 

PRODUCTION PROCESS CONTROLS COMMONLY EMPLOYED BY THE PULP, PAPER, AND 
PAPERBOARD INDUSTRY 

Many alternative approaches have been taken within the pulp, paper, 
and paperboard industry in implementing process controls to reduce 
effluent volume and waste loads. In earlier development documents, 
technologies were identified that are commonly employed within the 
industry to control pulping, bleaching, washing, liquor recovery, and 
papermaking processes. (45)(46)(47)(48) Tables VII-1 and 2 present the 
production process control technologies on which BPT and BAT effluent 
limitations were based. Pollution abatement is not the sole driving 
force for implementation of production process controls. In many 
cases, the concern for consistent production of high quality products 
with minimum loss of substrate results in the development of process 
controls that reduce raw waste loadings. Production process controls 
have always been a part of integrated pulp and papermaking operations, 
their primary function being the control of product characteristics 
and improvement of process economics. 

As part of the data request program, production process control 
information was received for a total of 644 mills, 610 of which were 
still in operation as of April 12, 1982. Production process controls 
at these mills are generally applied in eight specific mill areas and 
also include provision for the recycle of effluent. The following 
discussions relate to production process controls applicable to the: 

o woodyard/woodroom, 
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TABLE VII-1 
PRODUCTION PROCESS CONTROL TECHNOLOGIES 

IDENTIFIED AS THE 
BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE 

High Level Alarms on Tanks 
Decker Filtrate for Sulfite Pit 

Dilution or Vacuum Washer 
Showers 

Prehydrolysate Disposal by Burning 
Evaporator Condensates for Brown Stock 

Washer Showers 
Recook Screen Room Rejects 
Use of CL02 Waste Acid for Tall Oil 

Manufacture or Add to Black Liquor 
for Recovery 

Use of Green Liquor Dregs Filter 
White Water Showers for Wire Cleaning 
Broke Storage and Overflow Prevention 
Install Saveall 

TABLE VII-2 

Use of Mill Wastewater in Woodyard 
Knot Collection Disposal or Reuse 
Turpentine Collection 
Soap Collection 
Sulfite Red Liquor Evaporation and 

Disposal 
Countercurrent Washing -- Deink 
Close-up Screen Room with Reuse of 

Decker Filtrate 
Jump State Countercurrent Wash in 

Bleach Plant with Reuse of 
Chlorination Filtrate 

Reuse Kiln Scrubber Water 
Evaporator Condensate Used as Causti

cizing Makeup 
White Water Storage During Upsets and 

Reuse as Pulper Dilution Water 

PRODUCTION PROCESS CONTROL TECHNOLOGIES 
IDENTIFIED AS THE 

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 

Cooling Water Segregation and Reuse 
Dry Barking 
Evaporator Surface Condenser 
Evaporator Boilout Tank 
Caustic Area Spill Collection 
Reuse Vacuum Pump Seal Water 

276 

Stock and Liquor Spill Collection 
Lime Mud Pond 
Filter and Reuse Press Effluent 
Paper Mill Stock Spill Collection 
High Pressure Showers for Wire 

and Felt Cleaning 



o pulp mill, 

o washers/screen room, 

o bleachery, 

o evaporation and recovery area, 

o liquor preparation area, 

o papermill, 

o steam plant and utilities, 

o recycle of effluent, and 

o substitution of chemicals. 

In order to comply with BPT effluent limitations, some degree of 
production process control was implemented at most mills. In this 
section, some specific production process controls that are applicable 
to each industry subcategory are described. Additional controls that 
may be applicable at individual mills, rather than all mills in a 
subcategory, are also described. Table VII-3 summarizes the control 
items that have been identified and discussed. 

Woodyard/Woodroom 

Production process controls that reduce raw waste loading in woodroom 
area include: a) conversion to mechanical or dry systems or close-up 
of wet operations and b) the segregation and reuse or direct discharge 
of uncontaminated cooling waters. These controls, their applicability 
within the various subcategories, and their general effectiveness are 
described below. 

Close-!d.Q or Dry Operation. This production process control is 
commonly practiced at most mills; however, it has not been commonly 
employed at mills in the dissolving sulfite pulp and groundwood-fine 
papers subcategories. For mills in the dissolving sulfite pulp 
subcategory, discharge of wastewater from hydraulic barking systems 
can be eliminated through installation of a collection tank and 
cleaning system to enable recycle of water; pulp mill wastewater can 
be used as make-up to the system. At mills in the groundwood-fine 
papers subcategory, conversion to dry barking and the use of 
mechanical conveyors is possible. In colder climates it may be 
necessary to use steam in the barking drums. These controls are 
illustrated in Figures VII-1 and VII-2. 

Application of these controls in the barking area of 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. 
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TABLE VII-3 

PRODUCTION PROCESS CONTROL TECHNOLOGIES 
AVAILABLE FOR REDUCTION OF EFFLUENT VOLUME AND 

POLLUTANT LOADINGS 

Woodyard/Wood room 
Closeup or dry operation 
Segregate cooling water 

Pulp Mill 
Reuse blow condensates 
Reduce thickener overflow (groundwood) 
Spill collection 

Brown Stock Washers and Screen Room 
Add third or fourth stage washer 
Recycle more decker filtrate 
Cleaner rejects to landfill 

Bleaching Systems 
Countercurrent or jumpstage wash 
Evaporate caustic extraction stage filtrate 

Evaporation and Recovery 
Recycle of condensates 
Replace barometric condenser with surface condenser 
Bailout tank 
Neutralize spent sulfite liquor 
Segregate cooling water 
Spill collection 

Liquor Preparation Area 
Installation of green liquor dregs filter 
Lime mud pond 

Papermill 
Spill collection 
Improvement of savealls 
Use of high pressure showers for wire and felt cleaning 
Whitewater use for vacuum pump sealing 
Papermachine whitewater use on wire cleaning showers 
Whitewater storage for upsets and pulper dilution 
Recycle of press water 
Reuse of vacuum pump water 
Additional broke storage 
Installation of wet lap machines or other screening devices 
Segregate cooling water 
Cleaner rejects to landfill 
Fourth stage cleaners 

Steam Plant and Utility Areas 
Segregate cooling water 
Lagoon for boiler blowdown and backwash waters 

Recycle of Treated Effluent 

Chemical Substitution 

278 



•o La. ITKAM MAHI 
LEGEND 

----.• NIW 

I r 
11 

11 

11 
I 

aAIUC COl,.LECTIOll COllVKYOlll 

11 
11 
11 
II 
l l 
11 

11 
11 
11 

11 
11 

aARIClll9 DaUlll 

FIGURE EJ:- I 
CONVERT HYDRAULIC BARKING 

SYSTEM TO DRY SYSTEM 



N 
co 
0 

OUTLIMI lLIVATIOM OP COMYlYOR8 

!"-.. , ... ... r ... _ 419._,,. 
--- .. ,,.._ UMLOADHle DlCIC 

'--:~41t .... - .. .. -... .... r., 
.... ...._ .. ,._ I I 

,,.~.. II 
1 '"> , I 

~/ ,,,..f ~~ CONVEYOR I~ I 

"/ I I ' ' ,/ I ( 1 1 
',,a.aa~/ I I I ,, ___ //. I I .,_ __ _. __ , __ _. I 

I : 1----- ----~ I 
I 1 n n n 1 : 

L~---~!r.i.,..._ __ _,""' 
,_lJ tT---il--·~~--,-. 

I I U ~ U 1 I 

TYPICAL COllVIYOR HCTION 

LEGEND 

----- EXISTING 

NEW 

J _________ L 

PLUllll 

FIGURE JZX- 2 
FLUME REPLACED BY 

MECHANICAL CONVEYOR 



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 
12.5 kl/kkg (2 to 3 kgal/t) and TSS reductions in the range of 5 to 10 
kg/kkg (10 to 20 lb/t). (28)(49)(50) Factors affecting the level of 
reduction are the source of water used in the woodroom, the type of 
barking operation employed, the type of wood processed, seasonal 
factors, and the ultimate disposal technique. 

Segregation of Cooling Water. This control item involves the 
collection of water used for motor, chip blower, and bearing cooling. 
This non-contact 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 VII-3. 

Woodroom non-contact cooling water segregation has been neglected at 
most mills in the integrated subcategories. It is designated as an 
applicable production process control technology in the integrated 
subcategories where woodrooms are employed. Its implementation can 
result in a measurable flow reduction and significant energy savings. 
Segregation of cooling water via a separate discharge can result in 
effluent flow reduction in the range of 1.3 to 4.2 kl/kkg (0.3 to 1.0 
kgal/t), depending reduction ranges from about l .3 to 4.2 kl/kkg (0.3 
to 1.0 kgal/t), depending on 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 loadings in the pulp 
mill area include: a) reuse of digester relief and blow condensates, 
b) reduction of groundwood thickener overflow, and c) 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 BOD5 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 VII-4 illustrates a system for 
reusing blow condensates. This control is an applicable technology 
for all of the kraft and soda subcategories. Digester blow condensate 
is collected in a tank and pumped to the area of greatest benefit. 
The collection tank should be equipped with a conductivity alarm to 
alert the operator of unusually strong condensate. Areas where blow 
condensates can be reused include: (a) addition at the salt cake 
dissolving tank and (b) use at the lime kiln for mud washing. 

If digester condensates, including relief condensates, are stripped or 
further treated (i.e., reverse osmosis) to reduce BOD5, they can be 
reused in other process areas including (a) addition at the first 
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shower of the last stage brown stock washer or (b) addition directly 
to the black liquor. 

Wastewater BODS reductions ranging from 0.9 to 3.0 kg/kkg (1.8 to 6.0 
lb/t) can .be- achieved by incorporating digester relief and blow 
condensates back into the black liquor recovery cycle.(Sl)(S2)(S3) 
Wastewater reduction at alkaline (kraft and soda) pulp mills through 
the reuse of increasingly dirtier condensates to replace fresh water 
results in higher concentrations of volatile organic sulfur compounds 
in wash water and dilution water. While a net reduction in BODS may 
result, the possibility of releasing these volatile compounds through 
brown stock washer vents, screening operations, and smelt tank 
dissolving operations is increased. 

Until recently, emission regulations dealt only with the particulate 
and TRS emissions from the recovery furnace itself. With an increased 
concern for reduction of overall emission levels, a higher degree of 
scrubbing, collection, and combustion or disposal of volatile organics 
may have to be considered prior to implementation of condensate reuse 
techniques. 

Reduce Groundwood Thickener Overflow. At a typical mill in the 
groundwood-fine papers subcategory, excess thickener filtrate 
overflows to the sewer at a rate of up to 16.7 kl/kkg (4.0 kgal/t) of 
pulp produced.(S4) This overflow represents a small source of fiber 
loss and contributes S.O kg/kkg (10.0 lb/t) of TSS at a typical mill. 
Modifications shown in Figure VII-S can be implemented to close up the 
white water 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 white 
water. A heat exchanger would be required during the warmer months of 
the year to control heat build-up in the filtrate. Fresh water used 
as cooling water in the heat exchanger would subsequently be returned 
as make-up to the papermachine systems or discharged via the thermal 
sewer to balance mill white water heat load. 

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, dumps, and weak liquor overflows 
could result in a recovery of approximately l.S to 3.S kg/kkg (3.0 to 
7.0 lb/t) of BODS.(SS) In the brown stock area, the combination of 
stock and liquor spills would generally be combined with the brown 
stock entering the first stage washer vat. This control is designated 
as an applicable technology in 10 subcategories. A pulp mill liquor 
spill system is illustrated in Figure VII-6. 

A separate spill collection system can be employed using a sump in 
conjunction with conductivity measurements to detect and collect any 
leaks, spills, or overflows from the pulp mill digester and liquor 
storage tanks. Any liquor recovered could be diverted to its 
appropriate tank or to a spare liquor tank. This technology is 
considered applicable for the dissolving, market, BCT (paperboard, 
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coarse, and tissue), and fine bleached kraft and soda subcategories; 
modified systems could also be used in the three sulfite and some 
groundwood and deink subcategories. 

Brown Stock Washers and Screen Room 

Production process controls that reduce raw waste loadings in the 
washer and screen room areas include: a) addition of a third or fourth 
stage washer or improved washing efficiency by replacement with a 
properly sized system, b) recycle of more decker filtrate, and c) 
discharge of cleaner rejects to landfill. 

Addition of ~ Third or Fourth Stage Washer. This control is 
applicable to mills in the kraft, soda, semi-chemical, both papergrade 
sulfite, and deink (newsprint product sector) subcategories. The 
control includes the addition of a fourth-stage washer to all kraft 
and soda washing lines and a third stage washer to all semi-chemical 
and papergrade sulfite washing lines. The addition of another washer 
stage is illustrated in Figure VII-7. This control is primarily a 
BODS reduction measure as dissolved solids losses from the pulping 
operation are reduced. 

Improved washing facilitates bleaching and results in lower bleaching 
chemical costs. In terms of raw waste load, the main effect is a 
reduction in BODS ranging from about 2.S kg/kkg (S.O lb/t) for 
dissolving kraft mills to as much as 4.0 kg/kkg. (S6)(S7)(58) 

Recycle of More Decker Filtrate. This control item was considered in 
the establishment of BPT effluent limitations. It is generally 
applicable to the alkaline (kraft and soda), groundwood, and deink 
subcategories. Tightening up by using decker filtrate on brown stock 
washer showers can substantially reduce decker filtrate overflow to 
the sewer, thus reducing effluent flow and BOD~. Efficient washing on 
the decker is required to reduce liquor carry-over to bleaching. At 
many mills in the subcategories mentioned, a considerable quantity of 
decker filtrate is reused in the screen room as dilution water. A 
schematic of this control is shown in Figure VII-8. 

Typically, reductions of about 4.2 kl/kkg (1 .O kgal/t) of flow and 0.5 
to 1.0 kg/kkg (1.0 to 2.0 lb/t) of BOD~ can be realized through 
implementation of this production process control.(S9)(60) Use 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. This production process 
control is now being practiced to a limited degree and can be 
considered as an applicable control technology at new source mills. 

Cleaner Rejects to Landfill. Centricleaner rejects and continuous 
screen rejects from the screen room are generally sewered directly and 
processed in the wastewater treatment plant. Most of these rejects 
are removed in the primary clarifier and handled in the solids 
dewatering system; primary solids are often mixed with solids from the 
~econdary clarifier. Dry collection of screen and cleaner rejects 
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with separate discharge to landfill, as shown on Figure VII-9, will 
reduce TSS raw waste loads. 

Typically 2.0 to 3.0 kg/kkg (4.0 to 6.0 lb/t) of TSS would be removed 
from the raw waste in most of the integrated subcategories. However, 
this may not affect final effluent characteristics, depending on the 
existing primary clarifier solids loading. If the clarifier is 
overloaded, TSS reduction can have an appreciable effect on overall 
treatment plant performance. If the existing clarifier can readily 
accommodate this loading, it may be advantageous to continue sewering 
these wastes. The accompanying fibrous material, when mixed with 
biological solids, can aid in dewatering of the combined solids. This 
technology is considered applicable for the tissue from wastepaper 
subcategory for the purpose of purging dirt from the effluent; this 
allows for recycle of effluent and recycle of sludge to the furnish. 
EPA assumed that adequate clarification is already provided at mills 
in the remaining subcategories. 

Bleaching Systems 

The extent of bleaching varies widely within the industry. Single 
stage operations are often used at groundwood and deink mills, while 
three bleaching stages (i.e., CEH) are common at sulfite and 
semi-bleached kraft mills. Five or six stages (i.e., CEDED) are often 
used at fully bleached kraft mills. In multi-stage bleaching, 
effluents from the first two stages are commonly sewered, although 
some of the first stage chlorination filtrate may be used to dilute 
incoming washed brown stock. Bleachery effluent is a major source of 
process wastewater discharged from integrated bleached kraft and 
sulfite mills. The following technologies address further steps that 
may be implemented to reduce effluent flow from multi-stage 
bleacheries. 

Countercurrent Q!. Jump-Stage Washing. This control is applicable at 
all kraft and soda mills and at 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; the filtrate from 
the first chlorine dioxide washer is then used on the showers of the 
chlorine washer. Filtrate from the second caustic washer is used on 
the first caustic washer. Jump-stage washing, instead of straight 
countercurrent washing, is necessary if the first and second caustic 
washers are constructed of materials that are not sufficiently 
corrosion resistant (i.e., 304 stainless steel or rubber covered 
carbon steel rather than the more resistant 317 stainless steel or 
titanium). Water reduction to levels typical of the discharge from 
three stage bleacheries may be obtained; Figure VII-10 presents a 
schematic for jump-stage washing. 

In newer mills where all bleach plant washers, pumps, pipelines, 
repulpers, and other equipment are constructed of 317 stainless steel 
or equivalent, full countercurrent washing may be implemented. Fresh 
water or preferably pulp machine or papermach~ne white water is used 
for the last stage washer showers and for dilution after high density 
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bleached pulp storage. All washer filtrate is used on showers and for 
dilution of pulp from the preceding stage. Compared to a bleach plant 
with all fresh water showers, the conversion to full countercurrent 
washing can reduce bleach plant effluent volume by up to 80 percent. 
Figure VII-11 presents a schematic for a full countercurrent washing 
system. 

Full countercurrent bleaching using chlorine dioxide necessitates the 
use of 317 stainless steel or titanium materials of construction for 
all washers, pumps, and pipelines in the system. If not already in 
place, such equipment is extremely expensive; by contrast, jump-stage 
washing sequences can often be readily implemented using existing 
major equipment with relatively minor alterations, such as the 
addition of pumps and pipelines to service additional showers. 

Earlier studies proposed the use of full countercurrent washing or 
jump-stage washing in multi-stage kraft and soda 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. Flow reductions of 8.3 to 25.0 kl/kkg 
(2.0 to 6.0 kgal/t) are possible through improved countercurrent reuse 
of filtrates in the bleaching sequence at mills in the alkaline (kraft 
and soda) and sulfite subcategories. For the simpler papergrade· 
sulfite bleach plants, savings would be about 29.2 kl/kkg (7.0 
kgal/t).(53)(61 )(62) 

Evaporate Caustic Extraction Stage Filtrate. This control is an 
applicable control technology at mills in the dissolving sulfite pulp 
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 or disposed of separately from the rest of 
the bleachery effluent; therefore, flow would be kept at a minimum. 
Implementation of this control will greatly reduce the BODS loadings, 
from 41.4 to 104.4 kg/kkg (82.8 to 208.8 lb/t), depending upon the 
grade of dissolving sulfite pulp produced. (63) A flow diagram for the 
bleaching end of this system is shown in Figure VII-12. 

Evaporation and Recovery 

Production process controls that reduce raw waste loadings in the 
evaporator and recovery areas include: a) recycle of condensates, b) 
replacement of the barometric condenser with a surface condenser, c) 
addition of a boil~out tank, d) neutralization of spent sulfite 
liquor, e) segregation of cooling water, and f) various spill 
collection measures. These controls are discussed below. 

Recycle of Condensates. Reuse of evaporator condensates was 
identified as part of the best practicable control technology 
currently available. (48) The analysis of survey responses indicates 
that considerable progress has been made in utilizing essentially all 
condensates. Only in the BCT (paperboard, coarse, and tissue) 
bleached kraft and the semi-chemical subcategories does extensive 
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increased recycle of condensate appear feasible when compared to 
present modes of operation. At BCT bleached kraft mills, improved use 
of condensate is projected to eliminate up to 7.5 kg/kkg (15.0 lb/t) 
of BODS from the raw waste. At semi-chemical mills, where lower 
levels- of substrate are dissolved, the reuse of condensate represents 
a far lower BOD~ saving, generally less than 0.2S kg/kkg (0.SO lb/t). 
A flow schematic for this system is shown in Figure VII-13. 

Replace Barometric Condenser. At most mills in all integrated 
subcategories, except for dissolving kraft, surface condensers are 
used. . Similarly, in the dissolving kraft subcategory, barometric 
condensers can be replaced with surface condensers, thus assuring a 
clean, warm condenser water stream that can be reused. 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 or 
that can be steam stripped and reused for other purposes. Existing 
barometric condenser seal tanks could be reused as the seal tanks for 
new surface condensers. The air ejectors would be retained as 
stand-by, for use during system start-up. 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 non-contact water thermal sewer and return only an 
acceptable amount to the process water line. A new condensate pump 
could be provided to pump to the required discharge point or to 
washers where the condensate could be reused. This production process 
control is illustrated in Figure VII-14. Implementation of this 
technology would result in less than a O.S kg/kkg (1.0 lb/t) BODS 
reduction and less than a 4.2 kl/kkg (1 .0 kgal/t) flow 
reduction. (S3)(64) This technology is applicable at new mills. 

Addition of a Boilout Tank. This control is applicable at mills in 
the dissolving kraft and market bleached kraft subcategories. Water 
for the boilout would be pumped to the evaporators from the boilout 
tank, which would be full at the start of the process. When the 
concentration of the black liquor from the evaporators starts to 
decrease, the flow could be diverted to the weak black liquor tank. 
When the concentration decreases further to a predetermined value, the 
flow could be diverted to the boilout tank. Overflow from the 
condensate tank, which occurs during boilout because of an increased 
rate of evaporation, could also be diverted to the boilout tank. 
After the boilout is complete and weak black liquor is again fed to 
the evaporator, weak black liquor flow would be initially diverted to 
the weak black liquor tank and eventually to the strong black liquor 
tank. This system is shown in Figure VII-lS. 

Neutralize Spent Sulfite Liguor. In both the dissolving sulfite pulp 
and both papergrade sulfite subcategories (particularly at mills with 
MgO systems), neutralization of spent sulfite liquor before 
evaporation will reduce raw waste loadings of BOD~. Neutralization 
gives a significant reduction in the carry-over of organic compounds 
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to the condensate. Depending on the mode of operation, this reduction 
can range from l .0 to l .s kg/kkg (2.0 to 3.0 lb/t) of BODS at 
papergrade sulfite mills and up to 2S.O kg/kkg (SO.O lb/t) of BODS- at 
dissolving sulfite mills. Figure VII-16 shows the modifications~ At 
sulfite mills where a MgO or a sodium base is not used, an organics 
removal system could be used to enable recycle of evaporator 
condensate. The reduction in BODS load is of the same order of 
magnitude as with spent sulfite liquor neutralization, but could 
involve a greater capital cost. Organics removal is essential to 
prevent build-up in the system when extensive condensate recycle is 
practiced. At most mills where this technology is applicable, this 
control strategy has been implemented. It is also applicable for use 
at new mills. 

Segregation of Cooling Water. Segregation and reuse of cooling water 
in the evaporator and recovery area of semi-chemical mills can result 
in substantial flow reductions. Estimated flow reductions of 
approximately 1.7 kl/kkg (0.4 kgal/t) result.(S3)(S4) 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 VII-3 for application in the woodroom area. 

Spill Collection. Spill collection in the evaporator, recovery, 
causticizing, and liquor storage areas could be implemented to varying 
degrees at mills in three kraft subcategories. The spill collection 
system applicable at 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: 

o spill collection in the evaporator and recovery boiler area, 

o spill collection in the liquor storage area, 

o spill collection in the causticizing area, and 

o 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 spill tank. If the tank were full, spills 
could be diverted to a spill lagoon. The spill collection sump for 
the liquor storage area could be equipped with a conductivity 
controller which allows surface run-off and low conductivity spills to 
be diverted to the spill lagoon, while allowing high conductivity 
spills to be sent to the spill tank for recovery. A flow diagram for 
a typical system is shown in Figure VII-17.(57)(65)(66) 
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Liquor Preparation Area 

Production process controls that reduce raw waste loads in the liquor 
preparation 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 (kraft or 
soda) pulp mill with a modern recovery furnace, green liquor dregs 
contribute approximately 5.0 kg/kkg (10.0 lb/t) of TSS.(28) Diversion 
of this material from the primary clarifier can have a beneficial 
effect. The dregs are usually pumped from a gravity-type dregs washer 
or clarifier at very low consistencies with accompanying high strength 
alkaline liquor entrainment. This may have an appreciable effect on 
pH at the clarifier. In addition, the material tends to be of a fine 
colloidal nature and can be 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 projects are 
justified on the basis of alkali saving. This decision depends on the 
capability of the existing primary clarifier and sludge thickening 
operations. Figure VII-18 presents a schematic of this control 
technology. Such devices are generally applicable at all mills in the 
alkaline (kraft and soda) subcategories. However, if adequate primary 
clarification is provided, this technology may result in little 
improvement in overall treatment system performance. 

Installation of a Lime Mud Pond. At kraft pulp mills, the use of a 
lime mud pond can redli'Ce'""TSS discharges caused by upsets, start-ups, 
and shutdowns in the white liquor clarification and mud washing area. 

A spill collection diversion system, incorporating a pond for liquors 
containing high quantities of lime mud, allows for reuse of this mud. 
It also assures minimum upsets at the primary clarifier in the case of 
a dump of a unit containing high concentrations of lime. Such a dump 
could occur during a period of outage or repair. Figure VII-19 
presents a schematic of this control technology. Typical long-term 
savings average 1.5 to 2.5 kg/kkg (3.0 to 5.0 lb/t) of TSS in kraft 
pulp mills.(58) However, this control technology may result in little 
improvement in overall treatment system performance at facilities with 
adequate primary clarification. It may, however, be justified at many 
mills on the basis of the resulting savings in lime cost. 

Papermill 

Production process controls that reduce raw waste loading in the 
papermill area include: a) papermachine, bleached pulp (furnish), and 
color plant spill collection, b) saveall improvements, c) 
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high-pressure showers for wire and felt cleaning, d) white water use 
for vacuum pump sealing, e) white water showers for wire cleaning, f) 
white water storage for upsets and pulper dilution, g) recycle of 
press effluent, h) reuse of vacuum pump water, i) provision for 
additional broke storage, j) installation of wet lap machines, k) 
segregation of cooling water, 1) collection of cleaner rejects for 
landfill disposal, and m) addition of fourth stage cleaners. These 
specific controls, their applicability to the various subcategories, 
and their general effectiveness are described individually in the 
following paragraphs. 

Spill Collection. Papermachine and bleached pulp (furnish) storage 
area spill collection is applicable at mills in all of the bleached 
kraft and soda, sulfite, groundwood, and nonintegrated subcategories. 
The extent of application of this control varies by subcategory, 
depending on factors such as the number of machines and the extent to 
which spill collection already exists at the various mills. For the 
bleached kraft, soda, and sulfite subcategories, spill collection 
systems could be installed to 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 VII-20 through VII-22, 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 control can result in substantial stock savings and a 
reduction in TSS load. Savings estimates vary widely, but may 
typically be 2.0 to 2.5 kg/kkg (4.0 to 5.0 lb/t) of TSS and 0.6 to 0.8 
kg/kkg (l .2 to 1.6 lb/t) of BOD~. 

Collection of color plant spills can be implemented at mills in all 
subcategories where fine coated papers are manufactured. One spill 
collection system could be applied for each machine which has a coater 
or size press. With this system, spills and wash water 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 
control would result in savings of expensive coating pigments and 
adhesives as well as a reduction in the TSS load. A flow diagram is 
shown in Figure VII-23. 

Improvement of Savealls. The use of savealls was identified as part 
of the best practicable control technology currently available. At 
most mills, savealls have been employed. The present emphasis on 
savealls is to improve their performance. Mills in many subcategories 
could benefit from saveall improvements such as the installation of 
new vacuum disc savealls or the reworking of existing savealls by 
adding some new equipment. Savealls can be employed on all types of 
machines producing all types of products including fine papers, board, 
tissue papers, molded products, and newsprint. 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 use 
results in flow and solids reductions. Nearly all stock saved is 
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stored or reused immediately. The clear white water can be readily 
reused within the mill, replacing some fresh water uses. If not 
reused, it becomes a relatively clear overflow to the sewer. 
Significant flow reductions can be attained when an effective saveall 
is used in that extensive filtrate recycle becomes possible. 

At mills with existing savealls, entire installations are not likely 
to be required. 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 VII-24 through VII-26 
illustrate typical saveall installations. The resulting overall white 
water balance determines the net savings, but flow reductions of from 
about 0.8 to 41.7 kl/kkg (0.2 to 10.0 kgal/t) are possible depending 
on the type of mill and level of white water reuse. (60) 

Use of High Pressure Showers for Wire and Felt Cleaning. High 
pressure showers 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 21.1 kg/sq cm (300 psi). A 
typical installation is shown in Figure VII-24. High pressure showers 
are applicable at mills in the dissolving kraft, dissolving sulfite 
pulp, deink, nonintegrated-fine papers, nonintegrated-filter and 
nonwoven papers, and nonintegrated-lightweight papers subcategories. 
Application is, however, generally universal in the 
industry. (60)(67)(68)(69}(70} 

White Water Use for Vacuum Pump Sealing. Excess clarified white water 
has been successfully used to replace fresh water on mill vacuum 
pumps. The vacuum pump seal water may then be recycled or discharged. 
At a minimum, 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 VII-27, fresh water addition may be required and can 
be provided to maintain temperatures below 32oc (900F}. This 
technology can be applied at mills in all subcategories. Resulting 
reductions in waste loadings depend on the overall water balance, but 
flows of 94.6 to 380 liters/minute (25 to 100 gpm) per pump are 
common. (67)(68)(69)(71 )(72} 

Papermachine White Water Use on Wire Cleaning Showers. Clarified 
white water from the papermachine saveall, containing low levels of 
additives and fillers, can be used on wire cleaning showers. White 
water can be used on Fourdrinier showers and knock-off showers as 
shown earlier in Figures VII-24 through VII-26. 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 white water chest in the event of low volume in the 
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chest. The effect of implementation of this control varies widely by 
machine and type of mill. 

White Water Storage for Upsets and Pulper Dilution. As illustrated in 
Figure VII-28, this system consists of an additional storage tank to 
store excess white water that would overflow from the existing clear 
white water tank. Where possible, the tank could be adjacent to or 
added onto the existing tank to eliminate pumping costs. 

The white water from this tank can be used in the pulper or bleach 
plant. The tank would be sized to hold adequate white water needed 
for pulp dilution after pulping, bleach plant washing, or continuous 
washing requirements. A fresh water header is provided to the tank 
for makeup. 

A separate 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 white water system. Increased storage 
facilities can provide significant flow reductions; BOD~ and TSS 
reductions may also result.(60) 

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 pressure rolls, can be piped to a 
collection tank (or wire pit) often without the need for pumping. 
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 white water 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 
eliminated with the advent of synthetic felts. Thus, provision for 
the removal of felt hairs has not been contemplated in the system, 
although such provision may be required on top-of-the-line printing or 
specialty grades, at least during periods of use of new felts. 

Reuse of Vacuum Pump Water. Recycle of vacuum pump water (most of 
which is seal water) and/or use of white water as seal water (Figure 
VII-27) will nearly eliminate fresh water additions for these uses. 
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. 

At many mills, specific collection systems are not employed for press 
effluent and vacuum pump seal water. By combining the two systems, 
cost reductions could be realized. Up to 21 .0 kl/kkg (5.0 kgal/t) may 
be saved. (49) Typically, flow reductions are estimated at less than 
8.3 kl/kkg (2.0 kgal/t). 

Additional Broke Storage. An additional broke storage chest could be 
installed at most mills in the nonintegrated-lightweight papers 
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subcategory. The system consists of a central broke storage chest, 
pumps, and piping. This enables excess broke to be brought to the 
chest and returned to the proper machine once the upset is over. At 
some 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 the couch pit. It would allow for 
breaks or grade changes to occur with a minimum of overflow to the 
sewers. Up to 10.0 kg/kkg (20.0 lb/t) TSS might be saved at a mill 
where grades are changed frequently. 

Installation of Wet Lap Machines or Other Screening Devices. Wet lap 
machines or other screening devices 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 sc~een 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 for use at another mill. 

At some mills, devices such as sidehill or inclined screens may be 
effective at lower cost. However, the wet lap machine is very useful 
as a means of providing excess broke storage. 

Segregation of Cooling Water. Improvements in cooling water 
segregation in the papermill could be employed resulting in reductions 
in water usage. Implementation of this control requires modifications 
to eliminate the discharge of pump seal, calender stack, bearing, and 
other cooling waters from the sewer. These waters could be collected 
in a sump and, depending on warm water requirements, either pumped to 
the mill water system or discharged via a separate thermal sewer. At 
least 4.2 kl/kkg (1 .0 kgal/t) would be expected to be reduced in most 
nonintegrated mills. 

Cleaner Rejects to Landfill. Collection and screening of rejects from 
sources such as pulp cleaners, papermill cleaners, pressure screens, 
and centrifugal screens will eliminate up to 40 percent of the solids 
to the treatment plant from these sources. (52)(60) The system would 
consist of piping from the reject sources to a collection tank, pump 
and piping to the screen headbox, a sidehill screen, and rejects 
dumpster. In the case of remote cleaner reject sources, an accepts 
tank and pump and piping from the accepts tank to the source for 
sluice water would be required. Savings of 1.5 to 5.0 kg/kkg (3.0 to 
10.0 lb/t) TSS are possible. Figure VII-9 presented earlier, shows 
this modification. 

For mills where ample primary 
implementation of this technology 
improvement in overall treatment 
losses may aid in the dewatering 
sludges. 

clarifier capacity is provided, 
may not result in significant 
plant performance. These fiber 
of combined primary/biological 

Addition of Fourth Stage Cleaners. The addition of a fourth cleaner 
stage can reduce the flow and solids being discharged from a three 

318 



stage system by 80 to 90 percent. The pulp stock savings alone can be 
ample justification for implementing such a system, shown in Figure 
VII-29. This control strategy may be an alternative to collection and 
screening of rejects depending on relative mill operating parameters. 
Again, if ample primary clarification is provided, this control may 
not result in significant improvement in overall treatment plant 
performance. 

Stearn Plant and Utility Areas 

Production process . controls that reduce raw waste loads in the steam 
plant and utility areas include: a) segregation of cooling waters and 
b) installation of lagoons for boiler blowdown and backwash waters. 
These controls are discussed below. 

Seoreoation of Cooling Water. At mills in many subcategories, this 
control technology has been implemented; however, this technology is 
not widely practiced at mills in several subcategories. This control 
requires modifications to sewers and floor drains to segregate cooling 
water from the mill process sewer and 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 include miscellaneous streams such as pump and bearing cooling 
water, air compressor cooling water, and major water sources such as 
turbine and condenser cooling waters. This control is a flow 
reduction measure, but will also result in energy savings. 

Addition of Lagoon(s) for Boiler Blowdown and Backwash Waters. This 
control could be effective at mills in many of the subcategories. At 
mills in several other subcategories, a separate discharge for these 
sources has been provided or these waters are reused in the process. 
The boiler blowdown water and the backwash waters can be pumped to a 
new lagoon, from which they are discharged to receiving waters. This 
keeps these sources segregated from the wastewater treatment facility 
and provides sufficient settling time to effectively remove suspended 
solids. pH adjustment may be required in some cases. Implementation 
of this control technology will reduce the flow to the wastewater 
treatment facility. While universally applicable, the technology is 
widely practiced at mills in only a few subcategories. (53) 

Recycle of Effluent 

At mills in several secondary fibers and nonintegrated subcategories, 
fresh water usage is reduced by recycling clarified effluent to the 
mill for use as hose water and pump seal water. At industrial tissue 
mills, purchased wastepaper requirements may be - reduced through 
recycle of primary clarifier solids to the process. The major benefit 
of effluent recycle is flow reduction. Recycle of clarifier solids 
can yield savings in the cost of raw materials and the cost of 
handling and disposing of the primary waste solids. 
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One system to recycle 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 VII-30, would consist of a pump with 
suction from the existing waste solids discharge line and piping to 
the pulpers. This technology would be difficult to implement at mills 
with severe product quality constraints. It is most likely that this 
technology would be implemented at mills where industrial and 
institutional grades of tissue paper are produced. Solids recycle 
occurs primarily at secondary fiber mills.(67) 

At some secondary fiber mills, effluent is now recycled. Saveall 
improvements could permit the use of more effluent on machine showers 
and eliminate the use of fresh water on the machine. Such recycle 
schemes are now commonly employed in the paperboard from wastepaper, 
wastepaper-molded products, and builders' paper and roofing felt 
subcategories. Savealls may serve as a means of recycling both 
effluent and reclaimed stock in these latter subcategories. At mills 
in the nonintegrated-tissue papers and nonintegrated-lightweight 
papers subcategories, a settling basin can be installed to collect 
discharges from floor drains for reuse of this water rather than fresh 
water for hoses and seal water. This system could also be employed at 
mills in the deink and nonintegrated-fine papers subcategories. 

Chemical Substitution 

It is often possible to use different process chemicals to accomplish 
the same goal. For example, both zinc hydrosulfite and sodium 
hydrosulfite can be used to bleach mechanical (groundwood) pulps. In 
recent years, at most groundwood mills, a substitution to the use of 
sodium hydrosulfite rather than zinc hydrosulfite has been made. This 
was prompted, at least in part, by the establishment of BPT effluent 
limitations controlling the discharge of zinc. Rather than invest in 
costly end-of-pipe treatment, mill management determined that a less 
costly and equally effective control option would be chemical 
substitution. This substitution of chemicals resulted in attainment 
of BPT effluent limitations. 

Other opportunities exist to 
nonconventional pollutants 
discussed below. 

m1n1m1ze the discharge of toxic 
through chemical substitution and 

and 
are 

Toxic Pollutants. Slimicide and biocide formulations containing 
pentachlorophenol are used at mills in the pulp, paper, and paperboard 
industry. Initially, pentachlorophenol was used as a replacement for 
heavy metal salts, particularly mercuric types. Trichlorophenols are 
also used because of their availability as a by-product from the 
manufacture of certain herbicides. Formulations containing the 
following three types of materials are also currently being used: 

l. Organo-bromides, 
2. Organo-sulfur compounds, and 
3. Carbamates. 
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Substitution to the use of alternate slimicide and biocide 
formulations can lead to the virtual elimination of pentachlorophenol 
and trichlorophenol from these sources. 

Nonconventional Pollutants. Ammonia is used as a cooking chemical at 
eight mills in the semi-chemical, dissolving sulfite pulp, and both 
papergrade sulfite subcategories. One method for reducing ammonia 
(NH3) discharges is the substitution of a different chemical, such as 
sodiu~ hydroxide, for ammonia in the cooking liquor. The quantity of 
sodium hydroxide required, based on chemical composition and 
stoichiometry, is 150 kg per kkg (300 pounds per ton) of pulp, about 
three times the required amount of NH3. The equipment changes 
necessary to receive and feed a 50 percent solution of NaOH are not 
likely to be significant. 

After conversion to the use of sodium-based chemicals, spent liquor 
could be incinerated, and sulfur dioxide, sodium sulfate, carbonate, 
or sulfide could be recovered. These compounds could be sold for use 
at nearby kraft mills or for other industrial uses; however, markets 
are not likely to be readily available. 

Reducing, smelting furnaces that produce a high-sulfidity, kraft-like 
green liquor are now employed at sodium-based sulfite mills. The 
Agency anticipates that it would be necessary to replace the existing 
recovery boilers at ammonia-based mills if chemical substitution to a 
sodium base were employed. Additionally, it is likely that, because 
the heat value of sodium spent liquor is lower than ammonia spent 
liquor, evaporator modification may be required if excess capacity 
does not now exist. 

OTHER PRODUCTION PROCESS CONTROLS 

In the previous discussion, production process controls 
employed in the pulp, paper, and paperboard industry 
reviewed and summarized. Other production process controls 
implemented to a limited extent; these controls are 
applicable in the pulping, bleaching, and recovery areas of 
Several of these control items are discussed below. 

Bleach Systems and Recovery 

commonly 
have been 

have been 
generally 

the mill. 

The bleach plant is commonly the largest contributor of wastewater 
pollutants from kraft and soda mills where pulp is bleached. For this 
reason, much effort has been spent on investigating the possibility of 
recycling bleach plant effluent to the liquor recovery system, where 
organic constituents can be burned. One process that has been 
investigated is the use of oxygen bleaching. The oxygen bleaching 
concept has just recently begun to be applied in commercial 
use.(73)(74) Other processes that allow return of bleach plant 
effluent to the liquor recovery cycle are the Rapson-Reeve closed
cycle process and the Billerud Uddeholm nonpolluting bleach 
plant. (75) (76) (77) (78) 
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Oxygen Bleaching. Oxygen bleaching is currently used at only one mill 
in the United States, the Chesapeake Corporation in Virginia.(79) 
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.(80) 

The advantage of oxygen bleaching comes from the recycling of the 
alkaline O~ 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 at a low level. For this reason, the 02 
bleaching sequences being used generally have the 02 stage preceding 
any Cl~ or ClO~ stage. The exception to this is at- the Chesapeake 
Corporation, where a CDOD sequence is used that does not allow for 
recycle of the o~ 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 alkaline pulps. By 
recycling all of the 02 stage effluent, a BODS reduction of 81 percent 
and a color reduction of 89 percent over the- conventional sequences 
were achieved for softwood pulps. For hardwood, reductions of 81 
percent of BODS and 92 percent of color were achieved. (81) 

At the Cellulose d'Aquitaine mill in St. Gaudens, France, total BODS 
load and the total color load have reportedly been reduced by about 30 
and SO percent, respectively. An existing CEDED sequence has been 
converted to an OCEDED sequence.(73) The claimed operating cost for 
the new oxygen bleach sequence is $2.10/ton (197S) less than for the 
old sequence. 

The Enstra oxygen bleaching operation in South Africa has achieved a 
cost reduction of $5.00/ton (1972) with an AODED sequence. The 
capital cost of adding an oxygen stage was reported to be $2.0 million 
(1972) for a 270 kkg/day (300 tons/day) mill and $4.0 million (1972) 
for a 680 kkg/day (7SO tons/day) mill.(74) 

Oxygen bleaching technology is still being developed and is not 
routinely used in alkaline pulp mills in the United States. 

Rapson-Reeve Closed-Cycle Process. The Rapson-Reeve closed-cycle 
process encompasses some standard design features likely to be 
employed at many kraft pulp mills in the future. (S3)(76) The 
concepts of the closed-cycle mill, as proposed by ERCO-Envirotech, 
Ltd. and illustrated in Figure VII-31, are included in the system at 
Great Lakes Paper Co., Ltd., Thunder Bay, Ontario. 

One of the features of the closed-cycle process is the use of 
approximately 70 percent chlorine dioxide in the first stage. It has 
been claimed that the use of chlorine dioxide will decrease effluent 
BODS, color, chemical oxygen demand (COD), dissolved solids, and 
toxicity even at a mill that is not completely closed.(82) The bleach 
sequence for the closed-cycle bleached kraft mill is D~EDED. The 
washing design is straight countercurrent; excess E1 stage filtrate 
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can be pumped to the salt recovery process, used for cooking liquor 
dilution, or used on the brown stock washers. The DC filtrate can be 
used for brown stock washing, screen room dilution, or sent to the 
lime kiln scrubber. 

Of these features, the only one that is unique to the closed-cycle 
mill is the salt recovery process. The salt recovery process (SRP) is 
necessary in the closed-cycle mill in order to remove the sodium 
chloride that would otherwise build up in the system. In the 
closed-cycle mill, the white liquor is evaporated and sodium chloride 
is crystalized and removed from the white liquor. Recovered salt is 
to be reused for the generation of Cl0£; however, some must be purged 
from the cycle. Figure VII-32 is a schematic of the salt recovery 
process. 

ERCO-Envirotech stated that use of the design features of the 
closed-cycle mill result in (a) energy savings, (b) fiber savings, (c) 
yield increase, (d) decreased water consumption, (e) decreased 
chemical costs, and (f) savings in effluent treatment costs. 
According to ERCO-Envirotech, for a closed-cycle kraft mill producing 
635 air dry kkg/day (700 air dry tons (ADT) per day), an SRP system 
would have a capital cost of $4.2 million (1977). Implementation of 
production process controls could run as high as $3.8 million (1977), 
making the total cost for a closed-cycle mill about $8 million or 
more. The additional Cl0£ generating capacity and any major bleachery 
modifications requiring more corrosion resistant materials will result 
in yet higher costs.(77) Original estimates predicted that savings of 
$4 million per year (1977) could be achieved when compared to a mill 
having none of the features of the closed-cycle mill. 

Full-scale operating experience has been less favorable than the early 
literature had projected. Some contaminated effluent is being 
discharged and, while the salt recovery system has been operated, the 
recovered salt has not been used on-site.(75)(76) 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 for a conventional 
mill. (82) 

On implementation of the closed-cycle system, corrosion problems 
occurred at the Thunder Bay facility. A combination of high 
temperatures (4800C (9000F)) and high chloride levels resulted in 
badly corroded tubes in the recovery boiler superheater. The damaged 
equipment was replaced with equipment made of Incaloy 880 and the 
superheater has been operated at lower temperatures (3900C (7300F)). 
This has permitted operation of the system without noticeable 
pitting.(83) In addition, liquor pump failures and evaporator scaling 
were the primary problems experienced in the initial operation of the 
SRP. Presently, liquor pump failures are no longer a problem and new 
evaporator boil out procedures (using E1 filtrate) have significantly 
reduced scaling problems. At the request of representatives of the 
government of the province of Ontario, mill personnel had planned on 
constructing a biological treatment system. However, biological 
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treatment is not currently contemplated because the effluent from this 
facility combined with that from another mill at this site is able to 
achieve provincial effluent standards. While the goal of an 
effluent-free mill has not been realized, reductions in the BODS raw 
waste load of 50 to 75 percent of that of a typical market bleached 
kraft mill have been attained. Even higher reductions have been 
achieved when the SRP has been operated within the specified design 
load. ( 8 3) 

Sequential Chlorination. Another method of reducing the pollution 
load from the bleach plant is with sequential chlorination. 

Sequential chlorination is based on initially contacting the 
unbleached pulp with Cl0£ equal to a portion of the equivalent 
chlorine demand. The reaction is rapid; the remainder of the chlorine 
demand is satisfied with chlorine addition. Strength and viscosity 
improvements have been noted and total chemical application has been 
reduced. ( 84) 

MacMillian Bloedel Research views the use of sequential chlorination 
as an interim solution while oxygen bleaching technology, Cl0£ 
generation, and salt recovery systems are developed. When these 
technologies are fully developed, lower capital expenditures may be 
realized. (85) 

Hooker Chemical has investigated the use of sequential chlorination; 
their work has dealt with modification of fully bleached sequences. 
The first sequential chlorination system studied by Hooker Chemical 
was the APS-I. In this system, the standard CEHD or CEDED sequence is 
modified by replacing conventional chlorination with sequential 
chlorination at a D:C ratio of 50:50 and substituting a 
hypochlorination stage for the first extraction stage. The system can 
be used for hardwood or softwood pulps. Substantial reductions in 
effluent color and toxicity and moderate reductions in BODi are 
reported. (84) 

Chemical costs for the APS-I system are reported to be equivalent or 
slightly higher than for conventional sequences. Estimated capital 
costs range from $20,000 to $500,000 (1973) depending on the mill size 
and condition of the existing bleach plant. Pulp quality is 
equivalent to that from conventional bleaching sequences. 

The Hooker APS-II and APS-III systems operate differently than the 
APS-I. Chlorination is replaced by sequential chlorination, at a D:C 
ratio (75:25) and conventional caustic extraction is employed. This 
minimizes the chloride content of the bleach plant effluent and 
permits recycling of the effluent into the kraft recovery system to 
allow incineration of a major organic waste load. The APS-II and 
APS-III systems suggest a sequence of antipollution steps that may be 
implemented one at a time. These steps and the BODi and color 
reductions obtained through implementation of each step are shown in 
Table VII-4. This process is reported to involve the use of existing 
or slightly modified bleach plant equipment and produces pulp with 
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properties equivalent to or superior to that of conventional 
processes. Hooker also claims reduced chemical and operating costs. 
The process allows for recovery of caustic, sodium sulfate, and sodium 
chloride that would normally be sewered. 

Displacement Bleaching. There are presently only two mills in the 
country where a displacement bleaching process is used. The first was 
at the Temple Eastex mill in Evadale, Texas, where operation of 
displacement bleaching began in 1975.(86) This was followed by the 
start-up of a system at Weyerhaeuser Corporation in Plymouth, North 
Carolina, in 1976. Both systems are Kamyr designs, with a 
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 
displacement tower (0 1 ) at about 10 percent consistency. The 
displacement 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. (87) A final displacement tower (0 2 ) provides up to 4 hours 
detention and washing using paper machine white water at the Plymouth 
mill. 

There are four filtrate tanks for the displacement towers. These 
tanks are of a stacked design with one set of tanks for each caustic 
extraction stage and one set for each chlorine dioxide stage. Caustic 
extract is generally reused on the conventional washer and is mixed 
with the NaOH added at the repulper of the conventional washer prior 
to pumping to the displacement tower. Some chlorine dioxide stage 
filtrate is also mixed with Cl01 to be reused on the 0 1 and 0 2 stages. 
Overflows from the seal tanks are sewered. Water use for a D/CEDED 
displacement bleach sequence is typically 12.5 to 18.8 kl/kkg (3.0 to 
4.5 kgal/t) compared to a conventional tower washer system often 
exceeding 50.0 kl/kkg (12.0 kgal/t). (86) 

The benefits associated with displacement bleaching are lower water 
use and slightly lower initial capital costs. Based on limited data, 
it appears that chemical usage may actually be higher than for 
conventional bleaching systems.(86) 

END-OF-PIPE TREATMENT TECHNOLOGIES COMMONLY EMPLOYED BY THE PULP, 
PAPER;° AND PAPERBOARD INDUSTRY 

Many types of wastewater treatment systems are employed at mills in 
the pulp, paper, and paperboard industry. This section describes the 
treatment systems employed by the industry and presents information on 
other applicable effluent treatment technologies. 

Preliminary/Primary Treatment 

Wastewater must of ten 
seriously damage or 
Automatically cleaned 
treatment and generally 

be screened to remove materials 
clog downstream treatment 

screens are commonly employed prior 
represent the preferred practice. 
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The initial process of removing organic and inorganic solids can be 
accomplished by sedimentation (with or without flocculants or 
coagulants), flotation, or filtration. Primary treatment can involve 
mechanical clarifiers, flotation units, or sedimentation lagoons. 

The most widely applied technology for removing solids from pulp, 
paper, and paperboard mill wastewaters is the mechanical clarifier. 
In the mechanical clarifier, solids are removed by simple 
sedimentation. Dissolved air flotation (DAF) units have also been 
applied to remove solids from paper mi11· effluents.(88) DAF units are 
somewhat limited in use 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 solids removal. Adequate fine screening systems cost 
approximately the same as an equivalent clarifier.(89) 

Because of the biodegradable nature of a portion of the settleable 
solids present in pulp, paper, and paperboard mill wastewaters, 
clarification can result in some BODS reduction. Typical BOD~ removal 
through primary clarification of Integrated pulp and paper mill 
effluent can vary between 10 and 30 percent. The exact BODS removal 
depends on the percentage of soluble BOD~ present in -the raw 
wastewater. Primary clarification can result in significantly higher 
BOD5 reductions at nonintegrated mills than at integrated mills. 
Responses to the data request program indicate that approximately 50 
percent of the raw wastewater BOD~ is commonly removed at 
nonintegrated mills through the application of primary clarification. 

Easty observed that very little reduction of fatty acids, resin acids, 
or their chlorinated derivatives occurs during primary 
clarification.(90) This observation suggests that these compounds are 
not associated with the raw wastewater solids measured in the TSS test 
procedure. Polychlorinated biphenyls (PCBs} have been observed to 
undergo significant reductions through primary treatment.(91) At a 
deink tissue mill, PCBs were reduced from 25 to 2.2 micrograms per 
liter (ug/l} through primary clarification, while TSS were reduced 
from 2,020 to 72 milligrams per liter (mg/1).(91) 

Biological Treatment 

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 that have been used include 
rotating biological contactors and anaerobic contact filters. 

A principal benefit obtained from biological treatment is the 
reduction of oxygen demand. Significant reductions in toxic 
pollutants have also been observed through application of biological 
treatment as illustrated by recent data gathering efforts (see Section 
V). Biological treatment systems have been designed and operated to 
achieve 80 to 95 percent and higher BOD~ reductions when applied to 
pulp, paper, and paperboard mill effluents. Biological treatment can 
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also yield an effluent nontoxic to fish a high percentage of the 
time.(92) 

Due to the fluctuation of influent wastewater characteristics, 
specific toxic pollutant removal capabilities are not readily 
measureable unless long-term field sampling is employed. In a 
laboratory study, Leach, Mueller, and Walden determined the specific 
biodegradabilities of six nonconventional pollutants in pulp, paper, 
and paperboard mill wastewaters.(93) 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 the 
nonchlorinated wood derivatives. 

A recent study involved investigation of influent and effluent 
concentrations of toxic and nonconventional pollutants after full
scale biological treatment.(90) Removal rates of these pollutants, as 
derived from the published design and treatment data, are shown in 
Table VII-5.(90) The relative removal rates generally agree with 
those obtained in laboratory studies. (90)(93) 

BOD2 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 concentration and toxicity.(92) The authors 
concluded that, in general, a reduction in BODS to about 45 mg/l was 
sufficient to achieve detoxification of the waite. Also, a total 
resin and fatty acid concentration 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 BOD2 and toxicity. 

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 atmosphere is relied on as the primary oxygen 
source. Additionally, limited oxygen is provided by algal 
photosynthesis. The amount of oxygen provided through photosynthesis 
is dependent upon the basin configuration (depth) and its restriction 
in light penetration. Since oxidation through natural aeration is a 
relatively low-rate process, large land areas are required to 
effectively treat high strength wastes. Because of availability of 
land and a warm climate that enhances bioactivity, most oxidation 
basins are found in southern states. This technology can be more 
effective if settleable solids are removed from the wastewater prior 
to discharge to the basins. Solids can, in certain instances, 
contribute significantly to the BOD~ waste loads. In addition, excess 
settleable solids tend to fill the basins, thus reducing detention 
time. 
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TABLE VU-5 

CALCULATED TOXIC AND NONCONVENTIONAJ. POLLUTANT REMOVAL RATES 1 (a) 

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 
Trich1oroguaiacol 
Tetrachloroguaiacol 

Chloroform 

Mill 9(b} 
10-Day 

ASB 

0.85 
I.OS 
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 

!lill 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 

(a) Removal rates shown as micrograms removed per milligr<.ms/liter (mg/l) of biomass per day. 
(b) Aerated stabilization basin (ASB) biomass assumed to l•e 200 mg/l. 
(c) Activated sludge (AS) biomass reported to be 2,500 mg/1. 
NOTE: Blank spaces indicate no data. 
1Source: Easty, Dwight B., L.G. Borchardt, and B.A. Wabert., Institute of Paper Chemistry, 

Rt;inoval of Wood Derived Toxics from Pulping and ]:leaching Wastes, U.S. Environmental 
Protection Agency, Cincinnati, OH, EPA 600/2-78-031, 1978.(90) 

Mill lS(b) 
15-Day 

ASB 

0.45 
0.72 
0.12 
0.15 

0.67 
0.47 

0.03 
0.12 

0.01 
0.03 



Typical design BOD~ loads range from 56 to 67 kilograms per hectare 
(kg/ha) of surface area/day (50 to 60 lb/acre/day).(48) Retention 
times can vary from 20 to 60 days or more.(48) This method of 
treatment has two principal advantages: a) it can be capable of 
handling (buffering) accidental discharges of strong wastewater 
without significant upset and b) it requires no mechanical devices 
with inherent maintenance problems. Oxidation basins have been used 
to effectively treat pulp, paper, and paperboard industry wastewaters. 
Generally, suspended solids are effectively removed in oxidation 
basins. However, high levels of suspended solids have been noted due 
to algal carryover. Literature presenting data on the removal of 
toxic and nonconventional pollutants through application of oxidation 
basin technology is limited. 

Aerated Stabilization Basins (ASBs). The aerated stabilization basin 
(ASB) 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 substantially reducing the retention 
time required to achieve treatment comparable to that attained in an 
oxidation basin. Nitrogen and phosphorus (nutrients) are usually 
added prior to the ASB if the wastewater is 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 
wastewaters to be treated. Retention times of 8 to 10 days, and 
sometimes up to 15 days, have been used in order to obtain low levels 
of BOD~.(94) The specific detention time used depends upon the 
characteristics of the wastewaters to be treated. 

Aeration is normally accomplished using either mechanical surface 
aerators or diffused air. Oxygen transfer efficiencies under actual 
operating conditions range from 0.61 to 1.52 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 volume, basin configuration, and the 
biological characteristics of the system.(95)(96) It is necessary to 
maintain a dissolved oxygen (00) 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 configuration. There have been extensive studies of eleven 
existing aerated stabilization basins that have led to development of 
design criteria to aid in the design of future basins.(97) 

Some solids accumulate in the bottom of ASBs that can be removed with 
periodic dredging. Solids accumulation diminishes as the detention 
time and degree of mixing within the basin increases. At some mills, 
a quiescent zone, settling basin, or clarifier is used to improve 
effluent clarity and to reduce suspended solids. 
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The toxicity removal efficiency of an ASB treating unbleached kraft 
waste was evaluated over a one-month period in late 1976. (98) 
Although the raw wastewater exhibited an LC-50 of from one to two 
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 BOD~, 90 
percent toxicity, and 96 percent total resin acids were achieved. 
Dehydroabietic acid was the only resin acid identified in the treated 
effluent; pimaric, isopirnaric and abietic acids tended to concentrate 
in the foam from the effluent. 

Pilot-scale ASB treatment of bleached kraft wastewater was evaluated 
over a five month period. (92) Two basins, one with a five day and one 
with a three day hydraulic detention time, were studied with and 
without surge equalization. The raw wastewater BODS varied from 108 
mg/l to S09 mg/l and was consistently toxic. The median survival 
times (MST) of fish ranged from 7 to 1,440 minutes, while total resin 
and fatty acid concentrations ranged from 2 to 9 mg/l.(92) Mean BODS 
removals with surge equalization were 85 percent for the five day 
basin and 77 percent for the three day basin. Mean effluent BODS 
levels with surge equalization were 40 mg/l for the five day basin and 
S9 mg/l for the three day basin. Detoxification was attained 98 
percent of the time by the five day basin with surge equalization and 
85 percent of the time by the three day basin with surge equalization. 
Mean reported effluent BODS values for the five day and three day 
basins without equalization were 51 mg/1 and 67 mg/l, respectively. 
The detoxification rate without equalization dropped to 73 percent for 
the five day basin and 70 percent for the three 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 eight to ten day basins which are 
commonly employed in the pulp, paper, and paperboard industry in the 
United States could 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 costs 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 ASBs than for higher rate 
processes (i.e., activated sludge).(99) 

Activated Sludge Process. The activated sludge process is a high-rate 
biological wastewater treatment process. The biological mass 
(biomass} grown in the aeration basins is settled in a secondary 
clarifier and varying amounts of this biomass are returned to the 
aeration basins, building up a large concentration of active 
biological material. It is common to maintain 2,000 to 5,000 mg/l of 
active biological solids in the aeration basin section of the 
activated sludge system compared to the 50 to 200 mg/l common to 
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aerated 
BODS per 
capacity 
aeration 

stabilization basins. Loadings in excess of 1 .6 kilograms of 
cubic meter (100 lbs of BODS per 1,000 ft3) of aeration 
per day are sometimes used, allowing for relatively small 

basins. 

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 loadings at mills where this 
process is employed. The necessity for strict operator attention can 
be avoided through provision of sufficient equalization to minimize 
the effects of shock loadings. 

Compared with aerated stabilization basins, the activated sludge 
process has less shock load tolerance, greater solids handling 
requirements, and higher costs. However, the activated sludge process 
requires less land than ASBs. Thus, it may be preferred in cases 
where sufficient land for ASB installation is either unavailable or 
too expensive. 

The activated sludge process is very flexible and can be adapted to 
many waste treatment situations. The activated sludge process has 
many modifications that can be selected as most appropriate. Various 
types of activated sludge processes that have been applied to treat 
pulp, paper, and paperboard wastewaters include: ·a) conventional, b) 
complete-mix, c) tapered aeration, d) step aeration, e) modified 
aeration, f) contact stabilization, g) extended aeration, h) oxidation 
ditch, and i) pure oxygen. Another process, the Zurn-Attisholz 
process consists of a two stage system. Table VII-6 summarizes 
standard design parameters for the activated sludge process and 
several of its modifications. (100) 

In the conventional activated sludge process, both influent wastewater 
and recycled sludge enter the aeration basin at the head end and are 
aerated for a period of about four to eight hours or more. Mechanical 
surface aerators similar to those used in aerated stabilization basins 
are used; the use of diffused air is becoming more common. Normally, 
the oxygen demand decreases as the mixed liquor travels the basin 
length. The mixed liquor is settled and the activated sludge is 
generally returned at a rate of approximately 25 to 50 percent of the 
influent flow rate. 

In the complete-mix activated sludge process, influent wastewater and 
recycled sludge enter the aeration basin at several points along the 
length of the basin. The mixed liquor is aerated at a constant rate 
as it passes from the central channel to effluent channels at both 
sides of the basin. The contents of the basin are completely mixed 
and the oxygen demand remains uniform throughout. The aeration period 
is from three to five hours or more, and the activated sludge is 
returned at a typical rate of 25 to 100 percent of influent flow rate. 
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TABLE VII-6 

TYPICAL DESIGN PARAMETERS FOR ACTIVATED SLUDGE PROCESSES 1 

Volumetric loading 
Process Modification (lb BOD5/1,000 cu ft) 

Conventional 
Complete mix 
Step aeration 
Modified aeration 
Contact stabilization 

Extended aeration 
Pure oxygen systems 

(a) Contact unit. 
(b) Solids stabilization unit. 
MLSS = Mixed Liquor Suspended Solids 
V = Volume 
Q = Flow 

20-40 
50-120 
40-60 
75-150 
60-75 

10-25 
100-250 

Parameter 

MLSS (mg/l) 
Detention Time 

V/Q (hr) 

1,500-3,000 
3,000-6,000 
2,000-3,500 

200-500 
(1,000-3,000)(a) 
(4,000-10,000)(b) 
3,000-6,000 
6,000-8,000 

4-8 
3-5 
3-5 

l. 5-3 
(0. 5-1. O)(a) 

(3-6) (h) 
18-36 

1-3 

1Source: Metcalf and Eddy, Inc., Wastewater Engineeri~, McGraw-Hill Co., 1972 (100) 



The tapered-aeration process is a modification of the conventional 
process with the primary difference being the amount of air supplied. 
At the head of the basin, where wastewater and returned sludge come 
into contact, more oxygen is required. As the mixed liquor . traverses 
the aeration basin, the oxygen demand decreases so aeration is 
decreased. Since the oxygen supply is decreased with the oxygen 
demand, a lower overall oxygen requirement can be achieved. 

The step-aeration process also is a modification of the conventional 
activated sludge process. In this modification, the wastewater is 
introduced at several points in a compartmentized basin while the 
return activated sludge is introduced at the head of the basin. Each 
compartment of the basin is a separate step with the several steps 
linked together in series. Aeration can be of the diffused or 
mechanical type and is constant as the mixed liquor moves through the 
tank in a plug-flow fashion. The oxygen demand is more uniformly 
spread over the length of the basin than in the conventional activated 
sludge process, resulting in better utilization of the oxygen supply. 
The aeration period is typically between three and five hours and the 
activated sludge is returned at a typical rate of 25 to 75 percent of 
influent flow rate. 

The contact-stabilization process takes advantage of the absorptive 
properties of activated sludge through operation in two stages. The 
first is the absorptive phase in which most of the colloidal, finely 
suspended, and dissolved organics are absorbed in the activated sludge 
in a contact basin. The wastewater and return stabilized sludge enter 
at the head of the contact basin, are aerated for a period of 30 to 60 
minutes or more, and settled in a conventional clarifier. The second 
stage is the oxidation phase, in which the absorbed organics are 
metabolically assimulated providing energy and producing new cells. 
In this stage, the settled solids from the absorptive stage are 
aerated for a period of from three to six hours or more in a 
stabilization basin. A portion of the solids are wasted to maintain a 
constant mixed liquor volatile suspended solids (MLVSS) concentration 
in the stabilization basin. Contact stabilization has been applied 
successfully at several facilities to treat kraft mill wastewaters. 

The extended-aeration process is a complete-mix activated sludge 
process in which the aeration period is relatively long (18 to 36 
hours or more) and the organic loading relatively low. Because of 
these conditions, the process is very stable and can accept 
intermittent loads with minimal or no upset. The solids settled in 
the clarif iers are recirculated to the influent of the aeration 
basins. Through this process, a mass of biological solids are built 
up in the aeration basin. This biomass assists in achieving high 
treatment efficiencies through removal of dissolved organic matter in 
the wastewater by oxidation. Excess secondary solids, if present, are 
wasted from the process. Oxygen may be provided by either mechanical 
or diffused aeration. This process has been applied successfully 
throughout the pulp, paper, and paperboard industry. In northern 
climates, where temperature can impact the system performance, the 
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extended-aeration process offers the stability of an ASB system and 
the high treatment efficiency of the activated sludge process. 

The oxidation ditch activated sludge process is an extended-aeration 
process in which aeration and circulation are provided by brush rotors 
placed across a race track-shaped basin. The wastewater enters the 
ditch at one end, is aerated, and circulates at about 0.3 to 0.6 
meters per second (l to 2 fps). Operation can be intermittent, in 
which case clarification takes place in the ditch, or continuous, in 
which case a separate clarifier and piping for recycling of settled 
solids are provided. 

The ability of activated sludge basins to detoxify bleached kraft mill 
effluents was analyzed over a five month period. (92) Two pilot-scale 
activated sludge systems (8-hr and 24-hr detention) were operated with 
and without surge equalization. Raw wastewater BODi varied from 108 
to 509 mg/l. 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 9 mg/l. 

Mean BODS removals for the 8-hr and 24-hr activated sludge systems 
with a -12-hr surge equalization basin achieved an average of 72 
percent and 76 percent BODS removal, respectively. Effluent BOD5 
concentrations for the 24-hr system ranged from 5 mg/l to 263 mg/l~ 
with a mean of 59 mg/l. The 24-hr system detoxified the effluent 87 
percent of the time. Final effluent BODS concentrations for the 8-hr 
system ranged from 14 to 270 mg/l with -a mean of 70 mg/l. The 
effluent was detoxified 89 percent of the time.(92) 

The 24-hr activated sludge system, when operated without equalization, 
was subjected to more vigorous mixing plus the addition of 10 mg/l 
alum. Under these conditions, an average of 90 percent BODS 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 
BODi removal was obtained, although detoxification was attained only 
55 percent of the time. (92) The authors concluded that equalization 
did not affect BODi 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 removal was a chemical 
reaction.(92) Failures to detoxify were attributed in some instances 
to hydraulic shocks, black liquor spills, or inadequate treatment 
system operation, although in many instances no cause could be 
determined.(92) 

The pure oxygen activated sludge process uses oxygen, rather than air, 
to stimulate biological activity. This scheme allows for a lesser 
detention time and a lower aeration power requirement than for the 
conventional activated sludge process; however, additional power is 
required for oxygen generation which may result in a net increased 
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power requirement. Waste secondary solids 
dewatered and disposed of are similar to 
activated sludge systems. 

volumes that must be 
those produced by air 

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 15 to 30 mg/l when applied to 
unbleached kraft wastes.(101) Effluent TSS after clarification was 
generally in the range of 40 to 60 mg/1.(101) A summary of pilot-scale 
information is presented in Table VII-7. 

A sulfite-newsprint effluent was treated using an oxygen activated 
sludge pilot plant facility over an 11 month period. BODS reductions 
during this time were over 90 percent.(102) Final BOD~ and TSS 
concentrations ranged from 23 to 42 mg/l and 61 to 111 mg/l, 
respectively.(102) The effluent from the oxygen activated sludge 
system was found to be acutely toxic.(102) Total resin acids before 
and after oxygen activated sludge treatment were 25 and 6 mg/l, 
respectively.(102) Ammonia was found at levels on the order of 50 
mg/l. The treated effluent was air stripped to determine if ammonia 
was the major cause of t~e high toxicity. Although air stripping 
reduced the ammonia concentration to less than 1 mg/l and the total 
resin acid concentration to 1 mg/l, the effluent remained acutely 
toxic. 

Easty studied two examples of pure oxygen activated sludge systems: 
one treating integrated bleached kraft wastewater and the other 
treating unbleached kraft pulp mill wastewater.(90) Both 
significantly reduced all identified 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 190 minutes and a 
sludge recycle rate of 35 percent. The pH was maintained between 6.2 
and 7.5. It was determined from Easty's data that 43 to 92 percent of 
identified pollutants were removed, with the chlorinated resin acids 
exhibiting relatively low removal efficiencies. This is consistent 
with observed biodegradabilities of bleach plant derivatives.(103) 

The second oxygen activated sludge system was operated at a detention 
time of 3.7 hours and a mixed liquor suspended solids (MLSS) 
concentration of 2,500 mg/l.(90) Bench-scale alum/polyelectrolyte 
coagulation followed. The effluent was adjusted to a pH of 5 with 
alum; 1 mg/l of polyelectrolyte was added. Essentially complete 
removal of all identified resin and fatty acids was obtained. It 
should also be noted that initial concentrations in the raw waste were 
relatively low. Since no data were reported for the oxygen activated 
sludge system without chemically assisted clarification, the relative 
effects of each of the two processes on removal efficiencies could not 
be determined. 

The Zurn/Attisholz (Z/A} process is a two-stage activated sludge 
system. The first stage operates at a DO of less than 1 .0 mg/l; the 
DO level in the second stage is maintained at 4 to 5 mg/l. Nutrient 
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Production Process 

Alkaline-Unbleached 

Alkaline-Unbleached 

Alkaline-Unbleached 

TABLE VII-7 

OXYGEN ACTIVATED SLUDGE TREATABILITY 
PILOT SCALEl 

Retention 
(Hr) 

1.3 - 2.2 

1.8 - 3.0 

2.0 - 2.9 

BODS (mg/l) 
Influent Effluent 

277 - 464 20 - 41 

214 - 214 16 - 22 

265 - 300 25 - 30 

1Source: Technical data supplied by Union Carbide Corp.(101) 

TSS (mg/l) 
Influent Effluent 

57 - 86 46 - 61 

123 - 123 36 - 36 

95 - 120 60 - 70 



and power requirements for the two-stage system are similar to those 
for the conventional activated sludge process. A total Z/A detention 
time of four hours may be required to achieve BODS and TSS reductions 
comparable to activated sludge and aerated stabilization basin 
systems. 

Seven full-scale Zurn/Attisholz systems are currently in use at pulp, 
paper, and paperboard mills in the United States. These installations 
treat wastewaters from the following types of manufacturing: 

Deink(Fine or Tissue) 
Papergrade Sulfite 
Groundwood-Fine Papers 

(S mills) 
( l mill) 
(1 mill) 

At most of the mills where the Zurn/Attisholz process is used, final 
effluent BODi and TSS concentrations in the range of 20 to 2S mg/l are 
attained.(104) At one mill, BODi and TSS levels in the range of S to 
10 mg/l are attained.(104) At another mill, 96 percent BODS and 99 
percent TSS reductions are attained using the Z/A process.(105) 

A pilot study comparing a two-stage to a single-stage activated sludge 
system was recently performed. The authors concluded that the two
stage system achieved a higher toxicity reduction in treating bleached 
kraft wastewater than did a single-stage system.(106)(107) 

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 discs with a diameter of 3.7 meters (12 ft) mounted on a 7.6 
meter (2S ft) shaft can result in 9,300 square meters (100,000 sq ft) 
of surface area. 

Pilot-scale evaluations of an RBC system treating bleached kraft 
wastewater with an average influent BODi concentration of 235 mg/l 
have resulted in substantial BODS reductions.(108) The degree of 
removal is related to the hydraulic loading rate, as seen in Table 
VII-8. Secondary waste solids production reportedly ranged from 0.3 
to O.S kg of solids per kg of BODS removed (0.3 to 0.5 lb of solids 
per lb of BODS removed).(108) -

Two pilot plant evaluations reported essentially complete 
detoxification of board mill, integrated kraft, and magnesium-based 
sulfite mill effluents.(109) Final effluent BODS of 59 mg/l for the 
kraft mill, 65 mg/l for the board mill, and 338 mg/l for the sulfite 
mill were reported. Raw wastewater BODi levels for these mills were 
290 mg/l, 285 mg/l, and 1,300 mg/l, respectively. No TSS data were 
reported.(109) This pilot plant work indicates good toxicity and BODi 
reduction capabilities. However, to date, mill-scale systems in the 
United States treating pulp mill wastewater have encountered operating 
difficulties. 
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Hydraulic 
Loading Rate 

(gpd/sq ft) 

3 

2 

1 

TABLE VII-8 

PILOT RBC FINAL EFFLUENT QUALITY FOR 
BLEACHED KRAFT WASTEWATER 1 

70% of Time 
Final Effluent 
BODS Less Than 

-(mg/l) 

70 

30 

22 

Note: Raw Effluent BODS = 235 mg/l. 

90% of Time 
Final Effluent 
BODS Less Than 

(mg/l) 

90 

4S 

39 

1Source: Gillespie, W.J., D.W. Marshall, and A.M. Springer, A Pilot Scale 
Evaluation of Rotating Biological Surface Treatment of Pulp and 
Paper Wastes, NCASI, TAPPI Environmen.tal Conference, April 17-19, 
1974.(108) 
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Anaerobic Contact Filter. This process involves the use of a basin 
filled with crushed rock or other media. Wastewater is passed through 
the media at a temperature of 320 to 35oc (900 to 950 F) under 
anaerobic conditions; detention times on the order of three days are 
common. Steam stripping, nutrient addition, neutralization, and 
dilution of waste liquor with wash water may be required as 
pretreatment. 

A laboratory study of this process showed that 80 to 88 percent BOD~ 
removal from sulfite wastewaters have been achieved.(110) The major 
advantage of the process is a low solids production rate of 0.08 
kilograms of solids per kilogram of BODS removed (0.08 pounds of 
solids per pound of BOD~ removed). This is because methane gas, 
rather than biological solids, is the by-product of anaerobic 
digestion. The author concludes that the cost for the anaerobic 
process was approximately the same as that for aerated 
stabilization.(110) 

Impact of Temperature Variations. All biological treatment systems 
are affected 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. McKinney stated that all processes of 
growth are dependent on chemical reactions and the rates of these 
reactions are influenced by environmental conditions, including 
temperature.(111) The discussion below presents theoretical and 
operating data on temperature variations and their effects. Included 
is an evaluation of the effect of temperature on biological treatment 
system performance as measured by BOD~ and TSS removals. 

BODS is a measure of the dissolved oxygen used by microorganisms for 
the biochemical oxidation of organic matter in a wastewater. 
Biochemical oxidation 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 conditions, the 
growth rate of microorganisms is predictable and reproducible and 
related to the amount of organic matter present in a wastewater, 
measured as BODS, and the rate at which the organic matter is consumed 
by the microorganisms present. (112) 

The heterogeneous population of bacteria found in aerobic biological 
systems treating wastewaters at temperatures resulting from the 
production of pulp, paper, and paperboard includes three types 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 distribution of the types of bacteria comprising the 
population. McKinney (111) depicted the rate of growth for rnesophilic 
organisms with the maximum rate occurring in the range of 35° to 40°C 
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(950 to 1040F). Similar growth rate/temperature distributions exist 
for both psychrophilic and thermophilic organisms, with the optimal 
growth rate occurring in the range of 100 to 150C (soo to 59°F) for 
psychrophiles, and 600 to 650C (1400 to 1490F) for thermophiles. (103) 
However, the predominant group found at all normal operating 
temperatures in aerobic systems are the mesophiles.(100) 

A number of studies have been conducted to quantify various aspects of 
microbial growth, temperature, and BODi reduction. Degradation of 
organic matter in pulp, paper, and paperboard wastewaters has been 
evaluated and found to proceed at rates similar to other wastewater 
sources . ( 1 0 0 ) ( l 1 3 ) ( l l 4 ) ( l l 5 ) ( 1 l 6 ) ( l l 7 ) ( l l 8 ) 

Soluble BODS reduction by microorganisms approximates first-order 
kinetics.(100) A temperature decrease of lOoc (lBOF) from the optimal 
temperature would necessitate an increase in detention or reaction 
time of approximately 35 percent to attain the same effluent BODi 
level as that attained at the optimal temperature. Conversely, an 
increase in temperature of lOOC (180F) would theoretically shorten the 
detention time by 25 percent to attain the same effluent BODi level. 

The above concept is of substantial practical importance in treatment 
system design, since flexiblity in design allows treatment systems to 
sustain efficient operation over a wide range of conditions (i.e., 
decreasing microbial (solids) wastage rates will increase 
waste/microbe contact time when microbial activity is reduced in 
colder temperatures). An additional study relates the specific 
effects of changes in temperature on BODS and suspended solids 
reduction to performance for specific systems~(99) 

Ammonia Removal Through Nitrification. One method of ammonia removal 
is through single-stage nitrification in a biological treatment 
system. Nitrification is the process where specific bacteria, 
Nitrosomonas and Nitrobacter, oxidize ammonia to nitrite nitrogen and 
then to nitrate nitrogen. 

Biological treatment systems presently employed at mills in the pulp, 
paper, and paperboard industry are generally designed and operated for 
oxidation of organic material (i.e., BODS reduction). It is possible, 
however, to design and operate these systems to accomplish BODS and 
ammonia reduction in a single step or in a series of steps. 
Nitrifying organisms exhibit a very slow growth rate in comparison to 
organic assimilation and are very sensitive to environmental 
conditions and growth inhibitors, such as toxic organic wastes and 
heavy metals. Growth rates and, thus, nitrification rates are 
profoundly influenced by such environmental factors as pH, 
temperature, and dissolved oxygen (DO) concentrations. Since the 
nitrifiers are autotrophic, inorganic carbon sources (such as carbon 
dioxide, carbonates, and bicarbonate) have a large influence on 
microbial growth rates. (119) 

Aerobic nitrifiers require relatively large quantities of molecu1ar 
oxygen to complete the oxidation of ammonia. The theoretical oxygen 
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requirements, based on the biochemical equations of nitrification, 
were determined to be 4.57 kg of O~ required/kg of ammonia nitrified 
(4.57 lb of 02 required/lb of ammonia nitrified). Generally, this 
oxygen demand may be satisfied by atmospheric molecular oxygen 
furnished through conventional aeration techniques. However, since 
the nitrifiers are autotrophic and obtain their carbon requirements 
from such compounds as carbon dioxide and bicarbonates, the oxygen 
contained in these compounds may also be available for metabolism. 
Thus, depending on the alkalinity of the wastewater, the actual oxygen 
which must be furnished by aeration equipment may be lower than the 
theoretical 4.57 ratio. Discounting the ammonia required for BODS 
removal, the nitrifiers will also utilize a fraction of the available 
nitrogen for synthesis of cellular components. This ammonia demand is 
estimated to be equivalent to 0.7 to 0.9 oxygen equivalents; 
therefore, the theoretical oxygen ratio of 4.57 would be reduced to 
about 3.9 kg of 02/kg of ammonia nitrified (3.9 lb of 02/lb of ammonia 
nitrified).(120) - -

Since the nitrifiers have slower growth rates, a biological system 
designed for nitrification requires a longer detention time and longer 
sludge age. Insufficient nitrification will result unless the sludge 
wastage rate is lowered to accommodate the nitrifier requirements. 
Therefore, the wastage rate is usually controlled to maintain a 
sufficient sludge age in the system to accomplish nitrification. 
Published data for municipal wastes indicate that a sludge age greater 
than four days in the activated sludge process is adequate for 90 
percent nitrification at 2ooc (68°F).(120) Laboratory experiments 
conducted on pulp and paper wastewaters (weak black liquor) with 
influent ammonia and BOD5 concentrations of 264 mg/land 511 mg/l 
indicate that a sludge age of approximately 14 days is required for 
conversion of 90 percent of the ammonia to nitrate. (119) 

In the absence of severe inhibitors, a single-stage activated sludge 
system can be properly designed to achieve BOD5 removal and 
nitrification in a single aeration basin. Available literature 
indicates that 90 percent ammonia removal can be achieved through 
nitrification provided that proper operating conditions are 
maintained. ( l 00) ( 117) ( 121) ( 122) ( 123) ( 124) ( 125) In low strength wastes, 
ammonia removal to levels of less than 10 mg/I is achieveable 
depending on the variability of the influent ammonia concentration. 
( 1 2 0) 

The sensitivity of the nitrification process to environmental 
conditions is well documented in the literature previously cited. 
Temperature, pH, and dissolved oxygen levels are parameters having 
interrelated effects on the nitrification process. This sensitivity 
and the difficulty in maintaining optimum environmental conditions can 
be overcome through treatment system design and operation. To offset 
the decrease in the nitrification rate that can occur if optimum 
conditions are not maintained, longer aeration basin detention time 
and longer sludge ages can be employed and maintained. Additionally, 
provisions can be made to (a) neutralize the effluent to maintain a 
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proper pH, and (b) heat or cool the effluent and/or cover the aeration 
basins to maintain proper temperature. 

Chemically Assisted Clarification 

Dissolved and colloidal particles in treated effluents are not readily 
removed by simple settling. Colloidal particles can be agglomerated 
by the addition of chemical coagulants. Coagulants in common use 
include lime, alum, ferric chloride, ferric sulfate, and magnesia. 
Detailed discussions of the chemistry of coagulants are 
available. (126) 

Rebhun et al. suggest that the most efficient method of pulp and paper 
mill effluent flocculation is a solids-contact type clarifier. (127) 
Ives suggests a theory for the operation of solids-contact clarifiers 
that considers their integrated role as f locculators, fluidized beds, 
and phase separators.(128) Ives states that the criterion for good 
performance is the dimensionless product of velocity gradient, time, 
and floe concentration. He also suggests that model floe blanket 
studies can be meaningful for full-scale operation provided that the 
concentration of f loc in the blanket and the blanket depth are the 
same in both model and prototype.(128) 

.Ives also suggests a number of design considerations .for solids
contact clarif iers. For floe particles to form a blanket in a 
circular tank, the upflow velocity of the water must be equal to the 
hindered settling velocity of floe suspension. It is important that 
the f loc removed from the blanket balance the rate of f loc 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 clarification process results in waste solids that must be 
collected, dewatered, and disposed. The quantity, settleability, and 
dewaterablity of the waste solids depend largely on the coagulant 
employed. In some cases the coagulant can be recovered from the waste 
solids and reused. 

Case studies of full, pilot, and laboratory-scale chemical 
clarification systems are discussed in the following sections. 

Case Studies-Full Scale Systems. Several full-scale, chemically 
assisted clarification systems have been constructed in the pulp, 
paper, and paperboard industry and in other industrial point source 
categories. Data on the capability of full-scale systems to remove 
conventional and nonconventional pollutants are presented below. 

Conventional Pollutants Recent experience with full-scale 
alum-assisted clarification of biologically-treated kraft mill 
effluent suggests that final effluent levels of 15 mg/l each of BOD5 
and TSS can be achieved. The desired alum dosage to attain these 
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levels can be expected to vary depending on the chemistry of the 
wastewater to be treated. The optimum chemical dosage is dependent on 
pH. 

Chemical clarification following activated sludge is currently being 
employed at a groundwood (chemi-mechanical) mill. According to data 
provided by mill personnel, alum is added at a dosage of about 150 
mg/l to bring the pH to an optimum level of 6. l. Polyelectrolyte is 
also added at a rate of 0.9 to l .O mg/l to improve flocculation. 
Neutralization using NaOH is practiced prior to final discharge to 
bring the pH within acceptable discharge limits. The 
chemical/biological solids are recycled through the activated sludge 
system with no observed adverse effects on biological organisms. 
Average reported results for 12 months of sampling data (as supplied 
by mill personnel) show a raw wastewater to final effluent BODS 
reduction of 426 mg/l to 12 mg/l and TSS reduction of 186 mg/l to 12 
mg/l. 

Treatment system performance at the mill was evaluated as part of a 
study conducted for the EPA. (129) Data obtained over 22 months shows 
average final effluent BOD~ and TSS concentrations of 13 and 11 mg/l, 
respectively. As part of this study, four full-scale chemically 
assisted clarification systems in other industries were evaluated. 
Alum coagulation at a canned soup and Juice plant reduced final 
effluent BOD~ concentrations from 20 mg/l to 11 mg/land TSS levels 
from 6S mg/l to 22 mg/l. Twenty-five mg/l of alum plus O.S mg/l of 
polyelectrolyte were added to the biologically-treated wastewater to 
achieve these final effluent levels. Treatment plant performance was 
evaluated at a winery where biological treatment followed by 
chemically assisted clarification was installed. Final effluent 
levels of 39.6 mg/l BODS and lS.2 mg/l TSS from a raw wastewater of 
2,368 mg/l BODS and 4,069- mg/l TSS were achieved. The influent 
wastewater concentrations to the clarification process were not 
reported. The chemical dosage was 10 to lS mg/l of polymer. (129) A 
detailed summary of the results of the study of full-scale systems is 
presented in Table VII-9.(129) 

In October of 1979, operation of a full-scale chemically assisted 
clarification system treating effluent from an aerated stabilization 
basin at a Northeast bleached kraft mill began. This plant was 
designed and constructed after extensive pilot-scale studies were 
completed. The purpose of operating the pilot plant was to 
demonstrate that proposed water quality limitations could be met 
through the use of chemically assisted clarification. After 
demonstrating that it was possible to meet the proposed levels, 
studies were conducted to optimize chemical dosages. The testing 
conducted showed that the alum dosage could be reduced significantly 
by the addition of acid for pH control, while still attaining 
substantial TSS removal. In the pilot-scale study, it was shown that 
total alkalinity, a measure of a system's buffering capacity, was a 
reliable indication of wastewater variations and treatability. 
Through this study, it was shown that there is a direct relationship 
between total alkalinity and alum demand. High alkalinity (up to 500 
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mg/l) caused by the discharge of black liquor or lime mud results in 
high alum demands. Therefore, a substantial portion of alum dosage 
can be used as an expensive and ineffective means of reducing 
alkalinity (pH) to the effective pH point (5-6) for optimum 
coagulation. The use of acid to assist in pH optimization can mean 

.substantial cost savings and reduction in the alum dosage rate 
required to effect coagulation. In one instance, use of concentrated 
sulfuric acid for pH reduction reduced alum demand by 45 percent. 
Acid addition was also effective in reducing alum dosage for 
wastewaters with a low alkalinity (approximately 175 mg/1).(130) Table 
VII-10 summarizes effluent quality of the full-scale system since 
startup; this system has been operated at an approximate alum dosage 
rate of 350 mg/l without acid addition. Recent correspondence with a 
mill representative indicated that, with acid addition, this dosage 
rate could be reduced to 150 mg/1.(131) However, this lower dosage 
rate has not been confirmed by long-term operation. 

A chemically assisted clarification system treating effluent from an 
aerated stabliization basin at a southeastern U.S. deink-newsprint 
mill began operation in 1979. Typical alum dosage rates are 450 mg/l; 
polymer is also added at a rate of l to 1.5 mg/l. Caustic is added to 
maintain final effluent pH within permitted levels. Table VII-11 
summarizes available effluent data for this facility subsequent to 
treatment system start-up and stabilization. 

Amberg, et al. (132) reported on a cellulose mill located on the shore 
of Lake Baikal in the USSR. The mill produced 200,000 kkg (220,000 
tons) of tire cord cellulose and 11,000 kkg (12,100 tons) of kraft 
pulp per year. Average water usage was 1,000 kl/kkg (240 kgal/t). 
The mill had strong and weak wastewater collection and treatment 
systems. The average BOD~ for the weak wastewater system was 100 
mg/l, while the strong wastewater BOD~ was 400 mg/l. Only 20 percent 
of the total wastewater flow was included in the strong wastewater 
system. Each stream received preliminary treatment consisting of 
neutralization to pH 7.0, nutrient addition, and aerated equalization. 
Effluent from equalization was discharged to separate aeration and 
clarification basins. These basins provided biological treatment 
using a conventional activated sludge operation. Aeration was 
followed by secondary clarification. Suspended solids were settled 
and 50 percent of the sludge was returned to the aeration process. 
Waste sludge was discharged to lagoons. The separate streams were 
combined after clarification and were treated for color and suspended 
solids removal in reactor clarifiers with 250 to 300 mg/l of alum and 
l to 2 mg/l of polyacrylamide flocculant, a nonionic polymer. The 
clarifiers had an overflow rate of approximately 20.4 cu m per day/sq 
m (500 gpd/sq ft). 

Chemical clarification overflow was discharged to a sand filtration 
system. The sand beds were 2.9 m (9.6 ft) deep with the media 
arranged in five layers.(133) The sand size varied from 1.3 mm (0.05 
in) at the top to 33 mm (1.3 in) at the bottom. The filter was loaded 
at 0.11 cu m per minute/sq m (2.7 gpm/sq ft). Effluent from sand 
filtcation flowed to a settling basin and then to an aeration basin; 
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TABLE VII-10 

FINAL EFFLUENT QUALITY OF A CHEMICALLY ASSISTED 
CLARIFICATION SYSTEM TREATING BLEACHED KRAFT WASTEWATER 

BOD~ (mg/1) TSS (mg/l) 

Average Average 
Date for Month Maximum Day for Month Maximwn Day 

September 1979 11 21 87 254 
October 1979 8 12 40 92 
November 1979 9 18 28 47 
December 1979 21 83 21 56 
January 1980 8 16 28 36 
February 1980 7 14 31 68 
March 1980 13 46 44 113 
April 1980 9 16 32 96 
May 1980 11 22 38 80 
June 1980 25 49 39 65 
July 1980 5 9 22 so 
August 1980 10 21 40 84 
September 1980 13 25 40 72 
October 1980 11 28 34 75 
November 1980 20 44 60 107 
December 1980 33 93 50 139 
January 1981 17 30 43 
February 1981 17 43 47 82 
March 1981 29 53 49 93 
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TABLE VII -11 

FINAL EFFLUENT QUALITY OF A CHEMICALLY ASSISTED 
CLARIFICATION SYSTEM TREATING WASTEWATER 

FROM A DEINK-NEWSPRINT MILL 

BOD~ (mg/l) TSS (mg/l) 

Average Average 
Date for Month Maximum Day for Month Maximum Day 

January 1980 39 88 18 45 
February 1980 28 59 18 48 
March 1980 25 46 16 43 
April 1980 17 33 19 45 
May 1980 20 53 20 53 
June 1980 30 56 28 76 
July 1980 22 44 13 35 
August 1980 21 .35 18 46 
September 1980 16 35 21 109 
October 1980 14 22 IS 28 
November 1980 15 32 15 105 
December 1980 23 37 23 69 
January 1981 so 92 32 84 
February 1981 38 45 21 50 
March 1981 25 51 14 56 
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both basins were operated in series and provided a seven hour 
detention time. 

The effluent quality attained was as follows: 

Parameter Raw Waste Final Effluent 

BOD.2_ · ( mg/l ) 300 2 
Suspended Solids (mg/l) 60 5 
pH 6.8 - 7.0 

Individual treatment units were not monitored for specific pollutant 
parameters. 

Nonconventional Pollutants. The development of coagulation 
processes for color removal has been traced by many investigators. 
Investigators concluded that lime precipitation was a coagulation 
process for color removal which afforded the possibility of chemical 
recovery utilizing existing mill equipment. Based on the results of 
this early work, research continued towards development of a lime 
precipitation process. The overriding problem in this work continued 
to be the difficulty of dewatering the lime-organic sludge. Specific 
studies were conducted for resolving the sludge problem with limited 
success.(134)(135) 

Continuing efforts to improve the dewatering of the lime sludge led to 
consideration of using large dosages of lime for color reduction. It 
was believed that a large quantity of rapidly draining materials would 
reduce the effect of the organic matter on dewatering. This thinking 
led to the development and patenting of the "massive lime" process by 
the National Council for Air and Stream Improvement. In this process, 
the mill's total process lime is slaked and reacted with a highly 
colored effluent stream, usually the caustic extraction effluent. The 
lime sludge is then settled, dewatered, and used for causticizing 
green liquor. During the causticizing process, the color bodies are 
dissolved in the white liquor and eventually burned in the recovery 
furnace. Although the massive lime process had been demonstrated as 
an effective color removal system, the process was not taken beyond 
the pilot stage for several years. 

The first installation of the massive lime color system was operated 
at a mill in Springhill, Louisiana. The 33.4 liter per sec (530 gpm) 
demonstration plant was used to treat the bleach plant caustic 
extraction and unbleached stock decker wastewaters. These streams 
contributed 60 to 75 percent of total mill color. In the process, the 
lime slurry dosage was 20,000 mg/l. 

The demonstration plant at Springhill was first tested using 100 
percent bleach plant caustic extraction effluent. Various amounts of 
unbleached decker effluent were then added until 100 percent decker 
effluent was treated. Color removal ranged from 90 to 97 percent with 
an average of 94 to 95 percent (136). Organic carbon removal ranged 
from 55 to 75 percent and generally increased with higher colored 
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effluent. The values reported are shown in Table VII-12. BODS 
removals of 25 to 45 percent were reported with lower values found 
during treatment of most highly-colored effluent. The net effect of 
the treatment process was estimated as a 72 percent reduction of total 
mill color. 

The massive lime process, as developed, required lime dosages of 
approximately 20,000 mg/l. Because of this, only a relatively small 
effluent stream could be treated with the quantity of lime used for 
causticizing green liquor. Additionally, this process required 
modifications to the recovery system. These restrictions led to the 
development of an alternative process employing "minimum lime" 
treatment. Lime dosages of 1,000 to 2,000 mg/l are common to this 
process.(137)(138) A previous EPA document reported data on full-scale 
minimum lime treatment systems.(47) Two systems treating unbleached 
kraft and NSSC effluents are known to be operating. Color levels of 
1,200 to 2,000 color units are reported to be 80 to 90 percent removed 
with lime dosages of 1,000 to 1,500 mg/l. A full-scale system 
treating the first caustic extract of a bleached kraft mill has been 
shut down. When operating, lime dosages of 1,500 to 3,000 mg/l were 
used to remove 90 percent of a color load that ranged from 8,000 to 
10,000 color units. (47) 

Case Studies-Pilot and Laboratory Scale Systems. Several laboratory 
and pilot-scale studies of the application of chemically assisted 
clarification to treat pulp, paper, and paperboard wastewaters have 
been conducted. Available data on the capability of this technology 
to remove conventional and nonconventional pollutants based on 
laboratory and pilot-scale studies are presented below. 

Conventional Pollutants As part of a study of various solids 
reduction techniques, Great Southern Paper Co. supported a pilot-scale 
study of chemically assisted clarification.(139) Great Southern 
operates an integrated unbleached kraft mill. Treatment consisted 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 biological effluents from four pulp and paper mills.(140) 
Of the three chemical coagulants, it was reported that alum provided 
the most consistent flocculation at minimum dosages, while lime was 
the least effective of the three. However, the study provides 
inconclusive results in determining the optimum chemical to be used or 
the optimum chemical dosage for removal of TSS from 
biologically-treated effluents. These inconclusive findings are the 
result of a number of factors, including (a) the lack of determination 
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Composition of Treated Effluent 
Bleach Plant Caus- Kraft 
tic Extraction Decker 
Stage Effluent Effluent 

(%) (%) 

100 0 
67 33 
60 40 
so so 
33 67 
20 80 

0 100 1 

0 1002 

TABLE VII-12 

COLOR AND ORGANIC CARBON REMOVAL AFTER 
APPLICATION OF MASSIVE LIME TREATMENT 1 

Effluent Color Organic Carbon 
(APHA Color Units) Color (ms/I) 
Before After Removal Before After 

Treatment Treatment C'U Treatment Treatment 

21,546 1,265 94.2 1,446 373 
14,325 745 94.8 1,016 253 
12, 125 594 95.1 905 248 
10,043 451 95.5 798 245 
6,612 331 95.0 569 183 
4,660 298 93.6 450 173 
1,640(a) 140(a) 91.5(a) 270(a) 120(a) 

900(b) 234(b) 74.0(b) 268(b) 126(b) 

Organic Carbon 
Removal 

(%) 

74.2 
75. 1 
72.6 
69.3 
67.8 
61.6 
55.6(a) 
53.0(b) 

(a) Very little paper mill white water reuse for decker pulp washing or as make-up water. 

(b) Practically all water used in decker system was white water from paper mill. 

10swalt, J.L., and J.G. Land Jr., Color Removal from Kraft Pulp Mill Effluents b~sive Lime 
Treatment, EPA Project 12040 DYD, 1973.(136) 



of an optimum pH to effect removal of TSS, (b) the lack of 
consideration of higher chemical dosages when performing laboratory 
tests even though data for some mills indicated that better removal of 
TSS was possible with higher chemical dosage (a dosage of 240 mg/l was 
the maximum considered for alum and ferric chloride, while 200 mg/l 
was the maximum dosage used for lime), (c) the testing of effluent 
from one mill where the TSS concentration was 4 mg/l prior to the 
addition of chemicals, and (d) the elimination of data based simply on 
a visual determination of proper flocculation characteristics. 

Laboratory data on alum dosage rates for chemically assisted 
clarification were submitted to the Agency in comments on the 
contractor's draft report.(141) Data submitted for bleached and 
unbleached kraft wastewaters indicate that significant removals of 
suspended solids occur at alum dosages in the range of 100 to 350 
mg/1.(142)(143)(144) For wastewaters discharged in the manufacture of 
dissolving sulfite pulp, effluent BODS and TSS data were submitted for 
dosage rates of 250 mg/l; however, it-was stated that dosages required 
to achieve effluent TSS concentrations on the order of 15 mg/l would 
be in the range of 250 to 500 mg/1.(145) Subsequent to the comment 
period, the NCASI assembled jar test data for several process types 
and submitted the data to the Agency.(146) Data for chemical pulping 
subcategories indicate that alum dosages in the range of 100 to 
700 mg/l will effect significant removals of TSS. The average dosage 
rate for all chemical pulping wastewaters was 282 mg/I. Data 
submitted for the groundwood, deink, and nonintegrated-fine papers 
subcategories indicate that dosages in the range of 100 to 200 mg/l 
will significantly reduce effluent TSS. 

Toxic and Nonconventional Pollutants As part of an 
EPA-sponsored study, biologically-treated effluent from a kraft mill 
was further treated using alum precipitation technology on a 
laboratory-scale.(90) Existing full-scale treatment at the mill 
consisted of a primary clarifier, an aerated stabilization basin, and 
a polishing pond. Twenty-four hour composite samples of the polishing 
pond effluent were taken on three separate days. The samples were 
adjusted to a pH of 4.6 with alum; four drops of polymer per liter 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 
43.0 

- 3.75 
- 0.45 
- 0.032 
- 51 . 0 

Alum-Treated 
Effluent 

Range (mg/l) 

Undetected 
Undetected - 0.04 
0.018 - 0.022 
0 - 14.0 

Other researchers have investigated modifications of chemically 
assisted clarification technology using lime. This research has 
concentrated primarily on color removal. Investigations have included 
the use of alternative coagulants in combination with lime. Olthof 
and Eckenfelder reported on the use of ferric sulfate, lime, and alum 
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to reduce effluent color at two bleached kraft mills and one 
unbleached kraft paperboard mill.(147)(148) Their results, as shown 
in Table VII-13, provide both an optimum pH and optimum dosage for 
each case. All three coagulants were able to achieve a reduction in 
color from 1,000 to 3,000 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 BODi and TSS reduction only. 

Olthof and Eckenfelder concluded that ferric sulfate used for color 
removal of pulp, paper, and paperboard mill wastewaters can be an 
attractive alternative to lime treatment. This conclusion was drawn 
from the fact that the required optimum dosage of ferric sulfate was 
25 to 33 percent that of the optimum lime dosage. In addition, the 
effluent quality which results from use of ferric sulfate was better 
than that resulting from lime. Lime treatment results in a high pH 
and a great deal of calcium in solution. Common practice is to use an 
additional treatment step, recarbonation, which reduces the pH prior 
to biological treatment and allows for recovery of calcium as CaC0 3 • 

The use of ferric sulfate and alum prior to biological treatment does 
not require recarbonation and may not require neutralization. Berov 
studied the need for neutralization of kraft mill effluents which were 
treated with alum for color removal.(149) He concluded that if the 
chemically treated process effluent pH did not fall below 5.8, 
neutralization was not needed prior to biological treatment. 

Dugal, et al. performed laboratory studies on color reduction with a 
combined-rerric chloride and lime treatment system.(150) This study 
sought to establish conditions for improving the lime treatment 
systems by using multivalent ions with the lime for color 
precipitation. Earlier investigations of the lime precipitation 
treatment system removal demonstrated 85 to 90 percent removal of 
color; it was determined that the remaining color bodies had an 
apparent average molecular weight of less than 400. Preliminary 
studies with multivalent ions and lime showed almost total color 
removal. 

Tests were run in the laboratory on the decker filtrate and caustic 
extraction discharge from International Paper Company's mill at 
Springhill, Louisiana. Various salts such as barium chloride, ferric 
chloride, magnesium hydroxide, and zinc chloride were used in the 
initial experiments. Based on data from these initial experiments, 
ferric chloride was selected for further analysis. In general, it was 
determined that trivalent ions are more effective color-removing 
agents than divalent ions. Table VII-14 presents a summary of the 
results. (150) 

Twenty-four experiments were run using ferric chloride and/or lime at 
various concentrations. Color removal up to 98.7 percent was attained 
and it was concluded that a synergistic effect between lime and ferric 
chloride existed. Table VII-15 shows the results of these 24 
experiments.(150) 
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TABLE VII -13 

COLOR REDUCTIONS ACHIEVED AFTER APPLICATION OF CHEtlICALLY ASSISTED CLARIFICATION 
WITH FERRIC SULFATE, ALUH, AND LIHE 1 

Alum ·-·---·--------
Optimum Color Final 
Oc>:sage Rt'dn<·tic'n Color Value Optimum 

~_i_! .l '!:Yr<: ~n~g/!) __ . ___ t~L --~PL-~:~l'!i~ 2J_._l'..!!._. 

Bl <'dCht•d 

KrJfl 

llJ.,ad1c.I 
Kra I l 

·;oo 

275 

Uul> I ,..a, heel 250 
Kr.,tfl l'dp .. d>oard 

92 

91 

95 

250 3.5-4.5 

125 3.5-4.5 

150 4.5-5.5 

Optimwn Color 
Dosage Reduction 

~am__~L-

400 92 

250 93 

250 91 

Final 
Opti•um 

pH 
Color Value 

(Pt-Co.Units2) __ ~----

200 4-5 

JOO 4-5 

100 5-6 

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

Li•e 
Optiaum Color 
Dosage Reduction 
iY./l) {U 

1,500 92 

1,000 85 

1,000 85 

Final 
Color Value Optimlllll 

(Pt-Co. U~1i ts~L- J!!!__ __ 

300 12.-12.5 

200 12.-12.5 

150 12.-12.5 

------·-------
1Sourc .. s; Ollhof, H.G., "Color Removal From Textile and Pulp and Paper Wastewaters by Coagulation," Vanderbilt University, PhD Thesis, 1974.(147) 

Olthof, M.G. and Eckenfelder, W.W., Jr., "Laboratory Study of Color Removal from Pulp and Paper Wasewaters by Coagulation," TAPP!, 
Vol. 57, No. 8, August 1974.(148) 

~PI .. tinum-Cuball Units 



TABLE VII-14 

COMPARISON OF TREATIIENT EFFICIENCIES ON KRAFT EFFLUENTS BY THE APPLICATION OF 
CHEMICALLY ASSISTED CLARIFICATION USING DIVALENT IONS OR TRIVALENT IONS 1 

Decker Fil tr ate Caustic Extract Decker Filtrate Caust.ic Extract. 
Salt Color Color Salt Color Color 

Concentration Final Removal Final Removal Conc~ntration Final Removal Final Rl!moval 
(mgLq EH (!t2 EH ('4) (m1Lll EH ('4) EH m 

Mg(OH)
2 Alum (Al

2
(S04)

3 18H2oJ 

0 7.2 8.2 0 7.2 7.9 
100 7 .4 0 8.4 0 100 7.3 59.1 6.5 7.7 
200 7.S 2.5 8.7 6.8 200 5.1 87.1 4.8 63.1 
250 7.8 5.0 8.9 11.4 250 4. 7 90.9 4.4 85.2 
300 8.0 2.5 9.0 11. 4 300 4.6 88. l 4.3 84.6 
350 8.0 2.5 9.0 11.4 350 4.5 88.2 4.2 85.2 
400 8.1 7.S 9. 1 12.0 400 4.5 88.2 4.3 84.6 
600 8.0 7.5 9.2 22.8 600 4.5 86.8 4.1 86.5 

ZnC1 2 FeC1 3-pH unadju•tl!d 

0 7.2 8.1 0 7.2 6.7 
100 6.9 2.s 6.9 0 100 5.8 27.3 6.1 0 
200 6.5 5.0 6.7 3.9 200 5.0 i5.5 5.6 24.4 
250 6.5 7.5 6.7 3.9 250 4.1 76.4 5. 1 26.9 
300 6.4 12.5 6. 7 13.6 300 3.8 77 .3 4.8 51.3 
350 6.3 17.S(a) 6.7 13.4 350 3.7 77.3 4.4 74.8 
400 6.2 22.5 6.7 22.9 400 3.4 75.5 4. 1 91. 7 
600 6.0 45.4 6.7 44.0 600 3. 1 76.4 3.8 90.7 

BaC12 FeC1
3

-pH adjusted 

0 7 .2 7.1 0 7.2 6.7 
100 7.3 5.0 6.9 0 100 8.2 0 8.4 0.6 
200 7.2 16.7 6.5 0 200 8.7 21. l 8.9 67.4 
250 7. I 21. 7 6.5 0 250 8.3 12.6 8.7 83.1 
300 7.0 23.3 6.6 1.3 300 8.5 38.9 9.1 97.2 
350 6.9 26.7 6.8 4.1 350 8.9 58.3 8.6 97 .3 
400 6.7 28.3 6.9 I. I 400 8.9 50.9 8.1 97.3 
600 6.4 41.2 7.0 23.7 600 8.8 72.5 7 .8 97.4 
800 6.2 42.5 7. I 35.9 

1000 5.7 61. 2 7. 1 45.2 

Ca(OH) 2 

0 8.6 
100 10.3 20.0 
200 11.3 22.5 
250 ll.6 22.5 
300 11. 7 25.0 
350 11.8 32.5 
400 11. 9 62.5 
600 12. I 72.5 

(a) Calculated Value. 

1Source: Dugal, H.S., Church, J.O., Leekll!y, R.H., and Swanson, J.W., "Color Removal in a Ferric Chloride-Lime System,·• TAPP! , 
Vol. 59, No. 9, September 1976. (150) 
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Fe Cl 
(mg/!) 

0 
25 
50 

100 
200 
300 
500 
800 

0 
25 
so 

100 
200 
300 
500 
800 

0 
25 
50 

100 
200 
300 
500 
800 

Lime 
(mg/l) 

1000 
1000 
1000 
1000 
1000 
1000 
1000 
1000 

2000 
2000 
2000 
2000· 
2000 
2000 
2000 
2000 

18,000 
18,000 
18,000 
18,000 
18,000 
18,000 
18,000 
18,000 

TABLE VII-15 

LUIE TREATMENT OF BLEACHED KRAFT CAUSTIC EXTRACT IN 
THE PRESENCE OF METAL ION 1 (a) 

Sludge 
Volume(b) 

(ml) 

6.2 
8.2 
8.2 
8.5 

13.3 
14.4 
22.0 
30.1 

6.2 
7.0 
7.3 
9.7 

14. 1 
19. 1 
33.5 
62.0 

8.9 
8.7 
9.0 
9.4 

11. 2 
12.2 
14.3 
16.8 

Final 
pH 

11.58 
11.50 
11.42 
11.42 
11.49 
11.50 
11.40 
11.32 

11.79 
11. 70 
11. 70 
11. 70 
11.70 
11. 71 
11. 78 
11. 73 

11.98 
11.99 
11.98 
12.00 
12.01 
12.01 
12.01 
12.00 

Color 
Removal 

(%) 

81.4 
81. 7 
85.7 
90.0 
91. 4 
91. 6 
95.8 
95.5 

87.2 
88.0 
89.5 
91. 8 
93.6 
95.2 
96.8 
97.5 

93.4 
94.9 
95.0 
95.9 
96.3 
97.3 
98.2 
98.7 

TOC 
Removal 

(%) 

66.6 
66.0 
71. 0 
78.0 
76.4 
74.3 
81.0 
83.2 

68.6 
75.4 
73.0 
75.2 
79.6 
81.6 
86.0 
87.3 

80.4 
79.5 
77 .6 
81. 7 
84.0 
81.5 
87.7 
88.7 

BOD 
Removal 

(%) 

6.5 
4.3 
0.0 

12.8 
23.5 
27.7 
36.2 
40.5 

23.S 
23.5 
25.5 
29.8 
34.0 
36.2 
44.7 
51.0 

32.0 
32.0 
38.4 
36.2 
36.2 
46.8 
46.8 
51.0 

(a)Untreated caustic extract had a pH of 8.83, a color of 4400 units, a TOC of 220 
mg/liter, and a BOD of 47 mg/liter. 

(b)Total volume of kraft bleach caustic extract after lime and FeC1
3 

addition was 
100 ml. Sludge volumes were measured after a IS-minute settling time. 

1Source: Dugal, H.S., Church, J.O., Leekley, R.M. and Swanson, J.W., "Color 
Removal in a Ferric Chloride-Lime System," TAPP!, Vol. 59, No. 9, 
September 1976.(150) 
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Another flocculation and precipitation process is in full-scale 
operation in Japan; it has also been investigated through laboratory 
studies in Sweden. The process involves using iron salts and lime to 
obtain color removals in the range of 85 to 95 percent.(151) 
Chlorination and caustic extraction stage effluents are treated. 
Metallic iron is first dissolved in the chlorination stage effluent. 
Retention times of 1.5 to 2 hours and temperatures near 5ooc (122°F) 
are needed to dissolve a sufficient amount of the metallic iron. The 
resulting solution is then combined with the caustic extract, and the 
pH is adjusted within the range of 9 to 10 with lime. No chemical 
dosages were listed for the lime required or the amount of metallic 
iron consumed. 

Vincent studied the decolorization of biologically-treated pulp and 
paper mill effluents through the addition of lime and lime 
magnesia. (152) Laboratory-scale studies were conducted on effluents 
from three kraft mills, one sulfite mill, and one NSSC mill. All 
except one of the kraft mill effluents had been treated in a 
biological system before chemical treatment. Separate testing with 
lime and magnesia showed that, with the addition of 1,000 mg/l of 
lime, approximately 90 percent of the color was removed. Magnesia 
alone proved to be ineffective at moderate doses; 4,000 mg/l were 
required to obtain approximately 50 percent color reduction. 
Therefore, it was concluded that the use of magnesia alone could not 
be justified. 

The use of magnesium hydroxide in combination with lime was highly 
effective. The magnesium was added as a soluble salt prior to the 
lime slurry. A dosage of 50 to 100 mg/l of magnesia prior to the 
addition of 500 mg/l of lime gave the same color removal as the 
addition of 1,000 mg/l of lime alone. Additionally, sludge production 
was less with the lime - magnesia process. Table VII-16 shows some 
typical results of the lime - magnesia process for removing color, 
BOD, COD, and phosphate for the five mills. Recovery techniques were 
suggested, but none were investigated in connection with this study. 
This would indicate that additional testing would have to be done to 
prove the feasibility of this lime - magnesia recovery process before 
attempting it on a larger scale. An evaluation concluded that the 
system is costly, but the benefits might favor its use. 

Filtration 

This process refers to granular bed (rather than membrane) filtration. 
The granular material may be sand, or 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 
improve TSS removal and to extend filter run time between 
backwashings. The addition of a proper chemical flocculant prior to 
filtration can further improve performance. 

Filtration technology was evaluated as part of a study conducted for 
the EPA. (129) Results obtained during this study of nine pulp, paper, 
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TABLE VII-16 

REHOVAJ. OF BOD, COD, AND PHOSPHATE FROH CHEMICAL PULPING \l'ASTEWATERS AT SELECTED LIHE - HAGNESIA l.EVELS 1 

Treatment 
Cao HgO Before Treatment After Treatment 

(mg/l) (mg/ l) Color ti i 11 Eff Jur.nt 
. ----· -----· ---- ----- BOD{ a) COD{b) Phosphute{c) Color BOD COD Phosphate 

A Kr a fl (combined effluent, 500 100 2,570 420 1.05 137 16 100 F0.01 
soi bleacheJ) biological {560) 
trealnient 

II Kraft (high BOO stream, 500 100 1,070 130 340 0.7 78 105 580 0.07 
u11hleached) no biological (560) 1,310 
treJtmenL 

c Krdft (combined effluent) 500 100 2,620 60 500 3.0 185 30 100 0.06 
blologjcal treatment (720) 

)) Sulfite (NH
3 

base, com 2,000 400 1,790 60 2,430 0.8 298 67 460 0.07 
bined effluent) biological (1, 300) 
t n•atme11t \ 

E NSSC (<combined effluent) 6,000 3,000 36,300 525 8,640 31.5 12,800 320 1,040 0.80 
biological treatment (4,960) 

<~~)llOD determined after filtration through Reeve-Angel glass filter papers and subsequent adjustment lo pH 7· 

(b)COD determined after filtration through Reeve-Angel glass filter papers. Bracketed values are for unfiltered effluents' 

(J)Phosphate analysis (vdlues in 111g/l of P) determined by modified ascorbic acid method' 

1 Soun:c: Vi 11cent, 0. L., f<?lour Remova ~.From Biologically Treated Pulp and Paper Hill Effluents, Distributed by CPAR Secretariat, 
Canadian Forestry Service, Depart111ent of the Environment Ottawa, Ontario, as CPAR Report 210-1, March 31, 1974.(152) 

Reaoval ------ ----- --------
Color BOD COD Phosphal!: 

94.7 76 99.0 

92.7 19 90.0 

92.9 50 80 98.0 

83.4 81 91.3 

64.7 39 88 97 .5 



and paperboard and other industrial facilities where filtration was 
used are shown in Tables VII-17 and VII-18. Also summarized in the 
tables are the results of pertinent published results from other 
filtration studies. Table VII-17 summarizes those systems where 
coagulants were not used prior to filtration, while Table VII-18 
addresses those where coagulants were employed. 

At those facilities where chemical coagulants were not utilized, final 
effluent levels of TSS ranging from 5.9 to 35 mg/l were achieved 
across the filter; TSS reductions ranged from 45 to 79 percent. Those 
where coagulants were used prior to filtration achieved final effluent 
TSS levels ranging from 5.0 to 27.5 mg/l with removals of 52 to 85 
percent. At the paperboard mill employing single medium sand 
filtration without chemical addition, an effluent TSS level of 7 mg/l 
was attained. 

Tables VII-19, VII-20, and VII-21 summarize available effluent data 
for three midwestern mills where paperboard is produced from 
wastepaper. At these mills, biologically-treated effluent is sand 
filtered without the use of coagulants. Table VII-19 presents 
effluent data after treatment in an aerated stabilization basin 
followed by a three-layer, pressure sand filter. The system was 
designed to remove 50 percent of the biological solids but, in 
practice, removes only 30 to 40 percent. Table VII-20 presents 
effluent data after treatment in an aerated stabilization basin 
followed by secondary clarification and deep bed sand filtration. 
Table VII-21 presents effluent data after treatment in an activated 
sludge system followed by a gravity rapid sand filtration system. 

An EPA-sponsored laboratory study evaluated the efficiency of sand 
filtration of four pulp and paper mill effluents. (140) A flow rate of 
0.20 cu m per minute/sq m (5 gpm/ft2) was used and the results are 
shown in Table VII-22. As seen, in one of the two cases where 
coagulation was not employed prior to filtration, substantially better 
results were obtained than when coagulants were added. It was 
explained by the authors that natural coagulation, that may have 
occurred during shipment of samples, could have affected the results. 

Activated Carbon Adsorption 

Currently, there are two basic approaches for the use of activated 
carbon: a) use in a tertiary sequence following primary and 
biological processes and b) use in a "physical-chemical" treatment in 
which raw wastewater is treated in a primary clarifier with or without 
chemical coagulants prior to carbon adsorption. 

The tertiary approach involves the reduction of biodegradable organics 
prior to discharge to the carbon system. This provides for longer 
carbon life. In a physical-chemical treatment mode, biodegradable and 
refractory organics are removed solely through adsorption on the 
activated carbon. Activated carbon can achieve high removals of 
dissolved and colloidal pollutants in water and wastewater. When 
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TABLE Vll-17 

TSS REDUCTION CAPABILITIES AND RELATED FACTORS 
FOR THE FILTRATION TECHNOLOGY 

Arlh•led llo"'&•· P/14 - G.) 
-.SS- llOU .. /I 
C•p•< lry of 2 b••IO• - la> 
llottentloo 11- - Ntl 
4•11'1•1• flow - 4 H ..,., 
00 •In - I 0 .. 11 

Aclhat•J 11J..J1• JO lb lfJll/ 
1000 cu I<, F/M - ND 
llCLSS - !CD, lJl 11ln -
O.umtl<>f> ti .. - ::. hu" 
I.I) 11CD 0 H..t·hanlr•' Aer,uh>u 
Av.r•11• fin..· I 1~ ,.:r, 

.t.c1h111.J 111....ia": c~lrt .. 
ab, P1M · OZ IL 111.)b/lb 
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TABLE VII-19 

FINAL EFFLUENT QUALITY FOLLOWING 
THREE LAYER PRESSURE SAND FILTRATION OF THE EFFLUENT FROM AN AERATED 

STABILIZATION BASIN TREATING PAPERBOARD FROM WASTEPAPER WASTEWATER 

BODS (mg/l) TSS (mg/1) 

Average Maximum Average Maximum 
Date for Month Day for Month Day 

September 1978 11 17 12 20 
October 1978 9 15 12 16 
November 1978 9 14 8 12 
December 1978 11 14 7 16 
January 1979 14 19 11 18 
February 1979 16 19 13 20 
March 1979 14 19 12 24 
April 1979 10 17 14 20 
May 1979 10 17 11 20 
June 1979 12 16 11 16 
July 1979 14 19 14 20 
August 1979 17 40 17 30 
September 1979 19 28 21 24 
8~t.~~~L :~;:: ~.) •.J 41.J o+u 

November 1979 21 22 
December 1979 14 24 22 32 
January 1980 17 25 23 34 
February 1980 19 35 18 49 
March 1980 18 35 20 36 
April 1980 17 25 18 46 
May 1980 13 33 12 40 
June 1980 13 18 17 44 
July 1980 12 23 19 44 
August 1980 16 30 23 46 
September 1980 12 30 12 40 
October 1980 12 39 17 so 
November 1980 5 10 7 24 
December 1980 14 34 16 so 
January 1981 11 35 12 48 
February 1981 
March 1981 7 35 11 40 
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TABLE VII-20 

FINAL EFFLUENT QUALITY FOLLOWING DEEP BED SAND FILTRATION OF THE 
EFFLUENT FROM AN AERATED STABILIZATION BASIN AND SECONDARY CLARIFIER 

TREATING PAPERBOARD FROM WASTEPAPER WASTEWATER 

BODS (mg/l) TSS (mg/l) 

Average Maximum Average Maximum 
Date for Month Day for Month Day 

December 1978 38 42 49 60 
January 1979 44 62 54 100 
February 1979 41 46 44 65 
March 1979 44 52 5S 66 
April 1979 S4 70 Sl 89 
May 1979 32 62 53 88 
June 1979 20 36 27 42 
July 1979 29 32 37 44 
August 1979 30 40 30 37 
September 1979 31 60 33 46 
October 1979 3S 44 40 54 
November 1979 29 50 46 60 
December 1979 39 56 59 75 
January 1~80 38 70 4S 70 
February 1980 27 40 44 65 
March 1980 30 so 48 70 
April 1980 34 75 52 85 
May 1980 24 36 31 44 
June 1980 30 59 28 61 
July 1980 
August 1980 32 46 22 33 
September 1980 33 Sl 38 50 
October 1980 44 68 48 70 
November 1980 S2 62 66 78 
December 1980 36 53 64 92 
January 1981 45 78 56 75 
February 1981 41 61 67 9S 
March 1981 104 310 SS 80 
April 1981 39 S4 S7 99 
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TABLE VII-21 

FINAL EFFLUENT QUALITY FOLLOWING RAPID GRAVITY SAND FILTRATION OF THE 
EFFLUENT FROM AN ACTIVATED SLUDGE PLANT TREATING 

PAPERBOARD FROM WASTEPAPER WASTEWATER 

BODS (mg/l) TSS (mg/l) 

Average .Maximum Average Maximum 
Date for Month Day for Month Day 

February 1979 13 34 47 205 
March 1979 8 15 29 76 
April 1979 12 22 20 58 
May 1979 6 8 19 88 
June 1979 6 9 12 S2 
July 1979 18 31 21 84 
August 1979 13 34 9 52 
September 1979 8 20 12 36 
October 1979 36 110 39 75 
November 1979 29 86 54 134 
December 1979 12 17 29 80 
January 1980 5 12 11 24 
February 1980 6 11 9 21 
narch 1980 6 22 8 40 
April 1980 7 20 8 33 
.Kay 1980 6 20 9 21 
June 1980 8 16 14 so 
July 1980 2 3 7 18 
August 1980 3 10 9 19 
September 1980 6 16 8 33 
October 1980 4 8 11 26 
November 1980 6 9 18 19 
December 1980 5 21 10 37 
January 1981 7 16 14 38 
February 1981 11 49 31 120 
March 1981 10 37 19 82 



TABLE VII-22 

SAND FILTRATION RESULTS 1 

TSS Removal (%) 
Mill No. Initial TSS (mg/l) w/chemicals w/o chemicals 

1 110 64 14 

2 5.5 36 

3 70 71 68 

5 60 23 

1Peterson, R.R. and Graham, J.L., "Post Biological Solids Characteriza
tion and Removal from Pulp Mill Effluents," EPA-600/2-79-037, January 
1979.(140) 
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applied to a well-treated biological effluent, it is capable of 
reducing BOD~ to less than 2.0 mg/l.(153) 

The primary means of removal is surface adsorption. The key to the 
carbon adsorption process is the extremely large surface area of the 
carbon, typically 3.54 to 9.92 square meters per gram (sq m/g) (17,300 
to 48,540 sq ft/lb).(154) 

Activated carbon will not remove certain low molecular weight organic 
substances, particularly methanol, a common constituent of pulping 
effluents.(155) Additionally, carbon columns do a relatively poor job 
of removing turbidity and associated organic matter. (156} Some highly 
polar organic molecules such as carbohydrates also will not be removed 
through the application of activated carbon treatment.(156)(157) 
However, most of these materials are biodegradable and, therefore, 
should not be present in appreciable quantities in a well bio-oxidized 
effluent. 

Activated carbon may be employed in several forms including: a) 
granular, b) powdered, and c) fine. The ultimate adsorption 
capacities for each may be similar.(158) The optimal carbon form for 
a given application should be determined by laboratory and/or pilot 
testing. Each of the three forms of carbon listed above is discussed 
below. 

Granular Activated Carbon. Granular activated carbon has been used 
for many years at municipalities and industrial facilities to purify 
potable and process water. In recent years, it has also been used for 
removal of organics in wastewater. (159} 

Granular activated carbon (GAC) treatment usually consists of one or 
more trains of carbon columns or beds, including one or more columns 
per train. The flow scheme may be down through a column, up through a 
packed carbon bed, or up through an 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. (154) 

It can be economically advantageous in many 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: 

o Pump exhausted carbon in a water slurry to the regeneration 
system for dewatering. 

o After dewatering, feed the carbon to a furnace at 8160 to 927oc 
(1,50oo to l,7000F} where the adsorbed organics and other 
impurities are oxidized and volatized. 

o Quench the regenerated carbon in water. 
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o Wash the carbon to remove fines; hydraulically transport the 
regenerated carbon to storage. 

o Scrub the furnace off-gases and return the scrubber water for 
treatment. 

The West Wastewater Treatment Plant at Fitchburg, Massachusetts treats 
combined papermill and sanitary wastes at a S7,000 cum/day (lS mgd) 
chemical coagulation/carbon adsorption facility.(160) Approximately 90 
percent of the flow originates from three papermills, with the 
remaining 10 percent originating from municipal sanitary wastewater. 
The industrial wastewater undergoes S minutes of rapid mixing and 30 
minutes of flocculation prior to mixing with the chlorinated sanitary 
wastewater. The combined waste is then settled after lime and alum 
addition. The wastewater is then pumped to twelve downflow pressure 
carbon filters. Initial operation of the system has resulted in a 96 
percent suspended solids reduction and a 39 percent BODi reduction in 
the pretreatment system. The granular activated carbon filters 
initially yielded total reductions of suspended solids and BODi of 99 
and 97 percent, respectively. Final effluent concentrations were 
reported as S.O mg/l BODi and 7.0 mg/l TSS. No data have been 
reported concerning toxicity or toxic pollutant removal/ reduction 
from the plant. 

Since the plant was started up in late 197S, it has been plagued with 
a number of mechanical and operational problems. As a result, the 
system has been unable to achieve the removal capabilities predicted 
after initial operation. The plant was designed to produce an 
effluent quality of 8 mg/l of BODS and TSS on a monthly average. The 
pretreatment facility has consistently yielded a SS percent BODS 
reduction and 95 percent TSS reduction. The carbon filters have 
provided S5 percent BODS reduction and 70 percent TSS reduction of the 
remaining pollutants after pretreatment. Overall, the system was 
anticipated to achieve 80 percent BODi reduction and 98 percent TSS 
reduction once the steady state conditions were met.(161) 

Pilot testing by Beak Consultants, Ltd., with laboratory analysis 
confirmed by B.C. Research, indicates that approximately 80 percent of 
each of the following resin and fatty acids were removed from raw 
bleached kraft effluents by application of granular carbon adsorption: 
pimaric, isopimaric, abietic, dehydroabietic, oleic, linoleic, and 
linolenic.(162) Initial total resin acid and fatty acid concentrations 
were 10.6 and 3.9 mg/l as reported by Beak Consultants, Ltd. and 12.6 
and 2.2 mg/l as reported by B.C. Research. Total resin acid and total 
fatty acid concentrations in the treated effluent were 1.49 and 
2.4 mg/l as reported by Beak Consultants, Ltd. and 2.25 and 0.4 mg/l 
as reported by B.C. Research. A contact time of 7.5 minutes with a 
carbon exhaustion rate of 0.6 to 0.7 kg per 1,000 liters (5.0 to 6.0 
lb per 1,000 gallons) was employed in the study. Detoxification of 
the raw woodroom 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. 
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It is noteworthy that the carbon exhaustion rate for BODS removal was 
20 times shorter than that for toxicity removal. These-results imply 
that (a) carbon life may be significantly increased if competing 
organics are removed prior to carbon adsorption and (b) 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 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 effluent was recycled as process water.(163) 

According to Smith and Berger, pulp and papermill wastewater suitable 
for reuse can be obtained using granular carbon without a biological 
oxidation step, particularly if the raw wastewater exhibits a BODS of 
200 to 300 mg/l.(164) Color due to refractory organic compounds 
contained in pulping effluents can also be reduced by such treatment. 
Table VII-23 presents the pilot plant results obtained by the authors. 

Condensate streams account for only about 2 to 10 percent of total 
wastewater flow, but contribute significantly higher proportions of 
toxicity and BOD~ when discharged. Tests by Hansen and Burgess showed 
that 70 to 7S percent of the BODS, COD, and TOC in kraft evaporator 
condensate could be removed using 0.46 kg of carbon per 1,000 liters 
(3.8 lb of carbon per 1,000 gallons) of wastewater.(157) Treatment 
with granular activated carbon reduced the effluent toxicity effects 
on bay mussels by a factor of up to 17. The toxicity removal 
efficiency was found to be much more dependent on contact time than 
were BODS and COD removals. For example, a contact time of 30 minutes 
and a carbon dosage of 40.l g/l (0.334 lb/gal) resulted in an 80 
percent COD reduction to 186 mg/l and an 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 increased to essentially 100 percent. 

Weber and Morris found 
activated carbon increased 
the rate of adsorption 
defined. 

that the adsorption capacity of granular 
with a decrease in pH.(165) The effect on 
with changes in temperature was not well 

Powdered Activated Carbon. A recent variation of activated carbon 
technology involves 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 process.(166) This treatment 
technique also enhances color removal, clarification, system 
stability, and BODS and COD removal.(167)(168) Results of pilot 
testing indicate -that this type of treatment, when used as a part of 
the activated sludge process, is a viable alternative to granular 
carbon systems.(169)(170) Pilot tests have also shown that powdered 
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TABLE VII-23 

RESULTS OF PILOT-SCALE GRA1'nJLAR ACTIVATED CARBON 
TREATMENT OF UNBLEACHED KRAFT MILL WASTE 1 

After Lime After Carbon Removal 
Parameter Desired Range Raw Waste Treatment Treatment 

pH 6.8-7.3 7.8 11. 9 10.5 
Color (Pt-Co Units) 0-5 1,280 28 0 
BOD~ (mg/l) 0-2 265 82 12 
COD (mg/1) 0-8 517 320 209 
Suspended Solids 0-5 128 115 74 

(mg/l) 
Total Solids (mg/l) 50-250 1,210 1,285 1,205 

Note: Columns were loaded at 3.6-4.0 gpm/sq ft 

1Smith, D.R. and Berger, H.F., "Wastewater Renovation," TAPP!, Vol. 51, No. 10, 
October 1968.(164) 
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activated carbon can be used successfully with rotating biological 
contactors. (171} 

At a large chemical manufacturing complex, a full-scale, 151,000 cu 
m/day (40 mgd}, powdered activated carbon system was started up during 
the spring of 1977.(172) This system includes carbon regeneration. 
The waste sludge, which contains powdered 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 from the regeneration system. 

The process was originally developed because biological treatment 
alone could not adequately remove the poorly biodegradable organics in 
the effluent. Data were taken during operation of a laboratory-scale 
powdered activated carbon unit using a carbon dosage of 160 mg/l and a 
hydraulic retention of 6.1 hours. Table VII-24 presents the results 
of this investigation. (172} 

It is noteworthy that the estimated capital costs of using powdered 
activated carbon rather than a conventional activated sludge system at 
this chemical plant were within 10 percent of each other. Operating 
cost.of the powdered activated carbon system was estimated to be about 
25 percent greater than for conventional activated sludge alone.(172) 

The powdered activated carbon system described above is a very comlex 
treatment system that involves operations that may not be required at 
other installations. The need for a filter press system or acid 
cleaning system as well as a carbon regeneration furnace must be 
determined on a case-by-case basis. 

In a follow-up study 
activated sludge plant, 
are reported in Table 
the hydraulic retention 

on the full-scale powdered activated carbon 
the average results of three months of data 
VII-25. The carbon dosage was 182 mg/l, while 
was 14.6 hours.(173} 

Comparison of the laboratory and full-scale results in Tables VII-23 
and VII-24 reflect an increase in BODS and color removal for the full
scale system over that of the laboratory-scale unit. 

Fine Activated Carbon. Timpe and Lang developed a fine activated 
carbon system for which they filed a patent application. (158} It is a 
multi-stage, countercurrent, 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. Equipment size and carbon 
inventory are decreased due to the increased adsorption rate of the 
intermediate-size carbon. 

374 



Parameter 

TABLE VII-24 

POWDERED ACTIVATED CARBON 
OPERATING DATA ON A CHEMICAL PLANT WASTEWATER 1 

Raw Effluent Final Effluent Percent Removal 

Soluble BODS (mg/l) 300 23 92.3 

Color (APHA Units) 1,690 310 81.6 

1Source: Heath, H.W., Jr., E.I. duPont de Nemours and Company, "Combined 
Powdered Activated Carbon-Biological (PACT) Treatment of 40 
MGD Industrial Waste," presented to Symposium on Industrial 
Waste Pollution Control, American Chemical Society National 
Meeting, March 1977.(172) 
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Parameter 

Soluble BOD~ (mg/l) 
Color (APHA Units) 

TABLE VII - 25 

FULL SCALE "PACT" PROCESS RESULTS 
ON CHEMICAL PLANT WASTEWATER 1 

Raw Effluent 

504 
1,416 

Final Effluent 

15.2 
311 

Percent Reduction 

95 
78 

1Robertaccio, F.L., "Combined Powdered Activated Carbon - Biological 
Treatment: Theory and Results," Proceedings of the Open Forum on Manage
ment of Petroleum Refinery Wastewaters, June 1977.(173) 
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Timpe and Lang report that the fine activated carbon system showed 
distinct advantages over the granular activated carbon system. They 
ran extensive pilot plant tests for treating unbleached kraft mill 
wastewater with granular and fine activated carbon. (158) Four 
different treatment processes were investigated using a 110 liter per 
minute (30 gpm) pilot plant: (a) clarification followed by downflow 
granular activated carbon columns, (b) lime treatment and 
clarification followed by granular activated carbon columns, (c) 
biological oxidation and clarification followed by granular activated 
carbon columns, and (d) lime treatment and clarification followed by 
fine activated carbon effluent treatment (subject of a patent 
application.) 

All treatment processes were operated in an attempt to obtain a 
treated effluent with less than 100 APHA color units and less than 100 
mg/l TOC that would allow for reuse of the wastewater in the 
manufacturing process. The lime-carbon treatment achieved the desired 
effluent criteria and was considered the most economical of the three 
processes utilizing carbon columns. A relatively small lime dosage of 
320 to 600 mg/l Cao without carbonation prior to carbon treatment was 
reported to be the optimum operating condition for the lime-carbon 
process. It was determined that the effluent should contain about 80 
mg/l Ca for successful optimization of treatment. The required fresh 
carbon dosage was 0.3 kg of carbon per 1,000 liters treated (2.5 lb 
per 1,000 gallons treated). 

Timpe and Lang reported lower rates of adsorption, resulting in larger 
projected capital and operating costs, for the biological-carbon and 
primary carbon processes in treating unbleached kraft mill 
effluent.(158) 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 columns 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 surf aces of the 
activated carbon granules. 

The authors found that nonadsorptive mechanisms accounted for a 
significant amount of color and TOC removal in the clarification
carbon process. They felt that the removals were not due to any 
biological degradation that might have occurred in the carbon columns. 
The color colloids were subsequently removed as large settleable 
solids during the backwashing process. (158) Table VII-26 tabulates 
the pilot plant results obtained from Timpe and Lang's investigation. 

Foam Separation 

Foam separation techniques have been evaluated to determine their 
effectiveness in treating surface active substances (i.e., resin 
acids) in pulp, paper, and paperboard mill wastewaters. This process 
involves physical removal of surface active substances through foam 
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Description of 

Col wans 
Preceded By 
Biological 
Oxidation & 

Clarificatiou 

TABLE VI 1-26 

RESULTS OF PILOT-SCALE ACTIVATED CARBON TREATKENT OF 
UNBJ.EACHED KRAFT mu. EFHUENT 1 

Columns Co 111111ns 
Preceded By Preceded By 

Primary Primary 

Colullllls 
Preceded By 

Lime Treatment 
Clarification Clarification ------------ ·- - --------- & Clarification ___ _!-~CE:!' §_y~l_"-'!' __ _ 

c~_!:,-"!!~ !'!:~~-- ___ !_1!_!:,___~e111o!'!J _ _!!J_~_,_ ___ Eff .o.__~em~va 1 ___ In 1,___Eff ~- Removal Inf. Eff. Re111oval Inf. Eff. Removal -------- ----··- -·----

BOD (mg/I) 26\ Removal 

TOC (mg/l) 148 57 61\ 220 83 62l 310 121 61'.l 177 100 441 158 101 36\ 

Turbidity (JTU) 5-15 

Color (Pt-Co Unils) 740 212 71\ 925 185 80'.l I lt>O 202 83'.l 252 76 70\ 1~7 73(a) 54\ 

Hydraulic 
Load (gpm/sq ft) 

Carbon 

Coulacl Time (Hin) 

fresh Carbon 
Dos.ige 

pH 

(lh l"arbon/ 
1000 ga 1.) 

2.13 

Granular 

140 

8 

1.42 0.71 1. 42 

Granular G1.inular Gr.rnular 

108 

20.5 28 2.5 

11. 3 

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

1 ut<• rmedi a le 

J. 'I 

1Source: Timpe, W.G. anJ Lang, E.W., "Activated Carbon Tredtment ol Unbleacht•d Kraft F.fflueut for Reuse - Pilul Plant 
Results," TAPPI Environmental Conference, San ~·rancisco, flay 1973.(158) 
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generation. In this process, fine air bubbles are introduced into a 
basin or structure containing the effluent. The air bubbles cause 
generation of foam in which the surface active compounds are 
concentrated. Jet air dispersion has been found to be the most 
efficient technique for foam generation when compared to turbine and 
helical generation systems. (174) 

Several full-scale foam separation facilities have been built for the 
removal of detergents from municipal wastes.(175)(176) The Los 
Angeles County Sanitation District system operated a system treating a 
flow of 45,000 cum/day (12 mgd) at a seven minute detention. Water 
reclamation was the primary purpose of the unit, which operated 
successfully and trouble-free during two years of continuous 
operation. (177) This system, like other municipal systems, has ceased 
operation due to regulations that require the use of biodegradable 
detergents. 

A bleached kraft whole mill effluent was analyzed for total resin acid 
content before and after treatment in a pilot-scale foam separation 
unit.(177) Two mill effluents were treated in a two hour detention 
time foam separation 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 was 2.6 to 5.1 mg/l and 
O. 1 to 1 .O mg/l, respectively. In all cases, the treated effluent was 
rendered nontoxic to fish. 

Pilot studies were performed using foam separation as a pretreatment 
prior to the application of activated sludge and aerated stabilization 
treatment of bleached kraft effluent.(178) These studies indicated 
that the detoxification efficiency of biological treatment can improve 
from 50 to 85 percent of the time without foam separation to over 90 
percent of the time with foam separation. (178) 

Microstraining 

At two nonintegrated paperrnills, full-scale coagulation/microstraining 
facilities are used for treating rag pulp and fine paper 
effluents.(179)(180) Coagulant usage includes the addition of 1 rng/l 
of polymer plus the addition of alum or caustic for pH adjustment. 
Typically, suspended solids and BOD~ reductions to 10 mg/l and 50 
mg/l, respectively, are achieved. When properly operating, treatment 
approaching that achievable through the application of biological 
treatment has been obtained. It has been observed that upsets caused 
by such practices as paper machine washup with high alkaline cleaners 
affect the effectiveness of the technology.(179) 

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 repeats in a catalytic fashion. The oxidation of organic 
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compounds reduces the BOD~, color, and toxicity of the effluent. A 
significant advantage of the process is that no sludge is produced. 

Oher found that an 80 percent reduction of color in whole mill 
bleached kraft effluent and a 90 percent reduction of color in caustic 
extract could be achieved through electrochemical treatment.(181) 
Similar results were achieved when using a lead dioxide or a graphite 
anode. The lead dioxide anode required less energy. No toxicity or 
toxic pollutant data were reported. 

In a variation of the process, Barringer Research Ltd. investigated 
the use of a carbon fiber electrochemical reactor to treat kraft 
caustic extracts.(182) The high surface to volume ratio of the carbon 
greatly decreased the reactor volume requirements. At an effluent to 
water volume ratio of 60 percent (v/v), toxicity was reported to be 
reduced from 10 percent mortality in 22 hours to zero percent 
mortality in 96 hours. Color reduction of 90 percent and BODS and COD 
reductions of 50 percent and 60 percent, respectively, were reported. 
This process is in full-scale use in the mining industry, but no pilot 
or mill-scale unit has been applied in the pulp, paper, and paperboard 
industry. (183) The primary drawback of the process is failure of the 
carbon cell to perform for extended periods.(183) 

Another variation to this process involves the use of hydrogen gas 
bubbles generated in the process to float solids and separate scum. 
Selivanov found that an electrochemical unit with graphite anodes and 
stainless steel cathodes could cause coagulation in kraft white 
water.(184) Release of hydrogen bubbles in the process caused solids 
removal by flotation. Total suspended solids were reduced to 2 to 4 
mg/1. No toxicity data were reported. 

Herer and Woodard found significant color and TOC reductions in 
bleachery wastes by application of electrolytic cells using an 
aluminum anode.(185) Color removals from 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 reported. 

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. 

Many of the chromophoric (color producing) organics in pulp, paper, 
and paperboard mill wastewaters are negatively charged, making this 
process suitable for the removal of color. Chan, et al. investigated 
the process on a laboratory scale.(186) A variety of commercial grade 
cationic surfactants were tested and Aliquat 221 produced by General 
Mills was found to be very effective. The process removed over 95 
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percent of the color from bleached kraft effluents. No specific 
removals of toxicity or toxic pollutants were reported. 

Air/Catalytic/Chemical Oxidation 

Complete oxidation of organics found in pulp, paper, and paperboard 
mill wastewaters to carbon dioxide and water is a significant 
potential advantage of oxidation processes. Partial oxidation coupled 
with biological treatment may have economic and/or technical 
advantages over biological treatment alone. 

Past studies of oxidative processes dealt principally with COD or TOC 
as a measure of performance. Barclay, et al. completed a thorough 
compilation of related studies and found that most were performed with 
wastewater other than those resulting from the production of pulp, 
paper, and paperboard.(187) Some tentative conclusions, though, may 
still be drawn: 

o Complete oxidation with air can occur under extreme temperature 
and pressure, high intensity irradiation, with air at ambient 
conditions in the presence of excessive amounts of strong 
oxidants (03, H202 or Cl02), or with air or oxygen in the 
presence of catalysts such as-certain metal oxides. 

o Sulfite wastes can be partially detoxified by simple air 
oxidation for a period of seven days. 

o Ozone oxidation achieved only slight detoxification of sulfite 
wastes after two hours and partial detoxification after eight 
hours.(187) 

o Major BODS reductions can only be achieved under conditions 
similar to those required for nearly complete oxidation. 

No data specifically relating to toxic pollutant removal 
reported. 

Steam Stripping 

were 

Steam stripping involves the removal of volatiles from concentrated 
streams. Hough and Sallee report that steam stripping at a kraft mill 
is capable of removing 60 to 85 percent of the BODS from condensate 
streams. (188) The ability of the process to remove specific 
pollutants (including toxic and nonconventional pollutants) 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 2sooc (4820F) and, thus, are not 
readily stripped through application of this process.(189) 

Steam stripping was evaluated for its ability to detoxify condensates 
from sulfite waste liquor evaporators.(190) 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 
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acetic acid, 
application 
toxicity of 
reduced. 

furfural, eugenol, juvabione, and abietic acid. The 
of steam stripping had no observable effect on the 
the stream, although the total organic content was 

Stearn stripping of kraft mill digester and evaporator condensates was 
employed on a mill scale for control of total reduced sulfur (TRS) 
compounds and toxicity.(191) The 96-hour LC-50 of the condensate was 
altered from 1.4 percent to 2.7 percent. Thus, the stream remained 
highly toxic, even after steam stripping. The process did remove 97 
percent of the TRS compounds. Production process changes such as 
minimizing condensate volume, installation of spill collection 
systems, reduction of fresh water use, and conversion to dry debarking 
along with the application of steam stripping resulted in a nontoxic 
effluent. 

Ultrafiltration 

Wastewater treatment by ultrafiltration involves removal of 
macromolecules from wastewater by means of membranes of specified 
molecular size. Wastewater is forced through the membranes under 
pressure. The size of the molecules to be removed dictates the 
permeability (size opening) of the ultrafiltration membrane. 

Data are available from Easty for nonconventional pollutant removal 
from two bleached kraft caustic extraction effluents utilizing two 
types of ultrafiltration systerns.(90) Good removals of epoxystearic 
acid, dichlorostearic acid, trichloroguaiacol, 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 3.7 sq m (40 sq ft). Filtration of suspended solids 
larger than 10 micrometers (0.004 in) was accomplished prior to 
ultrafiltration. The system was operated at 28.4 liters per minute 
(7.5 gpm) and a pH of 11 to 11.5. The system achieved 50 to 80 
percent reduction of chlorinated phenolics 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 12.5 liters per minute 
(3.3 gpm) using a tubular cellulose acetate membrane with a surface 
area of 1 .1 sq m (12.1 sq ft). The system operated at a pH of 9.5 to 
10.5 and inlet and outlet pressures of 15.0 ATM (220 psi) and 6.8 ATM 
(100 psi), respectively. Filtration of all particles larger than 10 
micrometers (0.004 in) was accomplished prior to ultrafiltration. 
This system removed approximately 80 to 85 percent of all chlorinated 
resin acids, chlorinated phenolics, and other acids. 

Lewell and Williams studied color, lignosulfonate, COD, and solids 
removals from sulfite liquor after the application of 
ultrafiltration. (192) Removals on the order of 30 to 50 percent were 
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observed for color, lignosulfonate, COD, and TSS. No toxicity or 
toxic pollutant data were reported. Costs (1971) were estimated at 
$0.40/kl ($1 .50/kgal) for a 3785 cum (l .0 mgd) permeate flow. The 
authors concluded that ultrafiltration could not compete economically 
with lime as a means of removing lignosulfonate, color, COD, and 
solids. ( 192) 

Reverse Osmosis/Freeze Concentration 

Reverse osmosis employs pressure to force a solvent through the 
membrane against the natural osmotic force. This is the same type of 
process as ultrafiltration except that the membranes used for reverse 
osmosis reject lower molecular weight solutes. This means that lower 
flux rates occur; there is also a need for a higher operating pressure 
difference across the membrane than those necessary for 
ultrafiltration. 

Reverse osmosis is employed at a Midwest NSSC mill where 270 kkg/day 
(300 tpd) of corrugating medium are produced. The system allows 
operation of a closed white water system. Easty reported that the 
system achieved BOD~ reductions of approximately 90 percent and 
removed essentially all resin and fatty acids.(90) The 320 liter per 
minute (85 gpm) reverse osmosis unit employs 288 modules, each with 
1.55 sq m (16.7 sq ft) of area provided by 18 cellulose acetate tubes. 
The system operates at 41 ATM (600 psi) and 380C (100 °F). During 
Easty's testing, the white water feed contained 300 mg/l TSS and· 
40,000 to 60,000 mg/l total dissolved solids. Initial resin and fatty 
acid levels were: abietic, l .5 mg/l; dehydroabietic, 2.62 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/l. (90) The maximum removal capacity 
is not known since final concentrations were below detection limits. 

Reverse osmosis can be followed by freeze concentration whereby the 
effluent is frozen to selectively remove pollutants. Freeze 
concentration takes advantage of the fact that when most aqueous 
solutions freeze, the ice crystal is almost 100 percent water. This 
process was evaluated by Wiley, et al. on three bleachery 
effluents.(193) Reverse osmosis alone resUTtecr-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 resulted in a 
concentrate stream consisting of roughly two percent of the original 
feed volume that contained essentially all of the dissolved 
solids.(193) It was reported that the purified effluent was of 
sufficient quality that it could be returned to the process for 
reuse.(193) Wiley did not investigate final disposal of the 
concentrate. 

Amine Treatment 

This treatment is based upon· the ability of high molecular weight 
amines to form organophilic precipitates. These precipitates are 
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separated and redissolved in a small 
solution (white water). By so doing, the 
use, with no sludge produced. (194) 

amount of strong alkaline 
amine is regenerated for 

The Pulp and Paper Research Institute of Canada (PPRIC) conducted a 
study to determine the optimum process conditions for employing high 
molecular weight amines for color, BOD2, and toxicity reductions of 
bleached kraft mill effluents.(195) While no specific data on toxic 
or nonconventional pollutants were reported, 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 BODS, COD, and color after treatment of bleached 
kraft whole mill wastewater were 80 to 350 mg/l, 380 to 760 mg/l, and 
80 to 450 APHA units, respectively. Reported removals were 10 to 74 
percent, 36 to 78 percent, and 94 to 98 percent, respectively, using 
Kemamine T-19020 in a solvent of Soltrol 170. 

Polymeric Resin Treatment 

Polymeric resin wastewater treatment processes make use of adsorption 
and ion exchange mechanisms to remove pollutants from the wastewater. 
Resin columns are commonly employed; they are reactivated after 
completion of the treatment cycle by means of acid or alkaline 
solutions. It has been reported that weakly basic ion exchange 
resins, based on a phenol/formaldehyde matrix, are superior in 
treating pulp and paper bleach plant effluents.(196) Prior to resin 
treatment, it is advantageous to screen and filter the waste streams 
and adjust the pH to 2 or 3. 

The resin adsorption approach is being pursued by three companies: 
Billerud Uddeholm, Rohm and Haas, and Dow Chemical Company. The Rohm 
and Haas and the Dow Chemical processes are at the pilot plant stage. 
The Billerud Uddeholm color removal process has been operated as a 
full-scale batch process in Skoghall, Sweden, since 1973. 

Based on the experience gained through operation of the full-scale 
system in treating the caustic first extraction stage effluent (E 1 ), 

treatment was expanded' to include chlorination stage washer effluent 
(C 1 ). The first full-scale continuous installation began in December 
of 1980 at Skoghall, Sweden. In this system, a full countercurrent 
wash is used, and the effluent from the E1 stage is reused on the C1 
stage washer after color and toxicity removal through the application 
of resin adsorption.(75)(197) 

The pollutants may be removed from the resin by elution with caustic 
or oxidized white liquor. The eluate at 10 percent concentration is 
mixed with the weak black liquor to be evaporated and burned in the 
recovery boiler. The resin is reactivated with the chlorination 
effluent. The chlorination stage effluent reactivates the resin and 
is simultaneously decolorized and detoxified. The total mill BOD2 
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load is reduced by 30 percent and the color load by 90 percent. The 
flow diagram of this process is shown in Figure VII-33. 

The operating costs for the Billerud Uddeholm system are reported as 
$3.74 per kkg of production ($3.40 per ton of production) (1980). The 
investment cost of an installation for treatment of the effluent from 
a 310 kkg/day (340 tpd) kraft pulp mill bleach plant is $4.0 million 
(1980) including close-up of the bleach plant. The costs will vary 
depending on wood species, kappa number, and local conditions.(197) 
These costs are based upon a resin life of one and one-half years. 

The Rohm and Haas process involves the use of Amberlite XAD-8 resin to 
decolorize bleaching effluent after filtration. The resin can be 
reactivated without the generation of waste sludge. This reactivation 
may be accomplished by using mill white liquor. In one study, the 
adsorption capacity of Amberlite XAD-2 resin was compared to 
Filtrasorb 300 activated carbon. (198) The resin was more effective 
in removing most aromatic compounds, phthalate esters, and pesticides; 
carbon was more effective at removing alkenes. Neither adsorbant was 
effective in removing acidic compounds. The tests involved use of 
laboratory solutions of 100 organic compounds at an initial 
concentration of 100 ug/l. 

Another study has shown synthetic resin to be capable of removing a 
higher percentage of COD from biological effluent than carbon. (199) 
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.(200)(201) Wilson and 
Chappel reported that treatment with Amberlite XAD-2 resin resulted in 
a nontoxic semi-chemical mill effluent.(202) 
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SECTION VIII 
DEVELOPMENT OF CONTROL AND TREATMENT OPTIONS 

INTRODUCTION 

In Section VII, many control and treatment technologies are discussed 
and information is presented on their capabilities for removal of 
conventional, toxic, and nonconventional pollutants from pulp, paper, 
and paperboard industry wastewaters. From these technologies, EPA 
identified alternative control and treatment options for detailed 
analysis that represent a range of pollutant removal capability and 
cost. This section presents the options that were considered in 
determining BPT and BAT effluent limitations and NSPS, PSES, and PSNS 
for the pulp, paper, and paperboard industry. 

For BPT, treatment options have been developed for control of 
conventional pollutants for new subdivisions of two existing 
subcategories (paperboard from wastepaper and nonintegrated-f ine 
papers) and for four new subcategories (wastepaper-molded products, 
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven 
papers, and nonintegrated-paperboard). For BAT, control and treatment 
options have been developed for control of toxic and nonconventional 
pollutants being discharged directly to navigable waters. NSPS 
treatment options for the control of toxic, conventional, and 
nonconventional pollutants have been developed for new point source 
direct discharging mills. Options for control and treatment of toxic 
pollutants discharged to POTWs have been developed for existing and 
for new indirect discharging mills (PSES and PSNS). 

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE (BPT) 

General 

Four new subcategories of the pulp, paper, and paperboard industry 
have been identified: wastepaper-molded products, nonintegrated
lightweight papers, nonintegrated-filter and nonwoven papers, and 
nonintegrated-paperboard. As discussed in Section IV, two existing 
subcategories have been divided into subdivisions: the paperboard from 
wastepaper subcategory is separated into the corrugating medium 
furnish subdivision and the noncorrugating medium furnish subdivision; 
the nonintegrated-f ine papers subcategory is separated into the wood 
fiber furnish subdivision and the cotton fiber furnish subdivision. 

As stated previously, the Act establishes the requirements for 
development of BPT limitations, which are basically the average of the 
best existing performance. The best practicable control technology 
currently available for the wastepaper-molded products subcategory, 
and for mills in the corrugating medium furnish subdivision of the 
paperboard from wastepaper subcategory has been identified as 
biological treatment, which is also the technology on which BPT 
limitations are based for all other subcategories of the secondary 
fibers segment of the pulp, paper, and paperboard industry. The best 
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practicable control technology currently available for mills in the 
cotton fiber furnish subdivision of the nonintegrated-fine papers 
subcategory has been identified as biological treatment which is also 
the technology on which BPT limitations are based for all other mills 
in the nonintegrated-fine papers subcategory. 

In Table VIII-1, subcategory average BODS and TSS raw waste 
characteristics for the three new nonintegrated subcategories are 
compared to the BODS and TSS raw waste characteristics that formed the 
basis of BPT effluent limitations for the nonintegrated-fine papers 
and the nonintegrated-tissue papers subcategories. This comparison 
indicates that raw waste loads for these new subcategories are 
comparable to those of the nonintegrated-tissue papers subcategory. 
The technology basis of BPT effluent limitations for the 
nonintegrated-tissue papers subcategory is primary treatment. Primary 
treatment, therefore, has been selected as the basis for development 
of BPT effluent limitations for the nonintegrated-lightweight papers, 
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard 
subcategories. 

The development of raw waste loads and final effluent characteristics 
for each subcategory is discussed below. 

Development of Raw Waste Loads 

Paperboard from Wastepaper. Available raw waste load data for mills 
in the subcategory are presented in Table V-16. As discussed in 
sections IV and V, the raw waste load BODi at mills where corrugating 
medium furnish is processed has increased since BPT was promulgated. 
At that time, the average raw waste load BODi for mills where 
corrugating medium furnish is processed was 11.3 kl/kkg (22.5 lb/t). 
Recent data submitted by representatives of mills 110025 and 110080 
indicate that the current raw waste load BODi for mills where recycled 
corrugating medium is processed is 23.0 kg/kkg (46.0 lb/t). 
Therefore, raw waste loads for mills where corrugating medium furnish 
is processed have been revised to account for the higher raw waste 
BODS and are: flow 30.0 kl/kkg (7.2 kgal/t); BODS - 23.0 kg/kkg 
(46~0 lb/t), and TSS - 11.0 kg/kkg (21.9 lb/t). -

EPA evaluated available data for the mills where all other kinds of 
wastepaper are processed; the Agency found that the original BODi raw 
waste load is still representative. Therefore, BPT raw waste loads 
for noncorrugating medium furnish mills are as originally developed 
for the subcategory: flow - 30.0 kl/kkg (7.2 kgal/t); BODi 11.3 
kg/kkg (22.5 lb/t); and TSS - 11.0 kg/kkg (21.9 lb/t). 

Wastepaper-Molded Products. Available raw waste load data for mills 
in this subcategory are presented in Table V-18. Raw waste loads on 
which BPT limitations are based are equal to the average of raw waste 
loads at mills where extensive recycling of effluent is not practiced. 
This yields flow, BOD5, and TSS raw waste loads of 88.l kl/kkg (21.l 
kgal/t), 7.9 kg/kkg- (15.8 lb/t), and 14.8 kg/kkg (29.6 lb/t), 
respectively. 
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TABLE VIII-1 

AVERAGE RAW WASTE CHARACTERISTICS 
FOR THE NONINTEGRATED SEGMENT 

OF THE PULP, PAPER, AND PAPERBOARD INDUSTRY 

BPT Technology 
Buis 

Subcategory/Subdivision 
Raw Waste Characteristics 

Subcategory Average BODS Average TSS 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Ti11ue P1per1 

Nonintegrated-Liahtweiaht 
Papers 

Nonintegrated-Filter and 
Nonwoven Paper• 

Nonintegrated-Paperboard 

Bioloaical Treatment 
209 mg/l 
144 mg/l 

Primary Clarification 120 mg/l 

None* 107 f!lg/l** 

None* 73 mg/l 

None* 122 mg/l** 

:'.-~lilla in lhe&e 1ubcate1orie1 were permitted on a caae-ily-caae i>as11 using 
"beat engineerina judaement." BPT for these subcategories has been identi
fied a• primary treatment, the aame technology basi1 al for the Nonintegra
ted-Tiaaue Paper• aubcateaory because of the aimilarity of raw waste BOD~ 
characteriatic1. 

**Doea not include production of electrical grades of papers. 
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678 mg/l 
342 mg/l 

323 mg/l 

312 mg/l** 

165 mg/l 

685 mg/l** 



Nonintegrated-Fine Papers. Available raw waste load data for this 
subcategory are presented in Table V-22. Data for the subcategory 
were reevaluated based on comments from industry. As discussed 
previously, EPA determined that raw waste load flow, BODS, and TSS 
were comparable for mills where more than 90.7 kkg (100 -tons) of 
product per day are manufactured and those where less than 90.7 kkg 
(100 tons) per day are produced, excluding mills where cotton fiber 
comprises a significant portion of the final product. EPA determined 
that the cotton fiber mills have higher raw waste flow and BODS than 
other mills in the subcategory. Based on this review, the subcategory 
has been separated into two subdivisions: wood fiber furnish and 
cotton fiber furnish. The raw waste loads on which BPT limitations 
are based for nonintegrated mills where a significant portion of the 
final product (greater than 4 percent) is comprised of cotton fibers 
are equal to the average of raw waste loads at these cotton fiber 
furnish mills, or: flow - 176.S kl/kkg (42.3 kgal/t); BODS 22.9 
kg/kkg (4S.8 lb/t); and TSS - 5S.2 kg/kkg (110.4 lb/t). 

Nonintegrated-Lightweight Papers. Available raw waste load data for 
this subcategory are presented in Table V-24. BPT raw waste loads for 
this subcategory are based on the average of raw waste loads at mills 
in this subcategory. Two product sectors have been considered: (a) 
lightweight papers and (b) lightweight electrical papers. At mills 
where lightweight electrical papers are produced, substantially larger 
quantities of water are discharged than at mills where non-electrical 
grades are produced. At the only mill for which BODS data are 
available where lightweight electrical grades are produced, the BODS 
raw waste load is lower than the average for non-electrical grades~ 
Average ~aw waste loads associated with the production of lightweight 
papers are: flow-203.2 kl/kkg (48.7 kgal/t); BOD5-21 .7 kg/kkg (43.3 
lb/t); and TSS-63.4 kg/kkg (126.8 lb/t). EPA assumed that BODS and 
TSS raw waste loads associated with the production of electrical 
grades are the same as for non-electrical grades. This results in raw 
waste loads for the lightweight electrical papers product sector of: 
flow-320.9 kl/kkg (76.9 kgal/t); BODi - 21.7 kg/kkg (43.3 lb/t); and 
TSS - 63.4 kg/kkg (126.8 lb/t). 

Nonintegrated-Filter and Nonwoven Papers. Available raw waste load 
data for mills in this subcategory are presented in Table V-25. 
Initially, it was assumed· that the subcategory average raw waste loads 
would form the basis for proposed BPT effluent limitations. In 
reviewing raw waste load flow data with respect to frequency of waste 
significant grade changes, it was determined that none of the four 
mills where more than one waste significant grade change occurred per 
day exhibited raw waste load flows that were equal to or lower than 
the subcategory average raw waste loads. Therefore, the proposed BPT 
flow basis was revised to reflect the highest average for the various 
grade change delineations. The BPT raw waste load flow is based on 
those mills with less than one waste significant grade change per day. 
The raw waste loads for flow, BODS, and TSS are 250.0 kl/kkg (59.9 
kgal/t), 12.2 kg/kkg (24.3 lb/t), -and 27.4 kg/kkg (54.7 lb/t), 
respectively. 
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Nonintegrated-Paperboard. Available raw waste load data for this 
subcategory are presented in Table V-26. The subcategory average raw 
waste loads, exclusive of electrical and matrix board production, form 
the basis for proposed BPT. The raw waste loads for flow, BOD~, and 
TSS are S3.8 kl/kkg (12.9 kgal/t), 10.4 kg/kkg (20.8 lb/t}, and 36.9 
kg/kkg (73.7 lb/t). 

Development of Final Effluent Characteristics 

In the Phase II Development Document, EPA developed the following 
relationship between the anticipated final effluent BOD~ concentration 
and the BODS concentration entering a biological treatment system 
based on treatment plant performance at those mills used to establish 
BPT effluent limitations (see Phase II Development Document, page 402) 
( 4 8 ) : 

Log BOD~ effluent (mg/l) = 0.601 Log BODS influent (mg/l) - 0.020 

EPA used this relationship in establishing allowances to be added to 
BPT effluent limitations if wet barking, log or chip washing, or log 
flumes or ponds were employed at individual mills (see Phase II 
Development Document, page SS8). (48) 

In Figure VIII-1, EPA has plotted the BOD~ raw waste concentration 
that formed the basis of BPT versus the final effluent TSS 
concentration that formed the basis of BPT for the dissolving kraft, 
market bleached kraft, fine bleached kraft, BCT (board, coarse, and 
tissue) bleached kraft, dissolving sulfite pulp, papergrade sulfite, 
soda, groundwood, and deink subcategories. It is apparent that final 
effluent TSS concentrations are related to raw waste BODS 
concentrations when biological treatment is employed. This 
relationship is defined by the following equation: 

Final effluent TSS (mg/l) = (8.9S) (Raw Waste BODS (mg/l))0.31 

As discussed previously, BPT for the corrugating medium furnish 
subdivision of the paperboard from wastepaper subcategory and the 
wastepaper-molded products subcategory has been identified as 
biological treatment. Therefore, the above relationships, which 
predict the BODS and TSS final effluent concentrations that result 
from the application of biological treatment consistent with the 
biological treatment systems that form the basis of BPT effluent 
limitations for the major portions of the pulp, paper, and paperboard 
industry, are applicable. The long-term average BPT BODS and TSS 
final effluent concentrations for mills in the corrugating medium 
furnish subdivision of the paperboard from wastepaper subcategory and 
the wastepaper-molded products subcategory are based on the predicted 
performance of biological treatment applied to the 
subcategory/subdivision average BODS raw waste concentrations. 
Long-term average BPT final effluent loads were calculated as the 
product of the long-term average BODS and TSS final effluent 
concentrations and the flows that form the basis of BPT for these 
subcategory/subdivisions. 
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As discussed previously, BPT for the cotton fiber furnish subdivision 
of the nonintegrated-f ine papers subcategory has been identified as 
biological treatment. The BPT BODS effluent limitation promulgated 
for the nonintegrated-fine papers subcategory in 1977 is much less 
stringent than BODi effluent limitations for other subcategories with 
comparable BODi raw waste characteristics. Therefore, EPA did not 
base the long-term average BPT BODi final effluent concentration for 
this new subdivision on the relationship between BODi final effluent 
concentration and BODS raw waste concentration discussed previously. 
Rather, the long-term average BPT BODi final effluent concentration 
for the cotton fiber furnish subdivision of the nonintegrated-fine 
papers subcategory is based on the transfer of the performance of 
biological treatment characteristic of all other mills in the 
nonintegrated-fine papers subcategory. EPA applied the same percent 
reduction in BODS (77.7 percent) that forms the basis of BPT 
limitations promulgated in 1977 for the nonintegrated-fine papers 
subcategory to the BODS raw waste load for mills in the 
newly-established cotton fiber furnish subdivision of the 
nonintegrated-fine papers subcategory. The long-term average BPT TSS 
final effluent characteristics were developed from the relationship 
illustrated in Figure VIII-1. Long-term average loads were calculated 
as the product of the long-term average BODi and TSS final effluent 
concentrations and the flow that forms the basis of BPT for this new 
subdivision. 

As discussed previously, BPT for the nonintegrated-lightweight papers, 
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard 
subcategories has been identified as primary treatment. As shown in 
Table VIII-1, raw waste characteristics for these new subcategories 
are comparable to raw waste characteristics for the 
nonintegrated-tissue papers subcategory. EPA believes that it is 
reasonable to predict that the application of primary treatment in 
these three new subcategories will yield final effluent concentrations 
identical to those that form the basis of BPT effluent limitations for 
the nonintegrated-tissue papers subcategory. Therefore, the long-term 
average BPT final effluent concentrations for the 
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven 
papers, and nonintegrated-paperboard subcategories are based on a 
transfer of performance from the nonintegrated-tissue papers 
subcategory. Long-term average loads were calculated as the product 
of (a) the long-term average BPT BODS and TSS final effluent 
concentrations that were developed for the-nonintegrated-tissue papers 
subcategory and (b) the raw waste load flows that form the basis of 
BPT for the three new subcategories. 

BPT long-term average final effluent characteristics for the four new 
subcategories and two new subdivisions of the pulp, paper, and 
paperboard industry are presented in Table VIII-2. 
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Subcatego!)'. 

Paperboard From Wastepaper 
o Corrugating Medium Furnish 

Wastepaper-Molded Products 

Nonintegrated-Fine Papers 
o Cotton Fiber Furnish 

Nonintegrated-Lightweight Papers 
o Lightweight 
o Electrical 

Nonintegrated-Filter and 
Nonwoven Papers 

Nonintegrated-Paperboard 

TABLE VIII-2 
BPT LONG-TERJ1 A\'ERAGE 

FINAL EFFLUENT CHARACTERISTICS 

Flow BODS 
kl/kkg ~kgal[t} kg[kkg ~lbl'.t} 

30.0 (7.2) 1.6 (3.1) 

88.1 (21.1) 1.3 (2.6) 

176.5 (47.3) 5.1 (10. 2) 

203.2 (48.7) 7.4 (14. 7) 
320.9 (76.9) 11. 7 (23.3) 

250.0 (59.9) 9.1 (18 .1) 

53.8 (12. 9) 2.0 (3.9) 
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TSS 
kg[kkg (lb£'.t} 

2.1 (4.2) 

3.2 (6.4) 

7.2 (14.3) 

6.0 (12. O) 
9.5 (18. 9) 

7.4 (14. 7) 

1.6 (3.2) 



BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY (BCT) 

General 

Section 30l(b)(2)(E) of the Clean Water Act of 1977 requires that BCT 
effluent limitations are to be established for control of conventional 
pollutants from existing industrial point sources. Conventional 
pollutants are those defined in section 304(a)(4) and include BOD, 
suspended solids, fecal coliform, and pH and any additional pollutants 
defined by the Administrator as conventional (oil and grease; 44 FR 
44501, July 30, 1979). 

BCT is not an additional limitation, but replaces BAT for the control 
of conventional pollutants. In addition to other factors specified in 
section 304(b)(4)(B), the Act requires that BCT limitations be 
assessed in light of a two part "cost-reasonableness" test (American 
Paper Institute v. EPA, 660 F.2d 954 (4th Cir. 1981 )). The first test 
compares the cost for private industry to reduce its conventional 
pollutants with the costs to publicly owned treatment works for 
similar levels of reduction in their discharge of these pollutants. 
The second test examines the cost-effectiveness of additional 
industrial treatment beyond BPT. EPA must find that limitations are 
"reasonable" under both tests before establishing them as BCT. In no 
case may BCT be less stringent than BPT. 

EPA published its methodology for carrying out the BCT analysis on 
August 29, 1979 (44 FR 50732). In the case mentioned above, the Court 
of Appeals ordered EPA to correct data errors underlying EPA's 
calculation of the first test, and to apply the second cost test. 
(EPA had argued that a second cost test was not required.) 

In a previous document, EPA identified four technology options that 
are capable of removing significant amounts of conventional 
pollutants, including: 

(A) Option 1 - Base effluent limitations on the technology on 
which BPT is based for each subcategory plus additional in-plant 
production process controls. No additional end-of-pipe 
technology beyond BPT is contemplated in this option. 

(B) Option 2 - Base effluent limitations on the addition of 
chemically assisted clarification of BPT final effluents for all 
integrated and secondary fiber subcategories and for the 
nonintegrated-fine papers subcategory (for these subcategories 
BPT is based on biological treatment). For the remaining 
nonintegrated subcategories, for which primary treatment is the 
basis of existing BPT, effluent limitations are based on the 
addition of biological treatment. 

(C) Option 3 - Base effluent limitations on BCT Option 1 plus 
the addition of chemically assisted clarification for all 
integrated and secondary fiber subcategories and for the 
nonintegrated-fine papers subcategory (for these subcategories 
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BPT is based on biological treatment). For the remaining 
nonintegrated subcategories, for which primary treatment is the 
basis of existing BPT, effluent limitations are based on the 
application of BCT Option l plus the addition of biological 
treatment. 

(D) Option 4 - Base effluent limitations on the levels attained 
at best performing mills in the respective subcategories. The 
technologies for achieving Option 4 effluent limitations vary 
depending on the types of treatment systems that are employed at 
mills in each subcategory. 

Because EPA has not yet promulgated a revised BCT methodology in 
response to the American Paper Institute v. EPA decision mentioned 
earlier, this document does not include specific information on these 
four technology options. For further discussion of these four 
technology options, see (a) 46 FR 1430; January 6, 1981 and (b) 
Proposed Development Document for Effluent Limitations Guidelines and 
Standards for the Pulp, Paper, and Paperboard and the Builders' Paper 
and Board Mills Point Source Categories, U.S. EPA, December 1980.(203) 
EPA is deferring a final decision on the appropriate BCT limitations 
until EPA promulgates the revised BCT methodology. 

NEW SOURCE PERFORMANCE STANDARDS--CONVENTIONAL POLLUTANTS 

General 

Section 306 of the Clean Water Act of 1977 requires that new source 
performance standards (NSPS) be established for industrial dischargers 
based upon the best demonstrated technology. NSPS include the control 
of conventional, toxic, and nonconventional pollutants. In the pulp, 
paper, and paperboard industry, the Agency has determined that NSPS 
should control the same pollutants controlled under BPT and BAT. This 
section includes a discussion of those technology options considered 
as the basis of control of conventional pollutants at new sources. 

Two options have been developed for the control of conventional 
pollutants under NSPS: 

Option Control of conventional pollutants based on the 
effluent limitations attained at best performing mills in the 
respective subcategories. The technology basis of NSPS Option l 
varies depending on the type of treatment that formed the basis 
of BPT effluent limitations for each subcategory. 

Option 2 Control of conventional pollutants based on (a) the 
application of production process controls to reduce wastewater 
discharge and raw waste loads and (b) end-of-pipe treatment in 
the form of biological treatment for all subcategories except 
nonintegrated-tissue papers, nonintegrated-lightweight papers, 
nonintegrated-filter and nonwoven papers, and nonintegrated
paperboard, where end-of-pipe treatment is in the form of primary 
clarification. 
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Option 

Option standards are based on the levels attained at best performing 
mills in the respective subcategories. This approach is described in 
detail below and, in the majority of cases, involves an assessment of 
actual effluent data. After determination of NSPS Option l effluent 
standards, the Agency identified appropriate technologies that could 
achieve these limitations. As discussed below, except for the 
paperboard from wastepaper, tissue from wastepaper, wastepaper-molded 
products, and builders' paper and roofing felt subcategories, EPA has 
defined NSPS Option l to include the application of end-of-pipe 
treatment of those raw waste loads that formed the basis of BPT 
effluent limitations. Therefore, except for the four subcategories 
mentioned above, the NSPS Option l raw waste loads which are presented 
in Table VIII-3 are identical to the raw waste loads that formed the 
basis of BPT effluent limitations. 

The technologies for achieving Option l effluent limitations vary 
depending on the technology basis of BPT effluent limitations for each 
subcategory. As discussed in detail later in this section, for all 
subcategories in the integrated segment and for the nonintegrated-f ine 
papers and deink subcategories, where BPT was identified as biological 
treatment, the activated sludge process is the technology basis of 
NSPS Option l. Treatment system design criteria were established that 
reflect attainment of NSPS Option l effluent standards through 
implementation of end-of-pipe treatment of the raw waste loads that 
form the basis of BPT effluent limitations for these subcategories. 
Treatment schemes were identified and used in the development of cost 
estimates presented in Appendix A. Specific design criteria are also 
presented in Appendix A. The activated sludge system includes spill 
prevention and control systems, equalization, aeration basins and 
provision for operation in the contact stabilization mode, and 
clarification and sludge handling equipment. 

At mills in the nonintegrated subcategories where BPT effluent 
limitations are based on primary treatment, the technology basis of 
NSPS Option l is primary clarification. Design criteria were 
established that reflect attainment of NSPS Option l effluent 
characteristics through implementation of end-of-pipe treatment of the 
raw waste loads that form the basis of BPT effluent limitations for 
these subcategories. The primary clarification system includes 
chemical coagulant addition and sludge handling capability. 

At mills in the remaining subcategories (paperboard from wastepaper, 
tissue from wastepaper, wastepaper-molded products, and builders' 
paper and roofing felt), extensive use is made of production process 
controls to reduce wastewater discharge. NSPS Option l for these 
subcategories is identical to NSPS Option 2 and includes the 
application of production process controls and biological treatment, 
in the form of conventional activated sludge. The end-of-pipe 
biological treatment systems are identical in size to those which form 
the basis of BPT effluent limitations for these subcategories (i.e., 
biological treatment system design is based on attainment of BPT 
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TABLE VIII-3 

SUMMARY OF NSPS OPTION 
RAW WASTE LOADS 

flow BOD5 TSS 
kl£kkg (kgal/t~ 

Integrated Sel!!!!nt 
kg/kkg ~lblq kg/kit& (lb£q 

Disaolving Kraft 230.0 (55. 1) 66.5 (133.0) 113.0 (226.0) 
Harket Bleached Kraft 173.0 (41. 6) 38.0 (75.9) 45.0 (90.0) 
BCT Bleached Kraft 148.0 (35.4) 38.4 (76. 7) 66.5 (133.0) 
Alkaline-Fine 1 129.0 (30.9) 33.6 (67.2) 75.0 (150.0) 
Unbleached Kraft 

o Linerboard 52.5 (12.6) 16.9 (33.8) 21.9 (43.8) 
o Bag 52.S (12.6) 24.3 (48.6) 21.9 (43.8) 

Semi-Chemical 42.9 (10.3) 25.2 (50.4) 12.3 (24.6) 
Unbleached lraft 

and Semi-Chemical .58.4 (14.0) 19.4 (38.8) 20.5 (41.0) 
Dis1olvin1 Sulfite Pulp 

o Nitration 275.0 (66.0) 137.0 (274.0) 92.5 (185. O) 
o Vi1co1e 275.0 (66.0) 156.0 (.;J12.0) 92.5 (185.0) 
o Cellophane 275.0 (66.0) 181.5 (363.0) 92.5 (185. O) 
o Acet1te 303.4 (72.7) 266.0 (531. 9) 92.5 (185.0) 

Paperarade Sulfite1 141. 9* (34.0)* 92.5* (184.9)* 90.0 (180.0) 
Groundwood-Thermo-Mechanical 88.0 (21. l) 21.2 (42.4) 39.9 79.8 
Groundwood-CMN Paper• 99.0 (23.8) 17 .4 (34.8) 48.S 97.0 
Groundwood-Fine Paper1 91.0 (21. 9) 16.7 (33.3) 52.5 105.0 

Seconda!'.l:'. Fiber• Se pent 

Deink 
o Fine Papers 102.0 (24.4) 90.0 (180.0) 2oi.s (.+05.0) 
o Ti11ue Papen 102.0 (24. 4) 90.0 (180.0) 202.S (405.0) 
o New1print 67.6 (16.2) 15.9 (31. 7) 202.5 (405.0) 

Tia1ue From Wastepaper 68.0 (16.3) 9.7 (19.3) 110.5 (221.0) 
Paperboard From Wa1tepaper 

o Corrugatina Medium Furni•h 13.4 (3.2) 23.0 (46.0) 11.0 (21.9) 
o Noncorrugating Medium Furni1h 13.4 (3.2) 11.3 (22.5) 11. 0 (21. 9) 

Wa1tepaper-Holded Product& 23.8 (5.7) s.s (10.9) 14.8 (29.6) 
Buildera' Paper and Roofing Felt 11.3 (2. 7) 6.5 (13.0) 35.0 (70.0) 

Nonintegrated Sel!ent 

Nonintearated-Fine Paper• 
o Wood Fiber Furni1h 63.0 (15.2) 10.8 (21.5) 30.8 (61.6) 
o Cotton Fiber Furni1b 176.S (42.3) 22.9 (45.8) 55.2 (110.4) 

Nonintegrated-Tiaaue Papera 96.0 (22.9) 11.S (22.9) 34.7 (69.4) 
Nonintegrated-Lightweiaht Papera 

o Lightweight 203.2 (48.7) 21. 7 (43.3) 63.4 (126.8) 
o Electrical 320.9 (76. 9) 21. 7 (43.3) 63.4 (126.8) 

Nonintegrated-Filter 
and Nonwoven Papera 2.50.0 (59.9) 12.2 (24.3) 27.4 (54.8) 

Nonintearated-Paperboard 53.8 (12.9) 10.4 (20.8) 36.9 (73.7) 

1Jncludea Fine Bleached Kraft and Soda 1ubcate1orie1. 
'Include• Papergrade Sulfite (Blow Pit Waeh) end Paperarade Sulfite (Drum Waah) 1ubcate-
aories. 

*NSPS Option 1 raw waete flow and BOD~ vary with the percent sulfite pulp in the final 
product.. Flow (kl/kkg) • 52.87 exp(O.Ol7x), where x •percent sulfite pulp produced 
on-1ite in final product. Raw wa1te load1 shown are for a mill where on-1ite paper-
arade pulp production i• .58 percent of the total product. 
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effluent limitations through the application of activated sludge 
systems to treat the raw waste loads that form the basis of BPT 
effluent limitations for these four subcategories.) NSPS Option l and 
2 final effluent loads are lower than BPT effluent limitations 
because, after implementation of in-plant production process controls 
which reduce wastewater flow, the detention time of the biological 
treatment system has been increased, thus reducing the load of BODi 
and TSS. 

General Methodology. This option involves the determination of 
effluent characteristics based upon the capabilities of and 
technologies employed at "best performing" mills. Best performers 
were selected and attainable pollutant reductions were determined 
through a review of discharge monitoring reports (DMR) and long-term 
conventional pollutant data obtained as a result of the verification 
and the supplemental data request programs. These data are summarized 
in Tables VIII-4 through VIII-25. 

The final effluent loads characteristic of the best performing mills 
in a subcategory form the basis of NSPS Option l BOD5 and TSS 
discharge characteristics for that subcategory. EPA has generally 
defined best performing mills as those mills where both the long-term 
average BOD5 and TSS effluent loads are equal to or less than the 
long-term average BODS and TSS BPT effluent limitations through 
implementation of end-of-pipe technology of a type that is similar to 
that which forms the basis of BPT. Generally, long-term average final 
effluent BODS and TSS discharges per kkg (ton) of product attained at 
best performing mills were averaged; corresponding concentrations of 
BODS and TSS were then determined at BPT flow. In those cases where 
Option 1 long-term average BOD5 effluent concentrations corresponding 
to BPT flow were less than 15 mg/l, the long-term average BOD5 
concentration was revised upward to 15 mg/l. The Agency believes that 
15 mg/l is a realistic estimate of the lowest attainable long-term 
average · BODi concentration representative of the capability of 
biological treatment in treating pulp, paper, and paperboard industry 
wastewaters. 

A description of the specific procedure used in establishing NSPS 
Option 1 effluent characteristics for each subcategory follows. As 
described, in some instances, EPA slightly modified the approach to 
determining "best performers." 

Dissolving Kraft - As illustrated in Table VIII-4, the general 
methodology as described above was followed. BPT effluent limitations 
are being attained at mills 032002 and 032003. 

Market Bleached Kraft As illustrated in Table VIII-5, the 
general methodology was used to calculate NSPS Option 1 effluent 
characteristics for the market bleached kraft subcategory. Mills 
030028, 030030, 030031, 666666, 777777, and 900074 in this subcategory 
are best performers and were used to determine long-te~m average final 
effluent loads. In addition to these mills, another mill (030011) was 
included in the calculation. At this integrated-miscellaneous mill 
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Final Effluent 

TABLE VIII-4 
DISCHARGE HOHITORIHG Rf,•QRT DATA 

DISSOLVING KRAFT SUBCnTEGORY 

_ Long-Te!:!!l_Averag_e_L_e_v_e_ls ____ _ 

11 i I l F I ow BODS TSS Start HU111ber Of Months Data 
Date Flow BODS TSS Numb" r ___ _i}j kk8._-(k-~I/t}_ kg/k~ (Ib_Lt) kg/~lb/t) ___ ----------------------~---

O:l200 l 124. <J (29.94) 5.5 (10. 92) 19.4 (38.81) 12/79 13 13 13 
032002 (a) 186. 7 (44.74) 3.7 (7.47) 5.9 (11.71) 07/77 45 45 45 
O:l200J(a} 248.l. (59.48) 5.9 (l l. 80) 10.5 (20.95) 01/78 38 38 38 

lll'l-~'i ua I 
[ff I "''"l 
I.eve Is 230.0 (55. I) b.9 (13.8) ll. l (22 .1) 

Avera~~ of 
Mi II s 
Allaiuing DPT 
110(15 and TSS 4.8 (9.64) 8.2 (16. 33) 

-· ·-·---- .. -·-· - -------------. 

(.1) 'J!:>S dOd BODS art- less than or equal to BPT. 



~ 
0 .. 

Hill 
Number 

030005 
030009 
030012 
030028(a) 
030030(a) 
03003l(a) 
666666(a) 
777777(a) 
900074(a) 
0300Jl (a)(b) 

DPT-Final 
Effluent 
Leveh 

Average of 
Hills 
Attaiuing BPT 
BOD~ and TSS 

TABLE VIII-5 
DISCHARGE HOHITORIHG REl'ORT DATA 
MAIUCET BLEACHED ICRAFT SolBCATEGORY 

Final Effluent 
Lon1-Ter11 Averaae Levels 

now BODS TSS 
t1lik8 (kaallt2 ks/kk& (lbltl k1lkt1 (lblt2 

61. 3 (14. 611) 4.11 (9.65) 5.0 (9.97) 
76.4 (18.32) 6.2 (12.40) 4.8 (9.66) 

119.0 (28.52) 5.8 (11.60) 19.5 (39.03) 
142.6 (34.18) 4.3 (8.55) 7.8 (15.65) 
151.8 (36.38) 2.7 (S.41) 3.7 (7 .37) 
281.8 (67.53) 4.5 (8.94) 9.0 (18.03) 
85.9 (20.59) 2.6 (5 .16) 6.8 (13.57) 

135.5 (32.46) 1.5 (3.08) 6.5 (12.98) 
121. 6 (29 .13) 4.0 (1. 94) 2.6 (S. 16) 
140.4 (33.65) 3.6 (7.25) 3.7 (7. 34) 

173.0 (41.6) 4.5 (9.0) 9.0 (18.0) 

3.3 (6.62) 5.7 (11.44) 

Start Humber Of Months Data 
Date Flow BODS TSS 

08/78 29 29 29 
01/78 39 39 39 
01/711 36 36 36 
08/78 31 31 31 
01/78 38 38 38 
07/77 33 43 43 
02/79 23 23 23 
07/79 16 16 16 
09/78 31 31 31 
08/78 21 21 21 

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

(a) TSS and BODS are less than or equal to BPT. 
(b) This mill i; an integrated miscellaneous mill where aarket blea.hed kraft c<>11prises approximately 40 percent of the 

production. Prorated BPT was determined for this mill. The pe ·cent effluent BODS and TSS reductions being 
attained were then applied to BPT BOU~ and TSS effluent levels ,or the aubcategorY to obtain the effluent levels 
shown. 



where BPT limits are being attained, bleached kraft pulp is produced, 
a significant portion of which is market pulp. The approach used to 
include data for this mill involved comparing BOD5 and TSS effluent 
loadings to BPT limitations determined by prorating -limitations from 
appropriate subcategories. The percentage reductions attained at this 
mill were then applied to market bleached kraft BPT limitations. 
Effluent BOD~ and TSS characteristics for mill 030011 are 19.5 percent 
and 59.2 percent below prorated BPT limitations. 

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft As 
illustrated in Table VIII-6, the general methodology was used to 
calculate NSPS Option l effluent characteristics for the BCT 
(paperboard, coarse, and tissue) bleached kraft subcategory. Mills 
030010, 030022, and 030032 are best performers and were used to 
determine long-term average final effluent loads. In addition to 
these mills, two additional mills (030036 and 030044) were included in 
the calculation. At these integrated-miscellaneous mills where BPT 
limits are being attained, bleached kraft pulp is produced, a 
significant portion of which is used to manufacture paperboard, coarse 
papers, or tissue papers. The approach used to include data for these 
mills involved comparing BOD~ and TSS effluent loadings to BPT 
limitations determined by prorating limitations from appropriate 
subcategories. The percentage reductions attained at these two mills 
were then applied to the BCT (paperboard, coarse, and tissue) bleached 
kraft BPT limitations. Effluent BODS and TSS characteristics for mill 
030036 are 32.2 and 4.7 percent below prorated BPT limitations while 
characteristics for 030044 are 68.0 and 40.l percent below prorated 
BPT limitations. 

Alkaline-Fine (Fine Bleached Kraft and Soda Subcategories) - As 
illustrated in Table VIII-7, the general methodology was used to 
calculate NSPS Option l effluent characteristics for the alkaline-fine 
mill grouping (bleached kraft fine and soda subcategories). Mills 
030020, 030027, 030046, and 030052 were identified as best performing 
mills and were used to determine long-term average final effluent 
loads. In addition to these mills, two additional mills (030011 and 
030044) were included in the calculation. At these 
integrated-miscellaneous mills where BPT limits are being attained, 
bleached kraft pulp is produced, a significant portion of which is 
used to produce fine papers. The approach used to include data for 
these mills involved comparing BODi and TSS effluent loadings to BPT 
limitations determined by prorating limitations from appropriate 
subcategories. The percentage reductions attained at these two mills 
were then applied to the fine bleached kraft BPT limitations. 
Effluent characteristics for these mills relative to prorated BPT 
limitations are discussed above. 

Upon calculation of the concentration of BODS corresponding to the 
flow that formed the basis of BPT for -the fine bleached kraft 
subcategory, EPA determined that the resulting BODi effluent 
concentration was below 15 mg/l. Therefore, the corresponding BODi 
effluent concentration and effluent load were revised upward as shown 
in Table VIII-7. 
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TABLI VIII· 6 
DISCHARGE .ltONITORillG REPORT DATA 

BCT BLEACHED DAFT :.UBCATIGORY 

Fia•l If fluent 
Loaa-Teni Aver•ae Level• 

Hill Flow BOD5 TSS Start IUllber Of tloatha D•t• 
Humber kllkk1 (k1allt2 1t1lt1t1 Pblt2 k1lkk1 (lblt} Date Flow BODS TSS 

030004 
030010(•} 
030022(•) 
030026 
030032(•} 
030047 
900010 
030036(•}(b) 
030044(•}(b) 

BPT-Fiul 
Effluent 
Leveh 

Aver•ae of 
Hilla 
Attaiaiaa BPT 
BODS •ad TSS 

208.0 (49.84) 
170.9 (40.95} 
150.0 (35.94) 
136.0 (32.S9) 
106.1 (25.60) 
lSl. 7 (36. 35) 
121.1 (29.02) 
129.1 (31.11) 
117.3 (21.12) 

141.0 (35.4) 

4.6 (9. J8) 4.2 (1.49) 
2.5 (4.92) 4.3 (1.69) 
3.9 (7.11) 1.1 (3.54) 
4.9 (9.73) 1.6 (17.25) 
2.s (S.09) 4.5 (l.9S) 
S.4 (l0. 73) 4.3 (l.S6) 
4.S (9.03) 4.S (9.03) 
2.7 (S.43) 6.1 (13.S3) 
1.3 (2.S6) 4.3 (I.SO) 

4.0 (1.0) 7.1 (14.2) 

2.6 (5.16) 4.3 (8.64) 

10/71 
07/77 
01/71 
07/77 
01/71 
10/71 
06/71 
07/71 
OS/71 

28 
43 
39 
42 
38 
25 
31 
33 
34 

28 
43 
39 
44 
38 
2S 
31 
33 
34 

(a) TSS •ad BODS •re lea• tbaa or equal to BPT. 
(b) Hilla •re i~lear•ted •i•cell•aeoua •ill• where BCT ble•claed 1-r•ft compriae •pprosimately 80 •ad SO percent of 

the production. reapectively. Pror•ted BPT w•• deteniiaed Tl:e percent effluent BOD~ •ad TSS 
reduction• beiaa •tt•iaed were Uaea •pplied to BPT ~•ad iSS effluent level• for the aubc•teaory 
to obt•ia the effluent level• aho-. 

28 
43 
39 
41 
38 
2S 
31 
33 
34 



.+:> 
0 
.+:> 

TABLE VII 1-7 
DISCHARGE HOHITORING REfORT DATA 

ALXALIHE-FINE 

final Effluent 
Long-Tcr11 Average Levels 

Hi II Flow BODS TSS 
~umhe!: _____ _bt/kkg (kgal/l) kS}kkg (lb/t) kg/kk& (lh/t) 

OJOOOl 107.2 (25.69) 2.7 (5.47) 10.9 (21.82) 
030013 138.4 (33.17) 2.7 (5.36) 8.5 (17 .08) 
030020(a) 112.3 (26.92) 1. 3 (2.65) 2.5 (5.03) 
030027(a) 63.4 (15.20) 0. 7 (1.34) 2.1 (4.20) 
030033 147. 1 (35.24) 6.8 (13.68) 21.4 (42.73) 
030034(a)(b) 69.6 (16.67) 1.0 (2.02) 2.7 (5.33) 
OJ0046(a) 137.6 (32.97) 2.1 (4.13) 3. l (6.29) 
0]0048 110.3 (26.44) 5.7 (ll.48) 13.4 (26.89) 
030052(a) 127.7 (30.59) 3.1 (6.16) 3.8 (7.58) 
030058 124.0 (29. 72) 4.1 (8.23) 7.4 (14. 76) 
o:ioo:, 7 114.2 (27. 37) 7.1 (14.24) 5.8 (ll .55) 
0J(J059 143.4 (34.37) 2. 7 (5.31) 11.2 (22.34) 
030060 247 .5 (59.32) 31.8 (63.60) 25. 1 (50.28) 
U0002 70. l (16.81) 2.3 (4.56) 8.5 (17.00) 
03001 l (a)(c) 140.4 (33.66) 2.5 (4.99) 2.7 (5.34) 
O:l0044(a)(c) ll7 .3 (28.12) 1.0 (I. 98) 3.9 (7. 85) 

BPT-nnal 
t:t fluent. 
Level~ 129.0 (30.9) 3.1 (6.2) 6.6 (13. I) 

Avt•rage of 
n; 11s 
Attaining BP'f 
1m115 aud TSS 1.8 (3.54) 3.5 (6.05) 

Opt ion I 
Adju.sted BODS I. 9 (3.87) 

Start 
Date 

11/78 
01/78 
12/78 
04/78 
01/78 
10/79 
07/77 
01/78 
01/80 
07/77 
07/77 
05/78 
02/78 
07/78 
08/78 
05/78 

Number Of Months Data 
flow - BODS ·-TSS 

26 
27 
24 
33 
35 
18 
27 
36 
12 
33 
44 
36 
33 
18 
21 
34 

27 
35 
24 
33 
35 
18 
27 
36 
12 
33 
43 
36 
32 
18 
21 
34 

27 
34 
24 
33 
35 
18 
21 
36 
12 
33 
43 
36 
33 
18 
21 
34 

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

(,.) TSS aud BOD? are less than or equal to BPT. 
(I>) Data are not included in the avt>rage because this mill einpl1>ys tertiary cbe•ically assisted clarification. 
(.-) tli I ls are integrated miscellaneous mil ls where fine paper11 comprise approximately 60 and 40 percent 

of the production, respectively. Prorated BPT was deterwiiued. The percent effluent BOD~ and 
TSS reductions being attained were then applied to BPT BOD? and TSS effluent levels for the 
subcategory lo obtain the effluent levels shown. 

1Jncludes Fine Bleached Kraft and Soda subcategories. 



Unbleached Kraft - As discussed previously, EPA has established 
two subdivisions of this subcategory: (a) the linerboard product 
sector and (b) the bag and other products product sector. EPA's 
review of the BPT final effluent characteristics for the unbleached 
kraft subcategory indicated that the final effluent BODi concentration 
that forms the basis of BPT for this subcategory is considerably 
higher for the linerboard product sector than for other subcategories 
with comparable raw waste BODi and, therefore, considerably 
underestimates the pollutant reduction capability in this sector. 
Therefore, to determine a more realistic set of best performing mills 
in the linerboard product sector, the BPT final effluent BODi load was 
revised downward based on the relationship of BODS influent to 
effluent presented previously and in the Phase II Development Document 
(see page 402).(48) Employing this methodology, the adjusted final 
effluent BODi long-term average load becomes 1.6 kg/kkg (3.2 lb/t). 

After adjustment of the BODS final effluent load, the general 
methodology was followed for the linerboard product sector as 
illustrated in Table VIII-8. The mills in this product sector where 
revised final effluent loads are attained include mills 010002, 
010019, 010020, 01002S, 010040, and 010046. For the linerboard 
product sector, data for those mills with oxidation pond(s) (010020, 
010025 and 010046) were excluded from the calculation. 

As discussed in Section V, BODS raw waste loads for the bag and other 
products product sector are- substantially higher than those that 
formed the basis of BPT effluent limitations. To determine a more 
realistic set of best performing mills for this product sector, EPA 
revised the BPT final effluent BODi load based on the relationship of 
BODS influent to effluent presented previously and in the Phase II 
Development Document (see page 402). (48) The Agency used the product 
sector average BODi raw waste load in this calculation. Employing 
this methodology, the final effluent BODi long-term average load was 
adjusted upward to 2.0 kg/kkg (4.0 lb/ton). 

After adjustment of the BODi final effluent load, the general 
methodology was followed for the bag and other products product sector 
as illustrated in Table VIII-8. The mills in this product sector 
where revised final effluent loads are attained are mills 010006 and 
010008. 

Semi-Chemical A review of the BPT final effluent 
characteristics for the semi-chemical subcategory indicates that the 
final effluent BODS concentration that forms the basis of BPT for this 
subcategory is considerably higher than for other subcategories with 
comparable raw waste BODi and, therefore, considerably underestimates 
the pollutant reduction capability in this sector. Therefore, to 
determine a more realistic set of best performing mills, the BPT final 
effluent BODi load was revised downward based on the relationship of 
BODi influent to effluent presented previously and in the Phase II 
Development Document (see page 402).(48) Employing this methodology, 
the adjusted final effluent BODi long-term average load becomes 1.9 
kg/kkg (3.8 lb/t). 
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TABLE VIll-8 
DISCHARGE HONITORING ~EPORT DATA 

UNBLEACHED KRAFT SUBCATEGORY 

Final Effluent 
Lons-Tera Average Levels 

11i JI Flow BODS TSS Start NU111ber Of Honths Data 
NU111her k-1/kkg (kgallt) kglkkg Oblt) kglltkg (Jblt) Date Flow BODS TSS 

Linrrboard -----
010001 46.4 (11.12) 1.8 (3.SO) 3.1 (6.14) 01/78 36 36 36 
Ol0002(a} S2.7 (12.64) 1.4 (2.88) 2.7 (5.44) 07/78 33 33 33 
010018 S4.8 (13.13) 3.1 (6.13) 3.5 (6.97) 10/78 11 11 11 
OJ0019(a) 49.8 (J 1. 93) 1.1 (2.29) 2.7 (S.47) 09/77 36 36 36 
Ol0020(a)(b) 81.0 (19.41) 1.1 (2.21) 1.0 ( J. 99) 09/78 13 13 13 
Ol002S(a}(b) 43.0 (10.31) 0.5 (1.06) 0.6 (J.11) 09/78 31 31 31 
010032 61.S (14. 74) 2.S (4.99) 2.2 (4.30) 01/78 06 32 32 
010033 68.1 (16.32) 1.9 (3.83) 0.4 (0. 77) 07/77 29 29 29 

~ 010038 111.3 (26.66) 3.6 (7.21) 6.0 (11. 98} 01/78 40 40 40 
0 Ol0"40(a) 62.3 (14.93) 1.3 (2.S4) 1.1 (2.20) lO/i8 2S 2S 2S O'I 

010043 42.6 (10.20) 0.7 (1. 33) s.o (9.91) 06/79 20 22 22 
Ol0046(a)(b) 33.3 (7 .97) 1.3 (2.65) 0.8 (1.69) 07/77 29 36 3S 
010047 22.0 (5.28) 1.9 (3. 73) 0.9 (1.81) 07/77 38 38 38 
010057 42.9 (10.27) 4.2 (8.46) 2.6 (5.24) 07/77 36 35 3S 
010063 29.3 (7. 03) 2.6 (5.23) 5.3 (lO.S4) 06/78 34 34 34 
010064 21. 7 (5.19) 1.8 (3.54) 3.0 (6.02) 01/78 3S 38 38 

BPT-Final 
Effluent Levela S2.5 (12.6) 1.9 (3.7) 3.6 (7 .2) 

BOD~ C<>11parisoo 
Level For NSPS 1.6 (3.2) 

Average of Hills 
Attaining BPT TSS 
and BOD~ Comparison 
Level 1.3 (2.57) 2.2 (4.37) 



TABI.E VIII-8 (Continued) 
DISCHARGE HONITORING KEPORT DATA 

UNBLEACHED KRAFT SUBCATEGORY 

Final Effluent 
Lona-Tera Averaae Levels 

f'lj 11 Flow BODS TSS Start 
k-l(kka {kaailt> 

!lwabe_!:___Q_!_.!!~E-~!t~ !!~ta 
NW11ber ka/kka (lblt2 kalkka (lb/t) Date Flow BOD5 ____ T~~ 

!!!&__ Pa~er and Other Mixed Products 

010003 52.4 (12.56) 2.0 (4.01) 4.4 (8. 77) 12/78 25 25 
010005 64.1 (15.35) 2.1 (4.20) 3.3 (6.51) 06/79 22 22 
Ol0006(a) 54.5 (13.07) 2.0 (3. 98) 3.0 (5.95) 07/77 42 42 
010008(a) 43.3 (10.37) 1.0 (2.02) 2.5 (4.93) 07/77 23 39 
010028 148.6 (35.61) 1.9 (3.83) 3.8 (7. 50) 03/79 23 23 
010034 84.8 (20. 31) 2.3 (4.64) 3.4 (6.71) 01/78 37 37 
010035 168.9 (40.48) 3.4 (6.80) 6.7 ( 13. 35) 12/78 27 28 
010044 57 .5 (13.78) 1.6 (3.19) 5.4 (10.88) 09/78 24 24 
010048(a)(c) 134.7 (32.28) 1.4 (2. 72) 3.6 (7. 22) 02/80 16 16 
Ol0055(a)(d) 42.9 (JO. 28) 1.5 (3.00) 2.4 (4.85) 06/80 07 07 
010062 136.0 (32.60) 2.5 (4.92) 3.8 (7.67) 07/77 45 45 

DPT-Final 
Effluent Levels 52.5 (12.6) 1.9 (3. 7) 3.6 (7 .2) 

BOU~ COlllparison 
Level For 
NSPS 2.0 (4.0) 

Average of 
f'lil J s Attaining BPT TSS 
and BOD~ comparison level 1.5 (3.00) 2.7 (5.44) 

(a) 
(b) 
(c) 
(d) 

TSS is less than or equal to BPT; BOD~ is less than or equal-lo t~BOD~ Comparis~~.-Le\;~-1-.------------------
Uala are not included in the averages because treatment includes an oxidation pond. 
Data are not included in the averages because mill employs a two stage biological treatooent system. 
Nill is not included in the averages because less than 12 mouths of data are available. 

25 
22 
42 
39 
23 
37 
28 
24 
16 
07 
45 



After adjustment of the BODS final effluent load, the general 
methodology was applied as illustrated in Table VIII-9. Mills in this 
subcategory where revised effluent limitations are attained include 
mills 060004, 020003, and 020009. In addition to these mills, two 
additional mills (020011 and 110068) which discharge to a joint 
treatment system were included in the calculation. A significant 
portion of the wastewater discharged to the joint treatment system is 
associated with the production of semi-chemical pulp. The approach 
used to include data for these mills involved comparing BODS and TSS 
effluent loads to BPT limitations determined by prorating limitations 
from appropriate subcategories. The percentage reductions attained at 
these mills were then applied to the revised semi-chemical BPT 
effluent limitations. Effluent BODS and TSS characteristics for mills 
020011 and 110068 are 36.7 and- 34.9 percent below prorated 
limitations. 

Unbleached Kraft and Semi-Chemical - A review of the BPT final 
effluent characteristics for the unbleached kraft and semi-chemical 
subcategory indicates that the final effluent BODS concentration that 
forms the basis of BPT for this subcategory is considerably higher 
than for other subcategories with comparable raw waste BODS and, 
therefore, considerably underestimates the pollutant reduction 
capability in this sector. Therefore, to determine a more realistic 
set of best performing mills, the BPT final effluent BODS load was 
revised downward based on the relationship of BODS -influent to 
effluent presented previously and in the Phase II Development Document 
(see page 402).(48) Employing this methodology, the adjusted final 
effluent BOD~ annual average load becomes 1 .9 kg/kkg (3.7 lb/t). 

After adjustment of the BODi effluent load, the general methodology 
was applied as illustrated in Table VIII-10. Mills where revised 
effluent limitations are attained include mills OlSOOl and 01S004. 

Papergrade Sulfite (Papergrade Sulfite (Blow Pit Wash) and 
Papergrade Sulfite (Drum Wash) Subcategories) In reviewing this 
subcategory, as discussed in Sections IV and V, EPA determined that 
wastewater discharge is a function of the percentage of sulfite pulp 
manufactured on-site. In Section V, a mathematical relationship is 
presented based on mill data that relate wastewater flow to the 
percentage of sulfite pulp produced on-site. From this relationship, 
theoretical wastewater flows were obtained for each mill in the 
subcategory based on the percentage of sulfite pulp produced at each 
mill. Using the calculated wastewater flow and actual long-term 
average BODS and TSS final effluent loads for each mill, long-term 
average BODS-and TSS final effluent concentrations were computed. 
These individual values were compared to BODS and TSS final effluent 
concentrations of Sl mg/l and 70 mg/l, respectively (the highest 
long-term average concentrations that formed the basis of BPT 
regulations for the two papergrade sulfite subcategories). Mills 
where the calculated final effluent concentrations are lower than 51 
mg/l of BODS and 70 mg/l of TSS were selected as best performing 
mills. Five mills (040001, 040011, 040013, 040015, and 040019) were 
found to be best performers; however, as illustrated in Table VIII-11, 
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TABLE VI I 1-9 
DISCHARGE MONITORINt; REPORT DATA 

SEMI-CHEMICAL SIJllCATEGORY 
Final Effluent 

_-~!!.&:_'!:!:rm _~yera_g~ Leve_!! _________ 

Mill Flow BODS TSS Start Number Of Months Data 
-k l)~_!g_j~&!_]. / t j kg/kkg {ib/t) kg/kkg (ib/t:) 

----- --· - - -----------
Numl>er Date Flow RODS TSS --- --------- ----- ------ - -- ---- --- ---- ------·--- --- --

020001 26.1 (6.26) 3.1 (6.10) 4.5 (8.93) 12/77 20 
020002 25.4 (6.08) 3.4 (6.88) 3.7 (7.49) 07/78 29 
020003(a) 40.5 (9. 71) 0.4 (0.71) 1.5 (2.95) 04/78 25 
U20004(a)(b) 24.4 (5. 84) 1.4 (2.80) 0.6 (1. 29) 01/78 39 
020006 13.6 (3.26) 2.7 (5.41) 4.4 (8.89) 05/78 36 
020007 I I. 2 (2. 69) 3.1 (6.28) 3.1 (6.11) 07/77 27 
020008(a)(c) ll. 7 (2.80) 1.1 (2 .11) 2.2 (4.30) 08/78 28 
020009(a) 28.5 (6.84) I. 9 (3.80) 3.4 (6.75) 10/78 27 
020010 23.6 (5.65) 2.0 (3.94) 3.3 (6.51) 10/78 30 
0200ll(a)(d) 17.6 (4.22) I. 2 (2.40) 2.6 (5.27) 11/78 27 
020012 31.5 (7 .55) 3.7 (7 .46) 6.4 (12.76) 07/77 44 
020014 26.5 (6.35) 3.8 (7 .54) 7.1 (14.10) 07/78 30 
020015 34.5 (8.27) 11. 1 (22.13) 11. 8 (23.67) 06/79 22 
020016 37.9 (9.09) 2.6 (5. 19) 4.6 (9.25) 06/80 07 
020017 18.7 (4.47) 2.5 (4.99) 2.7 (5.36) 07/78 29 
060004(a) 36.9 (8.85) l. 3 (2.53) l. 3 (2. 61) 10/78 27 
900011 49.8 (11. 94) 4.3 (8.54) 6.4 (12.85) 08/77 3J 

DPT-Final 
Ef fl ucnt Level 42.9 (10.3) 3.2 (6.4) 4.1 (8.1) 

eon~ Comparison 
Level For 
NSPS l. 9 (3.8) 

Av<' rage of Mills 
Attaining BPT TSS 
an<I eon~ Comparison 
l.evel I. 2 (2.36) 2.2 (4.40) 

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

(a) TSS is less than or equal to BPT; BOD~ is less than or equ<Jl lo the BOD~ Comparison r • .,vel. 
(b) Data are not included in the average because mill employs reverse osmosis. 
(c) Data are nol included in the average because this mill occasionally spray irrigates some effluent. 

20 
29 
25 
39 
36 
23 
28 
26 
30 
28 
43 
30 
22 
07 
29 
27 
31 

(J) This semi-chemical mill shares a joint treatment system with a paperboard from wastepaper mill. It contributes 
approximately 46 percent of the total production of both mills. Prorated BPT wa& determined. The pen·ent 
effluent BOO~ and TSS reductions being attained were then applied to the BPT '!'SS effluent level and HOD~ 
comparison level for the subcategory to obtain the effluent levels shown. 

20 
29 
25 
39 
J6 
23 
28 
27 
30 
28 
43 
JO 
22 
07 
29 
27 
31 



TABLE VJII-10 
DISCHARGE HOHITORING REPORT DATA 

UNBLEACHED ICRAFT AND SEHl-CHUllCAL SUBCATEGORY 

Final Effluent 
I..ong-Term Average Levels 

Hjll Flow BODS TSS Start Nu.her Of ltont.hs 
~!·~!'~!:__ ______ __jit:=1c:=1t~a-_-(~lt~a.-;a~l~/-~t~) ~~~~~_.___~---'-'"'--'-"""""~~---kg/kkg (lb/t) kg/ltkg (lb/tl_____ 

010017 
Ol5001(a) 
015002(b) 
015003 
015004(a) 
015005 
015006 
015007 
OJ5009(c) 

Bl"r-l'inal 

37.3 
43.6 
36.3 
41.4 
52.9 
36.7 
47.6 
56.3 
51.0 

(8.94) 
(10.46) 
(8.70) 
(9.91) 

(12.68) 
(8.80) 

(11.41) 
(13.48) 
(12.23) 

Effluent Levels 58.4 (14.0) 

BOD~ Comparison 
l.cvel l'or 
NSl'S 

Average of Hill& 
Altdining Bl'T TSS 
an.I BOD~ Co•parison 
Lt'Vd 

2.6 (5.23) 4.1 (8.25) 
J. 9 (3. 70) 3.1 (6.19) 
1. 7 (3.32) 3.8 (7 .50) 
3.9 (7. 78) 2.7 (S. 39) 
0.9 (1. 70) 1.6 (3.20) 
2.4 (4.84) l.6 (3.14) 
3.3 (6.69) 4.3 (8.64) 
2.1 (4.14) S.l (10.18) 
4.11 (9.55) S.2 (10.38) 

3.0 (5.9) 3.6 (7 .l) 

1.9 (3. 7) 

1.4 (2.70) 2.4 (4.70) 

Date 

03/78 
01/78 
09/77 
01/78 
06/79 
01/78 
01/71 
10/78 
07/77 

{a) -- 'i·ss is less -than or equa-1 to BPT; BOD~ ia leas than or equal lo BOD~ Co•parison Level. 

Flow 

34 
39 
42 
40 
13 
32 
38 
29 
18 

(b) Hill diachargea some effluent to percolation ponds in the au-r. Data are not representative of 
entire effluent discharge. 

(<") Hill now produces bleached kraft products. Data presented .ire for the period prior to addition of 
bleaching proceaaea. 

BODS 

34 
39 
41 
40 
13 
32 
38 
29 
18 

Data 
TSS 

34 
39 
41 
40 
13 
32 
38 
29 
J8 



Final Effluent 

TARI.E Vlll-11 
DISCHARGE MONITORING HEl'Olff DATA 

PAl'ERGRADE SULFITE i-.UBCATEGORY 

___ Long:Ter~ ~'!'.!'.!:~e Le~el_s ____ . ____ 

Hi 11 flow BODS TSS Start Number Of Months Data 

~!A~&: Jkga l/ti iiL~&- clb~~t kgikk8 _I!!i"lt-i 
-----·· ------·--

Nud><>r Date Fl ow BODS TSS --- ---· --- ---- -- --------··---·. ---- -----

04000 I (.i) ( e) 123.3 (29.SS) 10.7 (21.30) 9.1 (18.10) 07/77 32 34 35 
040002 :!05.3 (73.16) 14.9 (29.86) 25.4 (S0.78) 07/79 19 21 21 
040008(b) 219. I (S2.Sl) 10.3 (20.52) 12.4 (24.89) 07/80 9 9 9 
0400IO(c) 258.3 (61. 90) 6.4 (12. 72) 6. l (12. 15) 07/77 46 46 4S 
04001 l (d)(c) 60.9 (14.60) l.4 (2.89) 2.S ( 4.92) 04/80 14 14 14 
040012 258.l (6l.8S) 11. l (22.21) 14.2 (28.30) 07/77 31 33 32 
0400U(e) 100.9 (24.17) 4.S (8.95) 7.4 (14. 88) ll/79 17 17 17 
040015(e) 40. l (9.62) 12.3 (24.68) 12.7 (25.34) 06/78 36 36 36 
040016 116.4 (27.89) 6.5 (13.07) 14.9 (29.74) 06/77 35 16 44 
040017 84.3 (20.21) 5.3 (I0.57) 10.0 (20.09) 07/77 45 45 45 
040018( f) 85.7 (20.53) l.8 (3. 61) I. 7 ( 3.48) 07/77 27 27 27 
040019(e)(g) 45.3 (10. 86) 2.8 (5.66) 3.5 ( 7.09) 06/79 19 19 19 
040009 ( t! )(h) 89.3 (21 .41) 1. 5 (2.95) 4.8 ( 9.66) 09/79 21 21 21 

BPT final effluent levels are based on the processes used to manufacture sulfite pulp. 

NSPS 
Con~arison Level~ * * 51 mg/I 70 mg/l 

Calculated Comparison Level Flows 
a11<I Theoretical Coucentrations(i): Option 1 Long-Term Average Final Effluent Levels: 

040013 137 .o 
0400JS 21!9.4 
040019 128.0 

Average Concentration 

(32.83) 
(69. 35) 
(30. 67) 

32.69 mg/l 
42.67 mg/l 
22.13 mg/I 

54.35 mg/l 
43.81 mg/I 
27. 72 mg/ l 

32.5 mg/l 42.0 mg/l 

BODS (kg/kkg) = 1.72 exp (0.017x) 
TSS-(kg/kkg) = 2.22 exp (0.017x) 
Where x equals the percent sulfite pulp 
produced on-site. 

(a) Data are not considered in the average because pulp is not bleached at this mill. Hill is now closed. 
(h) Data are not considered in the aver .. ge because less than 12 111onths data are available. 
(c) llata are not considered in the average becau11e glassine papers are produced at 

this mill which is not typical of the subcategory. 
(d) Data are not considered in the average because mill employs .1 2-stage biological treatment system. 
(<,) Theoretical <·oncentrations are below the NSPS comparibOll lev<,ls. 
(f) Pulp mill wastes are discharge<) to " POTW. 
(g) A portion of the wastewater Jischarge is nol treated in the l>iological treatment system. 
(h) This papergrJJe sulfite mill shares a joint treatment system with an alkaline-fine mill. It contributes approx

m<>tely 48 percent of the total produclion of both mills. Pr••rated BPT was calculated and this mill was found 
to 1ueet BPT levels. Data for this mil 1 were not considered in the averages as the final effluent is nol 
typkal of the subcategory. 

(i) T11e theoretical concentration is equal to the long-term aver.1ge (lb/t) divided by (the theoretical comparison 
level flow for the mill times 0.00834 lb/kgal). 

·k Comparison Level flow is based 011 lhe following equ<Jtion rel.1ting flow (kgal/t) to percent sulfite pulp (x) 
(produce.l on-site) in the final product, with theoretical concentrations calculated using this equatio" and 
Lhe annual JVerage discharge levels reported above for each 111Jll: 

Flow (kgal/l) 
Flow (kl/kkgJ 



mill 040011 was excluded from the calculation because its treatment 
system, a two stage biological system, is not considered to be 
sufficiently representative of the technology on which BPT is based. 
Mill 040001 was also excluded from the calculation because pulp is not 
bleached at this mill. 

Long-term average NSPS Option l loads were calculated as the product 
of the average of the long-term average concentrations of the three 
mills which were found to be best performers, and the flow 
corresponding to that calculated from the relationship shown in the 
footnote to Table VIII-11. The flow and, therefore, the long-term 
average NSPS Option l loads will vary from mill to mill depending on 
the percentage of sulfite pulp produced at a given mill. 

Dissolving Sulfite Pulp - As no best performing mills have been 
identified in the dissolving sulfite pulp subcategory, the Agency 
relied on transfer of mill performance in the papergrade sulfite 
subcategories to determine long-term final effluent loads. NSPS 
Option 1 effluent loads were determined by applying the following 
methodology: 

a. The average TSS reduction of 40.0 percent for the papergrade 
sulfite subcategories has been transferred directly to the 
dissolving sulfite pulp subcategory. 

b. The long-term average BODi effluent concentrations that formed 
the basis of BPT for papergrade sulfite mills 040013, 040015, and 
040019 are 42, 50, and 47 mg/l, respectively. These 
concentrations and the flow relationship shown in the footnote on 
Table VIII-11 were used to determine a baseline BODS long-term 
average load for each mill. -

c. The percentage reduction of BODi discharge at mills 040013, 
040015, and 040019 were compared to the baseline calculated in 
"b" above. 

d. This reduction of 29.9 percent was applied to each product sector 
of the dissolving sulfite pulp subcategory to yield the NSPS 
Option 1 long-term average BODi loads. 

Table VIII-12 illustrates the calculation of NSPS Option 1 long-term 
average loads and presents available discharge data for the dissolving 
sulfite pulp subcategory. EPA has determined that the characteristics 
and treatability of wastewaters discharged from mills in the 
dissolving sulfite pulp and the papergrade sulfite subcategories are 
similar. In fact, BPT effluent limitations for both subcategories 
were developed from the same relationship between BODi raw waste 
concentrations and BODS final effluent concentrations.(48) Therefore, 
the Agency believes -that new dissolving sulfite pulp mills will be 
able to attain the long-term average discharge characteristics 
presented in Table VIII-12. 
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TABI.t: VIll-12 
DISCHARGE HONITORING REPORT DATA 

DISSOLVING SULFITE PULP SUBCATEGORY 

}'j nal Efflurnt 
I.ong-Trn11 Avenar Leveh ___ _ 

Hi JI Flow BODS TSS St.,rt Nu..ber Of lfonth• Data 
N_umber ____ i!Jtk&(ka;i7t) ka/kkg (lb/l) __ ~/ii8(1b/Q_ ______ Da__!:~------ -----~F~lo~w~---ii0fl5-- TSS-

046001 224.0 (53.68) 35.4 (70.86) 22.4 (44.74) 
046002 397 .0 (95.14) 47.6 (95.17) 42.3 (84.59) 
046003 277 .5 (66.50) 40.1 (80. 26) 11. 9 (23.74) 
046004(a) 174.5 ( 41. 82) 10.J (20.68) 28.9 (57.86) 
046005 352.5 (84.47) 41. l (82.28) 51. 7 (103. 32) 
046006 135.0 (32.36) 26.2 (52.30) 14.2 (28.40) 

DPT final effluent levrls depend on aradr of pulp •anufactured, 

Hit ral i,.,n 275.0 (66.0) 12.l (24.2) 20.9 ( 41. 8) 
Viscose 275.0 (66.0) 13.0 (25.9) 20.9 (41.8) 
c.,1 lophane 275.0 (66.0) 14.1 (28.1) 20.9 (41. 8) 
Aceldle 303.4 (72. 7) 17 .8 (35.5) 20.9 (41.8) 

Basis for Determining NSPS C<>111pariaon Levrla(b) 
040013 
040015 
040019 

Averagt! 
Percentage 
Below Comparison 
Lev<' I lo be App lied 
to Dis~olving Sulfite 
Pulp Suhcat~gory(c) 

42 •s/l 70 111/l 
50 •1/l 10 •s/l 
47 mg/I 70 •&ll 

29.9 40.0 

07/77 
01/79 
12/80 
04/79 
ll/79 
07/77 

as follows: 

Option 1 loug-tem average final effluent lev~ls depend on grade of pulp •anufe1ctured, as follows: 

Nitration 
Viscose 
CcllolJhdue 
Acetal~ 

8.5 (16.96) 
9.1 (18. 15) 
9.9 (19. 70) 

12.4 (24.88) 

12.5 (25.08) 
12.5 (25.08) 
12.5 (25.08) 
12.5 (25.08) 

(a) Tbis mill shares a joint treatment system with a paper mill. 

41 
26 

7 
18 
14 
42 

43 
26 

7 
18 
14 
42 

(b) r.on«t"ulralions are those fot'lling the basis of BPT for the-se paperarade aulfite •illti and are process-dependent. 

43 
26 

7 
17 
14 
42 

(c) These are the average percentages below llPT concentration bases (reported above) of the Lheoretic•l concentrations 
shown on Table VIII-II. 



Groundwood-Thermo-Mechanical As illustrated in Table VIII-13, 
the general methodology was followed; BPT effluent limitations are 
being attained at mill 070001. 

Groundwood-Fine Papers As illustrated in Table VIII-14, the 
general methodology was followed. BPT effluent limitations are being 
attained at mills 052003, 052007, 052008, 052014, and 054014. In 
addition to these milis, another mill (052009) was included in the 
calculation. At this integrated miscellaneous mill where BPT effluent 
limitations are attained, groundwood pulp is produced, a significant 
portion of which is used to manufacture fine papers. The approach 
used to include data for this mill involved comparing BOD5 and TSS 
effluent loadings to BPT limitations determined by prorating 
limitations from appropriate subcategories. The percentage reductions 
attained at this mill were then applied to groundwood-fine papers BPT 
limitations. Effluent BODS and TSS characteristics for mill 052009 
are 14.6 percent and 26.S percent below prorated BPT limitations. 

Upon calculation of the concentration of BODS corresponding to the 
flow that forms the basis of BPT for the groundwood-f ine papers 
subcategory, EPA determined that the resulting BODS effluent 
concentration was below lS mg/l. Therefore, the corresponding 
long-term average BODS effluent concentration and effluent load were 
revised upward as shown-in Table VIII-14. 

Groundwood-CMN Papers - As illustrated in Table VIII-lS, the 
general methodology was followed in establishing BPT effluent 
limitations. At mill 054015, BPT effluent limitations are attained. 
For the nine month period prior to December 1978, the long-term 
average TSS for this mill was 2.2 kg/kkg (4.4 lb/t}. In November 
1978, the NPDES authority increased the allowable TSS discharge. For 
the period after November 1978, the long-term average TSS is S.2 
kg/kkg (10.4 lb/t). This mill has demonstrated that 2.2 kg/kkg (4.4 
lb/t) can be attained. Therefore, the long-term TSS effluent load is 
based on performance at mill 054015 prior to December 1978. 

Upon calculation of the concentration of BOD~ corresponding to the 
flow that forms the basis of BPT for the groundwood-CMN papers 
subcategory, 'EPA determined that the resulting BODS effluent 
concentration was below lS mg/l. Therefore, the corresponding 
long-term average BOD~ effluent concentration and effluent load were 
revised upward as shown in Table VIII-15. 

Deink - As shown in Table VIII-16, three product sectors have 
been considered.: fine papers, tissue papers, and newsprint. 

For the deink-fine papers product sector, the general methodology was 
followed. BPT effluent limitations are being attained at mills 
140007, 140008, and 140019. 

For the deink-tissue papers product sector, the general methodology 
was followed, although mills 140018 and 140030 were not included in 
the calculation of attainable effluent levels. Mill 140018 was 
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TABLE VIII-I] 
DISCHARGE l10NlTORING REPORT DATA 

GROUNDWOOD-TllERM0-11ECHANICAL SUBCATEGORY 

Final Effluent 
Long-Term _Averag!:.....!eve_ls ______ _ 

Hi I l Jo'low 
~~~)~!:!: _______ ~)I kk_a_( k_g_a_l_/_t_) 

07000l(a) 
070002 

Bl'T-l'inaI 

87 .9 (21.07) 
JJ.8 (8.10) 

Effluent Levels 88.0 (21.1) 

BOil~ Comparison 
J.evel for NSPS 

Average of Hills 
Attaining BPT 
TSS aud BOD~ 
Comparison Level 

l.6 (3.18) 
3.6 (7 .29) 

3.1 (6.2) 

2.3 (4.5) 

l.6 (3.18) 

2.7 (5.45) 
6.2 (12.38) 

4.6 (9.2) 

2.1 (S.45) 

Start 
Date 

05/79 
06/79 

(;;)-rS"S-is lea~-than or equal to BPT; BOD~ is leas than or equal to the BOD~ C<>111parison Level. 

NW11ber Of Months Data ------------ -----
Flow BOD5 TSS 

20 20 20 
22 22 22 



TABLE Vlll-14 
DISCHARGE MONITORING REPORT DATA 

GROUNDWOOD-FINE PAPERS SUBCATEGORY 

Final Effluent 
Long~Ter• Average_ Levels 

Hill Flow 8005 TSS""-~-~ Start 
Date 

Nt1111ber Of Honlhs Data 
~~m~~_r: _______ ~lfkkg (lr.gal/t) _ _w~(lb/t) kg/Ir.kg (l~b/~t~) __ Flow BODS ---rss ------ ----------· 

0')2003(a) 71.6 (17.16) 0.8 ( l. 64) 
052004 53.8 (12.89) 2.2 (4.47) 
052007 (a) 78.7 (18.87) 0.9 (1.87) 
052008(a) 41. 3 (9.89) 0.4 (0.87) 
05:l009(a)(b) 78.5 (18. 82) l. 7 (3.41) 
052014(a) 37.1 (8.89) 0.3 (0.57) 
054014(a) ]5.6 ( 8.52) 1. 3 (2.50) 

Bl'T-t"inal 
Eff l11e11t Levels 91.0 (21.9) 2.0 (4.0) 

Average of Hills 
Attaining Bl'T 
BOil'> and TSS 0.9 (l.81) 

Option 1 
A<ljuste<l BOD~ l.4 (2. 74) 

TSS and BOil~ a re 1 es s than or equa 1 to BPT. 

3.0 (5.94) 
3.1 (6.11) 
2.6 (5.14) 
1.3 (2. 53) 
2.5 (5. 07) 
0.4 (0.74) 
2.3 (4.61) 

3.5 (6.9) 

2.0 (4.01) 

08/77 
09/77 
01/78 
01/78 
07/77 
02/78 
05/78 

8 
45 
38 
36 
37 
39 
33 

(~) 
(I>) Mill is an integrated miscellaneous mill where groundwood-fine papers comprise .lpp1·oximately 66 percent 

of the production. Prorated BPT was deter111ined. The perce1.t effluent llOD~ and TSS 
reductions heing attained were then applied to BPT BOD~ "ud TSS effluent levels for the subcategory 
to obtain the effluent levels shown. 

41 
45 
JR 
36 
30 
39 
33 

41 
45 
38 
33 
30 
40 
33 



.r-:. 

Final Effluent 

TABLE VIII-IS 
DISCHARGE ~IONITORING REPORT DATA 
GROUNDWOOD-CMN PAPER:; SUBCATEGORY 

____ -~o!!&:I<:tll!_~~~!:.'!_8.t;'._Leyels __________ _ 

tli J I 
Number 

FI ow BOD5 TSS 
__ k1 i~.k__g_--E8~1t> _ ~·-sI~~l1b7i> kstkks~(11>1_~l_ ____ _ 

Start '!umbe!__2_!_ 11onlh!! _ _!l~~ 

052015 
0'.>4015 (a )(b) 
054015(h) 

lll'T-Fina I 

69.0 (16.53) 
109.5 (26.25) 
112.2 (26.89) 

EJfl11••nt I.evrls 99.0 (23.8) 

Av1•rJge of Hi I ls 
Al t.1 in ing BPT 
BOil~ .rnd TSS 

Oplion I 
Adjusted BODS 

3. 8 (7 .68) 
1. 0 ( l. 99) 
l. 2 (2. 48) 

2.2 (4.4) 

1.2 (2. JS)(h) 

1.5 (2.98) 

(a) TSS and BOll5 a re I ess than or equa I to BPT. 

2.8 (S.57) 
2.2 (4.41) 
5.2 (I0.44) 

3.8 (7.5) 

2.2 (4.41) 

------- -~~~-------- ________ _!!~I!_ __ -~!?DS _ TSS_ 

01/78 
01/78 
12/78 

24 
9 

25 

25 
9 

25 

25 
11 
25 

(Ii) Mill oprraled al the lower effluent levels listed above until their permitted TSS limits were relaxed, after whirh 
it operated .1l the higher levels. Long-term average BODS wa" determined by averaging data over the entire period for 
which there dre Dl'fR dat.:i (weighted average of the two peciods). 



TAB!.~: Vlll-16 
DISCHARGE 110NITOHING REPORT UATA 

DEINK SUBCATl:GORY 

•"inal Effluent 
____ ---~~-Te_!_'!I ~~~!:~g~evels ________ _ 

Mi 11 How BODS TSS Start Number Of Honth" Data 
N11ml><'r _______ ---~!/iis_ (kga!l!__L_~kkg (i"b/t) _ t&/kk&__ Q~/t} __ _ _Dale ______________ Fi_iw _iionL=--~~_fss-

fo'j111• P'.!J.le!"~ 

l 41liHJ7 ( .. ) 48.0 (l l. SO) 
l411008(d) ss.s (13. 29) 
I 400 I 'I (a) 1l. 2 (7. 48) 

llPT-t'indl 
l:.f f lucut 
Levels JO'J..O (24.4) 

Average of f'lil b 
All.l i niug BP'f 
BODS and TSS 

N_sw~!:int 

90001 /(a)(b) 

llPT t'inal 
Elf l 11e11L 
J.cvels 

T_i ~s~-!'~~_I! 

J40014(a) 
l40015(a) 
l 40018(a)( c) 
ll,002l(a) 
140022 
ll,0024 
14002S(a) 
1400:IO(a)(d) 
90001S(a) 
900018 
'10011LO 

BPT-Fin,ll 
El t luent 
l.t>vcls 

Average of 
Mt I ls 
All.iiuing DPT 
BODS and TSS 

S6. 1 (13.44) 

102.0 (24.4) 

84.3 (20.20) 
94.6 (22. 67) 
J 7 .6 (4.22) 

100.1 (23.99) 
108.7 (26.06) 

7.9 (l. 90) 
57 .9 (13.87) 
68. 1 (16. 33) 
39.4 (9.43) 
55.0 (13.18) 

134.4 (32.20) 

102.0 (24.4) 

2.'J. (4.37) 
3.2 (6.4S) 
2.0 (J.98) 

S.3 (10.6) 

2.S (4.93) 

l.4 (2.82) 

5.3 (10. 6) 

4.4 (8. 75) 
3.4 (6.84) 
3.1 (6.20) 
2.2 (4.40) 

12.4 (24.7S) 
12.l (24.14) 
4.3 (8.68) 
2.0 (3.91) 
2.3 (4.53) 
8. 1 (16.25) 
9. 1 (18. 26) 

S.J (10.6) 

3.J (6.64) 

4.0 (8.00) 03/78 39 39 39 
3.2 (6.43) 07/77 46 46 46 
3.8 (7 .SO) 07/77 44 43 44 

7.l (14.2) 

3.7 (7.31) 

l.1 (2. 18) 01/80 lS 15 15 

7. l (14.2) 

7. I (14.14) 07/77 44 44 44 
4.7 (9.43) 11/77 43 43 43 
1.4 (2. 84) 12/79 10 9 IO 
4.1 (8.16) 09/77 42 42 42 
5.1 (10.16) 03/79 26 26 26 
7.2 (14.40) 07/77 44 44 44 
4.5 (8.92) 04/78 26 26 26 
2.5 (S.OS) 07/77 45 47 47 
2.3 (4.53) 02/79 22 22 22 
2.7 (5.40) 07/77 29 4S 4S 

15.4 (30.76) 01/79 24 24 24 

7.1 (14.2) 

4.5 (9.04) 

-------- ------------ -------------- ------- ------------- ----------------------------- -----
(a) TSS and BODS a re less than 01· eq11a 1 to BPT. 
(l>) This 111ill cwploys che•ically assisted secondary clarification. Data were not 11~:e1I in developing NSPS 

Uption I final effluent loads. 
(c) 0dta are not included in the average because less than 12 111 .. ntha data are availahle. 
(.J) llald are uol induded in lhe average because only a &Mal I p.-rcentage of deioked pulp is produced. 



eliminated because insufficient data were available; mill 140030 was 
eliminated because of a very low on-site production of deinked pulp. 
Mills 140014, 140015, 140021, 140025, and 900015 are included in the 
calculation of long-term effluent loads. 

At the time of promulgation of BPT effluent limitations for the deink 
subcategory, there were no direct discharging deink mills where 
newsprint was produced. Now there is only one direct discharging mill 
in the deink-newsprint product sector. It is not appropriate to base 
NSPS Option l effluent loads for this product sector on the 
performance of this mill because the end-of-pipe treatment technology 
employed is more advanced than that identified as BPT for this 
subcategory. 

The manufacture of newsprint from deinked newsprint is a relatively 
new papermaking process. Flow and BOD5 raw waste loads at 
deink-newsprint mills are considerably lower than those that formed 
the basis of BPT effluent limitations for the deink subcategory. EPA 
determined NSPS Option l final effluent loads based on the predicted 
performance of biological treatment applied to the deink-newsprint 
sector average BODS raw waste concentration. This methodology is 
described in detail previously in this section in the discussions of 
the best practicable control technology currently available. NSPS 
Option 1 long-term average BOD~ and TSS effluent loads were calculated 
as the product of the long-term average final effluent concentrations 
and the average flow for the product sector. 

Tissue from Wastepaper In the tissue from wastepaper 
subcategory, extensive use of production process controls to reduce 
wastewater discharge is practiced. NSPS Option 1 for this subcategory 
is identical to NSPS Option 2 and includes the application of 
production process controls and biological treatment. The methodology 
for development of long-term average effluent characteristics is 
described in detail later in this section (see NSPS Opiion 2). 
Available effluent data for mills in this subcategory are presented in 
Table VIII-17. 

Paperboard from Wastepaper - In the paperboard from wastepaper 
subcategory, extensive use of production process controls to reduce 
wastewater discharge is practiced. NSPS Option 1 for this subcategory 
is identical to NSPS Option 2 and includes the application of 
production process controls and biological treatment. The methodology 
for development of long-term average effluent characteristics for both 
subdivisions of this subcategory is described in detail later in this 
section (see NSPS Option 2). Available effluent data for mills in 
both subdivisions of this subcategory are presented in Table VIII-18. 

Wastepaper-Molded Products In the wastepaper-molded products 
subcategory, extensive use of production process controls to reduce 
wastewater discharge is practiced. NSPS Option 1 for this subcategory 
is identical to NSPS Option 2 and includes the application of 
production process controls and biological treatment. The methodology 
for development of long-term average effluent characteristics is 
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TABJ.E Vlll-17 
DISCHARGE l10N ITORING REPOHT DATA 

TISSUE FROM WASTEPAP.El< SllBCA'fEGOHY(a) 

Final Effluent 
___ ---~g-Term ~verage Leve_h _____ _ 

~Ji I l Flow BOD5 TSS Start !'J_u~Eer ~!___H~!!_l_!!:<. _!!d~~ 
Nu1!•l>_j"_r:_ ___________ kl /kk&__ (kga l/t) k8/~ (lb/t) kg/kkg ~lbLt> ---- Dale -------- _____ _!"-1:_0~ ___ 801>~--- J'SS_ 

085004(g) 44. 1 (10.57) l.8 ( 3.63) 2.0 ( 4.08) 02/78 38 
090002(b)(g) 40.5 ( 9.70) 3.3 ( 6.52) J.4 ( 2.86) 07/77 33 
090004(g) 53_7 (12.86) 3.7 ( 7.36) J.9 ( 3.82) 07/77 38 
090010(c)(g) 91. 9 (22.03) l.2 ( 2.38) 0.8 ( l.59) 07/77 43 
090014(J) 92.4 (22. 15) 5.8 (11.58) 3.6 ( 7.17) 03/79 25 
100001 (e) 98.8 (23.68) 5.3 (lo. 52) 10.6 (21. 24) 07/77 18 
IOOOOS(g) 29.4 ( 7.05) 1. 8 ( 3.69) I. 3 ( 2.56) 09/77 41 
l00013(g) 38.9 ( 9.31) l. 7 ( 3.44) 3.3 ( 6.50) 07/78 33 
I 00014( f )(g) 3.9 ( 0.94) 1. 3 ( 2.53) 0.3 ( 0.63) 07/77 14 
I00016(J) 226.8 (54. 35) 35.0 (70.02) 106.1(212.15) Ol/78 37 

lll'T-Final 
El 1 luent 
r .• ·vels !05. 2 (25.2) 4.0 ( 8.0) 5.1 (10. l) 

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

(a) NSPS 011tion I final effluent levels are the same as those d.•termined for NSPS Option 2. 
(b) Hi 11 has no external treatment. 
(c) These data :ire representative of one 4-hour composite sample• per month. 
(<I) This mi 11 employs pri•ary trealuient only. 

38 
32 
38 
43 
25 
39 
42 
31 
14 
18 

(e) Since 7/79 this mill has been required to monitor 8005- only once per month and TSS only once per 4 months. 
(f) This mill employed pri•ary treatment only. The mill is now closed. 
( g) 1'SS and BOU'? a re less than or equa I to BPT. 

38 
33 
38 
42 
25 
39 
29 
33 
14 
38 



"IABLE VllI-18 
DISCHARG•: 110N I TOR ING IU:PORT DATA 

PAPERBOA!ill •'R011 WASTEPAl'ER SUBCATEGORY(a) 

Final Effluent 
____ .. ~&:Term Average Levels 

Hi 11 Flow BODS TSS Start Number Of Months Oat.i 
________ i.ijlc.kg (kgal/t) kg/kkg_ (lb/ti._ kg/_~~s..li~i1 __ 

------ -·- ·----. - -··- - . 
Numbec Date Fl ow llOD'.> TSS ··-·-------

N'!'~':<> !:CUS'!!!.!1.B...!!~~-ium Furnish 

JIOOOl(h)(i) 20.7 (4.96) 0. 1 (0. 27) 0.3 (0.67) 07/77 37 .16 :lll 
I 100 l 9 ( i) 29.9 (7. 16) l. 0 ( 1. 97) l. 1 (2.28) 08/77 25 :n 38 
110020 35.8 (8. 5 7) 0.8 (I. 66) 1.4 (2.79) 08/77 41 42 42 
llOU22(b) 68. 1 (16.31) 1. 7 (3. 46) 2.2 (4.45) 01/78 20 20 20 
I 10023 11. 9 (2.85) l.J (2.58) 1.3 (2.62) 07/77 45 45 45 
110031 (i) 7 .6 (l. 83) 0. 1 (0.27) 0.2 (0.38) 07/77 42 41 42 
ll0032(c)(i) 25.8 (6.18) 0.9 ( 1. 76) 1.1 (2.21) 04/78 34 .I~ '.Vi 
IJOOJ4(i) 6.0 (I. 44) ). l (2. 11) 0.8 (l. 56) 05/79 22 16 17 
ll0043(i) I 7. l (4.09) 0.8 ( 1. 56) 1. 2 (2.32) 07/77 29 43 41 

~ 
j J0052(i) 23.8 (5.71) 0.4 (0. 77) 0.5 (l. 02) 09/77 I '.I l"l 13 N 
ll0060(cl) 2.6 (0.63) 2.2 (4.45) 0.2 (0.36) 04/78 16 16 16 
110061 (e)(i) 19.6 (4.69) 0.8 ( 1. 58) l. I (2.28) 07/77 46 46 46 
1J0062(i) 10.4 (2.49) 0.5 (I. 09) 0.6 (1.21) 01/79 27 n "Ll 
l I0067(i) 15.4 (3.69) 0.4 (0.86) 0.8 (1.63) 07/78 2\1 :rn 10 
l l0069(i) 29.3 (7. 01) 0.2 (0.46) 0.7 ( 1. 48) 01/79 24 25 25 
l l0070(i) 18.7 (4.49) 0.3 (0.57) 0.3 (0.52) 07/77 43 4J 40 
ll0074(i) 3.8 (0.91) 0.1 (0.24) 0.3 (0.62) 09/78 JO 30 10 
I J0077(i) 2.J (0.54) 0.2 (0.33) 0.2 (0.41) 01/78 15 15 15 
110080 32.6 (7 .82) 2.8 (5.62) 2.8 (5. 5 7) 01/80 14 14 14 
II0094(i) 21.8 (5.23) 0.5 (0.95) 0.7 (1. 35) 07/77 45 45 45 
110096 ( i) (f) 0.1 (0.15) 0.0 (0.04) 10/78 27 27 27 
l lOIOO(d)(g) 4.4 (8.83) I. 5 (3.04) 05/78 0 8 8 
l JOI0'.3(c)(i) 18.5 (4.44) 0.2 (0.35) 0.3 (0.66) 02/79 26 26 26 
110104(h)(i) 1. 0 (0.23) l. 1 (2. 27) 0.4 (0.70) 01/79 24 27 27 
I IOI IO(i) 4.9 (l. 18) 0.2 (0.39) 0.8 (l.61) 04/79 25 25 25 
l IOJIJ(i) 17.3 (4.14) 0.8 (l. 69) 1.6 (3.22) 07/77 46 46 46 
110119 12.l (2.91) 2.7 (5.34) 0.5 (0.93) 07/78 9 21 21 
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TABLE VIJI-18 (C•·ntinued) 
DISCHARGE ttONITORING REPORT DATA 

PAPERBOARD FROM WASTEPAl'ER SUBCATEGORY 

Final Effluent 
Long-Term Average __ Lev!:__ls ______ ... _ 

FI ow BOD5 TSS Start 
Date 

Number Of Months Data 
rt ~;---eous----"Tss . ____ fT/kkg_(kgall!_L~~-{ib/t) kg/kkg (lb/tL____ ---·---------·-·----- ---

110127 12.6 (3.02) 
1101 JI (b)(h) 16.2 (3. 88) 
J IOI J4 JI. 2 (2.69) 
J 10141 (e) 8.0 (l. 92) 
110144 8.5 (2.04) 
110147 6.0 ( 1. 43) 
I 10151 (i) 15. 7 (3. 76) 
900023(c)(i) 28.4 (6.80) 
900024(g){ i) 2.1 (0.50) 
900026(i) J4.2 (8.20) 

Bl'T-Final 
Effluent 
I.eve ls ]0.0 (7 .2) 

~~".n~g<1_t_!ng Medi~m Furnish 

JI0025(i) 7.6 (I. 82) 
))0054 58.6 (14.05) 
ll0057(i) 6.7 (I. 60) 

DPT-Final 
Efflu .. nt 
l.cv,•) s 30.0 (7. 2) 

0.9 (l. 81) 0.8 
4.9 (9.82) 1.1 
I. 7 (3.31) 2.4 
1.5 (2.99) 0.6 
1.6 (3.23) 1. 3 
1. 7 (3.35) 1.4 
1.2 (2.45) 0.9 
0.3 (0.62) 0.4 
0.0 (0.08) 0.1 
0.1 (0.24) 0.8 

0.9 (I. 7) l. 2 

0.8 (1.67) 1. 5 
I. 7 (3.35) 0.4 
0.9 (I. 71) 0.6 

I. 6 (3. I) 2 .1 

( l. 50) 
(2.23) 
(4.82) 
(l.12) 
(2.54) 
(2.82) 
( 1. 72) 
(0.74) 
(0.12) 
( l. 52) 

(2.3) 

(3.04) 
(0.88) 
( l. 23) 

(4.2) 

07/77 
01/78 
10/78 
07/77 
01/80 
07/77 
07/77 
07/77 
10/77 
02/79 

03/79 
07/78 
07/77 

34 
24 
27 
39 
16 
25 

9 
45 
36 
19 

21 
12 
46 

·-NS-PSOPtiou -1 final effluent levels 
Mill is now closed. 

--- ---------------------
are the same as those determined for NSPS Option 2. 

Biological treat•ent ia followed by sand filtration. 
Mill is scht>duled to discharge to a POTW. 

34 
21 
27 
42 
16 
25 

9 
44 
33 
20 

21 
12 
46 

34 
21 
27 
42 
16 
26 

9 
44 
33 
20 

21 
12 
46 

(~) 
(h) 
( l') 
(d) 
(e) 
( f) 

(g) 
(II) 
( i ) 

This mill spray irrigates a portion of its final effluent; ddta preBented are not representative of total discharge. 
Flows are generally leas than 0.005 kgal/ton. 
Hill has no external treatment system. 
Mi 11 has primary treatment only. 
HODS and TSS are less than or equal to prorated BPT for thh mill. Prorated BPT has been determined for each mill 
Lased on thl' percent l"Orrugaled medium furnish employed by the mill. 



described in detail later in this section (see NSPS Option 2). 
Available effluent data for mills in this subcategory are presented in 
Table VIII-19. 

Builders' Paper and Roofing Felt - In the builders' paper and 
roofing felt subcategory, extensive use of production process controls 
to reduce wastewater discharge is practiced. NSPS Option 1 for this 
subcategory is identical to NSPS Option 2 and includes the application 
of production process controls and biological treatment. The 
methodology for development of long-term average effluent 
characteristics is described in detail later in this section (see NSPS 
Option 2). Available effluent data for mills in this subcategory are 
presented in Table VIII-20. 

Nonintegrated-Fine Papers Two subcategory subdivisions have 
been considered: wood fiber furnish and cotton fiber furnish. 

For the wood fiber furnish subdivision of the nonintegrated-f ine 
papers subcategory, as illustrated in Table VIII-21, the general 
methodology was followed; however, data relating to mills where only 
primary treatment is employed were excluded from the computations. 
Data were reviewed with respect to waste significant grade changes. 
No significant difference due to grade change was noted and the 
combined data were used. BPT effluent limitations are attained 
through the application of biological treatment at mills 080007, 
080027, 080041, and 080046. Mill 080027 was also excluded from the 
calculations because chemically assisted clarification is employed at 
that mill. 

For the cotton fiber furnish subdivision of the nonintegrated-f ine 
papers subcategory, EPA determined NSPS Option 1 effluent loads based 
on the transfer of the performance of biological treatment 
characteristic of the wood fiber furnish subdivision. EPA applied the 
average percent reduction for BOD~ and TSS from the best performing 
mills in the wood fiber furnish subdivision (41 .0 percent for BODS and 
51. 1 percent for TSS) to BPT final effluent loads for the cotton fiber 
furnish subdivision. EPA determined that the characteristics and 
treatability of wastewaters discharged from mills in both subcategory 
subdivisions are similar. Therefore, the Agency believes that new 
mills in the cotton fiber furnish subdivision will be able to attain 
the NSPS Option 1 long-term average discharge characteristics. 
Available effluent data for mills in this subdivision of the 
nonintegrated-fine papers subcategory are presented in Table VIII-21. 

Nonintegrated-Tissue Papers - As illustrated in Table VIII-22, 
the general methodology was followed; however, because BPT was 
identified as primary clarification, data relating to mills where 
biological treatment is employed were excluded from the computations. 
BPT effluent limitations are attained through the application of 
primary treatment at mills 090008, 090011, 090013, 090022, 090024, and 
090028. . Data were reviewed with respect to waste significant grade 
changes in three specific delineations: none, less than one, and 
greater than one waste significant change per day. For mills with 
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Hill 
Nun:tH•r 

150007(L) 
150011 
1~0021(1>)(<:) 

J5002S(d)(e)(f) 

BPT-Final 
Effluent 
Levels 

TABLE VIII-19 
DISCHARGE MONITORING REPORT DATA 

WASTEPAPER-110LDED PRODUCTS SUBCATEGORY(a) 

Final Effluent 
·-------·· __ Long-Te r!!__~'!"~!".!B~~~ l_s ___ . __ 

FI ow BODS TSS 
!!.Z~~- (ksal/~). k8ikk_& f~tl ___ ~kk_g_(~l-b-/-=_t-=_) __ . 

56.7 
48.2 

14S6.2 
105.S 

(IJ.S8) 
(11. S5) 

(348.96) 
(2S.29) 

88. I (21.1) 

12.0 (24.05) 
3.2 (6.36) 
1.9 (3.87) 
0. 7 (l. 38) 

1.3 (2.6) 

13.3 
3.S 
4.0 
0.7 

(26.SI) 
(6.91) 
(7.91) 
( 1. 37) 

3.2 (6.4) 

Start 
Date 

10/79 
09/78 
07/77 
01/78 

Number Of Months Data 
Flow BODS TSS -------

12 12 12 
28 28 28 
30 30 30 
12 11 11 

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

(a) NSPS Option 1 final effluent levels are the same as those determined for NSPS Option 2. 
(b) This mill has no external treatment system. 
(c) Hill is now closed. 
(ii) Effluent combined with non-contact cooling water. 
(e) This mill has primary treatment only. 
(f) TSS and BOU~ are less than or equal to BPT. 



Hill 
Nwnber 

120004(c) 
120006(b)(c) 
120008 
120020(b)(c) 
12002l(c) 

llPT-Final 
EffJuent 
Levels 

TABLE VIll-20 
DISCHARGE HONJTORING REPORT DATA 

BUILDERS' PAPER AND ROOFING FELT SUBCATEGORY(a) 

Final Effluent 
Long-Tena A~erage Levels 

Flow BOD5 TSS Start 
i1/kkg C1tga1Lt> t 811c1c8 Ohlt} kglkk (lb/t) Date 

2.3 (0.54) 0.2 (0.31) 0.5 (l.01) 07/77 
115.8 (27.74) 1.0 (2.09) 0.3 (0.67) 07/77 
27.4 (6.56) l.6 (3 .11) 1. 7 (3.30) 07/77 
13.0 (3.11) 0.1 (0.11) O.l (0.21) 07/78 
0.2 (0.05) 0.4 (0. 77) 0.0 (0.08) 10/79 

60.l (14.4) 1.6 (3.2) 1.6 (3.2) 

Nwaber Of Months Data 
~~~~~~F~l~ow"---- BODS~==---T_S_S_ 

42 
47 
31 
34 

4 

39 
47 
32 
34 
19 

42 
40 
32 
34 
19 

(a) NSPS Option 1 final effluenl levels are the same as those dete011ined for NSPS Option 2. 
(b) This mill has primary treatment only. 
(c) TSS and BOD:?_ are leas than oc equal lo BPT. 



1\BLE VlII-21 
DISCHARGE n"lNJTORING REPORT DATA 

NON INTEGRATED- f"J NE PAPF:RS SUBCATEC".ORY 

Final Effluent 
Long-Ten11 .~erage Levels 

Kill 
Hwnber 

Flow BODS TSS Start NumhPr Of Mouth" Data 
kl/!!a_~.&!!ft)__!&L_k~~lt) kg/~-]l!![ti_ _______ -~~!_r:_ __ --------· _____ __ fJ~~--~~-~891~.:f~~-. - TSS 

Wood Fiber Furnish 

080007(a) 
080009(b) 
080018 
080027(a)(c) 
080030(h) 
080033(b) 
080040(b)(d) 
08004l(a) 
080046(a) 
080048 (b )( d) 
080049(b) 
080051 
105047(a)(b) 
900059(h) 

BPT-Final 
Effluent 
Level a 

Average of 
Kills 
Attaining BPT 
BODS and TSS 

55.5 
65.5 
30.2 
30.6 
22.5 
45.4 

103.0 
113.9 
53.2 
65.0 
46.4 
53.5 
49.4 
40.4 

(13.31) 
(15.69) 
(7.24) 
(7. 34) 
(5.39) 

(I0.87) 
(24.69) 
(27.29) 
(12.75) 
(15.57) 
(IL 11) 
(12.82) 
(11. 84) 
(9.69) 

63.0 (15.2) 

Cotton Fiber Furnish 

080003(a) 
080032(e) 
080042(d) 
080044 

BPT-Final 
Effluent 
Levels 

169.4 (40.59) 
68. 7 (16.46) 
67.4 (16.15) 

155.4 (37.25) 

176.5 (42.3) 

1.4 
3.3 
2.8 
0.9 

4.7 
13.4 
I. 7 
1.1 

11.0 
4.1 
2.7 
1.8 
3.0 

(2.88) 
(6.60) 
(5. 5 7) 
(1. 82) 

(9.40) 
(26.71) 
(3.40) 
(2. 21) 

(22. 09) 
(8. 17) 
(5.42) 
(3.51) 
(6.04) 

2.4 (4.8) 

I. 4 (2. 83) 

3.7 
2.0 

10.7 
6.9 

(7. 33) 
(3.98) 

(21. 35) 
(13.77) 

5.1 (10.2) 

1.6 
1. 7 
2.0 
0.7 

24.2 
2.6 

14.6 
1.4 
1.8 
1.1 
5.3 
2.5 
1.1 
1.6 

(3 28) 
(3.48) 
(3.94) 
(l.31) 

(48 48) 
(5.25) 

(29 21) 
(2 72) 
(3 .54) 
(2 15) 

{IO .60) 
(5 04) 
(2. 18) 
(3 20) 

3.3 (6.5) 

1.6 (3. 18) 

2.7 
0.8 

29.3 
2.2 

(S.44) 
( 1. 65) 

(53.61) 
(4.49) 

7 .2 (14.3) 

(a) TSS and BODS are leas than or equal to BPT. 

08/77 
01/78 
09/78 
01/78 
07/77 
07/77 
07/77 
11/78 
03/79 
04/79 
08/78 
10/79 
07/77 
11/77 

07/77 
01/79 
07/78 
ll/79 

(b) Data are not included in the average because this 111ill employs primary treatmrnt only. 
(c) Data are not included in the average because thP mill e111J1loy11 chemically a!lsistr<I clarification. 
(d) Thia mill now discharges to a POTW. 
(e) This mi 11 discharges a variable amount of raw w1111t .. water to a POTW. 

40 
36 
2:i 
311 
27 
40 

9 
211 
25 
24 
31 
16 
39 
40 

46 
28 
18 
13 

41 
36 
25 
38 

0 
41 

9 
28 
25 
21. 

JI 
16 
45 
40 

46 
27 
18 
14 

40 
:i6 
25 
JI! 
27 
41 

9 
211 
25 
24 
:JI 
16 
4'.> 
40 

46 
28 
18 
14 



TAllLE VI II - .!2 
DISCIIAH!il:: HON !TORI NG 1<El'OkT DATA 

NONINTEGRATED - TISSUE PAl'EHS SlJllCATEGOHY 

Final Effluent 
. ____ l~~!_i:rm_~~r_-ag~ I.ev~~ 

Hi 11 Flow 8005 TSS 

NnMher .. ·----- ~!/~8 (kg-af[~} ___ ~8£~~K~f(!?j~) _fukkg__(!~7lS _____ __ 

040006 
09000 I (a)(b) 
090005(a)(b)(c) 
090007(a)(b) 
O'JOU08(a) 
090011(a)(c) 
O'JUOU(a) 
090019 
09002'.l(a) 
090024(a) 
090028(a)(c) 
090031 
090032 
555555 

BP'f-Final 
F.ff luenl 
I.eve ls 

Average of All 
Hills Altaining 
BPT llODS 
and TSS 

91. 9 
70.8 
I J. 4 
92.7 
57. 3 
53. I 
29.5 
80.4 
62. I 
81.8 
91.8 
97. 9 

133.9 
73.3 

(22.03) 
(16.96) 
(2.73) 

(22.21) 
(13.74) 
(12. 72) 
(7. 06) 

(19. 26) 
(14.87) 
(19.61) 
(22.00) 
(23.47) 
(32.08) 
(17 .57) 

96.0 (22.9) 

Average of Hilla Attaining 
BPT 8005 and TSS 

-No waste significant grade 
changes per day 

-I.es" Lhan one waste signi
f icaut grade change per day 

4.9 
1.6 
0.2 
0.2 
2.2 
2.4 
l. 1 
2.9 
3.0 
1.0 
2.2 
2.0 
2.4 
4.9 

(9.70) 
(3 .12) 
(0.42) 
(0.47) 
(4.44) 
(4.88) 
(2.28) 
(5.82) 
(6.09) 
( 1. 90) 
(4.34) 
(4.01) 
(4.76) 
(9.79) 

3.5 (7.0) 

1.6 (3.10) 

1.6 (3.17) 

2.7 (5.49) 

2.6 
1.0 
0.2 
0.6 
0.7 
1.2 
0.6 
3.3 
2.7 
0.7 
1.9 
3.2 
3.4 
7.6 

(5.28) 
(1.97) 
(0.45) 
( 1. 28) 
(l. 31) 
(2.30) 
(l. 24) 
(6.54) 
(5.46) 
(1.41) 
(3.82) 
(6.41) 
(6.88) 

(15.19) 

2.9 (5. 7) 

1.1 (2.14) 

0.68 ( J.36) 

1.9 (3.88) 

08/79 
07/77 
09/ 77 
07/77 
07/77 
07/77 
08/77 
07/77 
07/77 
07/77 
01/78 
07/77 
08/77 
04/79 

(a) TSS and BODS are leas than or equal to BPT. 
(b) Data not in~luded in the average because the •ill e•ploys biulogical treatment. 
(c} tlill is now closed. 

Numher 01 Moulhs Data ----- - - -· -- -·-- ..... 

__f~!I_ __ ~!)!J~-- T~!;-

21 
24 
29 
36 
47 
28 
40 
46 
20 
22 
36 
36 
26 
21 

22 
4'2 
29 
J6 
47 
28 
40 
46 
28 
22 
:l6 
:J6 
44 
21 

22 
42 
29 
36 
47 
27 
40 
46 
26 
2'2 
36 
36 
44 
'21 



data available on grade change, EPA found that a significant 
difference in long-term average discharge levels due to grade change 
existed. Therefore, the NSPS Option l effluent loads are based on the 
highest long-term average loads, which occurred at those mills with 
less than one grade change per day (mills 090011 and 090022). 

Nonintegrated-Lightweight Papers For both product sectors in 
this new subcategory, EPA determined NSPS Option l effluent loads 
based on the transfer of performance from the best performing mills in 
the nonintegrated-tissue papers subcategory. EPA applied the average 
percentage reductions beyond BPT for the nonintegrated-tissue papers 
subcategory (21.6 percent for BOD~ and 31.9 percent for TSS) to the 
final BPT limitations for this subcategory. As explained previously, 
EPA determined that the characteristics and treatability of 
wastewaters discharged from mills in the nonintegrated-lightweight 
papers subcategory and the nonintegrated-tissue papers subcategory are 
similar. Therefore, the Agency believes that new mills in the 
nonintegrated-lightweight papers subcategory will be able to attain 
the NSPS Option 1 long-term average discharge characteristics. 
Available effluent data for mills in this subcategory are presented in 
Table VIII-23. 

Nonintegrated-Filter and Nonwoven Papers For this new 
subcategory, EPA determined NSPS Option 1 effluent loads based on the 
transfer of performance from the best performing mills in the 
nonintegrated-tissue papers subcategory. EPA applied the average 
percentage reductions beyond BPT for the nonintegrated-tissue papers 
subcategory (21.6 percent for BOD~ and 31.9 percent for TSS) to the 
final BPT limitations for this subcategory. As explained previously, 
EPA determined that the characteristics and treatability of 
wastewaters discharged from mills in the nonintegrated-filter and 
nonwoven papers subcategory and the nonintegrated-tissue papers 
subcategory are similar. Therefore, the Agency believes that new 
mills in the nonintegrated-filter and nonwoven papers subcategory will 
be able to attain the NSPS Option 1 long-term average discharge 
characteristics. Available effluent data for mills in this 
subcategory are presented in Table VIII-24. 

Nonintegrated-Paperboard For this new subcategory, EPA 
determined NSPS Option 1 effluent loads based on the transfer of 
performance from the best performing mills in the nonintegrated-tissue 
papers subcategory. EPA applied the average percentage reductions 
beyond BPT for the nonintegrated-tissue papers subcategory (21.6 
percent for BOD~ and 31.9 percent for TSS) to the final BPT 
limitations for this subcategory. As explained previously, EPA 
determined that ·the characteristics and treatability of wastewaters 
discharged from mills in the nonintegrated-paperboard subcategory and 
the nonintegrated-tissue papers subcategory are similar. Therefore, 
the Agency believes that new mills in the nonintegrated-paperboard 
subcategory will be able to attain the NSPS Option 1 long-term average 
discharge characteristics. Available effluent data for mills in this 
subcategory are presented in Table VIII-25. 
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TABLE VIIJ-l3 
IJISCHAHGE MONITORING t<EPOHT DATA 

NON!NTEGRATED - I.IGllTWEIGllT PAPERS SUBCATEGORY 1 

Final Effluent 
________ __!~n..&.:Ierm_ Aver~ Leve!.!_ ____ _ 

~Ii I I 
N11ml1f:~r 

FI ow BODS TSS Start Number Of Months Data 
_ __i1hk"& Ckga!ft) k"a/kkgj_l!J/t) _ k&ii~i:--p.;2!1 

l:~ishtw~:!&.!!~ 

0800ll (.i)(d) 66.0 (15.81) 0.9 (I. 74) 0.5 (I. 08) 
O!IOOU(J) 82.0 (I 9. 65) I. 3 (2.63) 2.1 (4.15) 
ll80024(d) 45.2 (I0.82) 0.6 (I.27) 0.7 (I. 48) 
09000'.l(b)(d) t>'.1.4 (15.20) 3 .1 ( 6. 15) 2.0 (3.90) 
0<)(J() I~ (a) (cl) 117 .b (28.18) 2.3 (4.51) 2.1 (4.26) 
JO'i011(a) JJ\1.9 (76.65) 7.2 (14.49) 8.9 (17.72) 
105020 (J) J8'J -9 (45.51) I. 3 (2.65) l.8 (3.59) 

llPT-Fi na I 
Ef 1 I ucnt 
J..,v .. J,,. 

20-l. 2 (48.7) 7.4 (14.7) 6.0 (12.0) 

Elc•ttrical ---- - ---· 

1 osoo:l( c )( d) 4 I 7 . 3 (100 . 00) 4.6 (9. I 7) 3.4 (6.78) 
IOSOl8(a)(cJ) 678.1(162.49) 3.7 (7.41) 3. l (6. 17) 

lll'l-Fina I 
Et I I u<'nl 
l.evl'l s ]20. 9 (76. 9) I I. 6 (23.2) 9.5 (19.0) 

(a) 
(h) 
(<") 
(cj) 

This mi-II fiJ~ hi-;;-Iogic--;-i tre-~ii"iA~nt·.-- --- ---- ··---··--·--· 

This mill has no external treatment. 
Hill is now closed. 
TSS and BOD~ are less than or eyual lo BPT. 

----- -------
----- ____ Date ---------------~low ___!!QD_i ____ JSS _ 

07/77 34 34 34 
01/78 31 31 29 
01/78 23 23 23 
08/77 41 43 43 
11/78 30 30 30 
07/77 34 36 36 
01/78 37 37 :n 

01/78 23 23 23 
07/77 41 44 44 

1
111•l ion I levels ur<' based on transfer of technology from Nonintegratetl-Tissue Papers Subcategory. 
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Hill 
lflllllbP.r 

105033(a)(b) 
105034(a)(b) 
10505l(b) 
105055(a)(b) 

BPT-Final 
Effluent 
Level a 

TAl1LI VIII-24 
DISCHARGE l'IONITORING .REPORT DATA 

NONINTIGRATlD - FILTER AND RONWOVEJI PAPERS SUBCATEGORY1 

Final Effluent 
_____ Lo_n_g~--Te_l'll Average Leveb 

Flow BODS TSS Start 
kl/kkg {kgallt2 ka/kkg ~lblt2 ·kalkka ~It>/t) Date 

170.5 (40.86) 1.8 (3.56) 1.1 (2. 18) 07/77 
204.3 (48.95) 3.8 (7 .51) 2.8 (5.63) 07/77 
168.1 (40.28) 1.4 (2.85) 2.2 (4. n) 07/77 
249.9 (59.88) 1.5 (2.99) 2.9 (5. 77) 12/77 

250.0 (59.9) 9.1 (18.1) 7.4 (14.11) 

(a) This •ill has biological treatment. 
(b) TSS and BOD~ are leaa than or equal to BPT. 

10ption I levels are baaed on transfer of technology fr0111 Ronintegrated-Tisaue Papers subcategory. 

NUlllber Of Hontha Data 
Flow BODS rss· 

43 
39 
12 
33 

44 
44 
12 
33 

44 
44 
12 
:n 



TABLE VII1-2S 
DISCHARGE MONITORING REPORT DATA , 

NONINTEGRATED - PAPERB11ARD SUBCATEGORY' 

Final Effluent 
Long-Teem Average Levels 

Flow BODS TSS Hit I 
N111•bcr -----kl/kkg (kgal/t) ~kkg (lb/t) kg/kkg (lb/t) -

08SOOI (a)(d) 
085007 
10')002 
10')048(b)(d) 
10'>049(b)(c) 
1 J002l(a) 

BP'r-nnal 
Effluent 
Levels 

19.8 (4.75) 
167.9 (40.24) 
238.0 (57.04) 

26. l (6.26) 
51.3 (12.30) 
57 .2 (13. 70) 

53.8 (12.9) 

0.7 (1. 43) 
1.5 (3.09) 
4.8 (9.66) 
0.3 (0.59) 
s.s (10.99) 
l.5 (3.03) 

2.0 (3.9) 

(a) This mill hds biological treatment. 
(b) This mill has no external treatment. 
(c) This mill uow discharges to a POTW. 
(d) TSS and BOD~ ace less than or C<jll.tl to BPT. 

0.4 (0.72) 
2.2 (4.45) 
2.2 (4.30) 
0.2 (0.49) 
0.5 ( 1. 04) 
2.7 (5. 34) 

1.6 (3.2) 

Start 
Date -------

07/77 
07/77 
07/77 
01/78 
03/78 
07/77 

Number ___Q!___!:!9nths 0~!:__!> 

_________ Flow BODS _'!~ 

44 
46 
30 
33 
IJ 
41 

45 
43 
28 
32 
11 
40 

44 
40 
28 
33 
11 
40 

1oµtion I levels arc baaed on transfer of technology from Nonintegrated-Tissue Papers subcategory. 



The NSPS Option 1 long-term average final effluent loads developed as 
described above are presented in Table VIII-26. 

Attainment of NSPS Option l· Table VIIl-27 summarizes the number of 
mills attaining BPT and NSPS Option l long-term average final effluent 
loads along with the number of direct discharging mills in each 
subcategory for which data were available. At 44 percent of the mills 
in the integrated segment, 62 percent of the mills in the secondary 
fibers segment, and 76 percent of the mills in the nonintegrated 
segment where BPT effluent limitations are attained, NSPS Option l 
limits are also attained. · 

EPA compared the NSPS Option 1 final effluent loads presented in Table 
VIII-26, the NSPS Option 1 raw waste loads shown in Table VIII-3, and 
the raw waste and final effluent loads that form the basis of BPT 
effluent limitations. The Agency found that, for all subcategories, 
compliance with NSPS Option 1 final effluent loads would require a 
higher BODi percent reduction than required by compliance with BPT 
effluent limitations. Therefore, the end-of-pipe systems that form 
the basis of NSPS Option l must be more efficient in removing BOD5 
than the systems that form the basis of BPT effluent limitations. -

To determine if these higher percent reductions are demonstrated in 
this industry, for all mills used in developing NSPS Option l 
long-term average final effluent loads, EPA compared BOD5 effluent 
loads to BODS raw waste loads. Raw waste and final effluent data 
presented in Sections V and VIII, respectively, were used; in some 
cases, more recent raw waste load data were available and were used in 
the analysis. The percent reductions in BODi being attained at actual 
mills were then compared to those that form the basis of NSPS Option 
1, which are presented in Table VIII-28. In completing this 
assessment, EPA investigated eight major industry sectors: bleached 
kraft, unbleached kraft/semi-chemical, sulfite, groundwood, deink, 
other secondary fibers, nonintegrated-f ine papers, and other 
nonintegrated. As shown in Table VIII-29 and as discussed below, 
mills in every major sector achieve the percent reductions of BODS 
that form the basis of NSPS Option 1. Because waste characteristics 
and waste treatability are similar between the subcategories in each 
sector, EPA has determined that mills representative of all 
subcategories in each sector are capable of achieving equivalent 
reductions. 

In the bleached kraft sector, BODS reductions that form the basis of 
NSPS Option 1 range from 91 to 94 percent. BODi percent reductions 
within this range are being attained at mills 030010, 030030, 030032, 
030046, and 032002. BODS reductions of greater than 94 percent are 
being attained at mills 030020, 030027, and 777777. 

In the unbleached kraft and semi-chemical sector, BODS reductions that 
form the basis of NSPS Option l range from 92 to 9s percent. BODS 
percent reductions within this range are being attained at mills 
010008, 01S004, and 060004 and at mills 010020 and 01002S where 
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Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft 

and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade SulfiteZ 
Groundwood-Thermo-Hechanical 
Groundwood-C~ Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Parers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Hedium Furnish 
o Noncorrugating Hedium Furnish 

Wastepaper-Holded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nooiotegrated-Lightweigbt Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

TABLE VIII-26 

NSPS OPTION 1 
LONG-TERM AVERAGE 

DISCHARGE CHARACTERISTICS 

Flow BODS 
kl/kkg (kgal/t) 

230.0 
173.0 
148.0 
129.0 

52.5 
52.5 
42.9 

58.4 

275.0 
275.0 
275.0 
303.4 

* 
88.0 
99.0 
91.0 

102.0 
102.0 
67.6 
68.0 

13.4 
13.4 
23.8 
11.3 

63.0 
176.5 
96.0 

203.7 
320.9 

250.0 
53.8 

(55. 1) 
(41.6) 
(35.4) 
(30.9) 

(12. 6) 
(12. 6) 
(10.3) 

(14. 0) 

(66.0) 
(66.0) 
(66.0) 
(72. 7) 

* 
(21.1) 
(23.8) 
(21.9) 

(24.4) 
(24.4) 
(16.2) 
(16.3) 

(3.2) 
(3.2) 
(5. 7) 
(2. 7) 

(15. 2) 
(42.3) 
(22.9) 

(48.7) 
(76.9) 

(59.9) 
(12. 9) 

kg/kkg (lb/t) 

4.8 
3.3 
2.6 
1. 9 

1. 3 
1.5 
1. 2 

1. 4 

8.5 
9. 1 
9.9 

12.4 

* 
1. 6 
1.5 
1. 4 

2.5 
3.3 
1. 7 
1. 3 

1. 1 
0.73 
0.60 
0.49 

1.4 
3.0 
2.7 

5.8 
9. 1 

7. 1 
1.5 

(9.64) 
(6.62) 
(5. 16) 
(3.87) 

(2.57) 
(3.00) 
(2.36) 

(2.70) 

(16.96) 
(18.15) 
(19.70) 
(24.88) 

* 
(3. 18) 
(2.98) 
(2.74) 

(4.93) 
(6.64) 
(3.43) 
(2.56) 

(2.25) 
(1.46) 
(1.19) 
(0.98) 

(2.83) 
(6.01) 
(5. 49) 

(11.56) 
(18.26) 

(14.22) 
(3.06) 

1Includes Fine Bleached Kraft and Soda subcategories. 

TSS 
kg/kkg (lb/t) 

8.2 
5.7 
4.3 
3.0 

2.2 
2.7 
2.2 

2.4 

12.5 
12.5 
12.5 
12.5 

* 
2.7 
2.2 
2.0 

1.7 
4.5 
3.3 
2.8 

1.2 
0.97 
1. 2 
0.73 

1. 6 
3.5 
1. 9 

4. 1 
6.4 

5.0 
1. 1 

(16.33) 
(11.44) 
(8.64) 
(6.05) 

(4.37) 
(5.44) 
(4.40) 

(4.70) 

(25.08) 
(25.08) 
(25.08) 
(25.08) 

* 
(5. 45) 
(4.41) 
(4.01) 

(7.31) 

(9.04) 
(6. 5 7) 
(5.66) 

(2. 41) 
(1. 93) 
(2.30) 
( 1. 45) 

(3. 18) 
(7.00) 
(3.88) 

(8.16) 
(12.88) 

(10. 03) 
(2.16) 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) subcate
gories. 

*NSPS vary with the percent sulfite pulp in the final product. These equation, can be 
used to obtain annual average effluent characteristics for Papergrade 
Sulfite mills: 

Flow (kl/kkg) 
BODS (kg/kkg) 
TSS - (kg/kkg) 

= 52.87 exp(0.017x) 
1. 72 exp(O.Ol7x) 

= 2.22 exp(0.017x) 

where x equals the percent sulfite pulp produced on-site in the final product. 
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TABLE VIII-27 

NUMBER OF FACILITIES THAT ATTAIN BPT AliD NSPS OPTION 1 
FINAL EFFLUENT CHARACTERISTICS 

(a) F.E. =Final Effluent 
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TABLE VIII-28 

PERCENT REDUCTIONS 
REQUIRED TO ATTAIN NSPS OPTION 1 BODS 

FINAL EFFLUENT CHARACTERISTICS -
FROM NSPS OPTION 1 BOD~ RAW WASTE LOADS 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft 

and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 
Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating MediWD Furnish 
o Noncorrugating MediWD Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tiasue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
c Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

Percent Reduction* 

93 
91 
93 
94 

92 
94 
95 

93 

94 
94 
95 
95 
95 
93 
91 
92 

97 
96 
89 
87 

95 
94 
89 
92 

87 
87 
76 

73 
58 

41 
85 

1Includes Fine Bleached Kraft and Soda subcategories. 
~Includes Papergrade Sulfite (Blow Pit Wash) dnd Papergrade Sulfite (Drum Wash) subcate
gories. 

*Percent reduction 
= [raw waste load (lb/t) - final effluent (lb/t)) x 100/raw waste load (lb/t) 
except for Papergrade Sulfite subcategories for which percent reduction is defined in 
terms of concentrations (mg/l). 
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TABLE VIII-29 

PERCENT BODS REDUCTIONS 
ATTAINED AT SOME MILLS MEETING 

BPT BODS AND TSS FINAL 
EFFLUENT LEVELS 

Percent Reducticns Percent Reduction 
to attain NSPS Raw waste Final Effluent From Raw Waste 
Option l BOD~ Load BOD5(b) BODS(b) BODS to Final 

SectorLMill Number F..E. Levels(a) ClbLt) (lb/t) Effluent BODS 

Bleached Kraft 91-94 
030010 74.3 4.9 93 
030020 51. 0 2.7 9S 
030027 46. 9 (1) 1. 3 97 
030030 88 .1 5.4 94 
030032 66. 1 (1) 5.1 92 
030046 62.3 4.1 93 
032002 78.7 7.5 91 
i77777 71.8(2) 3.1 96 

Unbleached Kraft 
and Semi-Chemical 92-95 

010008 37.6 2.0 9S 
010020(c) 41.0 2.2 95 
010025(c) 27.8 1.1 96 
015004 34.2 1. 7 95 
020003 50.5 0. 7 99 
060004 37 .4(1) 2.5 93 

Sulfite 94-95 
040009(d) 163.0(3) 2.95(3) 98 
040016(e) 218.5 13.07 94 
040017(e) 194.2 10.57 95 
040019 93.1(4) 3.92(4) 96 

Groundwood 91-93 
052003 24.3 1.6 93 
052007 38.8(5) 1. 9 95 
052008 20. 1 0.9 96 
052014 24.0 0.6 98 
054014 33.6 2.5 93 
054015 42.7 2.5 94 
070001 38.0 3.2 92 

De ink 89-97 
---v;Cioo7 110.0 4.4 96 

140008 145.5 6.5 96 
140014 130.4(6) 8.8 93 
140015 72.2(5) 6.8 91 
140019 41. 8 4.0 90 
140021 160.5 4.4 97 

Other Seconda!J:'. Fiber 87-95 
085004 44.7 3.6 92 
100005 28.4 3. 7 87 
110001 25.0 0.3 99 
110025 38.6 1. 7 96 
110031 7. 1 (5) 0.3 96 
110043 23.5(5) 1.6 93 
110052 18. 1 0.8 96 
110057 35.0 1. 7 95 
110062 22.9 1.1 95 
110069 14.8 0.5 97 
110110 22.4 0.4 98 
12000.:. 10.9 0.3 97 

Nonintegrated-Fine Pa12ers 87 
080041 29.8 3.4 89 
080046 27.6 2.2 92 
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Other Nonintegrated 
090008 
090013 
090022 
105020 
105051 

41-85 

TABLE VIII-29 (cont.) 

30.6 
12.6 
18.2 
16.5 
9.9 

4.4 
2.3 
6.1 
2.7 
2.9 

86 
82 
66 
84 
71 

(a) These repre•ent the ranae of the percent reductions required to attain the subcategory NSPS Option 1 
final effluent BOD~ levels frc>11 NSPS Option 1 raw waste loada. 

Percent reduction ~ (raw waste BODS (lb/t) - final effluent BOD~ (lb/t)] 
x 100/raw waate BOD~ (lb/t) 

except for the Papergrade Sulfite subcategories for which the percent reduction is defined in terma of 
concentrations (mg/l). 

(b) The sources of the raw waste load data and the final effluent data are the 308 Survey and long-term average 
BOD~ levels from the Discharge Monitorina Reports respectively except aa noted below: 

(1) 
(2) 
(3) 

(4) 

(5) 
(6) 

Data are from the Supplemental Data Request Proaram. 
One year raw waate data obtained froa mill repreaentativea. 
The raw waste BODS load ia the total load frOll mill• 040009 and 030051, which share a joint treatment 
syRt~. Final efflu~nt ~~t~ ~re frcm the joint tr~~t~ent 3ystem. 
The percent reduction ia baaed on influent to and effluent from the biological treatment system. 
Data are from the Supplemental Data Request Proaram. 
Data are fro• the Verification Data Request Program. 
The percent reduction is baaed on raw waste BODS to biological treatment and total final effluent 
from both biological and primary treatment. -

(c) The treatment system uaed at this •ill ia a storage oxidation baain. 

(d) Thia mill shares a joint treatment ayatem with a fine bleached kraft •ill. Approximately 40 percent of the 
combined output of the two milla ia sulfite pulp. Prorated BPT waa calculated for the combined mills and 
it waa determined that the treatment ayatem attained BPT levels. 

(e) Thia mill attains the BOD~ comparison level but not the TSS comparison level. 
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oxidation ponds are employed. A BODS reduction of greater than 9S 
percent is being attained at mill 020003. 

In the sulfite sector, BODi reductions that form the basis of NSPS 
Option l range from 94 to 9S percent. A 96 percent BODi reduction is 
now attained at mill 040019. (At mill 040019, only pulp mill wastes 
are biologically treated.) [The BPT long-term average BODS effluent 
load is now attained at mills 040016 and 040017; however, the BPT 
long-term average TSS effluent load is exceeded. At mills 040016 and 
040017, BODi percent reductions of between 94 and 95 percent are 
attained. Also, mill 040009, a papergrade sulfite mill, shares a 
J01nc treatment system with a bleached kraft mill. About 60 percent 
of the BODi raw waste load is associated with the papergrade sulfite 
operations. At mill 040009, a BODi reduction of over 98 percent is 
attained.] 

In the groundwood sector, the BODS reductions that form the basis of 
NSPS Option l range from 91 to-93 percent. BODS percent reductions 
within this range are being attained at mills 052003, OS4014, and 
070001. BODi reductions of greater than 93 percent are being attained 
at mills OS2007, OS2008, 052014, and 05401S. 

In the deink sector, BODS reductions that form the basis of NSPS 
Option l range from 89 to 97-percent. BOD~ percent reductions within 
this range are being attained at mills 140007, 140008, 140014, 14001S, 
and 140019. A BOD~ percent reduction of 97 percent is being attained 
at mill 140021. 

In the other secondary fibers sector, BOD~ reductions that form the 
basis of NSPS Option l range from 87 to 9S percent. BODS percent 
reductions within this range are being attained at mills- 08S004, 
lOOOOS, 110043, 1100S7, and 110062. BODS reductions of greater than 
9S percent are being attained at mills 110001, 11002S, 110031, 1100S2, 
110069, 110110, and 120004. 

In the nonintegrated-fine papers sector, the BODS reduction that forms 
the basis of NSPS Option 1 is 87 percent. BOD~ percent reductions 
equal to or in excess of 87 percent are being attained at mills 080041 
and 080046. 

In the other nonintegrated sector, the BODS reductions that form the 
basis of NSPS Option 1 range from 41 to 8S percent. BOD~ reductions 
within this range are being attained at mills 090013, 090022, 10S020, 
and lOSOSl. A BODS percent reduction of greater than 85 percent is 
being attained at mill 090008. 

As shown above, end-of-pipe biological treatment is capable of 
attaining the percent reductions in BOD~ that form the basis of NSPS 
Option l in all subcategory sectors where biological treatment is the 
technology basis of BPT effluent limitations. Both the activated 
sludge process and aerated stabilization basins are capable of 
attaining these reductions. In northern climates, available data show 
that the activated sludge process is superior in its ability to 
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control pulp, paper, and paperboard industry discharges.(203) In the 
nonintegrated subcategories where primary treatment forms the basis of 
BPT effluent limitations, end-of-pipe primary treatment is capable of 
attaining the percent reductions in BOD5 that form the basis of NSPS 
Option l. -

Some commenters on the January 1981 proposed regulations expressed 
concern that few existing mills in the integrated segment were 
attaining the proposed NSPS. These commenters stated that EPA had 
overstated the capability of biological treatment to reduce BODi raw 
waste loads in this segment. As discussed above, biological treatment 
systems now employed in the integrated segment are capable of reducing 
BODS to the extent required by NSPS Option 1. Because the 
conventional activated sludge system that forms the basis of NSPS 
Option l must achieve a higher BODS percent reduction than required by 
compliance with BPT effluent limitations, the Agency conducted further 
investigations to ensure that the system that forms the basis of NSPS 
Option l has been properly sized to ensure that the higher BODi 
reductions would be attained at all mills. 

In the development document supporting proposed rules, EPA published 
the design criteria for end-of-pipe biological treatment systems that 
the Agency believed to be capable of attaining the effluent 
concentrations required to attain proposed .NSPS. These design 
criteria, which are identical to NSPS Option l design criteria, are 
presented in Table VIII-30. (This table also presents the design 
criteria for aerated stabilization basins and extended aeration 
activated sludge systems that EPA believes are equivalent to the 
conventional activated sludge systems that form the basis of NSPS 
Option 1. See Section IX of the development document supporting 
proposed rules. (203)). As shown, these systems are considerably 
larger than those that form the basis of BPT effluent limitations. 

Table VIII-31 compares EPA's design criteria to the actual design 
criteria for treatment systems employed at mills where the percent 
reductions of BODS that are necessary to attain NSPS Option l are 
achieved. As shown, conventional activated sludge systems (and the 
equivalent aerated stabilization basins and extended aeration 
activated sludge systems) that form the basis of NSPS Option 1 are 
larger than the systems generally employed at actual mills where the 
percent reductions required to achieve NSPS Option l limits are 
attained. Therefore, the larger end-of-pipe treatment systems that 
form the basis of NSPS Option l for the integrated segment, at a 
minimum, are capable of attaining the percent reductions in BODS that 
are required by NSPS Option 1. -

In summary, the percent reductions in BODS that form the basis of NSPS 
Option 1 are being attained at mills in-each subcategory or at mills 
in related subcategories where wastewaters have similar 
characteristics and treatability. These reductions are being attained 
through the use of treatment systems that are even smaller than those 
that form the basis of NSPS Option l. Mill personnel in many 
subcategories of the pulp, paper, and paperboard industry have not 
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TABLE VIII-30 

A COMPARISON OF 
NSPS OPTION I DESIGN CRITERIA 

TO BPT DESIGN CRITERIA 

Activated Sludge 

Primary clarification (cu m/d/sq m) 
Equalization (hours) 
Aeration Basin 

o Detention Time (hours) 
o Organic Loading (kg BODS/d/cu m) 

Aeration (kg BOD~/d/HP) -
Secondary clarification (cu m/d/sq m) 

Extended Aeration 

Primary clarification (cu m/d/sq m) 
Equalization (hours) 
Aeration Basin 

o Detention Time (hours) 
o Organic Loading (kg BOD5/d/cu m) 

Aeration (kg BOD5/d/HP) -
Secondary Clarification (cu m/d/sq m) 

Aerated Stabilization Basin 

Primary Clarification (cu m/d/sq m) 
Aeration Basin 

o Detention Time (days) 
o Organic Loading (kg BOD~/d/1000 cu m) 

Aeration 
o Organic (kg BODS/d/HP) 
o Mixing (HP/1000-cu m) 

Settling (days) 

BPT 

24 
12 

8 
0.8 

19 
20 

24 
12 

30 
0.3-0.6 

19 
20 

24 

13 
18.4 

15.3 
(a) 

1 

(a) Aerator mixing was not considered in BPT design criteria. 
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NSPS 

20 
12 

12 
0.5 

11.2 
16 

20 
12 

48 
0.2 

11. 2 
16 

20 

13 
18.4 

15.3 
2.6 

10 



TABLE VIII-31 

A COMPARISON OF NSPS OPTION I 
DESIGN CRITERIA TO 

CRITERIA USED AT INTEGRATED MILLS 
WHERE BOD~ REDUCTIONS COMPARABLE TO THOSE REQUIRED 

TO ATTAIN NSPS OPTION I ARE ACHIEVED 

NSPS Actual Mill 
Design 

Activated Sludge Criteria Average Median Minimum 

Primary clarification (cu m/d/sq m) 20 20 20 10 
Aeration Basin 

o Detention Time (hours) 12.0 7.8 6.9 2.9 
o Organic Loading (kg BOD~/d/cu m) 0.5 0.9 0.9 0.6 

Aeration (kg BOD~/HP) 11.2 17.0 14.9 11. 1 
Secondary clarification (cu m/d/sq m) 16 18 17 15 

Extended Aeration 

Primary clarification (cu m/d/sq m) 20 35 28 12 
Aeration Basin 

o Detention Time (hours) 48 45.2 29.4 19.0 
o Organic Loading (kg BOD~/d/cu m) 0.2 0.3 0.2 0.1 

Aeration (kg BOD~/HP) 11. 2 17.5 13.9 7.3 
Secondary clarification (cu m/d/sq m) 16 25 24 6 

Aerated Stabilization Basin 

Primary clarification (cu m/d/sq m) 20 19 20 8 
Aeration Basin 

o Detention Time (days) 13 9.7 9.7 0.9 
o Organic Loading (kg BOD~/d/cu m) 18.4 30.S 22.1 13.2 

Aeration 
o Organic Loading (kg BOD~/HP) 15.3 16.i 16.2 11. 9 
o Mixing (HP/1000 cu m) 2.6 2.0 1. 3 0.6 

Settling (days) 10 9.9 9.9 0.2 
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Maximum 

28 

16.4 
1. 2 

29.4 
23 

63 

117 .6 
1.1 

32.8 
43 

25 

15.2 
94.9 

24.0 
6.6 

22.2 



chosen to use these larger systems, but the technology is readily 
available for application at new mills. Because (a) larger systems 
can be readily designed, constructed, and operated at new sources in 
every subcategory and (b) the wastewater and operating characteristics 
of new mills are similar to those mills where the NSPS Option 1 
reductions are now achieved, EPA has determined that all new mills in 
every subcategory will be capable of attaining NSPS Option 1 
limitations based on the use of expanded end-of-pipe treatment 
systems. 

Option 1 

BPT for the pulp, paper, and paperboard industry was generally based 
on the implementation of commonly-employed production process controls 
and end-of-pipe treatment. Biological treatment was the end-of-pipe 
treatment for all of the original subcategories with the exception of 
the nonintegrated-tissue papers subcategory for which BPT was based on 
primary treatment. The technology basis for control of conventional 
pollutants for NSPS Option 2 is implementation of additional commonly
employed production process controls and end-of-pipe treatment 
technologies. 

By reviewing the previously published production process control items 
that formed the basis of BPT and BAT effluent limitations (see Phase I 
and Phase II Development Documents (46) (48)) and the data request 
program responses from 644 mills, EPA identified additional commonly 
employed production process controls that can further reduce raw waste 
loads. These controls serve as the basis for defining a NSPS 
technology option (NSPS Option 2) in which raw waste loads are lower 
than those that form the basis of BPT effluent limitations. The 
controls that are generally applicable to each subcategory and which 
form the basis of EPA's estimates of the cost of attainment of NSPS 
Option 2 raw waste loads are presented in Tables VIII-32 through 
VIII-34. NSPS Option 2 also includes the application of end-of-pipe 
treatment systems that are identical in design to those that form the 
basis of NSPS Option 1 for each subcategory. 

The methodology used to develop raw waste loads and anticipated final 
effluent characteristics are discussed below. 

Development of Raw Waste Loads. NSPS Option 2 raw waste flows and 
BOD~ loads are generally based on the average discharge flow and BOD~ 
raw waste loads at mills where discharges are lower than those that 
form the basis of BPT effluent limitations. The NSPS Option 2 raw 
waste TSS has been assumed to be the same as that which forms the 
basis of BPT because (a) the TSS raw waste loads have little, if any 
effect on final effluent BODS and TSS loads (as discussed previously, 
the TSS final effluent concentration is a function of the BODS raw 
waste concentration) and (b) to ensure that EPA's cost estimates do 
not understate the cost of solid waste disposal associated with 
primary clarification. Because the Option 2 raw waste loads generally 
were derived from actual mill data, in the majority of cases it was 
not necessary to predict what reductions would be attained through 
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TABLE VllI-32 

PRO!lUCTION PROCESS CONTROLS FORMING THE BASIS Of 
COST ESTJllATF.S FOR NSPS OPTION 2 

INTF.GRATED SEGtU:NT 

---·-·----------------

Ha rkt't BCT Un- Unhleacht'd llisAo\ving 
Disso lv l ng Blearhed Bleacht'd Alkalinf'- hlf'ached s,.ool- ICra fl an<f Sulfite Papergradf' 

_________ l!i:~ ___ !C_raft ___ !_r~!:_t _______ Fl_n~_1 __ _!_raft 

!_, ___ Woody~!"~t~C>()d ro~ 
a. Clo"e-up or dry woodyard 

anrl harking operation 
b. Segregate cooling water 

~ _!'!_le__l'!!_!_l_ 
a. Reus" blow condensates 
b. Rt'duce groundwood thlrk

~neir overflow 
c. Spill Collection 

~~- WasherR and Screen RoOll 
a. Arlrl- )~d" ;,~-4th -~t;g-,;--

wash"r Cir press 
h. Decker filtratt' reuse 

4 _:__ B!eac!t~!'S 
a. Couott-rcurrent waahin1 
b. F.vaporat" caustic extraction 

!'lagt> filtrate 

5. ~.!~!!!~.~~~!~-and .~~~!!!.!")'_~!:~•• 
R"place baroew-tric cond.-nser 

b. Adtl boil out tank 
r. Neut rat ize spenl •ul Ci tr. 

] i•JOOr 
d. SPgrf'11ate <"OC>)ing walttr ... Spil I Collection 
f. Reus~ evaporator condrns•t~ 

6__:__ _!,~qu<>~--!'._!~ar~tio_n_A_!'.!a 
a. Spi 11 Coll<"rt!on 

7_:__!'~~!:. !fj_l_! 
If, Spl l l Colleclit>n: 

1. P•pPr 11achine and 
blf'arhf'd pulp 

2. Color plant 

. -- - - --- -

x 

x x 

x 

x x 

x 

x 
x x 

x 
x 

x x 

x 

---·-·- -· 

x 

x x 

x x 

x x 

x x 

x x 

x x 

x x 

x 

x 

x 

x 
x 

x 

x 

x 

Ch<:'!'i~al ___ s_"..,i_-j:J1emi~~- .P~p ___ ~1Jlfl~f' 2 _ 

x 

x 

x 

x 
x 

x 
x 
x 

x 

x 

x 

x 
x 

x 

x 
x 
x 

x 

K 

K 

x 

K 
x 

x 

x 

x 

x(') 

x 

x 

x 

x 

x 

x 

x 

x 

x(a) 

x 
x 

l;ro11nrl-
wood-

TMP 

K 

x 

x 

x 

Gro1111d-
woo<i-
CHN 
Paper~ 

x 

K 

x 

Groun1I-
woo,t-
f"inr 

Pap1•rM 

x 

x 
x 

x 
x 



TABLE Vlll-32 (Continued) 

.. _____________ Su!!c"!!&~.!.f ____________ _ 

Hark"t BCT Un- Unbleac-hPd Dis~olvi~11 
Dissolvin11 81 .. achPd e1 .. ach1!d Alkaline- bl .. aC'hPd s .... 1- Kraft and Sulfite 

C_o~troL ---------__ ___!!_a_f_t ___ Xraf_t ____ K_ra_~_t ___ !_!..!!_e_1 ___ ~!_,._fl:_ _sh.,.ic~--~'"'!.!.::C_h_~!c~ L _ ~.u~--

?.: ...!'..•.1'.e_r__..!!_il I (con~inu.,_dl 
b. [mprovp ftaVPall 
r. High pressur~ ahnwers for 

wire and felt cl.,aning X 
d. Whit~ watPr use for vacuum 

P"'"P sea I in11 X 
"· PapPr ~achine white water 

showers for wire cleaning 
f. WhitP watl!r atorage for 

upftets and pulper dilution 
g. RPcycle presa water X 
h. Reut1e vacuum pllnlp water 
i. Broke storag" 
j. Wet lap ~achine 
k. Segregate cooling water 
I. Cleaner rejects to landfill 
m. White water to pulp •ill 
n. Gland water reduction 

~-'-~-~_Phnt and. Utility Arl!H 
a. Segregate cooling water 
b. Lagoon for boill!r blowdown 

and backwash waters 

9. Hiacel hn.,oua Controls 
a. Coo 11 ng Tow" r 
b. pH 11<>nitor 
c. t..vel alan1s 
d. Fi 1 tera 
e. R .. cycl" of .,ffl uent 

x 

x 

x 

x 

x 

Includ .. s Fin" Bleach .. d Kraft and Soda subcategories. 

x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

2 Includps Papergrade Sulfite (Blov Pit Wash) and Paper11rade Sulfite (Drum Wash) •ubcatPgorirs. 

(•)costs were included with pulp •ill cotl .. ction costs. 

x 

x 

x 

x 
x 
x 

x 

x 

x 

x x 

x 

PapPrgrade 
Sul fi te 2 
.. ·---- . -

x 

x 

x 
x 

x 

x 

x 

Cround
wnod

l'HP 

x 

x 

x 

x 

wood
CHN 

P_av<:-r~_ 

x 

x 

x 
x 
x 
x 
x 
x 

wood
Fi nf" 

Pap~rR __ 

x 

x 

x 
x 
x 

)( 

)( 

x 



TABLE VIII-33 

PRODUCTION PROCESS CONTROLS FORMING THE BASIS OF 
COST ESTIMATES FOR NSPS OPTION 2 

SECONDARY FIBERS SEGMENT 

Cont.rol 

I. Woodyard/Woodroom 
a. Close-up or dry 

woodyard and 
barking operation 

b. Segregate cooling water 

2. Pulp ~ill 
a. Reuse blow condensates 
b. Reduce groundwood thick

ener vverflow 
c. Spill Collection 

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

wa~her or press 

De ink 

x 

b. Decker filtrate reuse X 

.:. . Bleaching 
a. Countercurrent washing (I) 
b. Evaporate caustic extraction 

stage filtrate 

5. Evaporation and Recovery Areas 
a. Replace barometric condenser 
b. Add boil out tank 
c. Neutralize spent sulfite 

liquor 
d. Segregate cooling water 
e. Spill collection 
f. Reuse evaporator condensate 

6. Liquor Preparation Area 
a. Spiil collection 

7. Paper Mill 
a. Spill collection: 

1. Pdper machine and 
bleached pulp 

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

wire and felt cleaning 
d. White water use for vacuum 

pump sealing 
e. Paper machine white water 

showers for wire cleaning 
f. White water storage for up-

sets and pulper dilution 
g. Recycle press water 
h. Reuse of vacuum pwup water 
i. Broke Storage 
J· Wet lap mach1ne 
k. Segregate cooling water 
!. Cl~•oer rejects to landfill 
m. white water to pulp mill 
... Gland ~ater reduction 

x 

x 

x 

x 
x 

x 

Tissue 
From 

Wastepaper 

x 
x 

x 
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Subcategor 

Paperboard 
From 

Wastepaper 

x 

x 

x 
x 
x 

x 

x 

Wastepaper
Molded 

Products 

Builders' 
Paper and 
Roofing 
Felt 

x 

x 



Control 

8. Steam Plant and Utility Areas 
•· Seareaate coolina water 
b. Laaooo for boiler blowdowo 

and backwash water• 

9. Hiacellaneoua Control• 
a. Coolin& tower 
b. pH monitor 
c. Level alanoa 
d. Filters 
e. Recycle of effluent 

TABLE VIII-33 (Continued) 

Subcateao~ 

Tiuue Paperboard Wastepaper-
From From Molded 

De ink Wastepaper Wastepaper Product a 

x 

x x 

x x 

x 
x x 
x x x 

Builder.' 
Paper and 

Roofing 
Felt 

x 

x 

(1) Couotercurrent waahioa waa included only for the Tiaaue produ~t sector of the 
Deink subcateaory. 
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TABLE VI II-34 

PRODUCTION PROCESS CONTROLS FORMING TIIE BASIS OF 
COST ESTIMATES FOR NSPS OPTION 2 

NONINTEGRATED SEGMENT 

Subcate orv 

Control 
Nonintegrated- Nonintegrated

Fine Papers Tissue Paper• 
Nonintegrated

Lightweight Papers 

Nonintegrated
Filter and 

Noa.woven Papers 

I. Wooriyard/Woodroom 
a. Close-up or dry woodyard 

and barking operation 
b. Segregate cooling water 

2. Pulp Ifill 
a. Reuse blow condensates 
b. Reduce groundwood thick

ener overflow 
c. Spill collection 

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

wasber or press 
b. Decker filtrate reuse 

4. Bleaching 
a. Countercurrent washing 
b. Evaporate caustic extraction 

stage filtrate 

5. Evaporation and Recovery Areas 
a. Replace barometric condenser 
b. Add boil out tank 
c. Neutralize spent sulfite 

liquor 
d. Segregate cooling water 
e. Spill collection 
f. Reuse evaporator condensate 

6. Liquor Preparation Area 
d. Spill collection 

7. P•Eer Ifill 
a. Spill collection: 

I. Paper machine and 
bleached pulp 

2. Color plant 
b. Improve saveall 
c. liigh pressure showers for 

wire and felt cleaning 
d. White water use for vacuum 

pump sealing 
e. Paper machine white water 

showers for wire cleanin3 
f. White water storage for up-

sets and pulper dilution 
g. Recycle press water 
h. Reuse of vacuum pump water 
i. Broke Storage 
j. Wet lap machine 
k. Segregate cooling water 
l. Cleaner rejects to landfill 
m. White water to pulp mi 11 
n. Gland water reduction 

8. Steam Plant and Utilit:t: Areas 
a. Segregatl! cool1ng water 
b. Lagoon for boiler blowdown 

•nd backwash waters 

9. ~iscellaneous Cont cols .. Cooling tower 
b. pH monitor 
c. Level a la rms 
d. Filters 
e. Recycle of effluent 

x x x x 
x 

x x 

x x x x 

x x x 

x x 

x x 
x x x 
x x 

x x 

x x x 

x x x 

x x x x 

x 

x z 
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Nonintegrated
Paperboard 

x 

x 

x 
x 

x 

x 

x 



application of each of the production process controls available to 
the mills within a specific subcategory. However, in several 
instances where only limited data were available, EPA found it 
necessary to predict the raw waste load reductions attainable through 
the application of specific production process controls identified as 
NSPS Option 2 technologies. 

The controls that serve as the basis of reductions of raw waste loads 
beyond those considered in developing BPT effluent limitations are 
presented in Tables VIII-35 through VIII-37. The controls are those 
that can be employed at mills in each subcategory to achieve the NSPS 
Option 2 raw waste loads developed from actual mill data (presented in 
Section V) for each subcategory. 

Dissolving Kraft - The dissolving kraft subcategory is comprised 
of three mills. Raw waste load data for these mills and the raw waste 
loads that formed the basis of BPT are presented in Table V-1. Very 
few mills are included in this subcategory and varying percentages of 
dissolving pulp are produced at these mills; therefore, the general 
methodology was not used as there was insufficient raw waste load data 
available corresponding to the production of 100 percent dissolving 
kraft pulp. EPA determined NSPS Option 2 raw waste loads by 
subtracting predicted waste load reductions from the raw waste loads 
that formed the basis of BPT. Estimates were made of the raw waste 
load reductions attainable through the implementation of specific 
production process controls applicable to this subcategory. As 
summarized, the subcategory average raw waste loads are: flow - 198.2 
kl/kkg (47.5 kgal/t), BOD~ - 69.6 kg/kkg (139. l lb/t), and TSS - 111 .3 
kg/kkg (222.6 lb/t). The raw waste loads for BPT are: flow 230.0 
kl/kkg (55.1 kgal/t), BODS - 66.5 kg/kkg (133.0 lb/t), and TSS - 113.0 
kg/kkg (226.0 lb/t). -

The production process controls that have been identified as 
applicable in this subcategory and that form the basis for EPA's 
estimates of attainable raw waste load reductions are: improved 
brownstock washing, improved utilization of digester blow condensates, 
brownstock and bleached pulp spill collection, additional liquor 
storage, and improved white water use. The total projected flow and 
BODS reductions are 18.4 kl/kkg (4.4 kgal/t) and 8.2 kg/kkg (16.3 
lb/t), respectively. Because each of these production process 
controls has been employed at dissolving kraft mills and/or at 
bleached kraft mills representative of other subcategories, EPA 
believes that these technologies can be applied at new source mills in 
this subcategory. Based on engineering calculations supported by the 
literature or material balances, the Agency believes that the 
application of these production process controls can achieve the 
required degree of effluent reduction. 
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TAl<!.E VIII-JS 

PRODUCTION PROCESS CONTROLS JN \DDITJON TO THOSE THAT FORH THE BASIS OF 
RPT TIIAT CAN RE EHPJ.OYED TO 

ACHIEVE NSPS OPTION 2 RAW WASTE LOADS 
INTEGRATED SEGHENT 

·--------- -----------··- ---· ______ Subca~s_~y __ -----·-- ------------

Harket BCT Ur>- Unbl<'ached Dissolving Ground - wo,ul-
Di s1<0lving Bleached Bleached Alkaline- bleachf'd Sf'111i- Kraft and Sulfite Papergrade wood- OIN 

Control ---·- __!!!'_!t Kraft __ __:cK:.::r~_f_t ___ _fl!_l~ ___ !• afl ___ ~hemical -~emi-~~~i__c~ __ __f!!_!_p ___ !!_l!_l_!:it<• 2 ___ ~·_NP _ Pal'ns 

l. Woodyard/Woodroom 
a. Close-up or dry woodyard 

and barking operation 
b. Segregate cooling water 

2. Pulp Hill 
a. Reus<' blow condensates 
b. Reduce groundwood thick

ener overflow 
c. Spill collection 

3. Washers and Screen Room 
~dd Jrcl or 4th st~i;:--

washer or press 
b. Decker filtrate reusf' 

4. Bleachi_lll! 
a. Countercurrent washinR 
b. Evaporate caustic f'Xtraction 

stage filtrate 

5. Eva_.e<_>_r~tion_ '.J!_'l~~c~~~y:- ~-~~as 

x 

x 

x 

x 

a. Replace harometric co11<lens<'r X 
b. Add boil out tank X 
c. Segregate cooling wat<'r 
d. Spill collection 

~~uor PE~arati~[_!_J.\r<'_a_ 
a. Spill collPrtion 

7. Paper Mi 11 
a. Spill collection: 

I. Paper machine and 
bleach<'cl pulp 

2. Color plant 

x 

x 

x 

x x 

x x 

x x 

x x 

x 

x x 

x x 

x x 

x 

x 

x 

x 

x 

x 

x 

x 
x 

x 

x 

x 
x 

x 

x 
x 

x 

x 

x 
x 

x 
x 

x 

x 

x 

x 

x 

x x 

x x 

x 
x 

x 

x 

x 

Grct1nd

\,·01 :1f-

Fine 
l'<lp•• rs 

x 
x 

x 
x 

x 
x 
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TABLE Vlll-35 (Coutinu .. <.I) 

_Sub~~t~g<_>ry _______________ _ 

lfarket 8CT 
Di~solving Bl~achPd Bleached Alkaline-

Kraft --~~-~ _ _!~~!_!: _ --·· Fiue 1 

7. !'~!"_!:!i~! ! <:<_>!•!...! ~!!~<!l 
b~ J111provc bBVCd J) 
c_ lllgb prei:.sure Khowers for 

wire and f.-lt cleaning x 
d. Whjtp water US<' for vacuum 

pwop seal iug x 
"· Paper 111achinc '-'hilt: water 

showers for wire c.!e..,.niug 
f. Whit" wale1· storage lor up-

tit"l8 and yulp~r di lutiou 
8- Recycle vc~sh waler x 
h. Rcutte of vacuum )JUIDJl water 
i. Droke ti>lOCJgC 

j. Wet lap •achin~ 

"- Segregate cooJ 1ug water 
J_ Cleaner rejects lo landfi 11 .. Whjle waler to pulp •ii I 
n. Gian<.! WJler r~•Jucl ion 

8. _ ~l'O!'!" !'1~!!!-~n<l __ !l~!Jity_ ~e~ 
a. Se~gr~gJle cooling watec X 
L. J.ag1m11 for hoiler blowdown 

ilflt1 bdckwcttoh w11t t•n:1 X 

'L ~~i_b~·t:!_!c!nt:~~~ C~~~-~~! 
d. liigh level d)drms 
~. Cooli11g tower 
c. tfrcyc:Je of cff)ueut 

x 

1 
Inc.:ludcs Flu«.~ lilt•dt.heJ Kraft. and So<ta &Ubt'alegories. 

x x 

x 

x 

x x 

Un
bleach~d 

x 
x 

Seati-

x 
x 

2 
lnclu<.les Pdt><'rgra<.le Sulfite (Blow Pil Wash) and l'apergrade Sulfite (Drura Wash) subcategories_ 

llnbl<"ached Dissolving 
Krdlt anJ Sulfite 

x 

x 

x 
x 
x x 

x 

x 

Pcapergrade 
Sil_!! !!:~2 

x 

x 
x 

x 

x 

Ground
wooct-

'.!"11!' 

x 

Ground-
woocf
CHN 

x 

x 
x 
x 

x 

lirounJ
wood
Fine 

x 

x 
x 

x 

x 



T,\BLE VI I I -..'6 

PRODl.:CTION PROCESS CONTROLS IS ADDITION TIJ THOSE THAT FOR!'! THE BASIS 
OF BPT THAT CAN BE EMPLOYED TO 

ACHIE·.:E !'<SPS OPTION 2 RAw 1.·ASTE LOADS 

Control 

I. ',"codyard/l."oodroom 
a. Close-up or ~ry 

1.;oodyarr:i and 
barking operation 

b. Segregate cooling water 

2. Pulp nill 
a. Reuse blow condensates 
b. Reduce grouodwood thick

ener overflow 
c. Sp1li collection 

J. ~ashers and Screen Room 
a. Add 3rr:i or 4th stJge 

••asher or press 
b. Decker filtrate reuse 

4. Bleaching 
a. Countercurrent washing 
b. Evaporate caustic extraction 

stage filtrate 

5. Evaporation and Recovery Areas 
a. Replace barometric condenser 
o. Aad 0011 out tanK 
c. Segregate cooling water 
d. Spill collection 

6. Liquor Preparation Area 
a. Spill collection 

7. Paper Mill 
a. Spill collection: 

1. Paper machine and 
bleached pulp 

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

wire and felt cleaning 
d. White water use for vacuum 

pump sealing 
e. Paper machine white water 

showers for wire cleaning 
f. White water storage for up-

sets and pulper dilution 
g. Recycle press water 
h. Reuse of vacuum pump water 
i. Broke storage 
]· Wet lap machine 
k. Segregate cooling water 
l. Cleaner rejects to landfill 
m. White water to pulp mill 
n. Gland water reduction 

8. Steam Pldnt and Utilitv Areas 
a. Segregate cooling ~at.er 
b. Lagoon for boiler blowdown 

dnd backwash waters 

9. ~iscellaneous Controls 
a. High Level alanns 
b. Cooling tower 
c. Recycle of effluent 

SECO~DARY FIBERS SEGHEST 

x 

x 

x 

x 

x 

Tissue 
From 

t.;.,stepaper 

x 

x 

x 

Subcategory 

Paperboard 
From 

lvastepaper 

B 

B 

x 
B 
B 

B 

B 

x 

x 

Wastepaper
'.1olded 

Products 

x 

x 

Builders' 
Paper and 

Roofing 
Felt 

x 

x 

x 

B-Tbese production process controls were erroneously includ~d as BPT production process 
cont.rols. They were included in EPA' s <letermination of .-;sps Opt.ion 2 raw waste loads. 
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TABLE VIII-37 

PRODUCTION PROCESS CONTROLS IN ADDITION TO TifOSE THAT FORM THE BASIS 
OF BPT THAT CAN BE EMPLOYED TO 

ACHIEVE NSPS OPTION 2 RAW ~ASTE LOADS 
NONINTEGRATED SEGMENT 

Subcate o 

Control 
Nonintegrated- Nonintegrated

Fine Papers Tissue Papers 
Nonintegrated

Lightweight Papers 

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

and barking operation 
b. Segregate cooling water 

2. Pulp Mill 
a. Reuse blow condensates 
b. Reduce groundwood thick

ener overflow 
c. Spill collection 

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

washer or press 
b. Decker filtrate reuse 

4. Bleaching 
a. Countercurrent washing 
b. Evaporate caustic extraction 

stage filtrate 

5. Evaporation and Recovery Areas 
1. ~~plJce ~Jrc~etric cJnden3er 
b. Add boil out tank 
c. Segregate cooling water 
d. Spill collection 

6. Liquor Preparation Area 
a. Spill collection 

7. Paper Mill 
a. Spill collection: 

1. Paper machine and 
bleached pulp 

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

wire and felt cleaning 
d. White water use for vacuum 

pump sealing 
e. Paper machine white water 

showers for wire cleaning 
f. White water storage for up-

sets and pulper dilution 
g. Recycle press water 
h. Reuse of vacuum pump water 
i. Broke storage 
j. Wet lap machine 
k. Segregate cooling water 
l. Cleaner rejects to landfill 
m. White water to pulp mill 
n. Gland water reduction 

8. Steam Plant and l!tilit:z'. Areas 
a. Segregate cooling water 
b. Lagoon for boiler blowdown 

and backwash waters 

9. !'fiscellaneous Controls 
a. High level alarms 
b. Cooling tower 
c. Recycle of effluent 

x 
x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 

x 
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Nonintegrated
Filter and 

Nonwoven Papers 

x 

x 

x 

x 

x 

x 

Nonintegrated
Paperboard 

x 

x 

x 
x 

x 

x 
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The resulting NSPS Option 2 flow and BODS raw waste loads are 
presented below: 

Dissolving Kraft - Development of Option 2 Raw Waste Loads 

BPT RWL 

Reductions Resulting from 
Application of Specific 
Production Process Con
trols 

Option 2 RWL 

Flow 
kl/kkg (kgal/t) 

230.0 (SS.l) 

1 8 • 4 ( 4 • 4 ) 

211.6 (SO. 7) 

BODS 
kg/kkg (lb/t) 

66.S (133.0) 

8.2 (16.3) 

S8.4 (116.7) 

The TSS raw waste load for Option 2 has been assumed to be the same as 
that used as the basis for BPT, or 113.0 kg/kkg (226.0 lb/t) of 
product. 

Market Bleached Kraft Data presented in Table V-2 for the 
production of both bleached hardwood kraft (HWK) and bleached softwood 
kraft (SWK) pulp are arranged in order of increasing softwood pulp 
production. Of the mills where raw waste loads are lower than or 
equal to those used to develop BPT, raw waste load BODS is essentially 
the same at both hardwood and softwood mills. -However, when 
considering flow data, mills where bleached softwood pulp is produced 
have a higher average flow. The average flow for softwood and 
hardwood mills where flows are less than that which formed the basis 
of BPT are 1S2.7 kl/kkg (36.6 kgal/t) and 120.6 kl/kkg (28.9 kgal/t), 
respectively. The proposed Option 2 flow has been chosen as the 
higher of the two, 1S2.7 kl/kkg (36.6 kgal/t). This approach gives an 
adequate allowance for all types of market kraft mills: hardwood, 
softwood, and mixtures of both. The average BODS raw waste load for 
softwood and hardwood mills where BODS raw waste loads are less than 
the BPT basis are 29.3 kg/kkg (S8.6 lb/t) and 26.6 kg/kkg (S3.2 lb/t), 
respectively. Since the data for both types of wood pulps are 
substantially the same, the higher BODS raw waste load, 29.3 kg/kkg 
(S8.6 lb/t), has been assumed. The-TSS raw waste load for Option 2 
has been assumed to be the same as that used as the basis of BPT. In 
summary, the Option 2 raw waste loads for the market bleached kraft 
subcategory are: flow - 1S2.7 kl/kkg (36.6 kgal/t), BODS - 29.3 kg/kkg 
(S8.6 lb/t), and TSS - 45.0 kg/kkg (90.0 lb/t). -

BCT (Paperboard, Coarse, and Tissue) Bleached Kraf~ - Raw waste 
load data for bleached kraft mills where paperboard, coarse papers, 
and tissue papers are manufactured are presented in Table V-3. Of the 
eight mills for which data are presented, five are achieving flows and 
three are achieving BODS raw waste loads that are less than those 
which formed the basis of BPT. For one of the mills (030039) 
attaining a lower flow and BODS raw waste load, data correspond to 
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biological treatment plant influent rather than to a true raw waste. 
These data were not used in any calculations of attainable NSPS Option 
2 raw waste loads. Option 2 raw waste loads for this subcategory are 
based on the averages of those mills where raw waste loads that are 
lower than those which formed the basis of BPT are attained. 
Application of this methodology yields Option 2 flow and BOD5 raw 
waste loads of 132.3 kl/kkg (31.7 kgal/t) and 35.l kg/kkg (70.2 lb/t), 
respectively. The TSS raw waste load for Option 2 has been assumed to 
be the same as that used as the basis of BPT, or 66.5 kg/kkg (133.0 
lb/t) of product. 

Alkaline-Fine (Fine Bleached Kraft and Soda Subcategories) - Data 
are presented in Table V-4 for 20 mills characteristic of the fine 
bleached kraft subcategory. There are 15 mills in this subcategory 
where flow and/or BOD5 raw waste loads are lower than those which 
formed the basis of BPT. Option 2 raw waste loads for this 
subcategory are based on the averages of those mills where raw waste 
loads that are lower than those which formed the basis of BPT are 
attained. Application of this methodology yields Option 2 flow and 
BOD~ raw waste loads of 104.7 kl/kkg (25.l kgal/t) and 27.l kg/kkg 
(54.l lb/t), respectively. The TSS raw waste load for Option 2 has 
been assumed to be the same as that used as the basis of BPT, or 75.0 
kg/kkg (150.0 lb/t) of product. 

Unbleached Kraft Data are presented in Table V-5 for mills 
characteristic of this subcategory. In the· development of BPT 
effluent limitations guidelines, the unbleached kraft subcategory 
included mills manufacturing unbleached kraft linerboard, bag, and/or 
other mixed products. Data provided in response to the data request 
program suggest that there are differences in waste characteristics 
for mills manufacturing linerboard and bag or other mixed products. 
The following summarizes the subcategory averages for the two product 
sectors. 

Unbleached Kraft-Raw Waste Load Summary 

Unbleached Kraft -

Flow 
kl/kkQlkgal/t) 

Linerboard: 47.6 (11.4) 

Unbleached Kraft -
Bag and Other 
Products: 103.5 (24.8) 
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BODS 
kg/kkg{lb/t) 

16.6 (33.2) 

24.3 (48.6) 

TSS 
kg/kk9Tlb/t) 

15.8 (31.6) 

31.4 (62.8) 



In establishing NSPS Option 2 raw waste loads, EPA evaluated data for 
both the linerboard and bag product sectors. NSPS Option 2 raw waste 
loads for the linerboard product sector are based on the averages of 
those mills where raw waste loadings that are lower than those which 
formed the basis of BPT are attained. For the bag and other products 
product sector, NSPS Option 2 raw waste loads are based on the 
averages of those mills where (a) raw waste flow is lower than that 
which formed the basis of BPT and (b) raw waste BODS is lower than the 
product sector average raw waste load. Application of this 
methodology yields unbleached kraft-linerboard Option 2 raw waste 
loads for flow and BODS of 39.2 kl/kkg (9.4 kgal/t} and 12.4 kg/kkg 
(24.8 lb/t), respectively, and unbleached kraft-bag and other products 
raw waste loads for flow and BODS of 47.6 kl/kkg (11 .4 kgal/t) and 
16.9 kg/kkg (33.8 lb/t), respectively. The TSS Option 2 raw waste 
loads for both product sectors have been assumed to be the same as 
that used as the basis of BPT, or 21 .9 kg/kkg (43.8 lb/t) of product. 

Semi-Chemical - Available raw waste load data for semi-chemical 
mills are presented in Table V-6. The data are presented according to 
wastepaper use and use of liquor recovery. Variable amounts of 
wastepaper are utilized at mills in this subcategory according to 
relative market conditions and pricing. Because of this variation, 
two mill groups were considered in the development of NSPS Option 2 
raw waste loads. The groups are: (a) mills with liquor recovery 
where less than one-third of the furnish is wastepaper and (b) mills 
with liquor recovery where more than one-third of the furnish is 
wastepaper. Review of the data in Table V-6 indicates significant 
differences in flow between the two groups [35.9 kl/kkg (8.6 kgal/t) 
versus 18.8 kl/kkg (4.5 kgal/t)], but no significant difference in 
BODi [22.1 kg/kkg (44.1 lb/t) versus 23.9 kg/kkg (47.8 lb/t)]. 
Therefore, the Option 2 raw waste load for flow is based on an average 
of those mills with liquor recovery where less than one-third 
wastepaper is processed and a raw waste load lower than that which 
formed the basis of BPT is attained. The Option 2 raw waste load for 
BODi is based on data from both groups of mills where a BODi raw waste 
load lower than that which formed the basis of BPT is attained. 
Application of this methodology yields NSPS Option 2 raw waste loads 
of flow and BODi of 30.5 kl/kkg (7.3 kgal/t), and 17.6 kg/kkg (35.2 
lb/t}, respectively. The TSS raw waste load for Option 2 has been 
assumed to be the same as that which formed the basis of BPT, or 12.3 
kg/kkg (24.6 lb/t) of product. 

Unbleached Kraft and Semi-Chemical - Table V-7 presents available 
raw waste load data for this subcategory. NSPS Option 2 raw waste 
loads for this subcategory are based on averages of those mills where 
raw waste loads that are lower than those which formed the basis of 
BPT are attained. Application of this methodology yields Option 2 raw 
waste loads for flow and BODi of 48.0 kl/kkg (11.5 kgal/t) and 16.3 
kg/kkg (32.5 lb/t), resepctively. The TSS raw waste load for Option 2 
has been assumed to be the same as that which formed the basis of BPT, 
or 20.5 kg/kkg (41 .O lb/t) of product. 
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Dissolving Sulfite Pulp - Table V-8 presents available raw waste 
load data for this subcategory. In previous effluent limitations 
guidelines development, EPA recognized that a variety of products are 
made at dissolving sulfite pulp mills that result in different waste 
characteristics. (48) However, in the data request program, only 
limited data were provided for this subcategory on raw waste load by 
product types. Consequently, EPA estimated the raw waste load 
reductions attainable through the application of specific production 
process controls. 

Several specific production process control modifications are 
applicable in this subcategory and are shown in Table VIII-35. Each 
of these controls has been employed at dissolving sulfite pulp mills 
and, therefore, can be applied at new source mills in this 
subcategory. In general, most of the items under consideration result 
in minor flow reductions with the exception of recycle of the 
hydraulic barking water. Flow reductions resulting from cooling water 
segregation, more extensive use of white water in the pulp and paper 
mills, and additional spill collection can reduce wastewater discharge 
by 29.2 kl/kkg (7.0 kgal/t). Additional applicable production process 
controls include implementation of liquor spill and pulp dryer spill 
collection systems and improved recycle of decker filtrate. Predicted 
BODS reductions resulting from the application of these controls in 
addition to white water reuse total 5.0 kg/kkg (10.0 lb/t}. Another 
applicable control, caustic filtrate evaporation, results in BODS 
reductions varying from 41 .4 kg/kkg (82.8 lb/t) for the nitration 
grade to 104.4 kg/kkg (208.8 lb/t) for the acetate grade. This 
technology is an expensive production process control, yet one that 
can result in significant BODi reduction. This technology has been 
employed at mills 046002 and 046006. 

The resulting NSPS Option 2 BODi raw waste loads are presented below. 
Based on engineering calculations supported by the literature or 
material balances, EPA believes that the application of the specific 
production process controls identified above can achieve the required 
degree of effluent reduction. This is further supported by available 
data. The controls on which NSPS Option 2 are based are installed at 
mill 046006. As illustrated in Table V-8, when acetate grade pulp is 
produced at mill 046006, the NSPS Option 2 flow and BODi raw waste 
loads are attained. 
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Dissolving Sulfite-Development of Option 2 BODS Raw Waste Load 
BODS - kg/kkg (lb/t) 

Nitration Viscose Cellophane Acetate 

BPT - RWL 137 (274) 1S6 (312) 181.S (363) 266.0 (S31.9) 1 

Reductions Resulting 
from Application of 
Specific Production 
Process Controls 46.4 (92.8) 63.4 (126.8) 71.9 (143.8) 109.4 (218.8) 

Option 2 BOD.2_ RWL 90.6 (181.2) 92.6 (18S.2) 109.6 (219.2) 1S6.6 (313.l) 

i[As discussed in Section II, the BPT BODS limitation for acetate 
grade production in the dissolving sulfite pulp subcategory was 
remanded by the Court of Appeals. The Agency has not yet promulgated 
the BODS limitation. Therefore, a BODS raw waste load corresponding 
to BPT effluent limitations has not yet been established. The BOD.2_ 
raw waste load of 266.0 kg/kkg (S31 .9 lb/t) is representative of the 
BODS raw waste load associated with the production of acetate grade 
dissolving sulfite pulp at the time the remanded BPT BOD.2_ limitation 
was promulgated in 1977.] 

The flow basis of BPT is 27S.O kl/kkg (66.0 kgal/t) except for mills 
where acetate grade pulp is produced where the flow basis of BPT has 
been assumed to be 303.4 kl/kkg (72.7 kgal/t). (The flow value of 
303.4 kl/kkg (72.7 kgal/t} is representative of the wastewater flow 
rate associated with the production of acetate grade dissolving 
sulfite pulp at the time .the remanded BPT BODS limitation was 
promulgated in 1977.) Flow reduction through implementation of 
production process controls is 29.2 kl/kkg (7.0 kgal/t}. This results 
in an Option 2 flow of 246.2 kl/kkg (S9.0 kgal/t) for the nitration, 
viscose, and cellophane pulp grades and 274.2 kl/kkg (6S.7 kgal/t) for 
the acetate pulp grade. The TSS raw waste load for Option 2 has been 
assumed to be the same as that which formed the basis of BPT, or 92.5 
kg/kkg (185.0 lb/t) of product. 

Papergrade Sulfite (Paperqrade Sulfite (Blow Pit Wash} and 
Papergrade Sulfite (Drum Wash) Subcategories) - Tabre-V-9 presents 
available raw waste load data for this subcategory. In the 
development of BPT effluent limitations, two papergrade sulfite 
subcategories were established: blow pit wash and drum wash. However, 
as discussed previously in Sections IV and V, the percentage of 
sulfite pulp produced on-site is a better indication of raw waste load 
characteristics than the type of pulp washing system employed. The 
NSPS Option 2 flow is based on flow data for those mills where 
discharge flow is lower than that defined by the regression equation 
presented previously. The percentage reductions in flow below that 
defined by the regression equation, taking into account the percentage 
of sulfite pulp produced on-site, were ~veraged and form the basis of 
the NSPS Option 2 flow. At four mills, discharge flow is less than 
the predicted flow, with the average percent reduction being 28 
percent. Therefore, NSPS Option 2 flow is defined as 72 percent of 
the flow defined by the regression analysis. 
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EPA based the NSPS Option 2 BODi raw waste load on the average of 
those papergrade sulfite mills where the BODS raw waste load is lower 
than that which formed the basis of BPT, or-66.1 kg/kkg (132.2 lb/t). 
As discussed in Section V, there is no definable relationship between 
BODi raw waste load and the percentage of sulfite pulp produced 
on-site. Because the average quantity of sulfite pulp produced 
on-site is 58 percent of the raw material furnish, EPA assumed that 
this BODS raw waste load is representative of a mill where 58 percent 
of the -raw material furnish is sulfite pulp produced on-site. 
Therefore, for a model mill where 58 percent of the raw material 
furnish is sulfite pulp produced on-site, Option 2 flow and BODi raw 
waste loads wotild be 101.8 kl/kkg (24.4 kgal/t) and 66.1 kg/kkg (132.2 
lb/t), respectively. The TSS raw waste load for Option 2 was assumed 
to be the same as that which formed the basis of BPT, or 90.0 kg/kkg 
(180.0 lb/t) of product. The BODi and TSS concentrations for this 
model mill form the basis of BODS and TSS raw waste concentrations for 
NSPS Option 2, regardless of the percentage of sulfite pulp produced 
on-site. 

Groundwood-Thermo-Mechanical - Table V-10 presents available raw 
waste load data for this subcategory. As explained in Section V, the 
flow and BODS raw waste loads that formed the basis of BPT effluent 
limitations -are not reflective of raw waste loads characteristic of 
the groundwood-thermo-mechanical subcategory. Therefore, EPA 
developed revised BPT raw waste loads for this subcategory. NSPS 
Option 2 raw waste loads are based on averages of those mils in this 
subcategory where raw waste loads that are lower than the revised BPT 
raw waste loads are attained. Application of this methodology yields 
Option 2 raw waste loads for flow and BODS of S7.6 kl/kkg (13.8 
kgal/t) and 17.6 kg/kkg (35.2 lb/t), respectively. The TSS raw waste 
load for Option 2 has been assumed to be the same as that which formed 
the basis of BPT, or 39.9 kg/kkg (79.8 lb/t) of product. 

Groundwood-CMN Papers - Table V-11 presents available raw waste 
load data for mills in this subcategory. At no mills in this 
subcategory are BODS raw waste loads being attained that are lower 
than raw waste loads that formed the basis of BPT. Because the 
existing performance is inadequate and does not achieve the pollution 
reduction that is possible at mills in this subcategory, the NSPS 
Option 2 raw waste loads were based on the subtraction of predicted 
raw waste load reductions resulting from implementation of available 
production process controls applicable at mills in this subcategory 
from the raw waste loads that formed the basis of BPT. 

The production process controls that have been identified as 
applicable in this subcategory that form the basis for EPA's estimates 
of attainable raw waste load reductions are: segregation of cooling 
water in the woodroom, addition of pulp mill and paper mill spill 
collection systems, use of white water in vacuum pumps, recycle of 
press effluent, and addition of centralized storage capacity for white 
water reuse. The total projected flow and BODi reductions are 29.2 
kl/kkg (7.0 kgal/t) and 2.9 kg/kkg (5.7 lbs/t), respectively. Because 
each of these production process controls has been employed at (a) 
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groundwood-CMN mills, (b) groundwood mills representative of other 
subcategories, or (c) mills in other subcategories where similar pulp 
or papermaking processes are employed, EPA believes that these 
technologies can be applied at new source mills in this subcategory. 
Based on engineering calculations supported by the literature or 
material balances, the Agency believes that the application of these 
production process controls can achieve the required degree of 
effluent reduction. The resulting NSPS Option 2 flow and BODi raw 
waste loads are presented below: 

Groundwood-CMN Papers--Development of Option 2 Raw Waste Loads 

Flow 
kl/kkg (kgal/t) 

BPT RWL 99.3 (23.8) 

Reductions Resulting From 
Implementation of Specific 
Production Process 
Controls 29.2 ( 7.0) 

Option 2 RWL 7 0. 1 ( 1 6. 8) 

BODS 
kg/kkg ( lb/t) 

17.4 (34.8) 

2.9 ( 5.7) 

14.6 (29.1) 

The TSS raw waste load for Option 2 has been assumed to be the same as 
that which formed the basis of BPT, or 48.5 kg/kkg (97.0 lb/ton) of 
product. 

Groundwood-Fine Papers - Available raw waste load data for this 
subcategory are presented in Table V-12. NSPS Option 2 raw waste 
loads for this subcategory are based on averages of those mills where 
raw waste loads that are lower than those which formed the basis of 
BPT are attained. Application of this methodology yields Option 2 raw 
waste loads for flow and BODi of 64.3 kl/kkg (15.4 kgal/t} and 12.S 
kg/kkg (24.9 lb/t), respectively. The TSS raw waste load for Option 2 
has been assumed to be the same as that which formed the basis of BPT, 
or 52.5 kg/kkg (105.0 lb/t} of product. 

Deink Available raw waste load data for mills in this 
subcategory are presented in Table V-14. A delineation has been made 
between mills producing fine papers, tissue papers, and newsprint. 

For mills where fine papers are produced from deinked wastepaper, NSPS 
Option 2 raw waste loads are based on averages of those mills where 
raw waste loads that are lower than those which formed the basis of 
BPT are attained. Application of this methodology yields Option 2 raw 
waste loads for flow and BODi of 66.4 kl/kkg (15.9 kgal/ton) and 37.3 
kg/kkg (74.6 lb/ton), respectively. 

For mills where tissue papers are produced from deinked wastepaper, 
NSPS Option 2 raw waste loads are based on averages of those mills 
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where raw waste loads that are lower than those which formed the basis 
of BPT are attained. Application of this methodology yields Option 2 
raw waste loads for flow and BODi of 81.4 kl/kkg (19.5 kgal/ton) and 
61 .3 kg/kkg (122.6 lb/ton), respectively. 

As explained earlier in this section, for mills where newsprint is 
produced from deinked wastepaper, NSPS Option 2 is identical to NSPS 
Option 1. Flow and BODi raw waste loads are based on the average raw 
waste loads of all mills in this product sector. This results in 
Option 2 flow and BODi raw waste loads of 67.6 kl/kkg (16.2 kgal/t) 
and 15.9 kg/kkg (31 .7 lb/t), respectively~ 

For all three product sectors, the TSS raw waste load for Option 2 has 
been assumed to be the same as that which formed the basis of BPT, or 
202.5 kg/kkg (405 lb/t) of produtt. 

Tissue from Wastepaper In the tissue from wastepaper 
subcategory, extensive use of production process controls to reduce 
wastewater discharge is practiced. As seen in Table V-15, raw waste 
load data were initially reviewed taking into account the production 
of industrial and sanitary tissue. It was determined that no 
significant differences exist b~tween the two product sectors. In 
addition, self-contained mills have been identified where both types 
of tissue are produced. 

NSPS Option 2 raw waste loads for this subcategory are based on 
averages of those mills where raw waste loads that are lower than 
those which formed the basis of BPT are attained. Mills 090006, 
100012, 105007, and 100014 are excluded from Option 2 raw waste 
averages because extensive wastewater recycle is employed and raw 
waste flows are significantly lower than for other mills. Application 
of this methodology yields Option 2 raw waste loads for flow and BODi 
of 68.0 kl/kkg (16.3 kgal/t) and 9.7 kg/kkg (19.3 lb/t), respectively. 
The TSS raw waste load for Option 2 has been assumed to be the same as 
that which formed the basis of BPT, or 110.5 kg/kkg (221.0 lb/t) of 
product. 

Paperboard from Wastepaper - Available raw waste load data for 
mills in this subcategory are presented in Table V-16. As discussed 
previously, EPA determined that BODi raw waste loads are substantially 
higher when recycled corrugating medium is processed than when other 
types of wastepaper are processed. No such correlation exists between 
wastewater flow and the type of furnish used. As discussed 
previously, two subcategory subdivisions have been identified to 
account for BODS raw waste load differences that result from the type 
of furnish used~ NSPS Option 2 flows for each subcategory subdivision 
are based on the average of those mills where raw waste flows are 
lower than those which formed the basis of BPT. Application of this 
methodology yields NSPS Option 2 raw waste flow of 13.4 kl/kkg (3.2 
kgal/t). NSPS Option 2 BODi raw waste loads for the corrugating 
medium furnish and noncorrugating medium furnish subdivisions are the 
same as those which formed the basis of BPT, or 23.0 kg/kkg (46.0 
lb/t) and 11.3 kg/kkg (22.5 lb/t), respectively. The TSS raw waste 
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load for Option 2 has been assumed to be the same as that which formed 
the basis of BPT, or 11 .0 kg/kkg (21 .9 lb/t) of product. 

Wastepaper-Molded Products - Available raw waste load data for 
mills in this subcategory are presented in Table V-18. This is a new 
subcategory for which BPT is now being promulgated. A review of data 
request responses reveals that extensive recycle of effluent is 
practiced at several mills. NSPS Option 2 raw waste loads are based 
on averages for those mills where extensive recycle is practiced. 
Application of this methodology yields Option 2 flow and BOD~ raw 
waste loads of 23.8 kl/kkg (5.7 kgal/t) and 5.5 kg/kkg (10.9 lb/t), 
respectively. The TSS raw waste load for Option 2 has been assumed to 
be the same as that which forms the basis of BPT, or 14.8 kg/kkg (29.6 
lb/t) of product. 

Builders' Paper and Roofing Felt - Raw waste load data for mills 
in this subcategory are presented in Table V-19. NSPS Option 2 raw 
waste loads for this subcategory are based on averages of those mills 
where raw waste loadings that are lower than those which formed the 
basis of BPT are attained. Application of this methodology yields 
Option 2 raw waste loads for flow and BOD~ of 11.3 kl/kkg (2.7 kgal/t) 
and 6.5 kg/kkg (13.0 lb/t), respectively. The TSS raw waste load for 
Option 2 has been assumed to be the same as that which formed the 
basis of BPT, or 35 kg/kkg (70 lb/t) of product. 

Nonintegrated-Fine Papers Available raw waste load data for 
mills in this subcategory are presented in Table V-22. As discussed 
previously in Section IV and V, two subdivisions have been considered: 
the wood fiber furnish subdivision and the cotton fiber furnish 
subdivision. Data were reviewed with respect to waste significant 
grade changes in three specific delineations: none, less than one, and 
greater than one waste significant grade change per day. A 
correlation is apparent; flow and BOD5 raw waste loads tend to 
increase with the frequency of waste significant grade changes. NSPS 
Option 2 raw waste loads for the nonintegrated-f ine papers subcategory 
are based on the highest averages for the various grade change 
delineations for mills where raw waste loads that are lower than those 
that formed the basis of BPT are attained. Application of this 
methodology for the wood fiber furnish subdivision yields NSPS Option 
2 raw waste loads for flow and BOD5 of 39.2 kl/kkg (9.4 kgal/t) and 
7.5 kg/kkg (14.9 lb/t), respectively.- Application of this methodology 
for the cotton fiber furnish subdivision yields NSPS Option 2 raw 
waste loads for flow and BOD5 of 130.2 kl/kkg (31.2 kgal/t) and 14.0 
kg/kkg (28.0 kg/kkg). The TSS-raw waste load for Option 2 has been 
assumed to be the same as that which formed the basis of BPT, or 30.8 
kg/kkg (61.6 lb/t) of product for the wood fiber furnish subdivision 
and 55.2 kg/kkg (110.4 lb/t) of product for the cotton fiber furnish 
subdivision. 

Nonintegrated-Tissue Papers - Available raw waste load data for 
this subcategory are presented in Table V-23. As was done in the 
nonintegrated-fine papers subcategory, data were reviewed taking into 
consideration the frequency of waste significant grade changes. In 
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general, wastewater discharge and BODS raw waste loads increase with 
an increase in the frequency of grade-changes. 

NSPS Option 2 raw waste loads for this subcategory are based on the 
highest averages for the various grade change delineations for mills 
where raw waste loads that are lower than those which formed the basis 
of BPT are attained. Application of this methodology yields Option 2 
raw waste loads for flow and BOD~ of 79.7 kg/kkg (19. l kgal/t) and 9.0 
kg/kkg (17.9 lb/t), respectively. The Option 2 flow is based on those 
mills with greater than one waste significant grade change per day. 
The Option 2 BODS raw waste load is based on those mills with between 
zero and less than one waste significant grade change per day. The 
TSS raw waste load for Option 2 has been assumed to be the same as 
that which forms the basis of BPT, or 34.7 kg/kkg (69.4 lb/t) of 
product. 

Nonintegrated _ Lightweight Papers - Available raw waste load 
data for this subcategory are presented in Table V-24. This is a new 
subcategory for which BPT is being promulgated. BPT is based on the 
subcategory average raw waste loads. Two product sectors have been 
considered - lightweight papers and lightweight electrical papers. 

In the development of NSPS Option 2 raw waste loads, data were 
reviewed with respect to waste significant grade changes. Wastewater 
discharge and BODS raw waste loads increase with the frequency of 
grade changes. Option 2 raw waste flows for each product sector are 
based on the highest average for the various grade change delineations 
for mills where raw waste flows that are lower than those which formed 
the basis of BPT are attained. Option 2 BODS raw waste loads are 
based on the highest average for the various grade change delineations 
for mills where raw waste load BODS is lower that that which forms the 
basis of proposed BPT. The Option-2 BODS raw waste loads for the 
lightweight electrical papers product sector is identical to that for 
the lightweight papers product sector. Application of this 
methodology yields Option 2 flow and BOD~ raw waste loads (a) for the 
lightweight papers product sector of lS9.4 kl/kkg (38.2 kgal/t) and 
13.3 kg/kkg (26.6 lb/t), respectively, and (b) for the lightweight 
electrical papers product sector of 278.8 kl/kkg (66.8 kgal/t) and 
13.3 kg/kkg (26.6 lb/t), respectively. For both product sectors, the 
TSS raw waste load for Option 2 has been assumed to be the same as 
that which forms the basis of BPT, or 63.4 kg/kkg (126.8 lb/t) of 
product. 

Nonintegrated-Filter and Nonwoven Papers - Available raw waste 
load data for mills in this subcategory are presented in Table V-25. 
This is a new subcategory for which BPT is currently being 
promulgated. In the development of NSPS Option 2 raw waste loads, 
data were reviewed with respect to waste significant grade changes. 
Option 2 raw waste loads are based on the highest averages for the 
various grade change delineations for mills where raw waste loads are 
lower than those which form the basis of BPT. Application of this 
methodology yields Option 2 flow and BOD~ raw waste loads of 198.2 
kl/kkg (47.5 kgal/t) and 9.0 kg/kkg (17.9 lb/t), respectively. The 
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proposed TSS raw waste load for Option 2 has been assumed to be the 
same as that which forms the basis of BPT, or 27.4 kg/kkg (54.7 lb/t). 

Nonintegrated-Paperboard - Available raw waste load data for this 
subcategory are presented in Table V-26. This is a new subcategory 
for which BPT is currently being promulgated. The subcategory average 
raw waste loads, exclusive of electrical and matrix board production, 
form the basis for BPT. 

As for the other nonintegrated subcategories, raw waste load data were 
reviewed with respect to frequency of waste significant grade changes. 
Option 2 raw waste loads are based on the highest averages for the 
various grade change delineations for mills with raw waste loads that 
are lower than those that form the basis for proposed BPT. 
Application of this methodology yields Option 2 flow and BOD~ raw 
waste loads of 46.7 kl/kkg (11 .2 kgal/t) and 8.2 kg/kkg (16.4 lb/t), 
respectively. The TSS raw waste load for Option 2 has been assumed to 
be the same as that which forms the basis of BPT, or 36.9 kg/kkg (73.7 
lb/t) of product. 

Summary of Option i Raw Waste Loads - Table VIII-38 presents a 
summary of Option 2 raw waste loads. 

Development of Effluent Characteristics. As discussed.previously in 
this section, NSPS Options l and 2 are identical for the tissue from 
wastepaper, wastepaper-molded products, paperboard from wastepaper, 
and builders' paper and roofing felt subcategories and for the 
newsprint product sector of the deink subcategory. For the tissue 
from wastepaper, wastepaper-molded products, paperboard from 
wastepaper, and builders' paper and roofing felt subcategories, NSPS 
Options l and 2 are based on the application of in-plant production 
process controls and biological treatment. The biological treatment 
systems are identical in size to those which form the basis of BPT 
effluent limitations for these subcategories. For the newsprint 
product sector of the deink subcategory, the end-of-pipe biological 
treatment system, is identical in design to that which forms the basis 
of BPT effluent limitations for the deink subcategory. Because the 
end-of-pipe treatment systems that form the basis of NSPS Options l 
and 2 for these four subcategories and the subcategory sector are 
identical to the biological systems that form the basis of BPT 
effluent limitations for these subcategories, the relationships 
discussed previously in this section apply. 

The NSPS Option and 2 long-term average BODS final effluent 
concentrations for each of the four subcategories and the subcategory 
product sector were determined from the equation that relates raw 
waste BODS concentration to final effluent BODS concentration as 
presented previously in this section and in the Phase II Development 
Document (at page 402 (48}}: 

Log ~ODi effluent (mg/I) = 0.601 Log BODi influent (mg/l} - 0.020 
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TABLE VIII-38 

SllllfARY or HSPS OPTIOJf 2 
RAW WASTE LOADS 

Flow BODS TSS 

Iotear•ted Sel!!!ot 
k1Lkk1 t1a1Lt t1Lkk1 lb Lt t1Ltt1 lb Lt 

Di••olvio& Xr•ft 211.6 (50.7) 58.4 (116. 7) 113.0 (226.0) 
Market Bleached Kraft 152.7 (36.6) 29.3 (58.6) 45.0 (90.0) 
BCT Bleached Xr•ft 132.3 (31. 7) 35.1 (70.2) 66.5 (133.0) 
Alulioe•Fiae1 104.7 (25.1) 27.1 (54.1) 75. 0 (150.0) 
Unbleached Xrdt 

o Lioerboard 39.2 (9.4) 12.4 (24.8) 21.9 (43.8) 
o Baa 47.6 (11.4) 16.9 (33.8) 21.9 (43.8) 

s .. i-Chemical 30.5 (7.3) 17.6 (35.2) 12.3 (24.6) 
Unbleached Xrdt 

and Semi-Chemical 48.0 (11.5) 16.3 (32.5) 20.5 (41. O) 
Diaaolvioa Sulfite Pulp 

o Nitration 246.2 (59.0) 90.6 (181.2) 92.5 (185. 0) 
o Viaco•e 246.2 (59.0) 92.6 (185.2) 92.5 (185.0) 
o Cellophane 246.2 (59.0) 109.6 (21~.2) 92.5 (185.0) 
o Acetate 274.2 (65. 7) 156.6 (313.1) 92.5 (185. O) 

Paperarade Sulfite• 101.8* (24.4)* 66.1• (132.2)* 90.0 (180.0) 
Groundwood-Tbermo-Mechaoical 57.6 (13.8) 17.6 (35.2) 39.9 (79.8) 
Groundwood·CHN Paper• 70.1 (16.8) 14.6 (29.1) 48.S (97.0) 
Groundwood-Fine P•per• 64.3 (15.4) 12.5 (24.9) 52.5 (105.0) 

Secooda~ Fiber• Sel!!!nt 
De1n& 

o Fine Papers 66.4 (15.9) 37.3 (74.6) 202.5 (405.0) 
'o TiHue P•pera 81.4 (19 .5) 61.3 (122.6) 202.5 (405.0) 
o lfewaprint 67.6 (16.2) 15.9 (31. 7) 202.5 (405.0) 

Ti•aue Fro• Wa•tepaper 68.0 (16.3) 9.7 (19.3) 110.s (221.0) 
P•perboard Fro• Wastepaper 

o Corrua•tio& Medium Furni•h 13.4 (3.2) 23.0 (46.0) 11.0 (21. 9) 
o Noncorrug•ting Medium Furni•hl3.4 (3.2) 11.3 (22.5) 11.0 (21.9) 

W••tepaper-Molded Product• 23.8 (5.7) 5.5 (10.9) 14.8 (29.6) 
Builder•' Paper and Roofina Felt 11.3 (2. 7) 6.5 (13.0) 35.0 (70. O) 

Nonintear•ted Sel!!ent 
Nonintear•ted-Fine Paper• 
o Wood Fiber Furni•h 39.2 (9.4) 7.5 (14. 9) 30.8 (61.6) 
o Cotton Fiber Furni•h 130.2 (31.2) 14.0 (28.0) 55.2 (110.4) 

lfonintear•ted-Tiaaue Paper• 79.7 (19.1) 9.0 (17.9) 34.7 (69.4) 
Noniotegr•ted-Liahtwei&ht P•pera 

o Li&htweiaht 159.4 (38.2) 13.3 (26.6) 63.4 (126. 8) 
o Electric•! 278.8 (66.8) 13.3 (26.6) 63.4 (126.8) 

Nonintear•ted-Filter •nd 
lfoowoven Papers 198.2 (47.5) 9.0 (17 .9) 27.4 (54. 7) 

Noniotegrated-Paperboard 46.7 (11.2) 8.2 (16.4) 36.9 (73.7) 

lJncludea Fine Bleached Xraft •nd Sod• •ubc•teaorie•. 
2 Includea Papergr•de Sulfite (Blow Fit Wa•h) •nd P•pergr•de Sulfite (Drum W•ah) 
aubcateaorie•· 

*NSPS flow and BODS v•ry with the percent aulfite pulp in the final product: 
Flow (kl/kits)• 3S.06 exp(0.017x), where x equal• the percent •Ulfite pulp produced 
on-•ite in the final product. Raw wa•te lo•d• shown •re for • •ill where on-•ite 
papergr•de pulp production i• 58 percent of the total product. 
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The long-term average TSS final effluent concentrations were 
determined from the relationship presented in Figure VIII-1. NSPS 
Option l and 2 long-term average BODi and TSS final effluent loads 
were calculated as the product of the long-term average final effluent 
concentrations and the flow basis of NSPS Options 1 and 2. 

For the remaining subcategories and subdivisions of subcategories, the 
end-of-pipe treatment systems that form the basis of NSPS Option 2 are 
identical in design to those that form the basis of NSPS Option l for 
these subcategories. However, these end-of-pipe systems have longer 
detention times and increased clarifier capacity than the systems that 
form the basis of BPT effluent limitations. Therefore, as discussed 
under NSPS Option l, they are more effective in removing conventional 
pollutants. In those subcategories where raw waste BODi 
concentrations are equal to or lower than NSPS Option l raw waste BODi 
concentrations, these systems are capable of attaining long-term 
average BODS and TSS final effluent concentrations equal to or lower 
than NSPS -Option l long-term average BODi and TSS final effluent 
concentrations. 

As shown in Table VIII-39, NSPS Option 2 BOD5 raw waste concentrations 
are equal to or lower than the NSPS Option l BODi raw waste 
concentrations for the dissolving kraft, market bleached kraft, fine 
bleached kraft, soda, unbleached kraft, semi-chemical, papergrade 
sulfite, dissolving sulfite pulp, nonintegrated-tissue papers, 
nonintegrated-filter and nonwoven papers, nonintegrated-lightweight 
papers, and nonintegrated-paperboard subcategories, the cotton fiber 
furnish subdivision of the nonintegrated-fine papers subcategory, and 
the fine and tissue product sectors of the deink subcategory. For 
these subcategories and subcategory subdivisions, NSPS Option 2 
long-term average BOD5 and TSS final effluent concentrations are equal 
to NSPS Option l long-term average BODS and TSS final effluent 
concentrations. NSPS Option 2 long-term average BODi and TSS final 
effluent loads were calculated as the product of the long-term average 
final effluent concentrations and the flow basis of NSPS Option 2. 

As shown in Table VIII-39, NSPS Option 2 raw waste BOD5 concentrations 
are greater than NSPS Option l raw waste BODi concentrations in the 
BCT bleached kraft, unbleached kraft and semi-chemical, groundwood
TMP, groundwood-CMN papers, and groundwood-fine papers subcategories 
and the wood fiber furnish subdivision of the nonintegrated-fine 
papers subcategory. As discussed previously, BODi and TSS final 
effluent concentrations increase as raw waste BODS concentration 
increases. Therefore, NSPS Option 2 final effluent concentrations for 
these five subcategories and for the subcategory subdivision are 
greater than NSPS Option 1 final effluent concentrations. Long-term 
average BODi final effluent concentrations were based on the percent 
reductions in BODi that are characteristic of NSPS Option l. EPA 
calculated the percent BODi reduction for NSPS Option l for each of 
the subcategories and subdivisions. The Agency applied these percent 
reductions to the NSPS Option 2 raw waste BOD5 concentrations to 
develop the long-term average BODS final effluent concentrations 
characteristic of NSPS Option 2.- [This is in contrast to proposed 
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TABLE VIII·39 

COMPARISON OF NSPS OPTION 1 RAW WASTE LOADS AND FINAL EFFLUENT LEVELS 
WITII NSPS OPTION 2 RAW WASTE LOADS AND FINAL EFFLUENT LEVELS 

NSPS QJ!tion NSPS Q.i!tion 2 
Final Final 

Raw Waste Effluent Raw Waite Effluent 
Flow BOD~ BOD5 TSS Flow BOD5 BODS TSS 

kl£'.ltlt1 k&al/t •1£'.l ,.,LI •1L1 1tlLk1t1 1t1al/t •1(1 191Li m1Ll 
lntearated Sel!'!ent 
Dissolving Kraft 230.0 (55. 1) 289 21.0 35.5 21I.6 (SO. 7) 276 21.0 35.5 
Market Bleached Kraft 173.0 (41.6) 219 19. 1 33.0 152. 7 (36.6) 192 19.1 33.0 
BCT Bleached Kraft 148.0 (35.4) 260 2i.s 29.3 132.3 (31. 7) 266 17.9 30.0 
Alkaline· Fine l 129.0 (30.9) 261 15.0 23.5 104.7 (25. 1) 258 15.0 23.5 
Unbleached Kraft 

o Linerboard 52.5 (12.6) 322 24.5 41.6 39.2 (9.4) 316 24.5 41.6 
o Bag 52.5 (12.6) 462 28.6 51.8 47.6 (11.4) 356 28.6 51.8 

Se11i·Chem1cal 42.9 (10.3) 587 27.5 51. 2 30.5 (7 .3) 578 27.5 51.2 
Unbleached Kraft 

and Semi-Chemical 58.4 (14.0) 332 23. l 40.3 48.0 (11.5) 339 23.6 41.4 
Dissolving Sulfite Pulp 

o Nitration 275.0 (66.0) 498 30.8 45.6 246.2 (59.0) 368 30.8 45.6 
o Viscose 275.0 (66.0) 567 33.0 45.6 246.2 (59.0) 376 33.0 45.6 
o Ce 11 op bane 275.0 (66.0) 659 35.8 45.6 246.2 (59.0) 445 35.8 45.6 
o Acetate 303.4 (72. 7) 877 41.0 41.4 274.2 (65.7) 313 41.0 41.4 

Papergrade Sulfite 2 * * 652 32.5 42.0 * * 650 32.5 42.0 
Groundwood·Thermo·Mechanical 88.0 (21. 1) 241 18. l 31.0 57.6 (13.8) 306 22.9 42.0 
Groundwood·CMN Papers 99.0 (23.8) 175 15.0 22.2 70.l (16.8) 208 l 7 .8 28.6 
Groundwood·Fine Papers 91.0 (21.9) 182 15.0 22.0 64.3 (15.4) 194 16.0 24.2 

Secondan::: Fibers Se&!!!ent 
De ink 

o Fine Papers 102.0 (24. 4) 885 24.2 35.9 66.4 (15 .9) 563 24.2 35.9 
o Tissue Paper• 102.0 (24.4) 885 32.6 44.4 81.4 (19.5) 754 32.6 44.4 
o New1print 67 .6 (16.2) 235 25.4 48.6 67.6 (16.2) 235 25.4 48.6 

Tissue From Wastepaper 68.0 (16. 3) 142 18.8 41.6 68.0 (16.3) 142 18.8 41.6 
Paperboard From Wa1tepaper 

o Corrugating Medium Furnish 13.4 (3.2) 1724 84.2 90.2 13.4 (3.2) 1724 84.2 90.2 
o Noocorrugatina Medium Furoi1h 13.4 (3.2) 843 54.8 72.3 13.4 (3.2) 843 54.8 72.3 

Wastepaper-Molded Products 23.8 (5. 7) 229 25.0 48.3 23.8 (5. 7) 229 25.0 48.3 
Builders' Paper and Roof ina Felt 11.3 (2.7) 577 43.6 64.2 11.3 (2. 7) 577 43.6 64.2 

Non1nte1rated Sesment 
Nonintegrated·Fine Papers 

o Wood Fiber Furnish 63.0 (15. 2) 170 22.3 25.1 37.6 (9 .4) 190 24.9 29.~ 

o Cotton Fiber Furnish 176.5 (42.3) 130 17.0 19.8 129.8 (31.2) 108 Ii .0 19.8 
Nonintegrat~d-Tisaue Papers 96.0 (22.9) 120 28.7 20.3 79.7 (19.l) 112 28.7 20.3 
Nonintegrated·Lightweight Papers 

o Lightweight 203.2 (48.7) 107 28.5 20. 1 159.lt (38.2) 83 28.5 20.1 
o Electrical 320.9 (76.9) 68 28.5 20.1 278.8 (66.8) 48 28.5 20.1 

Noaintegrated·Filter and 
~onwov~n Papers 250.0 (59.9) 49 28.5 20.l 198.2 (47.5) 4.5 28.5 20.1 

Sonintearated·Paperboard 53.8 (12.9) 193 28.5 20. l 46. 7 (11.2) 176 28.5 20.1 

1rncludes Fine Bleached Kraft and Soda subcategories. 
Zrncludes Papergrade Sulfite (Blow Pit Waah) and Papergrade Sulfite (Drlllll Wash) aubcategorie1. 
*NSPS Option I and Option 2 vary with the percent sulfite pulp in the final product and are as follows: 

NSPS Option Flow = 52.87 exp(0.017x) kl/kkg 
.. 12.67 exp(0.017x) kgal/ton 

NSPS Option 2 Flow 38.06 exp(0.017x) kl/kkg 
= 9.12 exp(0.017x) kgal/ton 

where x equals the percent sulfite pulp produced on-site in the final product 
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NSPS in which the Agency assumed BODS and TSS final effluent 
concentrations would be identical to those characteristic of the best 
performing mill option (equivalent to NSPS Option l in this document) 
even when the raw waste BODS concentration increased after the 
application of production process controls.] EPA also adjusted the TSS 
final effluent concentrations accordingly. The methodology on which 
the TSS final effluent concentrations were adjusted is based on 
investigations conducted by McKinney. (204) 

McKinney investigated the mathematics of complete-mixed activated 
sludge systems and developed the following relationship to determine 
the effluent BODi discharged from activated sludge systems. 

Effluent BODi = F + kM~ 

F = soluble BODS 
k = metabolism constant at 2ooc over a S-day period 
M~ = active or living mass of microorganisms 

The constant, k, can be determined for each subcategory by plotting 
the final effluent BODS concentration versus the final effluent TSS 
concentration for various levels of treatment. The constant is equal 
to the slope of the straight line defined by the above relationship. 
For each subcategory for which the NSPS Option 2 BODi raw waste 
concentration is greater than the NSPS Option l BODi raw waste 
concentration, EPA determined k by plotting the long-term average BODi 
final effluent concentration corresponding to BPT effluent limitations 
and to NSPS Option l versus the long-term average TSS final effluent 
concentration corresponding to BPT effluent limitations and NSPS 
Option 1, respectively. 

From the relationship developed by McKinney, if the increase in final 
effluent BODi concentratio~ between NSPS Option 2 and NSPS Option 1 is 
associated with an increase in TSS discharged (i.e., the increased 
BODS is all insoluble BODS), the increase in the TSS final effluent 
concentration can be determined from the following relationship: 

~TSS = (~Di)/k 
The NSPS Option 2 long-term average TSS final effluent concentrations 
for the BCT bleached kraft, unbleached kraft and semi-chemical, 
groundwood-TMP, groundwood-CMN papers, and groundwood-fine papers 
subcategories and for the wood fiber furnish subdivision of the 
nonintegrated-f ine papers subcategory were determined based on the 
above relationship. 

An illustration of how the Agency applied its methodology to compute 
long-term average BODS and TSS effluent concentrations · in those 
subcategories where NSPS Option 2 raw waste BODS concentrations are 
greater than NSPS Option 1 raw waste BODi concentrations is presented 
in Table Vlll-40 and Figure Vlll-2. 
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BODS: 

TABLE VIII-40 

CALCULATION OF FINAL EFFLUENT LEVELS FOR SUBCATEGORIES FOR WHICH THE 
NSPS OPTION 2 RAW WASTE BODS CONCENTRATION IS GREATER THAN 

THE NSPS OPTION 1 RAW WASTE BODS CONCENTRATION 
EXAMPLE: GROUNDWOOD FINE PAPERS 

Sample Calculation· 

NSPS Option 1 BODS raw waste load (RWL) = 182 mg/l (see Table VIII-39) 

NSPS Option 1 BODS final effluent (F.E.) = 15.0 mg/l (see Table VIII-39) 

Percentage BOD~ reduction= 100 x (182 - 15.0)/182 = 91.76% 

NSPS Option 2 BOD~ RWL = 194 mg/l (see Table VIII-37) 

NSPS Option 2 BODS FE level is defined as the NSPS Option 1 percentage reduc
tion applied to NSPS Option 2 BOD~ RWL = (194 mg/l) (1.00 - 0.9176) = lS.99 mg/l 

NSPS Option 2 BOD~ long-term average final effluent load 

TSS: 

= (NSPS Option 2 flow)x(NSPS option 2 BODS FE concentration) 
= (64.3 kl/kkg)(lS.99 mg/l) = 1028 gm/kkg-
= 1.0 kg/kkg 

NSPS Option 2 TSS FE level is equal to the NSPS Option 1 TSS FE level plus 
dTSS where 

ATSS = ABOD~/k 
ABODS is NSPS Option 2 BODS FE minus NSPS Option 1 BODS FE 

= lS.99 mg/l - 15.00 mg/l 
= 0.99 mg/l 

k is the constant defined by the McKinney relationship and is the slope of the 
FE TSS versus FE BODS curve for the subcategory (see Fig. VIII-2). 

k = 0.436 

NSPS Option 1 TSS FE level = 22.0 (see Table VIII-39) 

NSPS Option 2 TSS FE level = NSPS Option 1 TSS FE level plus ABOD~/k 
= 22.0 mg/l + 0.99 mg/l I 0.436 
= 24.27 mg/l 

NSPS Option 2 TSS long-term average final effluent load 
= (NSPS Option 2 flow)x(NSPS Option 2 TSS FE concentration) 
= (64.3 kl/kkg)(24.27 mg/l) = 1561 gm/kkg 
= 1.6 kg/kkg 
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Summary of NSPS Lonq-Term Average Final Effluent 
Characteristics-Table VIII-41 presents a summary of the NSPS long-term 
average BOD~ and TSS effluent loads. 

Attainment of NSPS Option £ 
NSPS Option 2 final effluent loads have been attained in 18 of the 22 
subcategories where BPT is attained and in each of the eight major 
industry sectors discussed earlier in this section (bleached kraft, 
unbleached kraft/semi-chemical, sulfite, groundwood, deink, other 
secondary fiber, nonintegrated-fine papers, and other nonintegrated). 
Table VIII-42 summarizes the number of mills attaining NSPS Option 2 
final effluent loads and the number of direct discharging mills in 
each subcategory for which data were available. At 23 percent of the 
mills in the integrated segment, 60 percent of the mills in the 
secondary fibers segment, and 72 percent of the mills in the 
nonintegrated segment where BPT effluent limitations are attained, 
NSPS Option 2 limits are also attained. 

EPA reviewed the percent reductions required to attain NSPS Option 2 
effluent loads (see Table VIII-43). The percent reductions of BODS 
that form the basis of NSPS Option 2 are equal to or less than those 
that form the basis of NSPS Option 1. As discussed previously, these 
percent reductions have been attained in all of the eight major 
sectors of the industry. 

Conventional Pollutant Variability Analysis 

Pollutant quantities discharged from a wastewater treatment system 
vary. EPA accounts for this variability in deriving limitations 
regulating the amount of pollutants that may be discharged from a 
treatment system. The statistical procedures employed in analyzing 
variability for the conventional pollutants, BODS and TSS, regulated 
under NSPS for the pulp, paper, and paperboard industry are described 
below. 

Effluent Limitations Guidelines. An effluent limitation is an upper 
bound on the amount of pollutant discharge allowed per day or average 
of 30 days. The limitations are determined by calculating the product 
of two numbers which may be derived from effluent data: one is 
referred to as a variability factor and the other is referred to as a 
long-term average. Two types of variability factors are derived for 
the guidelines: a daily maximum factor and a 30-day maximum factor. 
The daily maximum factor is the ratio of (a) a value that would be 
exceeded rarely by the daily pollutant discharge to (b) the long-term 
average daily discharge. The 30-day maximum factor is the ratio of 
(a) a value that would be exceeded rarely by the average of 30 · daily 
discharge measurements to (b) the long-term average daily discharge. 
The long-term average daily discharge quantity is an expression of the 
long-run performance of the treatment or discharge process in units of 
average daily kilograms (pounds) of pollutant discharged. Given a 
daily maximum variability factor for a pollutant (denoted by VF) and a 
long-term average for the same pollutant (denoted by LTA}, the daily 
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TABLE VIII-41 

NSPS OPTION 2 
LONG-TERM AVERAGE 

DISCHARGE CHARACTERISTICS 

Flow BODS TSS 
kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft 

and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
.., fi.ne P:tp~rs 

o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

211.6 
152.7 
132.3 
104.7 

39.2 
47.6 
30.5 

48.0 

246.2 
246.2 
246.2 
274.2 

* 
57 .6 
70. 1 
64.3 

66.4 
81. 4 
67.6 
68.0 

o Corrugating Medium Furnish 13.4 
o Noncorrugating Medium Furnish13.4 

Wastepaper-Molded Products 23.8 
Builders' Paper and Roofing Felt 11.3 

Nonintegrated Segment 

~onintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

37.6 
129.8 

79.7 

o Lightweight 159. 4 
o Electrical 278.8 

Nonintegrated-Filter 
and Yonwoven Papers 

Nonintegrated·Paperboard 
198.2 
46.7 

(SO. 7) 
(36.6) 
(31. 7) 
(25. 1) 

(9.4) 
(11.4) 
(7.3) 

(11.5) 

(59.0) 
(59.0) 
(59.0) 
(65. 7) 

* 
(13.8) 
(16. 8) 
(15. 4) 

(15.9) 
(19.5) 
(16. 2) 
(16. 3) 

(3.2) 
(3.2) 
(5. 7) 
(2. 7) 

(9.4) 
(31. 1) 
(19 .1) 

(38.2) 
(66.8) 

(47.5) 
(11. 2) 

1 Includes FiP-e Bleached Kraft and Soda subcategories. 

4.4 
2.9 
2.4 
1.6 

0.% 
1.4 
0.8 

1. 1 

7.6 
8.1 
8.8 

11.2 

* 
1.3 
1.3 
1. 0 

1 .6 
2.7 
1. 7 
1. 3 

l. 1 
0.73 
0.60 
0.49 

0.98 
:l.2 
2.3 

4.5 
7.9 

5.6 
1. 3 

(8.87) 
(5.82) 
(4.73) 
(3.14) 

(1. 92) 
(2. 71) 
(1.67) 

(2.26) 

(15.16) 
(16.22) 
(17 .6l) 
(22.48) 

* 
(2.64) 
(2 .50) 
(2. 05) 

(3.21) 
(5. 31) 
(3.43) 
(2.56) 

(2.25) 
(l. 46) 
(1.19) 
(0.98) 

( 1. 96) 
(4.42) 
(4.58) 

(9. 07) 
(15.86) 

(ll.28) 
(2.66) 

7 .5 
5.0 
4.0 
2.5 

1. 6 
2.5 
1.6 

2.0 

11. 2 
n.2 
11. 2 
11. 3 

* 
2.4 
2.0 
1. 6 

2.4 
3.6 
3.3 
2.8 

l. 2 
0.97 
l. 2 
0.73 

1. 2 
2.6 
1.6 

3.Z 
5.6 

4.0 
0. 94 

(15.03) 
(10.06) 

(7 .94) 
(4.92) 

(3.26) 
(4.92) 
(3. 12) 

(3. 97) 

(22.42) 
(22.42) 
(22.42) 
(22.66) 

* (4.84) 
(4.01) 
(3.11) 

(4.76) 
(7.22) 
(6.57) 
(5.66) 

(2.41) 
( l. 93) 
(2.JO) 
(]. 45) 

(2.31) 
(5. 15) 
(3.24) 

(6.40) 
(11.19) 

(7.95) 
(1. 88) 

~Incl~des Papergrade Sulfite (Blow Pit wash) and Papergrade Sulfite (Drum ~ash) subcate-
gories. 

*NSPS vary with the percent sulfite pulp in the final product. 
be used to obtain annual average effluent characteristics for 
Sulfite mills: 

:low (kl/kkg) 
BODS (kg/kkg) 
TSS-(kg/kkg) 

= 38.06 exp(o.o::x: 
= 1.24 exp(0.017xJ 
= 1.60 exp(0.017x) 

These equations 
Papergrade 

whe~e x equals the percent sulfite pulp produced on-site '0 the iinal pcoduct. 
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TABLE VIII-42 

NUMBER OF MILLS ATTAINING BPT AND NSPS OPTION 2 
FINAL EFFLUENT LEVELS 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft 

and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 

" Fine P~rll!r~ 

o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating ~edium Furnish 

~!ills with 
Available 

Data 

3 
9 
7 

14 

16 
10 
15 

9 

0 
2 
l 
2 

11 
2 
2 
6 

'.l 
10 

l 
9 

3 
o Noncorrugating Medium Furnish 37 

Wastepaper-Molded Products 4 
Builders' Paper and Roofing Felt 5 

Nonintegrated Segment 

~onintegrated-Fine Papers 
o Wood Fiber Furnish 12 
o Cotton Fiber Furnish 2 

Nonintegrated-Tissue Papers 14 
Nonintegrated-Lightweight Papers 

o Lightweight 7 
o Electrical 2 

Nonintegrated-Filter 
and Nonwoven Papers 4 

Nonintegrated-Papberboard 5 

Mills 
Attaining 
BPT F.E. 
levels(a) 

2 
7 
3 
5 

9 
3 
4 

3 

0 
0 
0 
0 
5 
1 
1 
5 

') 

6 
1 
7 

2 
21 

1 
4 

5 
1 
9 

6 
2 

4 
2 

!Includes Fine Bleached Kraft and Soda subcategories. 

Mills 
Attaining 

NSPS Option 2 
F .E. levels(a) 

0 

1 

0 
0 
0 
0 
2 
0 
0 
2 

I) 

2 
1 
2 

1 
18 
0 
3 

1 
0 
0 

6 
2 

4 
2 

2 Includes Papergrade Sulfite (BlolO Pit Wash) and Papergrade Sulfite (Drum \.."ash) 
subcategories. 

(a) F.E. = Final Effluent 
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TABLE VIII-43 

PERCENT REDUCTIONS 
REQUIRED ro ATTAIN NSPS OPTION 2 BOD~ 

FINAL EFFLUENT CHARACTERISTICS 
FROM NSPS OPTION 2 BODS RAW WASTE LOADS 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft 

and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Mediwa Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

Percent Reduction* 

92 
90 
93 
94 

92 
92 
95 

93 

92 
91 
92 
93 
95 
93 
91 
92 

96 
96 
89 
87 

95 
94 
89 
92 

87 
84 
74 

66 
40 

37 
84 

1rncludes Fine Bleached Kraft and Soda subcategories. 
2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) subcate
gories. 

*Percent reduction 
: [raw waste load (lb/t) - final effluent (lb/t)] x 100/raw waste load (lb/t) 
except for Papergrade Sulfite subcategories for which percent reduction is defined in 
terms of concentrations (mg/1). 
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limitation is the product of the variability factor and the long-term 
average (VF x LTA). Similarly, given a 30-day maximum variability 
factor (VF~ 0 ), the limit for the average of 30 daily observations is 
VF~ 0 x LTA. 

Daily Maximum Variability Factors. Historically, in this industry, 
the daily maximum variability factor has been defined as the ratio of 
an estimated 99th percentile of the distribution of daily pollutant 
discharge values to the estimated long-term average daily pollutant 
discharge. The 99th percentile of daily pollutant discharge 
represents a pollutant discharge value below which 99 percent of all 
pollutant discharge values fall. Estimates of the 99th percentile of 
daily pollutant discharge distribution may be calculated from 
available effluent data. Percentiles may be estimated using either a 
parametric or nonparametric approach. To utilize a parametric 
approach, a distribution with a known functional form is fit to the 
data. Past guideline development has utilized such distributions as 
the normal, lognormal, and three-parameter lognormal distributions. 
If a distribution is found to describe the data adequately, a 99th 
percentile can be calculated through the use of the known functional 
form of the assumed distribution. 

Nonparametric methods may also be used to estimate distribution 
percentiles. Such methods do not require that the particular form of 
the underlying distribution be known, and make no restrictive 
assumptions about the distributional form of the data. (Nonparametric 
methods are discussed in many texts. See, for example, J. D. Gibbons, 
Nonparametric Statistical Inference, McGraw-Hill (1971).(205)) EPA has 
applied nonparametric methods to pulp, paper, and paperboard industry 
effluent data to obtain 50 percent confidence level (or tolerance 
level) estimates of the 99th percentile of the distribution of daily 
pollutant discharge. That is, an estimate of the 99th percentile was 
determined such that the probability that the estimate (which is of 
the form: the rth largest of n measurements) is greater than or equal 
to the 99th percentile of the daily pollutant discharge (denoted as 
K. 99 ) is no less than 0.5. That is, n daily pollutant discharge 
values were obtained and ordered from smallest to largest in value. 
The rth smallest pollutant discharge value (where r is less than or 
equal ton), denoted by X(£), is chosen such that the probability that 
X(r) is greater than or equal to K. 99 is at least 0.5 (i.e., P[X(r) ~ 
K.;9 ] ~ 0.5). Utilizing this approach, the value of r is determined 
such that 
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where p = .99 

and (n)= n! 
i i! (n-i)! 

The estimate is interpreted as the value below which 99 percent of the 
values of a future sample of size n will fall with a probability of at 
least 0.5. 

Analysis of Daily Pollutant Discharge Values To Determine Daily 
Maximum Variability Factors - Daily measurements for the conventional 
pollutants, BOD~ and TSS, were submitted by mill representatives. 
Values for facilities employing primary and/or biological treatment 
were obtained through the supplemental data request program. Values 
for facilities employing chemically assisted clarification were 
obtained through the supplemental data request program and the 
verification sampling program. These values were used to calculate 
daily maximum variability factors and 30-day maximum variability 
factors. 

Initially, a parametric approach toward estimation of the 99th 
percentile of daily pollutant discharge values was considered. 
Mill-specific daily pollutant discharge values for BOD~ and TSS were 
fit to hypothesized normal and lognormal distributions. To assess 
whether mill-specific sets of daily pollutant values could be 
adequately described by the normal or lognormal distributions, 
Kolmogorov-Smirnov goodness-of-fit tests and frequency histograms were 
performed. The goodness-of-fit tests indicated that, in general, 
neither the normal nor lognormal distribution adequately represent the 
mill-specific daily pollutant discharge values of BODS and TSS. 
Because of these results, EPA decided to use nonparametric estimates 
of the 99th percentile of the daily data. The 50 percent tolerance 
level criterion described above was used to estimate the 99th 
percentile. Mill-specific daily maximum variability factors were 
determined by calculating the ratio of the 99th percentile estim~tes 
to the average of the daily discharge values. The effects of daily 
dependence were examined using a time series model that was developed 
for the timber products point source category (see Final Development 
Document for Effluent Limitations Guidelines and Standards for the 
Timber PrOdUcts Point Source Category, USEPA-,~Washington,--0.c., 
January 1981 (206)). The results show that maximum day variability 
factors are relatively insensitive to daily dependence and that the 
nonparametric methods used yield representative variability factors 
for data examined in this study. 

This is further supported by additional analyses conducted by the 
Agency. On a mill-specific basis, each daily value was compared to 
the corresponding mill-specific 99th percentile estimate. Table 
VIII-44 displays the aggregate results of comparing each daily value 
to its corresponding 99th percentile estimate of the daily maximum 
discharges of BOD~ and TSS. The percentage of daily values exceeding 
the 99th percentile estimate is substantially the same as the expected 
one percent. Table VIII-45 displays mill-specific values for maximum 
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TSS 

BODS 

TABLE VIII-44 

DISTRIBUTION OF DAILY VALUES ABOUT 
THE ESTIMATE OF THE 99th PERCENTILE 

Percentage of Points Percentage of Points 
~99th Percentile >99th Percentile 

99.2% 0.8% 
(29' 755)''( (247)* 

99.2% 0.8% 
(28,860)* (244)* 

*Actual number of daily data points given in parentheses. 
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100.0% 
(30,002)* 

100.0% 
(29,104)* 



TABLE VII J-45 
VARIABILITY FACTORS FOR DETERHIHIHG 

MAXUfl'l1 DAY Lil'fITATIOJfS(a) 

BIOLOGICAL TREATMENT: SUBSETS (1), (2), (3), AND (4) 
PRIMARY CLARIFICATION: SUBSETS (5) AND (6) 

CHEMICALLY ASSISTED CLARJFJCATOH: SUBSET (7) 

BODS TSS HU ls Used lo 
NU111ber Max i1111111 NU11ber Maximum Calculate AvPragPR 

Hill of Data Day of Data Day by Subsets 
HWllber Points Average Points Average (1)(2)(3)(4)(~2(~2 ------

t:f~LLS Wl_'!ff BIOLOG_~CAL TREATIIENT 

032002 1,000* 2.00 1,003* 2.41 (1)(2)(3)(4) 
032003 875* 2.15 837* 2.12 (l) 
030005 859 3.11 881 2.04 (1) 
030032 916* 2.17 55* (b) (1)(2)(3) 
030046 721* 2.83 730* 4.16 (1)(2)(3) 
030027 986* 3.42 992* 4. 76 (1)(2)(3)(4) 
030020 1,002* 2.64 998* 2.26 (1)(2)(3)(4) 
010002 568* 1.80 630* 1.52 (1)(2)(3) 
010019 429* 2.99 424* 2.25 (1 )(2)(3) 
010005 1,004 3.32 1,004 2.46 (l) 
020017 914 2.75 1H4 2.17 (1 )(2)(3) 

+:> 020009 332 2.52 341 2.46 (I) 
-....J 060004 957* 1.94 956* 2.87 (l)(2)(3) 
-....J 015001 642 3.39 652 2. 76 (1 )(2)(3) 

015001 97* 2.72 104* 2.47 (1 )(2)(3) 
040012 522* 2.56 610* 1.90 (1) 
040009 759* 2.05 759* 2.17 (1)(2)(3) 
040019 127 3.70 303 2.91 (I )(2)(3)(4) 
040010 369 2.27 369 1.97 (I )(2)(3) 
040010 541* 1.57 541* 2.32 (l)(2)(3) 
070001 926 3.88 971 5.98 (1)(2)(3) 
054015 993* 3.74 954* 4. 78 (l) 
052008 952* 6.73 961* 5.93 (1)(2)(3)(4) 
030044 693* 1.116 701* 2.34 (I )(2)(3) 
140007 778* 4.79 779* 7.40 (1 )(2)(3) 
140019 982* 3.61 983* 3.76 (1)(2)(3)(4) 
140015 153 2.54 153 2.36 (1)(2)(3)(4) 
140015 710* 3.28 710* 3.65 (1)(2)(3) 
140021 ll9 5.34 119 2.61 (I )(2)(3)(4) 
140021 409* 2.94 409* 2.99 (1)(2)(3)(4) 
140025 295* 2.29 740* 1. 73 (1 )(2)(3) 
140030 999* 3.25 999* 4.29 (1)(2)(3)(4) 
100005 141* 4.42 357 3.68 (I )(2)(3)(4) 
090004 999 2.56 999 2.94 (I )(2)(3) 
110077 373 3.29 279 2.70 (I )(2)(3)(4) 
110031 421* 4.49 418* 4.42 (I )(2)(3)(4) 
080041 968 2.56 974 4.27 (1 )(2)(3) 
0110046 3961' 1.94 396* 1.98 (I )(2)(3)(4) 



090008 
090019 
090019 
090022 
090022 
080022 
105020 
105020 

964* 
797 
181* 
52 
85* 

898* 
354 
440* 

HILLS WITH CllEHICALLY ASSISTED CLARIFICATION 

060001 
080027 

381* 
456* 

*Denotes refrigerated data 

(a)Subset Descriptions: 

(l)All mills with biological treatment. 

1.92 
1.80 
I. 76 
(b) 
(b) 
3.47 
4.36 
3.75 

2.83 
2.56 

TABLE Vlll-45 (cont.) 

976* 
797 
181* 
368 
595* 
898* 
354 
440* 

379* 
454* 

(2)Hills with biological treat111ent; final effluent lrvels at or better than BPT. 

5.49 (5)(6) 
2.59 (5) 
2.09 (5) 
3.36 (5) 
2.68 (S) 
2.85 (5)(6) 
4.01 (5)(6) 
2.93 (5)(6) 

2.39 (7) 
2.92 (7) 

(3)Hill5 with biological treatment; final effluent levels at or better than BPT. Biological treatment is the 
technology basis of BPT effluent limits. 

(4)Hills with biological treatment; final effluent lrvels at or better than NSPS Option I levels. Biological 
treatment is the technology basis of BPT effluent limita. 

(5)Hills with primary treat.ent; final effluent levels at or better than BPT limita. Pri111ary clarification is 
the technology basis of BPT effluent li•its. 

(6)Hills with pri111ary treatment; final effluent levels at or better than NSPS Option I levels. Primary 
clarification is the technology basis of BPT effluent li•it11. 

(7)All mills with chemically assisted clarification. 

(b)Insufficient data for analysis. 
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day variability factors for BODS and TSS, obtained by calculating the 
quotient of the 99th percentile estimates and long-term average 
pollutant values. 

30-Day Maximum Variability Factors. The approach for deriving 30-day 
maximum variability factors is suggested by a statistical result known 
as the Central Limit Theorem. This theorem states that the 
distribution of a mean of a sample of size n drawn from any one of a 
large class of different distributional forms will be approximately 
normally distributed. For practical purposes, the normal distribution 
provides a good approximation to the distribution of the sample mean 
for samples as small as 25 or 30 (see e.g., Miller and Freund, 
Probability and Statistics for Engineers, Prentice - Hall, 1965, pp. 
132-34). ( 207) 

Analysis of 30-Day Averages of Pollutant Discharge Values To 
Determine 30-Day Maximum Variability Factors - The mill-specific data 
for each pollutant were divided into periods with 30 days of 
measurements. These periods were constructed without regard to 
whether the days fell into a calendar month period or whether 
measurements on adjacent days were available. For instance, if 30 
daily measurements were available from January l to February 15, these 
30 measurements were used to construct one 30-day average to be 
included in the analysis. If the next 30 measurements were available 
during February 16 to March 25, these would constitute the next 30-day 
average and so on. The mill-specific 30-day averages so constructed 
were found to fit the normal distribution adequately on the basis of 
goodness-of-fit tests. These tests were performed using the mean of 
the 30-day means and the standard deviation of the 30-day means to 
estimate the mean and standard deviation of the hypothesized 
distribution. The results of the goodness-of-fit tests are summarized 
in Table VIII-46 and are consistent with the Central Limit Theorem. 
Using X30 and S30 to denote the mean and standard deviation of the 
30-day averages, respectively, for a particular mill, the 99th 
percentiles were estimated as X30 + 2.33 S30 • 

EPA also examined the effects of daily dependence, monthly dependence, 
and seasonality using a time series model. A simpler version of this 
time series model was used to determine maximum 30-day average 
variability in establishing effluent limitations guidelines and 
standards for the Timber Products Processing Point Source Category 
(see Final Development Document for Effluent Limitations Guidelines 
and Standards for the Timber Products Point Source Category," U.S. 
Environmental Protection Agency, Washington, O.C., January 1981 
(206)). The results show that, although seasonality has the most 
important effect on maximum 30-day average variability factors, the 
method used in this study for estimating 99th percentiles accounts for 
seasonality and provides representative maximum 30-day average 
variability factors. 

This is further supported by additional analyses conducted by the 
Agency. On a mill-specific basis, each 30-day average was compared to 
the corresponding mill-specific 99th percentile estimate. Table 
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TABLE VII I-46 

RESULTS OF GOODNF.55-0F-FIT TESTS FOR SUCCESSIVE JO-DAY AVF.RAGf.S(a) 

-· ----- ··--------·-- ·------ ----- --· ---- ------------
BOIJ5 TSS ··------Nu,.b~-r---· - -- ------ - ·-·-

Critical Nu91br-r Critical 
Hill of Teat ValuP at of TPst \'.'\lllf" at 

S~b~a_t_P_&O~LH_a~-- _ ________ !f~~~r -- ___ _11_~~~~----~la~-~5 __ a_-=---.,_~_J __ l!!'c_Jslon(h) HPans Statistic (J = .01 l!Pd s ion (h) - ·--·- - ·---- --·· 

DiRRoJvin~ Kraft 032002* 33 0.0530 0 .1795 HS 31 0.10115 0.1795 NS 
032003* 29 0.0899 o. 1896 NS 27 0.0719 0. 1948 NS 

Hark"t Blea<"hed Kraft 030005 28 0.2274 0.1922 Sig a 0.01 29 0. 1289 0 1896 NS 

ACT lllea<"hed Kraft 030032* 30 0.1045 0.1870 NS -( {") 

Alkaline-fine(d) 030046* 24 0.229'> 0.2062 SIR a 0.01 24 0.2715 0.2062 Sh~ a 0 01 
030027* 32 0.0949 0.1821 NS J3 o. 1840 0.1795 Si~ CY 0. 01 
030020* 33 0. 1647 0.1795 NS Tl 0.0718 o.11qs NS 

Unbleach"d Kraft 
0 I.I "" rboa rd 010002* 18 0.1593 0.2390 NS 21 0 .1376 0.2248 NS 

010019* 14 0. 1801 0.2610 NS 14 0. 1989 0.2610 NS 

o flag 010005 33 0.1679 0. 1795 NS 33 O. lRI') 0. 179') S1R u 0.01 

SP.mi -f.h~mi «a 1 020017 30 0.1272 0.1870 NS 30 0.1234 0. 1870 NS 
020009 11 0.1782 0.2840 NS 11 0.2581 0.2840 NS 

060004* 31 0.0904 0. 1852 NS JI 0.0984 0. 1852 NS 

~ 
00 Unhleach"d Kraft and 
0 Srmi-Chcmical 015001 21 0.2332 0.2248 Sig a 0.01 21 0.1180 0. 2248 NS 

015001* 3 -(c) J _,,., 
Paper11rarl~ Sulfite(f) 040012* 17 0.2398 0.2450 NS 20 o. 1270 0. 2310 NS 

040009* 25 0.1207 0.2000 NS 25 0.1820 0. 2000 Hr. 
040019 4 -(.-) 10 0.2.116 0.2940 NS 
040010 12 0.1672 0.2750 NS 12 0.2321 0 1750 NS 

040010* 18 0.0684 0.2390 NS JR 0.2044 0.2390 NS 

Groundwood-Ff ne Parers 0520011* JO 0.2569 0.1852 Sip, a 0.01 12 o. 1480 (). 1871 N~ 

Groundwood-Thenno-
Mt-chanical 070001 10 0.1407 0.1870 NS 32 n. 1622 0. 1112:1 NS 

Groundwood-CHN P:1pt"r!'I 054015* 33 0.0777 0. 1795 NS JI 0.1502 0. IR'lJ N~ 

Jutt-gratPd P1i111crllaneous 030044'' 23 0.0808 0.2124 NS 21 o. 1~19 0.2124 NS 
060001* 12 0.2214 0.2750 NS 1~ 0.2248 0. 2 7)0 NS 

Df'ink 
o Fine PapPr8 140007* 25 0.2416 0. 2000 Si11 a 0.01 ,.., 0.2020 0.2000 Si .P. n ll. OJ 

140019* 32 0.1481 0.1821 NS :J2 o. 1181 n. JR2J NS 



.i:::. 
co 

Ti\81.F. VI 11-46 (rnnt.) 

" Ti SRIU'' Papers 140015 5 0.1679 0.4050 NS O. 142 7 0 40'l0 
1400lS* 23 0.2082 0.2124 NS 21 o. 1410 0. 212'· 
140021 3 -(d 3 
140021* 13 0.1681 0.2680 NS 1) 0.1518 0. 26RO 
14002~>" 9 0. 1469 O.JllO NS 24 0.0981 0.2062 
140030* )3 0. 1826 0.1795 Sig a 0.01 :13 0. 1526 0. I 79<; 

TiR!'lllP Fro11 WastPp:tpP.r 100005** 4 -(d II 0. 1966 0.2R40 
090004 33 0.0896 o. 1795 NS 31 0.1499 0. 179"> 

PapPrhoa rd From Wa~tPpap~r 110077 12 0.2026 0.2750 NS 9 0. I 320 0. JI 10 
llOOJl* 14 0.2:103 0.2610 NS 11 0. 2212 0. 26RO 

Nonintrgraled-Flne Paper• 080041 32 0.1606 O. lR23 NS .12 0. 1173 V. !R~J 
080046* 13 0 .1270 0.2680 NS I J 0. 2S 76 0.26RO 
080027* 14 0.23R3 0.2610 NS(e) 15 0.2009 0. 2S 70 

Not1intrgratP~-Ti~sur PapPrs 090008* J2 0 .1333 o. 1823 NS 12 0.20RO 0.182) 
090019 26 0.1243 0. 1974 NS 26 0.0781 0. 1974 
090019" 6 0.1816 O.J640 NS 6 0.2373 O. J6f•O 
090022 l -(c) 12 0.1178 0.2750 
090022* 2 -(c) 19 0.0974 0. 2.150 

Non intcgralf'd-1.i ghlwt"i ghl P•pPrB 
0 Lightweight 080022* 29 0.1050 0.1896 NS 29 0.1371 0. 1896 

105020 ll 0. 1801 0.2840 NS II 0.2010 0.2840 
105020* 14 0.1277 0.2610 NS Jf, 0. 1749 0.2610 

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

''rRefri gerated BODS an•I TSS data. 
*"''Rr fr iR:eralC"d BODS data only. 

(a)Lilliefors, H., "On the Kolm<>Aorov-S111irnov Tests for NorNality with Mean and Varianc" Unknown," J. Am. ~lati_s~i~ill Assoc., 
Vol. 62, 1967. (208) 

(b)R<"jPct H at the Jpvel a if trat •tatistlc t"XCPPds critical valu<" for th<" particular samplr slzr N. NS dPnotrs hypolhrsi• 
lt-at rcs31ts not significant (i.t-. •do not rej~ct H

0
: data comrs from a normal distribution). 

(r)ln•ufftcienl data for analysi•. 
(d)IncludPs Fine BIPach<"d Kraft and Sod~ •ubcategoriea. 
(e)Although the Bet of successive 30-d .. y averages was not found to h~ normally distrihut<"rl, thf' sf"l of Ruccf"ssivr 31-0ay i1Vf'ra1tPs 

w~• found to hP normally distrlbutP<I using thP J.ill.lefora TP•t. 
(f)Indudrs Papergradp Sulfite (Blow Pit Wash) and Paprrgrade Sulfitr (Drurw Wash) auhratrp:orics. 
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VIII-47 displays the aggregate results of comparing each 30-day 
average to its corresponding 99th percentile estimate of the 
distribution of 30-day averages of pollutant values for BODS and TSS. 
The percentage of 30-day averages exceeding the 99th percentile 
estimate is substantially the same as the expected one percent. Table 
VIII-48 displays mill-specific maximum 30-day average variability 
factors for BOD~ and TSS, obtained by calculating the quotient of the 
99th percentile estimates and long-term average pollutant values. 

Establishment of Variability Factors To Be Applied for Rulemaking 
(Biological Treatment). Tables VIII-45 and VIII-48 present the 
individual mills' 30-day average and daily maximum variability factors 
for BOD~ and TSS for those mills with biological treatment systems. 
For many subcategories, biological treatment is the technology basis 
for achieving the effluent reduction required under NSPS guidelines. 
Variability factors compiled for each mill were averaged across mills 
and one daily and one 30-day average variability factor were 
determined for BOD~ and TSS. These two variability factors were used 
in the establishment of 30-day average and daily maximum effluent 
limitations controlling the discharge of conventional pollutants from 
those subcategories where biological treatment forms the technology 
basis. 

Minimum, maximum, and average variability factors were determined for 
each of four subsets of mills. These subsets were developed from a 
group of mills with biological treatment systems and are as follows: 

Subset Number 

( l ) 

( 2) 

( 3) 

( 4 ) 

Subset Description 

Mills with biological treatment systems. 

Mills with biological treatment systems and 
effluent levels at or better than BPT limita
tions. Biological treatment is not necessarily 
the treatment technology on which BPT is based 
for some of these mills (i.e., primary 
treatment forms the basis of BPT effluent 
limitations applicable to discharges 
from some of these mills). 

Mills with biological treatment systems and 
effluent levels at or better than BPT. Biological 
treatment is the technology on which BPT 
effluent limitations are based for these 
mills. 

Mills with biological treatment systems and 
effluent levels at or better than NSPS Option 
long-term average effluent loads. Biological 
treatment is the technology on which BPT effluent 
limitations are based for these mills. 
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TSS 

BODS 

TABLE VIII-47 

DISTRIBUTION OF 30-DAY AVERAGES ABOUT 
THE ESTIMATE OF THE 99th PERCENTILE 

Percentage of Points Percentage of Points 
~99th Percentile >99th Percentile 

98.2% 1.8% 
(961)* (18)* 

98.1% 1. 9% 
(930) * (18)* 

* Actual number of successive 30-day averages given in parentheses. 
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Totals 

100.0% 
(979) 

100.0% 
(948) 



TABLE VIJJ-48 
VARIABILllY FACTORS FOR DETERMINING 

HAXIlfiJll 30-DAY LIMITATfONS(a) 

BIOLOGICAL TRE.11 TJ1ENT: SUBSETS (1), (2), (3) AND (4) 
PRIMARY CLARIFirATION: SUBSETS (S) AND (6) 

CHEMICALLY ASSISTED CLARIFICATON: SUBSET (7) 

BODS TSS Mills Used lo ----· 
Number Haximwn Number l'taxi•um C~lculate Aver~gea 

Hill of Data JO-Day of Data JO-Day by Subset~ 
Number Points Average Points Average C lJ QltU C4)_ <~ i C6J 

HILLS WITH BIOLOGICAL TREATHENT 

032002 1,000* l.49 1,003* I.SO (1)(2)(3)(4) 
032003 87S* l.S6 837* 1.39 (1) 
OJOOOS 8S9 2.02 881 1.39 (I) 
030032 916* 1.86 SS* (b) (1)(2)(3) 
030046 721* 2.00 730* 2.S2 (1)(2)(3) 
030027 986* 1.47 992* 2.14 (1)(2)(3)(4) 
030020 1,002* 1. 73 998* l.S5 (1)(2)(3)(4) 
010002 568* 1.56 630* 1.38 (I )(2)(3) 
010019 429* 1.68 424* 1.35 (1)(2)(3) 

~ 
010005 1,004 2.00 1,004 2.00 (l) 

co 020017 914 2.02 914 1.81 (1)(2)(3) 
~ 020009 332 1.65 341 1.52 (1) 

060004 957* 1.46 956* 1. 79 (1)(2)(3) 
015001 642 2.55 652 2.11 (1)(2)(3) 
OlSOOl 97* (b) 104* (b) (1)(2)(3) 
040012 522* 1. 76 610* 1.56 (J) 
040009 759* 1.51 759* 1.66 ( 1)(2)(3) 
040019 127 (b) 303 1.94 (1)(2)(3)(4) 
040010 369 1. 91 369 1.49 (1)(2)(3) 
040010 541* 1.30 541* 1.49 (1)(2)(3) 
070001 926 1.89 971 2.25 (1)(2)(3) 
054015 993* 2.12 954* 2.22 (l) 
052008 952* 2.82 961* 2.43 (1)(2)(3)(4) 
030044 693* 1.34 701* 1.46 (1)(2)(3) 
140007 778* 2.42 779* 2.52 (1 )(2)(3) 
140019 982* 2.09 983* 1.65 (1)(2)(3)(4) 
140015 153 1. 77 153 1.40 (1)(2)(3)(4) 
140015 710* 1.80 710* 1.94 (1)(2)(3) 
140021 119 (b) 119 (b) (1)(2)(3)(4) 
140021 409* 1. 71 409* 1.63 (1)(2)(3)(4) 
140025 295* 1.58 740* 1.28 (1)(2)(3) 
140030 999* 2.08 999* 2.24 (1)(2)(3)(4) 
100005 141* (b) 356 2.35 (1)(2)(3)(4) 
090004 999 2.11 999 2.02 (1)(2)(3) 
110077 373 2.08 279 1.82 (1)(2)(3)(4) 
110031 421* 2.37 418* 2.44 (1)(2)(3)(4) 
080041 968 1.85 974 2.08 (1 )(2)(3) 
080046 396* l.39 396* 1.53 (1)(2)(3)(4) 



HILLS WITH PRIMARY CLARIFICATION 

090008 
090019 
090019 
090022 
090022 
080022 
105020 
105020 

964* 
797 
181* 
52 
85* 

898* 
354 
440* 

1.32 
1.45 
1.53 
(b) 
(b) 
1.64 
I. 62 
1.48 

HILLS WITH CHEMICALLY ASSISTED CLARIFICATION 

060001 
080027 

381* 
456* 

*Denotes refrigerated data 

(a)Subset Descriptions: 

2.05 
2.10 

(I)All •ilia with biological treatment. 

TAl'LE VIJI-48 (cont.) 

976* 1.92 
797 1.44 
181* 1.29 
368 1.30 
595* 1.33 
898* 1.46 
354 1.86 
440* 1.55 

379* 1.41 
454* 2.15 

-----·-·---

(2)Hilla with biological treat•ent; final effluent le,·ela at or better than BPT. 

(5)(6) 
(5) 
(5) 
(5) 
(5) 
(5)(6) 
(5)(6) 
(5)(6) 

( 7) 
(7) 

-···--------- .. 

(3)Hilla with biological treatment; final effluent levels at or bettPr than BPT. Biological treatment. is the 
technology basis of BPT effluent limits. 

(4)Hilla with biological treatment; final effluent le~els at or better than NSPS Option 1 levels. Biological 
treatmP.nt is the technology basis of DPT effluent li•ita. 

(5)Hills with pri .. ry treatment; final effluent level~ at or better than BPT limits. Primary clarific~tion is 
the technology basis of DPT effluent li•ita. 

(6)Hilla with pri .. ry treatment; final effluent level~ at or better than NSPS Option I levels. Primary 
clarification ia the technology basis of BPT efflue11t limits. 

(7)All mills with chemically assisted clarification. 

(b)Insufficient data for analysis. 



Maximum daily and maximum 30-day average variability factors fo~ these 
four subsets are shown in Table VIII-49. Based on the results, where 
biological treatment is the basis of NSPS technology options, EPA has 
based the 30-day average and daily maximum effluent limitations for 
BOD~ and TSS on the 30-day average and daily maximum variability 
factors developed for subset (4), using refrigerated data, because (a) 
subset (4) most resembles treatment system performance that will be 
required of new sources and (b) refrigeration of samples will be 
required by permitting authorities. 

Hence, for BODS and TSS, the 30-day average and daily maximum 
variability factors to be applied for those technology options where 
biological treatment is the technology basis are as follows: 

30-Day Average Variability Factors 
(From Mills with Biological Treatment) 

BODS= 1.91 
TSS- = 1.90 

Daily Maximum Variability Factors 
(From Mills with Biological Treatment) 

BODS = 3.54 
TSS- = 3.64 

Establishment of Variability Factors To Be Applied For Rulemaking 
(Primary Treatment). Wastewater data from mills where primary 
clarification is employed were also collected as part of the 
supplemental data request program. Daily maximum and maximum 30-day 
variability factors for subcategories with such treatment were 
determined using the methods described previously and applied to data 
from mills with biological treatment systems. 

Tables VIII-45 and VIII-48 present mill-specific daily maximum and 30-
day average variability factors; respectively. Table VIII-49 presents 
maximum, minimum, and average variability factors for BODS and TSS for 
those mills with primary clarification. For the nonintegrated 
subcategories, with the exception of the nonintegrated-fine papers 
subcategory, primary clarification is the technology basis for both 
NSPS technology options considered. Variability factors for each mill 
were averaged and applicable daily maximum and 30-day average BOD~ and 
TSS variability factors were determined. 
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TABLE VIII-49 
AVERAGE ~\XIHUH 30-DAY AND HAXIl'flJlf PAY 

VARIABILITY FACTORS FOR ~UBSETS (1), (2), (3), (4). (5), (6), and (7) 

·-- ------·- ·- -------- -
BODS T!lS -----

Haxillllllll HaximWll Maximum Maximum 
30-Day Day 30-Day o~y 

Subset Average Average AV<'J:a_g_e --·- ~v_erag•· 

(1) ALL HILLS WITH BIOLOGICAL TREATMENT 

(A) With Refrigerated Sample Collection 
Mini•um 1.30 1.57 1.28 1. 52 
Maxi•um 2.82 6.73 2.52 7.40 
Average I. 79 2.97 I. 80 3.24 

(B) With Unrefrigerated Sall)>le Collection 
Mini- I.65 2.27 1.19 I. 97 
Maximum 2.55 5.34 2.35 5.911 
Average 1.99 3.17 1.86 2.95 

(2) HILLS WITH BIOLOGICAL TREATMENT; FINAL EFFLUENT 
LEVELS AT OR BETTER T1IAH BPT 

(A) With Refrigerated Saniple Collection 
Mini- 1.30 1.57 1.28 1.57 
Ha xi- 2.82 6.73 2.52 7.40 
Average 1. 78 2.99 1.82 3.211 

~ (B) With Unrefriaerated Sa11ple Collection 
OJ 
""'-I Mini- 1. 77 2.27 1.40 l. 97 

Kaxi- 2.55 5.34 2.35 5.911 
Average 2.02 3.23 1. 91 3. 12 

(3) HILLS WITH BIOLOGICAL TREATHENT; FINAL IFFLUDT 
LEVELS AT OR BETTER TRAN BPT. BIOLOGICAL TRIATtfrNT 
IS THE TECHHOLOGY BASIS OF BPT IPTLUEHT LIMITS 

(A) With Refrigerated Sample Collection 
Mini- 1.30 1.57 l. 28 1. 52 
Maxi- 2.82 6.73 2.52 7.40 
Averaae 1. 78 2.99 1. 82 3.28 

(B) With Unrefriaerated S-.ple Collection 
Mini- 1. 77 2.27 1.40 I. 97 
Maxi- 2.55 5.34 2.35 5.98 
Average 2.02 3.23 l.93 3. 12 

(4) HILLS WITH BIOLOGICAL TREATMENT; FINAL EFFLUENT 
LEVELS AT OR BETTER THAN RSPS OPTION 1 LEVELS. 
BIOLOGICAL TREATMENT IS THE TECHHOLOGY BASIS or 
BPT EFFLUENT LIMITS 

(A) With Refrigerated Sa111ple Collection 
Mini- 1.39 l.93 1.50 I. 98 
Maxi- 2.82 6.73 2.44 5.9) 

; Average 1.91 3.54 l.90 3.65 
(B) With Unrefriaerated Saiple Collection 

Mini- l. 77 2.54 1.40 2.36 
lfaximua 2.08 5.34 2.35 3.68 
Average 1.93 3. 72 1.88 2.85 



TABLE VIII-49 (cont.) 

(S) HILLS Wim PRiffARY Cl.ARIFICATIOlf; FINAL UFLUElf'I' LEVELS 
AT OR BETTER THAM BPT LIMITS. PRIMARY CLARIFICATION IS 
THE TECIDfOLOGY BASIS OF BPT UFLUUT LIMITS 

(A) With Refrigerated Sample Collection 
Mini- 1.32 I. 76 1.29 2.09 
Ha:d- 1.64 3.75 1.92 5.49 
Average 1.49 2.73 1.51 3.21 

(B) With Unrefrigerated Sample Collection 
Hini•tm 1.45 1.80 1.30 2.59 
Maxi- 1.62 4.3 1.86 4.01 
Average 1.54 3.08 1.53 3.32 

(6) HILLS WITH PRIMARY CLARIFICATIOH; FINAL EFFLUE~T LEVELS 
AT OR BETTER THAii JISPS OPTIOlf I LEVELS. PRiffARl CLARIFI-
CATION IS THE TECJIJIOLOGY BASIS or BPT EFFLUENT l.IHITS 

.p. (A) With Refrigerated Sample Collection o:> 
CJ ttini•um 1.32 1.92 1.46 2.85 

ttaxi•um 1.64 3.75 1.92 5.49 
Average 1.48 3.05 1.64 3.76 

(B) With Unrefrigerated Sample Collection 
ttini•um 1.62 4.36 l.86 4.01 
Maxi- 1.62 4.36 1.86 4.0l 
Average 1.62 4.36 1.86 4.0l 

(7) HILLS WITH CHEMICALLY ASSISTED CLARIFICATION 

(A) With Refrigerated Sainple Collection 
ttini1111111 2.05 2.56 1.41 2.39 
ttaxi•mi 2.10 2.83 2. 14 2.92 
Average 2.08 2.70 1. 78 2.66 

(B) With Unrefrigerated Sample Collection 
No Data Available. 



Minimum, maximum, and average variability factors were determined for 
each of two subsets of mills. These subsets were developed from the 
group of mills with primary clarification and are as follows: 

Subset Number 

( s ) 

( 6 ) 

Subset Description 

Mills with effluent levels at or better 
than BPT with primary clarification as 
the technology basis of BPT effluent 
limits. 

Mills with effluent levels at or better 
than NSPS Option 1 with primary clari
fication as the technology basis of 
BPT effluent limits. 

Average maximum daily and maximum 30-day average variability factors 
for these two subsets are shown in Table VIII-49. Based on the 
results, where primary clarification is the basis of BPT and NSPS 
technology options, EPA has based the 30-day average effluent 
limitations for BOD~ and TSS on the 30-day average variability factors 
developed for subset (6), using refrigerated data, because (a) subset 
(6) most resembles treatment system performance that will be required 
at new sources and (b) refrigeration of samples will be required by 
permitting authorities. 

The resulting BODS and TSS 30-day average and daily maximum 
variability factors to be applied for those technology options where 
primary clarification is the technology basis are as follows: 

30 Day Average Variability Factors 

BODS= 1.48 
TSS-= 1.64 

Daily Maximum Variability Factors 

BODS = 3.05 
TSS- = 3.76 

A summary of the variability factors established for conventional 
pollutant NSPS is presented in Table VIII-SO. 

TOXIC AND NONCONVENTIONAL POLLUTANT REMOVAL TECHNOLOGY ASSESSMENT 

The factors considered in establishing the best available technology 
economically achievable (BAT) level of control include environmental 
considerations such as air pollution, energy consumption, and solid 
waste generation, the costs of applying the control technology, the 
age of process equipment and facilities, the process employed, process 
changes, and the engineering aspects of applying various types of 
control techniques (Section 304(b)(2)(B)). In general, the BAT 
technology level represents, at a minimum, the best existing 
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TABLE VIII-50 

SUMMARY OF NSPS VARIABILITY FACTORS 

Maximum 30-Day 
Average 

1.91 

BODS 
Maximum 

Day 

3.54 

Maximum 30-Day 
Average 

1.90 

TSS 
Maximum 

Day 

3.64 

The above variability factors apply for the following subcategories: 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 

(including Fine Bleached Kraft and Soda) 
Unbleached Kraft 
Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite (Blow Pit and Drum Wash) 

1.48 3.05 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

De ink 
Tissue From Wastepaper 
Paperboard From Wastepaper 
Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 
Nonintegrated-Fine Papers 

1.64 3.76 

The above variability factors apply for the following subcategories: 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 
Nonintegrated-Filter and Nonwoven Papers 
Nonintegrated-Paperboard 
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economically achievable performance of plants of shared 
characteristics. Where existing performance is uniformly inadequate, 
BAT technology may be transferred from a different subcategory or 
industrial category. BAT may include process changes or internal 
controls, even when not common industry practice. 

The primary determinant of BAT is effluent reduction capability using 
economically achievable technology. As a result of the Clean Water 
Act of 1977, the achievement of BAT has become the national means of 
controlling the discharge of toxic pollutants. The best available 
technology economically achievable must be implemented no later than 
July 1, 1984, for the control of toxic and nonconventional pollutants. 

The Clean Water Act requires that pretreatment standards for existing 
sources (PSES) and pretreatment standards for new sources (PSNS) 
control the discharge of pollutants which pass through, interfere 
with, or are otherwise incompatible with the operation of POTWs. The 
Act also requires pretreatment for pollutants that limit sludge 
management alternatives at POTWs, including the beneficial use of 
sludges on agricultural lands. 

In Section VI, EPA recommended that effluent limitations be 
established for the following three toxic pollutants: 

trichlorophenol, 
pentachlorophenol, and 
zinc. 

Another toxic pollutant that could 
chloroform. However, as discussed 
determined that promulgation of uniform 
PSES, PSNS, and NSPS controlling the 
justified. 

prove to be of concern is 
in Section VI, the Agency 

national BAT limitations and 
discharge of chloroform is not 

The most important nonconventional pollutants associated with the 
production of pulp, paper, or paperboard are color, ammonia, and resin 
acids and their derivatives. Uniform national pollutant discharge 
standards are not being established for these nonconventional 
pollutants. Color and ammonia may be controlled by permitting 
authorities on a case-by-case basis as dictated by water quality 
considerations. Limited information exists on the levels of resin 
acids and their derivatives present in wastewater discharges from the 
pulp, paper, and paperboard industry. This sparsity of data makes it 
impossible at this time to establish uniform national standards 
limiting the discharge of these compounds. 

Control and treatment options have been identified for the control of 
toxic pollutants (trichlorophenol, pentachlorophenol, zinc, and 
chloroform) and for the control and treatment of the nonconventional 
pollutants (ammonia and color), should a case-by-case determination be 
made that they should be regulated. 
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Chlorophenolics 

Trichlorophenol and pentachlorophenol can be controlled through the 
substitution of slimicides and biocide formulations that do not 
contain chlorinated phenolics to replace formulations that contain 
these toxic pollutants. Substitution would ensure that substantial 
quantities of the toxic pollutants pentachlorophenol and 
trichlorophenol would be removed from pulp, paper, and paperboard 
industry wastewaters. 

Chemicals containing pentachlorophenol (PCP) were being used at ten of 
the 60 facilities sampled during the verification program and at 
neither of the two mills sampled during the long-term sampling 
program. Chemicals containing trichlorophenol (TCP) were used at six 
of the verification mills and neither of the mills sampled in the 
long-term sampling program. Chlorophenolics were detected and 
reported at consistently higher levels at facilities where these 
compounds were used. As a result, chemical substitution is an 
applicable technology option for control of chlorophenolics. The data 
used in assessing the capability of chemical substitution were 
obtained during the verification sampling program, the long-term 
sampling program, and from industry comments on the January 6, 1981 
proposed regulations. These data have been adjusted according to the 
following formula: Adjusted concentration = (Measured concentration) x 
(Unit flow basis of BPT effluent limitations)/(Actual mill unit flow). 
This adjustment was made to reflect the actual mass discharge of TCP 
and PCP from the sampled mills. This ensures that TCP and PCP data 
used in assessing the capability of chemical substitution relate the 
quantity of chlorinated phenolics discharged directly to production. 

Data from mills where chlorophenolic-containing biocides are used were 
not included in assessing the capability of chemical substitution 
since EPA was interested in determining what reductions occurred when 
biocides were not used. Only verification and long-term sampling data 
were used in this assessment because industry data were generated 
using a different analytical method. Industry data were used to 
determine if Agency assessments were realistic. Data from the 
verification and long-term sampling programs were combined and are 
presentetl in Tables VIII-51 through VIII-54. The additional TCP and 
PCP data submitted by industry are summarized in Tables VIII-55 to 
VIII-58. 

EPA learned that chemical substitution does not prevent all discharges 
of TCP and PCP. TCP is a suspected bleach plant by-product when 
chlorine or chlorine-containing compounds are used to bleach pulp. 
PCP, historically used as a biocide in this and other industries, is a 
known contaminant in wastepaper. In order to differentiate between 
PCP and TCP present from the use of biocides and the PCP and TCP 
present from other sources, EPA analyzed the quantity of PCP and TCP 
present in the wastewaters from mills where chlorine or 
chlorine-containing compounds are used to bleach pulp and from mills 
where PCP contamination is likely to occur. EPA then used these 
quantities to determine what effluent limitations were attainable if 
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the PCP/TCP contribution from biocides were eliminated. (As explained 
previously, EPA is not setting limits to control PCP and TCP 
discharges resulting from bleaching or raw material contamination.) 
Where PCP and TCP were present but not attributable to a particular 
source, EPA established the effluent limitation at the highest 
discharge level found. To assess the capability of chemical 
substitution, the industry was segmented into the following five 
groupings: 

(1) Integrated mills where chlorine or chlorine-containing compounds 
are used to bleach pulp (at these mills, TCP formation is 
possible, but PCP contamination is unlikely); 

(2) Integrated mills, excluding the semi-chemical subcategory, where 
chlorine-containing compounds are not used to bleach pulp (at 
these mills, TCP formation is unlikely and PCP contamination is 
unlikely); 

(3) Deink mills where chlorine or chlorine-containing compounds are 
used to bleach pulp (at these mills, TCP formation is possible 
and PCP contamination is likely); 

(4) The semi-chemical subcategory and other secondary fiber mills (at 
these mills, TCP formation is unlikely and PCP contamination is 
likely); and 

(5) Nonintegrated mills (at these mills, TCP formation is unlikely; 
because some wastepaper is used at a number of these mills, PCP 
contamination is possible). 

As shown in Tables VIII-51 and VIII-52, wastewaters from mills where 
chlorine or chlorine-containing compounds are used to bleach pulp have 
higher levels of TCP than wastewaters from other groups of mills. 
Tables VIII-53 and VIII-54 show that wastewaters from mills where 
wastepaper is used have higher PCP levels than wastewaters from other 
groups of mills. 

Efforts to characterize the distributional form of the available final 
effluent data included fitting the normal and lognormal distributions 
to these data and using several power transformations to make the data 
symmetric. Results of these analyses showed that it was inappropriate 
to apply parametric methods (i.e., methods that assume the data follow 
a particular distributional form) to the data. Therefore, 
nonparametric methods were used to compute estimated 99th percentiles. 
In this analysis, data reported as less than minimum reportable 
concentrations (MRC) were set equal to the MRC. 

The 99th percentile (Q99 ) is defined as the observation numbered 
closest to .99N. That is, 

099 = X (.99N} if .99N is an integer 

= X ([.99N]+l) if .99N is not an integer, 
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TABLE VIII-51 

SUMMARY OF UNCORRECTED TRICHLOROPHENOL RESULTS 
FOR MILLS WHERE VERIFICATION AND LONG-TERM SAMPLING 

WERE CONDUCTED AND WHERE CHLOROPHENOLIC BIOCIDES WERE NOT USED 

Influent to Bio-Treatment Final Effluent 
Concentration C!:!&Ll) Ca> Concentration (~g/l)(a) 

Number of Number of 
Mill Number Average Range Observations A~·erage Range Observations 

MILLS THAT BLEACH PULP USING CHLORINE 
OR CHLORINE CONTAINING COMPOUNDS 

l. MILLS THAT UTILIZE WASTEPAPER 

140014(b) 
140014(c) 
140021 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

030013 
030020 
030030 
030047 
046004 
046006 

MILLS THAT DO NOT BLEACH 

1. MILLS THAT UTILIZE WASTEPAPER 

110020 
110032 
110043 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

Not Detected 

(a) Concentrations are adjusted to BPT flow. 

47 

8 

2 
3 

19 
9 
9 
5 

5 
1 
l 

27-70 

0-19 

0-6 
2-4 

12-24 
7-10 

9 
4-6 

3-7 
0-3 
0-2 

3 

19 

23 
3 
3 
3 
1 
3 

3 
3 
3 

39 
26 

4 

3 
1 
5 
0 
1 
4 

0 
0 
2 

36-42 
8-68 
0-25 

0-11 
0-2 

5 
0 
1 

3-4 

0 
0 

0-4 

3 
16 
69 

69 
J 
3 
3 
1 
3 

3 
3 

(b) This mill biologically treats only a portion of the total mill effluent. Data shown are representative of 
the secondary influent and effluent only. 

(c) The final effluent data shown are for the total effluent, and are based on an effluent monitoring program 
conducted by the mill. 
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TABLE VIII-52 
SUMMARY OF UNCORRECTED TRICHLOROPHENOL RESULTS 

FOR HILLS WHERE VERIFICATION AND LONG-TERM SAMPLING 
WERE CONDUCTED AND WHERE CHLOROPHENOLIC BIOCIDES WERE USED 

Influent to Bio-Treatment Final Effluent 
Concentration C!:!s/ll (a) Concentration 

Number of 
Hill Number Average Range Observations Average 

HILLS THAT BLEACH PULP USING CHLORINE 
OR CHLORINE CONTAINING CO~!POUNDS 

l. HILLS THAT UTILIZE WASTEPAPER 

140007 3 0-8 3 4 

2. HILLS THAT DO NOT UTILIZE WASTEPAPER 

030004 6 0-10 3 1 
030005 0-2 3 2 
030027 10 7-12 3 4 
030032 10 4-17 3 0 
030046 8 6-12 J 2 
040013 152 144-161 3 92 
040017 6 5-6 3 

HILLS THAT DO NOT BLEACH 

l. 11ILLS THAT UTILIZE WASTEPAPER 

110087(b) 278 209-324 3 331 

2. ~!ILLS THAT DO ~OT FTTLI7.E w .. \STEPA!'F.R 

Not Detected 

(a) Concentrations are adjusted to BPT flow. 
(b) This mill is a high recycle facility and utilizes primary treatment only. The influent 

data shown are for the influent to primary. The final effluent data shown are primary 
effluent data. 
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Range 

0-11 

0-3 
1-2 
3-4 

0 
1-2 

74-118 
1-2 

323-346 

(!:!SI 1 )(a) 
Number of 

Observations 

3 

3 
3 
3 
3 
3 
3 
3 

3 



TABLE VIII-53 
SUl1!1ARY OF UNCORRECTED PENTACHI.OROPHENOL RESULTS 

FOR MILLS WHERE VERIFICATION AND LONG-TERM SAMPLING 
WERE CONDUCTED AND WHERE CHLOROPHENOLIC BIOCIDES WERE NOT USED 

Influent to Bio-Treatment 
Concentration (µg/l)(a) 

Final Effluent 
Concentration (µg/l)(a) 

Mill Number 

HILLS THAT BLEACH PULP VSING CHLORINE 
OR CHLORINE CONTAINING COMPOUNDS 

l. HILLS THAT UTILIZE WASTEPAPER 

140014(b) 
140014(c) 
140021 

2. !1ILLS THAT DO NOT UTILIZE WASTEPAPER 

030013 

MILLS THAT DO NOT BLEACH 

1. MILLS THAT UTILIZE WASTEPAPER 

020017 
110020 
ll0031 
110032 
1200SO(d) 

L.. :lll.LS THA1 IJ() ~OT lJTI.LIZE l<iASTE?Af'ER 

Not Detected 

Average 

37 

4 

l 

1 
10 

2 
2 

17 

(a) Concentrations are adjusted to BPT flow. 
(0) This mill biologically treats only a portion 

biological influent and effluent only. 
(c) This mill biologically treats only a portion 

of 

of 
effluent data shown are for the total effluent, 
program conducted by tb.e mill. 

Number of 
Range Observations Average 

9-55 3 33 
16 

0-11 19 

0-11 23 1 

0-2 3 0 
0-16 3 0 
o-s 3 0 
o-s 3 0 

11-25 3 

tb.e total mill effluent. Data sh.own are 

tb.e total mill effluent. Tb.e final 
and are based on an effluent monitoring 

(d) This mill is a higb. recycle facility and discharges to a POTW. 
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Number of 
Range Observations 

29-36 3 
8-21 16 
0-22 69 

0-7 69 

0-1 3 
0 3 
0 3 
0 3 



TABLE VI II-54 
SUl1MARY OF UNCORRECTED PENTACHLOROPHENOL RESULTS 

FOR MILLS WHERE VERIFICATION AND LONG-TER.~ SAMPLING 
WERE CONDUCTED AND WHERE CHLOROPHENOLIC BIOCIDES WERE USED 

Influent to Bio-Treatment 
Concentration (f:ls/l) (a) 

Number of 

Final Effluent 
Concentrdtion ([Jg/l) (a) 

Number of 
~fi 11 Ntunbe r Averase Range Observations Averase Range 1Jbserva t ions 

~ll LLS THAT BLEACH PULP US ING CHLORINE 
OR CHLORINE CONTAINING C0:1POUNDS 

l. MILLS THAT UTILIZE WASTEPAPER 

140007 8 5-13 3 6 2-10 

2. :-!ILLS TIIAT DO NOT UTILIZE WASTEPAPER 

030004 28 7-46 3 28 24-31 
030046 7 5-10 3 l 0-1 
040013 0 0-1 3 0 0 
040017 6 5-6 3 0 0 

MILLS THAT DO NOT BLEACH 

1. MILLS TIIAT UTILIZE WASTEPAPER 

015007 2 0-6 3 0 0 
ll0087(b) 811 657-927 3 923 846-1076 
150011 2 0-5 3 1 0-3 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

052004 4 3-8 3 0-1 

(a) Concentrations are adjusted to BPT flow. 
(b) This mill is a high recycle facility and utilizes primary treatment only. The influent data shown are 

for the influent to primary. The final effluent data shown are primary effluent data. 
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3 

3 
3 
3 
3 

3 
3 
3 

3 



where X(.99N) is the (.99N)th ordered value in a sample of N values 
ordered from low to high on the random variable X, and [.99N] is the 
largest integer contained in (.99N). For example, if N = 200, Q99 is 
the 198th ordered daily value, since .99N = 198. If N is 201, .99N = 
198.99, so that [.99N] = 198, and Q99 = 199. [Computation of 
percentiles is discussed in several texts. See, for example, R.A. 
Fisher, Statistical Methods for Research Workers, 14th Edition, New 
York, Hafner Publishing Company (1973)] (209). 

Assessment of Trichlorophenol Discharge Characteristics For Mills 
Where Chlorine Q!. Chlorine-Containing Compounds Are Used tO--Bleach 
Pulp. The source of TCP at mills where~~chlorine or 
chlorine-containing compounds are used to bleach pulp and where 
chlorophenolic-containing biocides are not used, is the bleaching 
process. At these mills, TCP levels are directly related to the 
quantity of pulp bleached and, therefore, should not be affected by 
water use. Therefore, discharge levels (on a mass basis) at new mills 
with lower flows should be equivalent to discharge levels at existing 
mills. A summary of available data is presented in Table VIII-51. 
TCP discharge characteristics were assessed using the 99th percentile 
estimated for each mill from verification and long-term sampling final 
effluent data. The maximum 99th percentile estimate is 68 ~g/l, 
computed from 16 observations from mill 140014. This value was 
compared to data submitted by industry representatives and was not 
exceeded by any other value. 

The Agency also assessed TCP discharge characteristics of indirect 
discharging mills where chlorine or chlorine-containing compounds are 
used to bleach pulp. EPA determined that some treatment of TCP occurs 
in biological systems. Data from mill 140014 were used in this 
analysis. Table VIII-51 presents a summary of these data, which were 
obtained during the verification and long-term sampling programs. The 
discharge level for direct dischargers (68 ~g/l) was adjusted upward 
to reflect the level of TCP present after biological treatment [i.e., 
EPA determined that 17 percent removal of TCP occurred during 
verification sampling at mill 140014: (47 ~g/l - 39 ~g/1)/(47 ~g/l) = 
17 percent]. This results in a discharge· level of 82 ~g/l for 
indirect discharging mills where chlorine or chlorine-containing 
compounds are used to bleach pulp and where chlorophenolic-containing 
biocides are not used. As discussed previously, TCP levels are 
directly related to the quantity of pulp bleached and should not be 
affected by water use. Therefore, discharge levels (on a mass basis) 
at new mills should be equivalent to discharge levels at existing 
mills. Data submitted by industry representatives (see Table VIII-55) 
shows that this level was not exceeded. 

Assessment of Pentachlorophenol Discharge Characteristics For Mills 
Where Wastepaper is Used. The source of PCP at mills where 
wastepapers are processed and chlorophenolic - containing biocides are 
not used is raw material contamination. At these mills, PCP levels 
are directly related to the quantity of wastepaper processed and, 
therefore, should ·not be affected by water use. Therefore, discharge 
lev~ls on a mass basis at new mills with lower flows should be 
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TABLE VIIJ-55 
stmKARY OF CORRECTED TRICHLOROPHEHOL RESULTS 

FOR HILLS WHERE CHLOROPHENOLIC BIOCIDES WERE NOT USED 
NCASI DATA 

Influent to Bio-Treatment 
Concentration (µg/l)(a) 

Final Effluent 
Concentration (µg/l)(a) 

Nwnber of Number of 
_H~i1_1 __ I~d_e_n_t~if_i_c_a_t~i_o_n~~~~~~~~A_v~e-r_aMg~e~~~-'-'Ra~n~1~e~~Obaervationa~~~~A-v_er_a~g~e~~~R_a_n~g~e~~O_b_s_e_rv~a_t1_·o_n_s 

HILLS THAT BLEACH PULP USING CHLORINE 
OR CHLORINE CONTAINING COMPOUNDS 

1. HILLS THAT UTILIZE WASTEPAPER 

No Data 

2. HILLS THAT DO NOT UTILIZE WASTEPAPER 

A 12.l 
c 13.7 
D 21.0 
E 11.0 
F 14.l 
G 9.2 
I 10.2 
K 66.9 
L 12.8 
H(b) 
N 10.5 
O(b) 
p 9.0 
Q(b) 
R 14.l 
s 23.9 
T 3.2 
A-100 18.0 
B-100 31.5 

MILLS THAT DO NOT BLEACH 

1. HILLS THAT UTILIZE WASTEPAPER 

No Data. 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

No Data. 

(a) Concentration• are adju•ted to BPT flow. 

10.5-13.6 2 
12.1-15.3 2 
13.9-28.0 2 
8.4-13.5 2 

13.2-14.9 2 
8.3-10.1 2 
8.6-11.8 2 

60.5-73.2 2 
12.8 1 

10.2-10.8 2 

7.8-10.l 2 

4.0-24.1 2 
20.6-27.2 2 

3.1-3.3 2 
12.4-25.4 13 
24.1-37.8 11 

(b) Mill biologically treat• only a portion of the total mill effluent. 

9.2 7.2-11.7 
12.0 10.5-13.6 
6.3 1.3-8.3 
4.0 2.9-7.4 
1.0 0.4-1.9 
6.2 5.3-7.5 
6.6 1. 7-10.6 
0.1 0.0-0.7 
3.7 2.7-5.0 

3.3 1.4-5.2 

6.5 5.0-8.5 

1.6 o.o-5.3 
1.2 0.8-1.9 
1.1 0.2-1.9 
5.5 0.8-25.4 

23.7 16.4-27.l 

Data were not repre1entative of total mill effluent and were elimin•ted from the data ba•e. 
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9 
10 
10 
10 

9 
10 
10 
10 
8 

10 

10 

10 
10 
10 
63 
36 



TABLE VIII-56 
SUMMARY OF CORRECTED TRICHLOROPHENOL RESULTS 

FOR MILLS WHERE CHLOROPHENOLIC BIOCIDES WERE USED 
NCASI DATA 

Influent to Bio-Treatment 
Concentration (µg/I)(a) 

Final Effluent 
Concentration (µg/l)(a) 

Nwnber of 
Mill Identification Average Range 

Nwnber of 
Observations Average Range Observations 

MILLS THAT BLEACH PULP USING CHLORINE 
OR CHLORINE CONTAINING COMPOUNDS 

1. MILLS THAT UTILIZE WASTEPAPER 

No Data 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

B 40.0 
H 3.7 
J 6.9 
v 11.6 

MILLS THAT DO NOT BLEACH 

1. MILLS THAT UTILIZE WASTEPAPER 

So Data 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

No Data 

(a) Concentrations are adjusted to BPT flow. 

28.6-51.3 2 23.8 18.9-32.4 10 
3.0-4.4 2 2.0 0.7-4.9 10 

6.9 1 6.2 3.9-8.8 10 
11.2-12.0 2 11. 6 8.8-15.6 8 
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equivalent to discharge levels at existing mills. A summary of the 
available data is presented in Table VIII-53. As with TCP, PCP 
discharge characteristics were assessed using the 99th percentile 
estimated for each mill from verification and long-term sampling final 
effluent data. The maximum 99th percentile estimate is 22 ug/l, 
computed from 69 observations from mill 140021. Industry 
representatives did not submit final effluent data for mills where 
wastepaper is processed (see Table VIII-57). 

Discharge characteristics of indirect discharging mills were also 
assessed to reflect the treatability of PCP in biological systems. 
Data from mill 140014 were used in this analysis. Table VIIl-53 
presents a summary of the data, which were obtained during the 
verification program. The maximum discharge level for direct 
dischargers (22 µg/l) was adjusted upward to reflect the level of PCP 
present after biological treatment [i.e., EPA determined that 11 
percent removal of PCP occurred at mill 140014 during verification 
sampling: (37 µg/l - 33 µg/1)/(37 µg/l) = 11 percent]. This results 
in a level of 25 pg/l for indirect discharging mills where wastepaper 
is processed and chlorophenolic-containing biocides are not used. As 
discussed previously, PCP levels are directly related to the quantity 
of wastepaper processed and.should not be affected by water use. EPA 
compared this level to data submitted by industry to determine if the 
Agency assessment is realistic. EPA found that the discharge level of 
25 µg/l was exceeded; a maximum value of 31 .9 µg/l was reported for 
mill IV (see Table VIII-57). The Agency then adjusted its evaluation 
of the maximum discharge level characteristic of indirect discharging 
mills upward to 32 µg/l. 

EPA then reassessed its evaluation of the maximum discharge level 
characteristic of direct discharging mills. The Agency adjusted the 
maximum discharge level for indirect discharging mills (32 µg/l) 
downward to reflect the degree of treatment that occurs through 
biological treatment. This results in a level of 29 µg/l as the 
maximum PCP discharge level characteristic of direct discharging 
mills. 

Assessment of Trichlorophenol Discharge Characteristics For Mills 
Where Chlorine Qf. Chlorine-Containing Compounds Are Not Used. As 
shown in Table VIII-51, TCP has been measured at only-very-Tow ~evels 
(all measurements were less than 10 µg/l) at mills where 
chlorine-containing compounds are not used to bleach pulp and where 
chlorophenolic-containing biocides are not used. Therefore, the 
Agency has assumed that 10 µg/l is the maximum TCP discharge level at 
these mills. 

Assessment of Pentachlorophenol Discharge Characteristics For Mills 
Where Wastepaper is Not Used. As shown in Table VIII-53, PCP has been 
measured at only very low levels (all measurements were 11 µg/l or 
less) at mills where chlorophenolic-containing biocides are not used. 
Therefore, the Agency has assumed that 11 ~g/l is the maximum PCP 
discharge level at these mills. 
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TABLE VI II-5 7 
SUMMARY or CORRECTED PENTACHLOROPHENOL RESuLTS 

FOR MILLS WHERE CHLOROPHENOLIC BIOC!DES WERE NOT USED 
NCASI DATA 

Influent to Bio-Treatment 
Concentration (µg/l)(a) 

final Effluent 
Concentration (µg/l)(a) 

Mill Identification 

MILLS THAT BLEACH PULP USING CHLORINE 
OR CHLORINE CONTAINING COMPOUNDS 

1. MILLS THAT UTILIZE WASTEPAPER 

No Data 

Average 

2. MILLS THAT DO NOT UTILIZE WASTEPAPER 

A 
c 
D 
E 
r 
G 
I 
K 
L 
M(b) 
N 
O(b) 
p 
Q(b) 
R 
s 
T 
A-100 
B-100 

MILLS THAT DO NOT BLEACH 

l. MILLS THAT UTILIZE WASTEPAPER 

I(c) 
II(c) 
III(c) 
IV(c) 
V(c) 
VI(c) 
VIl(c) 
VIII(c) 

0.7 
1.6 
1. 3 
2.0 
1.3 
2.5 
0.0 
0.8 
3.5 

0.0 

0.8 

3.0 
2.0 
0.4 
0.2 
1.2 

6.9 
7.8 
7.9 

22.4 
9.5 

18.6 
15.0 
4.2 

2. HILLS THAT DO NOT UTILIZE WASTEPAPER 

No Data 

(a) Concentrations are adjuated to BPT flow. 

0.5-0.8 
l.6 

0.9-1. 7 
1.9-2.1 

l.3 
2.4-2.6 

0.0 
0.7-0.8 

3.5 

0.0 

0.7-0.9 

0.0-5.9 
1. 5-2. 5 
0.2-0.6 
0.0-1.1 
0.5-1. 7 

6.1- 7.5 
6.1- 9.9 
5.6- 9.0 

12.7-31.9 
6.4-13.8 

13.9-23.5 
10.4-19.6 
2.0- 5.5 

Number of 
Observations 

2 
2 
2 
2 
2 
2 
2 
2 
l 

2 

2 

2 
2 
2 

13 
11 

6 
6 
6 
6 
6 
6 
6 
6 

Average 

0.3 
0.8 
0.5 
1.2 
0.9 
2.7 
0. l 
0.0 
2.1 

0.0 

0.2 

0.9 
o.s 
0.2 
0.0 
0.9 

Number of 
Range Observations 

0.0-0.5 9 
0 . .3-l. 7 10 
0.0-l. l 10 
0.0-2.0 10 
o. 7-1.1 9 
2.2-3.1 10 
0.0-0.8 10 

0.0 10 
0.8-2.9 8 

0.0 10 

0.0-0.9 10 

0.0-2.5 10 
0.0-1. l 10 
0.1-0.3 10 

0.0 63 
0.0-l.6 36 

(b) Mill biologically treata only • portion of the total mill effluent. Data were not representative of total 
aill effluent and were eliainated from the data base. 

(c) Data for mills I-VIII are froa untreated wastewater samples from mills that manufacture wastepaper board. 
Moat of these mills di1char1e to POTWa. It is assumed that they do not bleach. 
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TABLE VIII-58 
SUMMARY OF CORRECTED PENTACHLOROPHENOL RESULTS 

FOR ~ILLS WHERE CHLOROPHENOLIC BIOCIDES WERE USED 
NCASI DATA 

Influent to Bio-Treatment 
Concentration (µg/l)(a) 

)lumber of 

Final Effluent 
Concentration (µ5/l)(a) 

Hill Identification - - Average Range Observations Average Range 
>.lumber of 

Observations 

MILLS THAT BLEACH PULP USING CHLORDiE 
OR CHLORI~'E CONTAINING COMPOUNDS 

!. HILLS THAT UTILIZE WASTEPAPER 

)lo Data 

2. HILLS THAT DO NOT UTILIZE WASTEPAPER 

B 18.4 
H 16.0 
J 8.8 
v 4.1 

.'!ILLS THAT DO NOT BLEACH 

1. ~ILLS THAT UTILIZE WASTEPAPER 

No Data 

2. HILLS THAT DO NOT UTILIZE WASTEPAPER 

No Data 

(a) Concentrations are adjusted to BPT flow. 

1.9-34.9 2 12.5 1.0-23.9 10 
6.8-25.l 2 4.9 1.0-13.4 10 

8.8 1 11. 3 9.0-15.7 10 
3.7- 4.5 2 6.4 3.6-10.4 8 
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Tables VIII-59 and VIII-60 present a summary of the TCP and PCP daily 
maximum discharge characteristics for each of the five industry 
groupings. 

Zinc 

At groundwood mills, zinc hydrosulfite can be used for the bleaching 
of pulp. Significantly higher quantities of zinc are discharged from 
mills where zinc hydrosulfite is used than from mills where other 
bleaching chemicals are used. In 1977, EPA issued BPT regulations 
controlling the discharge of zinc from groundwood mills based on the 
application of lime precipitation. The Agency determined that the BPT 
zinc limitations are now being achieved at all existing direct 
discharging groundwood mills through chemical substitution (sodium 
hydrosulfite in place of zinc hydrosulfite). Therefore, the original 
BPT effluent limitations for zinc ensure that only low levels of zinc 
are being discharged from direct discharging groundwood mills. 

EPA believes that application of zinc limitations and standards based 
on the same maximum discharge concentration as BPT effluent 
limitations will have the identical effect as the original BPT 
regulations: sodium hydrosulfite rather than zinc hydrosulfite will be 
used to bleach groundwood pulp. This would ensure that only low 
levels of zinc would be discharged from both direct and indirect 
discharging mills. 

Therefore, for BAT and PSES, zinc limitations and standards were 
determined as the product of (a) the maximum discharge concentration 
that forms the basis of BPT effluent limitations for control of zinc 
and (b) the flows that form the basis of BPT effluent limitations for 
each of the groundwood subcategories. For NSPS and PSNS, zinc 
standards were determined as the product of (a) the maximum discharge 
concentration that forms the basis of BPT effluent limitations for 
control of zinc and (b) the flows that form the basis of NSPS for each 
of the groundwood subcategories. 

Chloroform 

The data used to assess chloroform discharge characteristics were 
obtained during the verification and long-term sampling programs and 
from industry comments on the January 6, 1981, proposed regulations. 

The Agency's review of available data indicates that there is no 
correlation between biological effluent and biological influent 
chloroform. Table VIII-61 presents a summary of the representative 
data; these data are plotted in Figure VIII-3 and show that chloroform 
is effectively controlled by BPT technology when BPT effluent 
limitations are attained, with the exception of mills employing pure 
oxygen or deep tank activated sludge systems. The fact that mills 
where volatilization is inhibited discharge higher levels of 
chloroform suggests that air stripping is the removal mechanism. 
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TABLE VIII-59 

SUMMARY OF PENTACHLOROPHENOL (PCP) AND 
TRICHLOROPHENOL (TCP) DISCHARGE CHARACTERISTICS 

FOR DIRECT DISCHARGING MILLS 

PCP TCP 
Mill Category (µg/l) (µg/l) 

1. Integrated Mills Where Chlorine is 11 68 
Used to Bleach Pulp 

2. Integrated (excluding Semi-Chemical) 11 10 
Mills Where Chlorine 
is Not Used to Bleach Pulp 

3. Deink (excluding 
Newsprint) Mills 29 68 

4. Other Secondary Fiber 
and Semi-Chemical Mills 29 10 

5. Nonintegrated Mills 29 10 
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TABLE VIII-60 
SUMMARY OF PENTACHLOROPHENOL (PCP) AND 

TRICHLOROPHENOL (TCP) DISCHARGE CHARACTERISTICS 
FOR INDIRECT DISCHARGING MILLS 

Mill Category 

1. Integrated Mills Where Chlorine is 
Used to Bleach Pulp 

2. Integrated (excluding Semi-Chemical) 
Mills Where Chlorine 
is Not Used to Bleach Pulp 

3. Deink (excluding Newsprint) 
Mills 

4. Other Secondary Fiber and 
Semi-Chemical Mills 

S. Nonintegrated Mills 
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PCP 
(µg/l) 

11 

11 

32 

32 

32 

TCP 
(µg/l) 

82 

10 

82 

10 

10 



TABLE VIII - 61 
SUMMARY OF UNCORRECTED CHLOROFORM 

BIOLOGICAL INFLUENT AND EFFLUENT CONCENTRATIONS (µg/l) 
FROM THE VERIFICATION AND LONG-TERM SAMPLING PROGRAMS 

(CHLORINE BLEACHING FACILITIES ONLY) 

Bioloaical Influent Bioloaical Effluent 
Subcategory/ Treatment Average Range Number of Average Range Number of 
Mill Number System (a) Observations Observations 

FACILITIES r-!EETING BPT LIMITS 

:1arket Bleached Kraft 

030005 ASB 1,633 1300-2200 
030030 ASB 1,177 830-1600 

BCT Bleached Kraft 

030032 ASB 2,833 1400-4000 

Alkaline-Fine(c) 

030020 ASB 1,081 43-1700 
030027 AS 1,400 ll00-1800 
030046 ASB 963 690-1100 

Papergrade Sulfite(d) 

040018 AS(c) 3,100 1500-4700 

De ink-Fine Papers 

140007 AS 4,190 670-9700 

Deuuc-Tissue Papers 

140014 AS(e) 1,367 1000-1800 
140015 AS 25 12-46 
140021 AS 262 60-800 

FACILITIES EXCEEDING BPT LIMITS 

Dissolving Kraft 

032001 AS 647 360-900 

BCT Bleached Kraft 

030004 ASB 877 580-1400 

Alkaline-Fine(c) 

030013 AS 404 227-772 

Dissolving Sulfite Pulp 

046004 AS 320 320 
0.:+6006 ASB 250 110-360 

Paper grade Sulfite 

040011 AS+TF 2,033 1800-2200 
0400li DTAS 4,867 1100-8600 

ta; ~S Activated Siud~e System 
ASB Aerated Stabiliz1tion Basin 
~TAS = Deep Tank Act1~ated Sludge System 
ff Trtcklir.g Filter 

\b) V ·:en ficat1on Samo ling ?ro~ram 
L '..c1ng-term Sdmpl 1ng Program 

tc Includ.,s Fir.e BlPacc;e1! Kraft anrl Soda "'bcategor"es 

3 17 12-20 
3 7 6-7 

3 2 0-4 

3 43 39-46 
3 110 110 
3 4 2-6 

3 56 45-69 

3 145 95-240 

3 55 48-61 
3 5 2-10 

19 32 10-61 

3 67 40-86 

3 6 5-6 

23 58 21-230 

l 42 42 
3 3 1-5 

3 573 530-620 
3 380 130-600 

'.d 'nclur!es Fapf'rgra<le Su!fit<" (Ehw ?it) and P1pergr.J•le SulC!te '.Drum wash) :rnbcategories 

3 
3 

3 

3 
3 
3 

3 

3 

3 
3 

69 

3 

3 

69 

l 
3 

3 
3 

le Only pulp mill waste receives 3Cttvated sludge treatment: ~ata represents ~nly th.Jt waste stream. 
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Data Source(b) 

(V) 
(V) 

(V) 

(V) 
(V) 
(V) 

(V) 

(V) 

(V) 
(V) 
(L) 

(V) 

(V) 

(L) 

(V) 
(V) 

(I/) 
(V) 
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Data from the verification and long-term sampling programs were 
combined and are presented in Table VIII-61. The additional 
chloroform data submitted by industry are summarized in Table VIII-62. 
Only verification and long-term sampling data were used in this 
assessment because industry data were generated using a different 
analytical method. Industry data were used to determine if Agency 
assessments are realistic. 

Efforts to characterize the distributional form of the available final 
effluent data included fitting the normal and lognormal distributions 
to available data. Results of these analyses showed that it was 
inappropriate to apply parametric methods to the data. Therefore, 
nonparametric methods were used to compute estimated 99th percentiles 
and resulting maximum day variability factors. These methods have 
been described in detail earlier in this section. 

EPA computed mill-specific maximum day variability factors based on 
available long-term chloroform data. As shown in Table VIII-63, the 
average maximum day variability factor for chloroform is 2.94. EPA 
determined maximum anticipated chloroform discharge levels as the 
product of (a) the average of the mill-specific maximum day 
variability factors and (b) the maximum mill-specific long-term 
average for that group of mills where BPT effluent limits are now 
being attained. As shown in Table VIII-61, the maximum mill-specific 
long-term average discharge concentration of chloroform is 145 ug/l. 
This results in a maximum discharge level of 426 ug/l (2.94 x 145 ug/l 
= 426 ug/l). 

EPA compared this level to data submitted by industry to determine if 
the Agency assessment is realistic. The Agency found that the 
discharge level of 426 ug/l was exceeded twice; a maximum value of 450 
ug/l was reported for mill 8 and a maximum value of 610 ug/l was 
reported for mill 13 (see Table VIII-62). 

Ammonia 

The discharge of ammonia can be controlled at mills where ammonia is 
used as a base chemical through (a) substitution to a different base 
chemical or (b) through the application of biological treatment in a 
mode to allow conversion of ammonia to nitrate. Estimates of the 
costs associated with ammonia removal technology are presented in 
Appendix A. 

Substitution of a cooking liquor that does not contain ammonia, such 
as sodium hydroxide, is anticipated to eliminate virtually all ammonia 
from raw waste discharges. As a result, ammonia may have to be added 
to the influent to the biological system to ensure effective 
wastewater treatment. This would result in final effluent discharges 
of ammonia that are similar to those discharged from all point sources 
where wastewaters are nutrient deficient. 

There are currently 
ammonia removal in 

no biological treatment systems designed for 
use at mills in the pulp, paper, and paperboard 
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Mill 
Number 

TABLE VII I-62 

SUMMARY OF CORRECTED CHLOROFORM EFFLUENT DATA 
SUBMITTED BY THE NCASI 

Treatment 
System(a) 

(µg/l) 

Average Range 

FACILITIES WITH BIO-TREATMENT MEETING BPT LIMITATIONS 

8 
9 

11 
13 

AS 
AS 
AS 
ASB 

388 
288 
128 
576 

345-450 
235-315 

62-175 
520-610 

FACILITIES WITH BIO-TREATMENT EXCEEDING BPT LIMITATIONS 

1 
2 
3 
4 
5 
6 
7 

10 
12 
14 

(a) AS 
02AS 
DTAS 
ASB 

o2AS 1018 
o2AS 1261 
o2AS 1688 

~§AS 1669 
186 

AS 232 
DTAS 1179 
AS 81 
AS 398 
ASB 160 

= Activated Sludge System 
= Pure Oxygen Activated Sludge System 
= Deep Tank Activated Sludge System 
= Aerated Stabilization Basin 
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340-1855 
1040-1415 
1405-2490 
1260-2160 

150-210 
145-330 
915-1350 

30-125 
360-420 

40-275 

Number of 
Observations 

4 
3 
5 
5 

5 
5 
9 
9 
5 
5 
5 
s 
4 
s 



TABLE VIII-63 

MAXIMUM DAY CHLOROFORM VARIABILITY 
FACTORS COMPUTED USING UNCORRECTED DATA(a) 

Number of Maximum Day Hill 
Number Observations Variability Factor 

030013 
140021 

69 3.97 
69 1.91 

Hean Variability Factor 2.94 

(a)Data not adjusted based on BPT flow. 
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Long-Term 
Mean (µg/l) 

58 
32 

Does Mill Meet 
BPT Limits? 

No 
Yes 



industry. Existing biological treatment systems could be modified to 
achieve ammonia removal through nitrification. A review of available 
literature indicates ammonia removal on the order of 90 percent may be 
achieved through the application of a biological treatment system 
designed to convert ammonia to nitrate.(100)(117)(121)(122)(123)(124) 
Table VIII-64 presents predicted final average effluent levels of 
ammonia based on nitrification technology for the semi-chemical, 
dissolving sulfite pulp, and both papergrade sulfite subcategories. 

Color 

As discussed in Section VI, colored effluents may be of concern as 
dictated by water quality considerations. Color removal technology 
options have been identified and are discussed below. 

In Section VII, four technologies were discussed that are capable of 
removing color from pulp, paper, and paperboard effluents. These were 
as follows: 

1. Minimum lime coagulation, 
2. Alum coagulation, 
3. Activated carbon adsorption, and 
4. Polymeric resin ion exchange. 

These four technologies were evaluated based on the 
criteria: 

1. Stage of color reduction technology development, 
2. Operating problems experienced, 
3. Total operating cost, 
4. Wastewater streams treated, and 
5. Color reduction efficiency. 

following 

Based on these five criteria, minimum lime and alum coagulation were 
identified as the most likely technology options to be used to control 
color in pulp, paper, and paperboard industry wastewaters. Available 
color data are presented in Tables V-32 and V-36. For those 
subcategories where highly-colored effluents are discharged, the 
ranges of color levels remaining after the application of bi6logical 
treatment are presented in Table VIII-65. 

Anticipated final effluent color levels resulting from the application 
of lime or alum coagulation are also shown in Table VIII-65. For 
alum, EPA assumed that the entire effluent would be treated. Based on 
the studies discussed in Section VII, the Agency determined that an 85 
percent reduction in color can be attained through the application of 
alum coagulation. 

EPA assumed that only the more highly-colored process streams, such as 
the first stage caustic extraction effluent and/or the decker 
filtrate, would be treated with lime in the dissolving kraft, market 
bleached kraft, BCT (paperboard, coarse, and tissue) bleached kraft, 
fine bleached kraft, soda, dissolving sulfite pulp, and both 
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TABLE VIII-64 

PREDICTED RANGE OF AMMONIA FINAL EFFLUENT CONCENTRATIONS 

Subcategory 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite 

(a) As nitrogen. 

BPT RWL Flow 
kgal/t 

10.3 
66.0 
44.5 
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Final Effluent(a) 
Ammonia 

lb/t mg/l 

. 
0.7-3.4 
1. 3-6. 3 
1.0-5.0 

8-39 
2-11 
3-14 



TABLE VJ II -65 

SIJHHARY OF AHTJCil'ATED COLOR LEVELS 
AFTER HINllfUH LJHt:/ALtJM COAGUJ.ATION 

Range of Color Level• Range of Anticipated Color 
Range of Color Level• Treated by Lime/Al1111 Color L .. vel Reduction Levels in th'" Fin•! Effluent 

---~(_Platinua Cobal!..J!!l.i!.!~) __ ~(_Plallmm Coba_lt Unila) 

Dissolving Kraft 
w/Liae Coagulation 
w/Alua Coagulation 

Harlt .. t Bleached Kraft 
w/Liae Coagulation 
w/Alum Coagulation 

BCT Bledched Kraft 
w/Li11e Coagulation 
w/Alu• Coagulation 

Alltalin.,-Fine 1 

w/Liae Coagulation 
w/Al11111 Coagulation 

Unbleached Kraft 
o Linerboacd 
w/Li""' Coagulation 
w/Alu.. Coagulation 

o Bag 
w/Lime Coagulation 
w/Alua Coagulation 

Seai-Cheaical 
w/Lime Coagulation 
w/Alum Coagulation 

UnbleJched Kraft and Se•i-ChetUical 
w/Li11e Coagulation 
w/AJU81 Coagulation 

Dissolving Sulfite Pulp 
w/Li,... Coagulation 
w/Alum Coagulation 

Pap.,rgr.1Je Sul fil,. 2 
w/1.;.,.. Codgulation 
w/Alum Coagulation 

935-1710 
935-1710 

1040-2360 
1040-2360 

1160-2040 
1160-2040 

430-1480 
430-1480 

190-240 
190-240 

350-2400 
350-2400 

2350-6400 
2350-6400 

170-390 
170-390 

850-3600 
850-3600 

<5-3150 
<5-3150 

655-1197 
935-1710 

782-1652 
1040-2360 

812-1428 
1160-2040 

301-1036 
430-1480 

190-240 
190-240 

350-2400 
2350-2400 

2350-6400 
2350-6400 

170-390 
170-390 

595-2520 
850-3600 

<5-2205 
<5-3150 

(Platinum Cobalt Unita~) ___ ("'P'-'l'-'a-~in~ _.!;~"!.!_Uni to) ___ _ 

524-958 
795-1454 

582-1322 
884-2006 

650-1142 
986-1734 

241-829 
366-1258 

152-192 
162-204 

280-1920 
298-2040 

1880-5120 
1998-5440 

136-312 
145-132 

476-2016 
723-3060 

<5-1764 
<5-2678 

411-752 
140-257 

458-1038 
156-354 

510-898 
174-306 

189-651 
64-222 

38-48 
28-36 

70-480 
52-360 

470-1280 
352-960 

34-78 
25-58 

374-1584 
127-540 

<5-1 !86 
<5-4 72 

----- ·-·--· --

2 111clud"s l'apergrade Sulfite (Blow Pit Wash) and Pap.,rgrade Sulfit" (Drwn Wash) subcategories. 



papergrade sulfite subcategories. The cost to treat the entire 
wastewater discharge stream at mills in these subcategories is 
substantially greater using the lime coagulation process than if only 
selected streams are treated for color removal. EPA determined that 
approximately 70 percent of the total color load can be attributed to 
the first stage caustic extraction effluent and decker filtrate at 
mills in these eight subcategories. 

In determining attainable final effluent color levels, EPA assumed 
that lime coagulation would be applied to treat the entire effluent at 
mills in the unbleached kraft, semi-chemical, and unbleached kraft and 
semi-chemical subcategories. Based on the studies discussed in 
Section VII, EPA determined that an 80 percent reduction in color can 
be attained through the application of lime coagulation. This removal 
is reflected in the anticipated final effluent color levels shown in 
Table VIII-65. 

Costs to achieve these color reductions are presented in Appendix A. 
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SECTION IX 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF THE 
BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE 

EFFLUENT LIMITATIONS GUIDELINES 

GENERAL 

The best practicable control technology currently available (BPT) 
generally is based upon the average of the best existing performance, 
in terms of treated effluent discharged, by plants of various sizes, 
ages, and unit processes within an industry or subcategory. Where 
existing performance is uniformly inadequate, BPT may be transferred 
from a different subcategory or category. Limitations based on 
transfer of technology must be supported by a conclusion that the 
technology is, indeed, transferable and a reasonable prediction that 
it will be capable of achieving the prescribed effluent limits (see 
Tanners' Council of America v. Train, 540 F.2d 1188 (4th Cir. 1976)). 
BPT focuses on -end-of-pipe treatment technology rather than process 
changes or internal controls except where such changes or controls are 
common industry practice. 

BPT considers the total cost of the application of technology in 
relation to the effluent reduction benefits to be achieved from the 
technologies. The cost/benefit inquiry for BPT is a limited 
balancing, which does not require the Agency to quantify benefits in 
monetary terms (see, e.g., American Iron and Steel Institute v. EPA, 
526 F.2d 1027 (3rd Cir. 1975)). --rn-balancing costs in relation to 
effluent reduction benefits, EPA considers the volume and nature of 
existing discharges, the volume and nature of discharges after 
application of BPT, the general environmental effects of the 
pollutants, and the costs and economic impacts of the required 
pollution control level. The Act does not require or permit 
consideration of water quality problems attributable to particular 
point sources or industries, or water quality improvements in 
particular water bodies (see Weyerhaeuser Company v. Costle, 5907 F.2d 
1101 (D.C. Cir. 1978)}. 

REGULATED POLLUTANTS 

Pollutants regulated under BPT are BODi, TSS, and pH. 

IDENTIFICATION OF THE BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY 
AVAILABLE 

The best practicable control technology currently available for the 
wastepaper-molded products subcategory was identified as biological 
treatment. This is the same technology on which BPT limitations are 
based for all other subcategories of the secondary fibers segment of 
the pulp, paper, and paperboard industry that are subject to BPT 
regulations issued in 1974 and 1977 (39 FR 18742 and 42 FR 1398). 
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EPA also determined that wastewater discharges from the 
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven 
papers, and nonintegrated-paperboard subcategories are similar in 
nature to discharges from the nonintegrated-tissue papers subcategory. 
For these subcategories, the best practicable control technology 
currently available was identified as primary clarification, which is 
the technology on which BPT limitations are based for the 
nonintegrated-tissue papers subcategory. 

Biological treatment was identified as the best practicable control 
technology currently available for the corrugating medium furnish 
subdivision of the paperboard from wastepaper subcategory and the 
cotton fiber furnish subdivision of the nonintegrated-fine papers 
subcategory. Biological treatment is the technology on which BPT 
limitations are based for all other mills in the paperboard from 
wastepaper and the nonintegrated-f ine papers subcategories that are 
subject to BPT regulations issued in 1974 and 1977 (39 FR 18742 and 42 
FR 1398). 

BPT EFFLUENT LIMITATIONS 

BPT effluent limitations are presented in Table IX-1. 

RATIONALE fQB. ~ SELECTION OF THE TECHNOLOGY BASIS OF BPT 

The Clean Water Act requires the establishment of BCT limitations for 
industry subcategories from which conventional. pollutants are 
discharged. In order to develop BCT limitations, a base level BPT 
determination is desirable because the "cost-reasonableness test", 
required as part of the BCT determination, rests on the incremental 
cost of removal of BOD~ and TSS from BPT to BCT. 

As discussed in Section IV, four new subcategories of the pulp, paper, 
and paperboard industry have been identified: wastepaper-molded 
products, nonintegrated-lightweight papers, nonintegrated-f ilter and 
nonwoven papers, and nonintegrated-paperboard. Additionally, as a 
result of comments received on the proposed rule, two subcategories 
were segmented to reflect raw waste load differences resulting from 
the types of raw material furnish used. EPA established the 
corrugating medium furnish subdivision of the paperboard from 
wastepaper subcategory to account for the higher raw waste loads that 
result from the processing of recycled corrugating medium. The cotton 
fiber furnish subdivision of the nonintegrated-f ine papers subcategory 
was established to account for the higher raw waste loadings typical 
of nonintegrated mills where significant quantities of cotton fibers 
(equal to or greater than four percent of the total product) are used 
in the production of fine papers. 

To provide uniform national BPT effluent limitations for all segments 
of the pulp, paper, and paperboard industry and to aid in development 
of BCT limitations, the Agency established BPT effluent limitations 
for the wastepaper-molded products, nonintegrated-lightweight papers, 
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard 
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TAlll.E IX-I 

IWl EFFl.UF.NT LIMITATIONS 
Cl''ff I NUOIJS DISCHARGERS 

(kr/kkg or Ihs/1000 lbs) 

Max!_ni1:!111_]_0-D~y __ Aver~_g~ __ l'laxi•um_Q<ry __ 
BODS TSS BODS TSS ~11!_>c_~l!:_g~_ry _____________ _ --- --- -· ·-- ----·-----------------·-· -

Paperhoard From Wastepaper 
o Corrugating Mrcfium Furrtish 

Wastepaper-Molded Products 

Nonintegraled Fine Papers 
o Collon Fiber Furnish 

Nonintegrated-Lightweight l';ipen 
o Lightweight 
o Electrical 

Nonintrgrated-Fillcr and 
Nonwoven Papers 

Nonintegrated-Paprrhoard 

2.8 
2.3 

9. 1 

13.2 
20.9 

16.3 
3.6 

4.6 
5.8 

13. I 

10.6 
16.7 

13.0 
2.8 

S.7 
4.4 

17.4 

24. 1 
3R.O 

29.6 
6.5 

9.2 
10. ll 

24.3 

21.6 
34.2 

26.6 
5.R 

BPT EFFLUENT !.HflTATIONS 
NON CONTI NllOUS DISCHARGERS 

Annua 1 Avr rage 
_(_~gf ~kg __ C?_r _)E_~/_I 000__! ~tl._ 

Suhc:a_~8C?.':Y ___________________ _!l_Q~5_ _ __T~_S ___ _ 

Paperhoard From Wastepaper 
o r.orrugating tletli11m Furnish 

Wd~lrpaper-Molded Products 

Nuninlrl(ratrd Fine Paper" 
o Cotton Fihrr Furnish 

Nonintegrated-Lightwcight PapPrs 
o l.ightwciglot 
o Elertric:;il 

Noninlrgrated-filler a~d 
N0nw<)Vf'll PapPr!lt 

Nonintegralrd-PapPrboard 

1.6 
]. 3 

5. 1 

7.4 
II. 6 

9. I 
2.0 

2. 1 
3.2 

7.2 

6.0 
9.5 

7.4 
1 .6 

Maxin111111 30-Day Average Maximum nay 
_____ _J~gf !2____ ___ __ _!m&/ l) ___ _ 

BODS TSS BODS TSS ---- ·- --- ··------·· -- --- -·----

93 
27 

">2 

65 
65 

65 
65 

153 
66 

74 

52 
52 

52 
52 

189 
51 

99 

ll8 
118 

118 
118 

306 
122 

138 

106 
106 

106 
106 

----------- -· --·------ -----· -·-



subcategories. Additionally, EPA amended the existing BPT limitations 
for the paperboard from wastepaper and the nonintegrated-f ine papers 
subcategories. 

METHODOLOGY USED FOR DEVELOPMENT OF BPT EFFLUENT LIMITATIONS 

Biological treatment was identified as the best practicable control 
technology currently available for the wastepaper-molded products 
subcategory, the corrugating medium furnish subdivision of the 
paperboard from wastepaper subcategory, and the cotton fiber furnish 
subdivision of the nonintegrated-fine papers subcategory. The 
long-term average BPT BODi final· effluent concentrations for the 
wastepaper-molded products subcategory and the corrugating medium 
furnish subdivision of the paperboard from wastepaper subcategory were 
developed from the equation presented in Section VIII that relates the 
final effluent BODS concentration to the raw waste BODS concentration 
entering a biological treatment system. This relationship is based on 
biological treatment system performance at those mills used to 
establish BPT effluent limitations for the major portions of the pulp, 
paper, and paperboard industry. 

The BPT BODi effluent limitation promulgated for the nonintegrated
fine papers subcategory in 1977 is much less stringent than BODS 
limitations established for other subcategories with comparable BODS 
raw waste characteristics. Therefore, EPA did not base the long-term 
average BPT BODi final effluent concentration for the cotton fiber 
furnish subdivision of the nonintegrated-fine papers subcategory on 
the relationship between BODS final effluent concentration and BODS 
raw waste concentration discussed above. Rather, the long-term 
average BPT BODS final effluent concentration for this new subdivision 
was developed by applying the same percent reduction of BODS that 
forms the basis of BPT effluent limitations for all other mills-in the 
nonintegrated-f ine papers subcategory. 

As discussed in Section VIII, a relationship was also developed which 
predicts the anticipated final effluent TSS concentration resulting 
from biological treatment of wastewaters discharged from pulp, paper, 
and paperboard mills. This relationship is based on BPT effluent 
limitations promulgated in 1977 for a major portion of the pulp, 
paper, and paperboard industry. EPA based the long-term average BPT 
TSS final effluent concentrations for the wastepaper-molded products 
subcategory, the corrugating medium furnish subdivision of the 
paperboard from wastepaper, and the cotton fiber furnish subdivision 
of the nonintegrated-f ine papers subcategory on this relationship. 

Long-term average BODS and TSS final effluent mass loads were 
calculated by multiplying attainable final effluent concentrations by 
the effluent flow rates characteristic of each 
subcategory/subdivision. 

In making the decision to base BPT effluent limitations for the new 
subcategory and the two new subdivisions mentioned above on biological 
treatment, the Agency determined that biological treatment is 
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available and is now employed at many mills in the wastepaper-molded 
products subcategory, the corrugating medium furnish subdivision of 
the paperboard from wastepaper subcategory, and the cotton fiber 
furnish subdivision of the nonintegrated-fine papers subcategory. For 
the wastepaper-molded products subcategory and the corrugating medium 
furnish subdivision of the paperboard from wastepaper subcategory, BPT 
limitations are based on the ability of biological systems to treat 
the same pollutants (BODS and TSS) to levels representative of BPT 
effluent limitations -established for other subcategories with 
comparable BODi raw waste characteristics. For the cotton fiber 
furnish subdivision of the nonintegrated-fine papers subcategory, BPT 
limitations are based on the ability of biological treatment to remove 
the same pollutants (BODi and TSS) to the same degree as occurs at all 
other mills in the nonintegrated-fine papers subcategory. 

When applied at mills in the wastepaper-molded subcategory, the 
corrugating medium furnish subdivision of the paperboard from 
wastepaper subcategory, and the cotton-fiber furnish subdivision of 
the nonintegrated-fine papers subcategory, biological treatment is 
capable of attaining the BPT effluent limitations presented in Table 
IX-1. 

·Primary treatment was identified as the best practicable control 
technology currently available for the nonintegrated-lightweight 
papers, nonintegrated-filter and nonwoven papers, and nonintegrated
paperboard subcategories. The wastewater characteristics of these 
three nonintegrated subcategories are similiar in nature to those of 
the nonintegrated-tissue papers subcategory. Long-term average BPT 
final effluent BODS and TSS concentrations were transferred from the 
nonintegrated-tissue- papers subcategory to the nonintegrated
lightweight papers, nonintegrated-filter and nonwoven papers, and 
nonintegrated-paperboard subcategories. Long-term average final 
effluent loads were calculated by multiplying attainable final 
effluent concentrations by the effluent flow rates characteristic of 
these subcategories. 

The Agency determined that primary treatment is available and could be 
employed at mills in the three new nonintegrated subcategories. Raw 
waste characteristics at mills in the nonintegrated-filter and 
nonwoven papers, nonintegrated-lightweight papers, and nonintegrated
paperboard subcategories are comparable to those at mills in the 
nonintegrated-tissue papers subcategory. The BPT limitations are 
based on the ability of primary clarification to treat the same 
pollutants (BODS and TSS) to the same levels as now occurs at mills in 
the nonintegrated-tissue papers subcategory. When applied at mills in 
the nonintegrated-lightweight papers, nonintegrated-filter and 
nonwoven papers, and the nonintegrated-paperboard subcategories, 
primary treatment is capable of attaining the BPT effluent limitations 
presented in IX-1. 

BPT maximum 30-day and maximum day effluent limitations were 
determined by multiplying long-term average effluent limitations by 
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appropriate variability factors developed in the 1974 and 1977 BPT 
rulemaking (see Table IX-2). 

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

EPA anticipates that only one of the six subcategories for which new 
or revised BPT limitations were established will incur compliance 
costs. Four mills in the wastepaper-molded products subcategory are 
expected to invest a total of $6.01 million and incur total annual 
costs of $1.84 million (1978 dollars). 

Upon compliance with BPT effluent limitations for the four new 
subcategories, the Agency estimates that conventional pollutant 
removals from industry raw waste discharges will be 3.S million kg/yr 
(7.7 million lbs/yr) of BOD~ and 13.S million kg/yr (29.8 million 
lbs/yr) of TSS. These represent removals of 66 percent BODS and 89 
percent TSS from the raw waste levels of these pollutants for the four 
new subcategories. 

EPA does not anticipate any additional pollutant removals from the 
corrugating medium furnish subdivision of the paperboard from 
wastepaper subcategory as a result of this rulemaking since the 
amended BPT effluent limitations are less stringent than the BPT 
effluent limitations established in 1974 for the entire paperboard 
from wastepaper subcategory. BPT limitations were relaxed for this 
new subcategory subdivision to account for an increase in BODS raw 
waste loads since the implementation of BPT in 1977. -

Existing permits for the two direct discharging mills in the cotton 
fiber furnish subdivision of the nonintegrated-f ine papers subcategory 
are more stringent than the final BPT effluent limitations for this 
new subcategory subdivision; therefore, EPA anticipates no additional 
removal of conventional pollutants as a result of this regulation. 
(Compliance with final BPT effluent limitations would mean that 
conventional pollutant removals from raw waste discharges from the two 
direct discharging mills in the cotton fiber furnish subdivision of 
the nonintegrated-fine papers subcategory would be 165,200 kg/yr 
(363,400 lbs/yr) of BOD~ and 691,400 kg/yr (l.S million lbs/yr) of 
TSS. These represent removals of 53 percent BOD~ and 77 percent TSS 
from the raw waste levels of these pollutants for this subdivision.) 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Sections 304(b) and 306 of the Act require EPA to consider the 
non-water quality environmental impacts (including air pollution, 
solid waste generation, and energy requirements) of certain 
regulations. In conformance with these provisions, EPA considered the 
effect of this regulation on air pollution, solid waste generation, 
and energy consumption. The BPT regulation was reviewed by EPA 
personnel responsible for non-water quality related programs. While 
it is difficult to balance pollution problems against each other and 
against energy use, EPA believes this regulation will best serve often 
competing national goals. The Administrator determined that the 
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TABLE IX-2 

VARIABILITY FACTORS USED IN THE DEVELOPMENT OF BPT EFFLUENT LIMITATIONS 1 

Maximwn 30-Dai'.: Average Maximwn Dai'.: 
Subcategory BODS TSS BODS TSS 

Secondary Fibers Segment 

Paperboard From Wastepaper 
o Corrugating Mediwn Furnish 1. 77 2.18 3.54 4.36 

Wastepaper-Molded Products 1. 78 1.82 3.42 3.38 

Nonintegrated Segment 

Nonintegrated-Fine Papers 1. 78 1.82 3.42 3.38 
o Cotton Fiber Furnish 

Nonintegrated-Lightweight Papers 1. 79 1. 76 3.25 3.60 

Nonintegrated-Filter and 1. 79 1. 76 3.25 3.60 
Nonwoven Papers 

Nonintegrated-Paperboard 1. 79 1. 76 3.25 3.60 

1 These variability factors were developed in the BPT rulemaking.(46)(48) 
Variability factors for the Nonintegrated-Lightweight Papers, Nonintegrated
Filter and Nonwoven Papers, and Nonintegrated-Paperboard subcategories are 
based on the variability factors originally developed for the Nonintegrated
Tissue Papers subcategory because BPT is based on primary treatment for each 
of these nonintegrated subcategories. Variability factors for the Cotton 
Fiber Furnish subdivision of the Nonintegrated-Fine Papers subcategory and 
the Wastepaper-Molded Products subcategory are based on variability factors 
applicable to those Phase II subcategories where BPT was based on biological 
treatment. Variability factors originally developed for the Paperboard 
From Wastepaper subcategory were applied to the Corrugating Medium Furnish 
subdivision of the Paperboard From Wastepaper subcategory. 
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non-water quality impacts identified below are justified by the 
benefits associated with compliance with the regulation. 

Energy 

EPA estimates that attainment of BPT will require the use of the 
equivalent of 604 thousand liters (3800 barrels) per year of residual 
fuel oil, an increase of 0.0017 percent of current industry energy 
usage. 

Solid Waste 

EPA estimates that attainment of BPT will result in an additional 100 
kkg (110 tons) per year of wastewater treatment solids. This is equal 
to 0.0042 percent of current wastewater solids generated in the 
industry. 

Air and Noise 

Attainment of BPT will have no measurable impact on air or noise 
pollution. 
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SECTION X 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF THE 
BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE 

EFFLUENT LIMITATIONS GUIDELINES 

GENERAL 

As a result of the Clean Water Act of 1977, the achievement of BAT has 
become the principal national means of controlling wastewater 
discharges of toxic pollutants. The factors considered in 
establishing the best available technology economically achievable 
(BAT} level of control include the costs of applying the control 
technology, the age of process equipment and facilities, the process 
employed, process changes, the engineering aspects of applying various 
types of control technologies, and non-water quality environmental 
considerations such as energy consumption, solid waste generation, and 
air pollution (Section 304(b}(2)(B)). In general, the BAT technology 
level represents, at a minimum, the best economically-achievable 
performance of plants of shared characteristics. Where existing 
performance is uniformly inadequate, BAT technology may be transferred 
from a different subcategory or industrial category. BAT may include 
process changes or internal controls, even when not common industry 
practice. 

The statutory assessment of BAT "considers" costs, but does not 
require a balancing of costs against effluent reduction benefits (see 
Weyerhaeuser v. Costle, 590 F.2d 1011 (D.C. Cir. 1978)). In assessing 
BAT, EPA has given substantial weight to the reasonableness of costs. 
The Agency has considered the volume and the nature of discharges, the 
volume and nature of discharges expected after application of BAT, the 
general environmental effects of the pollutants, and the costs and 
economic impacts of the required pollution control levels. Despite 
this expanded consideration of costs, the primary determinant of BAT 
is effluent reduction capability using economically achievable 
technology. 

REGULATED POLLUTANTS 

Toxic Pollutants 

The Agency decided to regulate three different toxic pollutants 
present in wastewater discharges from mills in the pulp, paper, and 
paperboard industry: zinc, trichlorophenol (TCP), and 
pentachlorophenol (PCP). BAT effluent limitations were established in 
all subcategories for TCP and PCP. Zinc is regulated in the 
groundwood-thermo-mechanical, groundwood-CMN papers, and ground
wood-fine papers subcategories. 
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IDENTIFICATION 
ACHIEVABLE 

OF THE BEST AVAILABLE TECHNOLOGY ECONOMICALLY 

The Agency selected substitution of chemicals as the basis for control 
of trichlorophenol and pentachlorophenol. Fungicides and slimicides 
containing trichlorophenol and pentachlorophenol can be replaced by 
formulations that do not contain these toxic pollutants. 

In the groundwood subcategories, the BAT limitations for zinc are 
identical to BPT limitations for control of this toxic metal. The 
technology basis for BPT limitations is lime precipitation; however, 
EPA found that mills in the groundwood subcategories have complied 
with the BPT effluent limitations through the substitution of sodium 
hydrosulfite, a bleaching chemical, for zinc hydrosulfite. 

BAT EFFLUENT LIMITATIONS 

BAT effluent limitations are presented in Table X-1. 

RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS OF BAT 

An evaluation of verification data indicated that pentachlorophenol 
and trichlorophenol are not effectively removed through the 
application of primary or biological treatment, the technology bases 
of BPT effluent limitations for all subcategories. EPA selected 
substitution of fungicides and slimicides not containing 
trichlorophenol or pentachlorophenol as the basis for BAT limitations 
because chemical substitution greatly reduces the discharge of these 
toxic pollutants. Total removal is not achieved because some 
wastepapers are contaminated with low levels of PCP and because low 
levels of TCP are formed when pulp is bleached with chlorine or 
chlorine-containing compounds. EPA estimates that alternative 
chemicals are currently being used at approximately 80 percent of the 
mills in the pulp, paper, and paperboard industry, supporting the 
Agency's decision to base effluent limitations on chemical 
substitution. A survey of chemical suppliers shows that no measurable 
increase in production costs can be expected as a result of using 
biocides that do not contain chlorophenolics. 

The presence of significant quantities of zinc in groundwood mill 
effluents at the time of development of BPT limitations was due to the 
use of zinc hydrosulfite, a bleaching chemical. After promulgation of 
BPT effluent limitations guidelines, the discharge of zinc from pulp, 
paper, and paperboard mills was substantially reduced to levels below 
treatability through the substitution of sodium hydrosulfite for zinc 
hydrosulfite. Regulation of zinc at BPT levels was, therefore, 
selected as the basis of BAT effluent limitations. 

In commenting on proposed BAT effluent limitations, some commenters 
stated that tertiary treatment (i.e., chemically assisted 
clarification or CAC) should form the technology basis of the BAT 
effluent limitations for the toxic pollutants pentachlorophenol (PCP), 
trichlorophenol (TCP), and zinc. Chemically assisted clarification 



TABLE X-i 

BAT EFFLUENT LIMITATIONS 
(kg/kkg or lbs/1000 lbs) 

Maximum 
Subcategory 

Integrated SeS!!!ent 
Dissolving Kraft 
~arket Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite 4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Seconda!)'. Fibers Segment 
De ink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Se!!!!!ent 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

*Papergrade Sulfite Equations: 

PCP = 0.00058 exp(0.017x) 
TCP = 0.0036 exp(0.017x) 

pcpi rcp2 

0.0025 0.016 
0.0019 0.012 
0.0016 0.010 
0.0014 0.0088 

0.00058 0.00053 
0.00058 0.00053 
0. 0012 0.00043 
0.00064 0.00059 

0.0030 0.019 
0.0030 0.019 
0.0030 0.019 
0.0033 0.021 

* * 
0.00097 0.00088 
0.0011 0.00099 
0.0010 0.00092 

0.0030 0.0069 
0.0030 0.0069 
0.0030 0.0010 
0.0030 0.0011 

0.00087 0.00030 
0.00087 0.00030 
0.0026 0.00088 
0.0017 0.00060 

0.0018 0.00064 
0.0051 0.0018 
0.0028 0.00096 

0.0059 0.0020 
0.0093 0.0032 

0.0072 0.0025 
0.0016 0.00054 

Day 
Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

* 
0.26 
0.30 
0.27 

NA 
NA 
'.'IA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichlorophenol 

3Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 

NA = Not applicable. 
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Subcategory 

Integrated Segment 
Dissolving Kraft 
~arket Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 3 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite 4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondarv Fibers Segment 
Deink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Non1ntegrated-Tissue Papers 
Non1ntegrated-Lightweigbt Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

TABLE X-1 (continued) 

BAT EFFLUENT LIMITATIONS 
SONCONTINUOUS DISCHARGERS 

(concentrations mg/l) 

l1aximwn 
pep I TCP 2 

(0. 011 )(SS. I )/Y (0.068)(55.1)/Y 
(0.011)(41.6)/Y (0.068)(41.6)/Y 
( 0. 011)(35. 4) /Y (0.068)(35.4)/Y 
(0.011)(30.9)/Y (0.068)(30.9)/Y 

(0.011)(12.6)/Y (0.010) (12.6)/Y 
(0.011)(12.6)/Y (0.010)(12.6)/Y 
(0.029) (10.3)/Y (0.010)(10.3)/Y 
(O. 011) (14. 0)/Y (0.010)(14.0)/Y 

( 0. 011)(66. 0) /Y ( 0. 068 )( 66. 0) /Y 
(0. 011 )(66. O) /Y (0.068)(66.0)/Y 
(0.011)(66.0)/Y ( 0. 068 )( 66. 0) /Y 
(0.011)(72. 7)/Y (0.068) (72. 7)/Y 

* * 
(0.011)(21.1)/Y (0.010)(21.1)/Y 
(0.011)(23.8)/Y (0.010)(23.8)/Y 
(0.011) (21.9)/Y (0.010)(21.9)/Y 

(0.029)(24.4)/Y (0.068)(24.4)/Y 
( 0. 029 )( 24. 4) /Y (0.068)(24.4)/Y 
lO. 029 )t24. 4J/Y (0.010)(24.4)/Y 
(0.029)(25.2)/Y (0.010)(25.2)/Y 

(0.029)(7 .2)/Y (0.010)(7.2)/Y 
(O. 029 )(7. 2)/Y (0.010)(7 .2)/Y 
(0. 029)(21. 1) /Y (0.010)(21.1)/Y 
(0.029)(14.4)/Y (0.010)(14.4)/Y 

(0.029)(15.2)/Y (0.010)(15.2)/Y 
(0.029)(42.3)/Y (0.010)(42.3)/Y 
(0.029)(22.9)/Y (0.010)(22.9)/Y 

(0.029)(48.7)/Y (0.010)(48.7)/Y 
(0.029)(76.9)/Y (0.010)(76.9)/Y 

(0.029)(59.9)/Y (0.010)(59.9)/Y 
(0.029)(12.9)/Y (0.010) (12.9)/Y 

Y = Mill wastewater discharged per ton of product. 
NA = Not Applicable. 

~Papergrade Sulfite Equations: 

PCP= ((0.011)(12.67) exp(0.017x))/Y 
TCP= l(0.068)(12.67) exp(0.017x))/Y 
Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP Pentachlorophenol 

~TCP Trichlorophenol 

3Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) ana Papergrade Sulfite 
iDrwn Wash) subcategories. 
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Da:z: 
Zinc 

:-/A 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0) (21.1)/Y 
(3.0)(23.8)/Y 
(3.0)(21.9)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



(CAC) is an end-of-pipe treatment technology primarily employed to 
achieve a further reduction in suspended solids beyond the levels 
attained through the application of biological or primary treatment 
only. No data were submitted with comments, nor was the Agency aware 
of any data, that would allow the EPA to establish a relationship 
between removal of suspended solids and removal of the three toxic 
pollutants (PCP, TCP, and zinc). Therefore, the Agency was unable to 
establish regulations for control of PCP, TCP, and zinc based on CAC. 
Further, based on available data, the Agency determined that PCP, TCP, 
and zinc can be effectively controlled through chemical substitution. 
As discussed later in this section, limitations based on chemical 
substitution will lead to significant removals of regulated toxics. 
Thus, EPA based final regulations controlling PCP, TCP, and zinc on 
chemical substitution. 

METHODOLOGY USED FOR DEVELOPMENT OF BAT EFFLUENT LIMITATIONS 

Zinc 

BAT limitations for zinc are identical to BPT limitations for control 
of this toxic metal. Limitations are based on the maximum anticipated 
discharge concentration of zinc after the application of lime 
precipitation. As explained previously, the Agency expects that these 
limitations will be attained through substitution of sodium 
hydrosulfite for zinc hydrosulfite in bleaching groundwood pulp. 

Trichlorophenol 

The Agency assessed TCP discharge characteristics at mills in the 
pulp, paper, and paperboard industry taking into account whether 
chlorophenolic-containing biocides were used in the manufacturing 
process. EPA found that TCP discharges were significantly lower at 
those mills where chlorophenolic-containing biocides were not used. 
To determine the discharge levels of TCP that result from substitution 
of chlorophenolic-containing biocides, the Agency assessed all 
available data for mills where chlorophenolic-containing biocides were 
not employed. 

EPA found that higher levels of TCP were discharged from mills where 
chlorine-containing compounds were used to bleach pulp than from other 
mills. This is because low levels of TCP are formed in the bleaching 
process at mills where chlorine-containing compounds are used to 
bleach pulp. EPA determined the maximum discharge levels of TCP for 
mills where chlorine-containing compounds were used in the bleaching 
process and for mills where no chlorine-containing compounds were 
used. Based on all available data, the maximum discharge 
concentration of trichlorophenol at direct discharging mills where 
chlorophenolic-containing biocides are not used and 
chlorine-containing compounds are used to bleach pulp was determined 
to be 68 ug/l. The maximum discharge concentration of trichlorophenol 
at direct discharging mills where chlorophenolic-containing biocides 
were not used and where chlorine-containing compounds were not used to 
bleach pulp was determined to be 10 ug/l. 
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Pentachlorophenol 

The Agency assessed PCP discharge characteristics at mills in the 
pulp, paper, and paperboard industry taking into account whether 
chlorophenolic-containing biocides were used in the manufacturing 
process. EPA found that PCP discharges were significantly lower at 
those mills where chlorophenolic-containing biocides were not used. 
To determine the discharge levels of PCP that result from substitution 
of chlorophenolic-containing biocides, the Agency assessed all 
available data for mills where chlorophenolic-containing biocides were 
not employed. 

EPA found that higher levels of PCP were discharged from mills where 
wastepapers were processed than from other mills. This is caused by 
low level PCP contamination of wastepaper. EPA determined the maximum 
discharge levels of PCP for mills where wastepaper was processed and 
for mills where wastepaper was not processed. Based on all available 
data, the maximum discharge concentration of pentachlorophenol at 
direct discharging mills where chlorophenolic-containing biocides were 
not used and where wastepaper was processed was determined to be 29 
ug/l. The maximum discharge concentration of pentachlorophenol at 
direct discharging mills where chlorophenolic-containing biocides were 
not used and where wastepaper was not processed was determined to be 
11 ug/l. 

Mass limitations for each subcategory in kg/kkg (lbs/1000 lbs) were 
calculated as the product of the anticipated maximum day TCP and PCP 
effuent concentrations and the flows that form the basis of BPT for 
each subcategory. 

A more detailed discussion of the development of BAT effluent 
limitations is presented in Section VIII. 

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

Fungicide and Slimicide Substitution 

Other than costs associated with monitoring for TCP and PCP, EPA 
estimates that there is no cost associated with this technology; 
substitute chemicals are available at comparable costs. Since the 
final BAT regulation does not require monitoring where facilities 
certify that substitute chemicals are being used to control PCP and 
TCP, EPA anticipates that monitoring will rarely be required. 

EPA estimates that the total mass of regulated pollutants removed from 
industry wastewaters that are discharged directly to navigable waters 
will be about 13,700 kg/yr (30,200 lb/yr) of trichlorophenol and 9,590 
kg/yr (21,100 lb/yr) of pentachlorophenol. 

Zinc Removal 
~ 

There is no cost or pollutant removal associated with this technology. 
BAT limitations are equivalent to existing BPT limitations. 
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NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Sections 304(b) and 306 of the Act require EPA to consider the non
water quality environmental impacts (including air pollution, solid 
waste generation, and energy requirements) of certain regulations. In 
conformance with these provisions, the Agency considered the effect of 
this regulation on air pollution, solid waste generation, and energy 
consumption. EPA anticipates that attainment of these limitations 
will result in no increased energy usage nor will it contribute to air 
pollution, noise generation, or solid waste generation. 
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GENERAL 

SECTION XI 

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF 
BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY 

EFFLUENT LIMITATIONS GUIDELINES 

The 1977 amendments added section 30l{b){2){E) to the Act, 
establishing "best conventional pollutant control technology" {BCT) 
for discharges of conventional pollutants from existing industrial 
point sources. Conventional pollutants are those defined in section 
304(a)(4) (biological oxygen demanding pollutants (BODi), total 
suspended solids {TSS), fecal coliform, and pH), and any additional 
pollutants defined by the Administrator as "conventional" {oil and 
grease; 44 FR 44501, July 30, 1979). 

BCT is not an additional limitation but replaces BAT for the control 
of conventional pollutants. In addition to other factors specified in 
section 304(b){4){B), the Act requires that BCT limitations be 
assessed in light of a two part "cost-reasonableness" test. American 
Paper Institute v. EPA, 660 F.2d 954 {4th Cir. 1981). The first test 
compares the cost for private industry to reduce its conventional 
pollutants with the costs to publicly owned treatment works {POTWs) 
for similar levels of reduction in their discharge of these 
pollutants. The second test examines the cost-effectiveness of 
additional industrial treatment beyond BPT. EPA must find that 
limitations are "reasonable" under both tests before establishing them 
as BCT. In no case may BCT be less stringent than BPT. 

EPA published its methodology for carrying out the BCT analysis on 
August 29, 1979 (44 FR 50732). BPT and BAT limitations, NSPS, PSES, 
and PSNS were proposed for the pulp, paper, and paperboard industry on 
January 6, 1981 (46 FR 1430). At that time, BCT effluent limitations 
were also proposed. However, EPA was later ordered by the Court of 
Appeals for the Fourth Circuit to correct data and methodological 
errors in its BCT cost test and to develop a new BCT methodolo~y {see 
American Paper Institute v. EPA, 660 F.2d 954 (4th Cir. 1981)). 
Revised BCT limitations were recently reproposed along with the new 
BCT methodology (see 47 FR 49176, October 29, 1982). 

This document does not address BCT limitations. {For a discussion of 
control and treatment options known to be capable of reducing the 
discharge of conventional pollutants in pulp, paper, and paperboard 
industry wastewaters, see the January 1981 proposal and Development 
Document for Proposed Effluent Limitations Guidelines and Standards 
for the Pulp, Paper, and Paperboard and the Builders' 1aTer and Board 
Mills Point Source Categories (U.S. EPA, December, 1980 . 
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SECTION XII 

NEW SOURCE PERFORMANCE STANDARDS 

GENERAL 

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

REGULATED POLLUTANTS 

Conventional Pollutants 

Conventional pollutants regulated under NSPS are: BODi, TSS, and pH. 

Toxic Pollutants 

Toxic pollutants controlled under NSPS, as for 
pentachlorophenol (PCP), trichlorophenol (TCP), and zinc. 

Nonconventional Pollutants 

No nonconventional pollutants are regulated under NSPS. 

IDENTIFICATION OF ~ TECHNOLOGY BASIS OF NSPS 

Conventional Pollutant Control 

BAT, are 

The technology basis for control of conventional pollutants under NSPS 
is a combination of commonly employed production process controls and 
end-of-pipe treatment of the type that forms the basis of BPT effluent 
limitations (either primary or biological treatment). 

Toxic Pollutant Control 

The technology basis of final NSPS for zinc, trichlorophenol, and 
pentachlorophenol is substitution of chemicals. Fungicide and 
slimicide formulations containing trichlorophenol and 
pentachlorophenol can be replaced with formulations that do not 
contain these toxic pollutants. Zinc hydrosulfite, a chemical used to 
bleach groundwood pulps, can be replaced with sodium hydrosulfite. 
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NEW SOURCE PERFORMANCE STANDARDS 

New source performance standards for conventional pollutants are 
presented in Tables XII-1 and XII-2. New source performance standards 
for toxic pollutants are presented in Table XII-3. 

RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS FOR NSPS 

Conventional Pollutant Control Technology 

Final NSPS, like proposed NSPS, are based on commonly employed 
production process controls and end-of-pipe treatment of the type that 
forms the basis of BPT effluent limitations (either primary or 
biological treatment). However, the Agency has modified the 
methodology used at proposal to determine the conventional pollutant 
final effluent loadings that result from application of these 
technologies. 

In establishing final NSPS, EPA considered a broader set of mills in 
determining the raw waste flow and BODS reductions that will result 
from application of in-plant production process controls. The raw 
waste flows that form the basis of final NSPS have been demonstrated 
at mills in every subcategory of the pulp, paper, and paperboard 
industry. The BODi raw waste loads that form the basis of final NSPS 
have been demonstrated in 23 of 24 subcategories. The Agency also 
adjusted its method of calculating attainable effluent concentrations 
of BODS and TSS to account for those situations where BODS raw waste 
concentrations increase after the application of in-plant -production 
process controls. These modifications resulted in final NSPS that are 
less stringent than if the proposed methodology were used. (This 
revised methodology is discussed in detail in Section VIII 0£ this 
document.) 

The end-of-pipe treatment systems that form the basis of final NSPS 
are the same as those commonly employed to comply with BPT effluent 
limitations but are considerably larger, especially in the integrated 
segment. Therefore, they are more efficient in controlling 
conventional pollutants. {For example, the detention time for 
activated sludge treatment is 12 rather than 8 hours). These larger 
systems are now employed at mills in many subcategories of this 
industry. Although these larger systems are not employed at mills in 
all subcategories, the technology is readily available. The Agency 
determined that these systems can be designed, constructed, and 
operated at new sources in every subcategory of the pulp, paper, and 
paperboard industry and, in combination with commonly employed 
production process controls, are capable of meeting the final NSPS. 

The combination of reduced raw waste loads {attainable through the 
application of commonly employed in-plant production process controls) 
and more efficient end-of-pipe treatment systems {that can be designed 
and employed in this industry) form the basis of NSPS. This 
combination of technologies results in conventional pollutant 
limitations that have not been achieved at existing mills in every 
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TABLE XII-I 

NEW SOURCE PERFORMANCE STANDARDS 
CONVENTIONAL POLLUTANTS 

(kg/kkg or lbs/1000 lbs) 

~laximum 30-Dav Average 
Subcategory BODS TSS 

Maximum Day 
BODS rss 

Integrated Segment 
Dissolving Kraft 
~arket Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemica 1 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o '·./iscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 
De ink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tisaue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

8.4 
s.s 
4.6 
3. I 

1.8 
2.7 
1. 6 
2.1 

14.S 
15. 5 
16.8 
21. 4 

'~ 
2.5 
2.5 
1. 9 

3.1 
S.2 
3.2 
2.5 

2.1 
1.4 
1.1 
0.94 

1. 9 
4.2 
3.4 

6.7 
11. 7 

8.3 
1.9 

14.3 
9.S 
7.6 
4.8 

3.0 
4.8 
3.0 
3.8 

21. 3 
21. 3 
21. 3 
21.5 

* 
4.6 
3.8 
3.0 

4.6 
6.8 
6.3 
5.3 

2.3 
1.8 
2.3 
1. 4 

2.3 
4.9 
2.6 

5.2 
9.2 

6.6 
l.S 

lS.6 
10.3 
8.5 
5.7 

3.4 
s.o 
3.0 
3.9 

26.9 
28.7 
31. 2 
39.6 

.~ 

4.6 
4.6 
3.5 

5.7 
9.6 
6.0 
4.6 

3.9 
2.6 
2.1 
1. 7 

3.S 
7.8 
7.0 

13.7 
24.1 

17.1 
4.0 

pH-Within the range S.O to 9.0 at all times 

*Papergrade Sulfite Equations: 

Maximum 30-day average: 

BODS = 2.36 exp(0.017x) 
TSS = 3.03 exp(0.017x) 

Maximum day: 

BODS = 4.38 exp(0.017x) 
TSS- = S.81 exp(0.017x) 

27.3 
18.2 
14.6 
9. 1 

5.8 
9.1 
5.8 
7.3 

40.8 
40.8 
40.8 
41. 1 

* 
8.7 
7.3 
5.8 

8.7 
13. 1 
12.0 
10.2 

4.4 
3.5 
4.4 
2.7 

4.4 
9.S 
6.0 

12.0 
21.1 

15.0 
3.S 

wbere x equals percent sulfite pulp produced on-site in the final product 

1 Includes Fine Bleached Kraft and Soda subcategories. 

Zincludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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TABLE XII-2 

NEW SOURCE P!RFORHAHCE STANDARDS 
COHVENTIOllAL POLLUTAllTS 

NONCOllTlllUOUS DISCHARGERS 

Annual Averaae llaxiaum 
(kl[kkl or lb•llOOO lb•2 

Subcate10!1: BODS TSS BODS 

Inte1rated Sel!!!nt 
Diaaolviaa Kraft 4.4 7 .s 40 
Market Bleached Kraft 2.9 s.o 36 
BCT Bleached Kraft 2.4 4.0 34 
Alkaline·Fine1 1.6 2.S 29 
Unbleached Kraft 

o Linerboard 0.96 1.6 47 
o Bag 1.4 2.S SS 

Semi•Ch ... ical 0.84 1.6 S2 
Unbleached Kraft and Semi-Chemical 1.1 2.0 4S 
Diaaolvina Sulfite Pulp 

o Nitration 7.6 11.2 59 
o Viacoae 8. 1 11.2 63 
o Cellophane 8.8 11. 2 68 
o Acetate 11.2 11.3 78 

Paperarade Sulfite' * * 62 
Grouadwood-Ther110•llechanical 1.3 2.4 44 
Grouadwood-Cllll Paper• 1.3 2.0 34 
Grouadwood-Fine Paper• 1. 0 1. 6 31 

Seconda~ Fibera Se pent 
De ink 

o Fine Papers !. 6 2.4 46 
o Tiuue Papen 2. 7 3.6 62 
o Hevaprint !. 7 3.3 49 

Tiaaue From Waatepaper 1.3 2.8 36 
Paperboard Fro• Waatepaper 

o Corru1atin1 Medium Furnish 1.1 1.2 161 
o lloncorru1atin1 Medium Furnish 0. 73 0.97 105 

Wastepaper-llolded Product• 0.60 1.2 48 
Buildera' Paper and Roofing Felt 0.49 0.73 83 

Nonintearated Sea!!nt 
Nonintearated·Fine Papers 

o Wood Fiber Furniah 0.98 !. 2 48 
o Cotton Fiber furnish 2.2 2.6 33 

Nonintegrated-Tiaaue Papers 2.3 1.6 43 
llonintegrated-Lightveiaht Papers 

o Lightweight 4.5 3.2 42 
o Electrical 7.9 5.6 42 

llonintegrated-Filter 
and Nonwoven Papers 5.6 4.C 42 

Nonintegrated-Paperboard 1.3 0.94 42 

pH-Within the range 5.0 to 9.0 at all tiaes 

*Paperarade Sulfite (See Equations in Table I-4). 

BODS Long-Term Average= MaxilllWll 30-day average+ 1.91 
TSS-Long-Term A•erage = llaximum 30-day average + 1.90 

!Includes fine Bleached Kraft and Soda subcategories 

30-Day Averaae Maxi- Day 
(•1ll2 ~·1ll2 

TSS BODS TSS 

68 74 129 
63 68 120 
S7 63 109 
4S S3 8S 

79 87 lS l 
98 101 188 
97 97 186 
79 84 lS l 

87 109 166 
87 117 166 
87 127 166 
79 145 151 
80 l lS 153 
80 81 153 
S4 63 104 
46 S7 88 

69 86 131 
84 116 162 
92 90 177 
79 67 lS l 

171 298 328 
137 194 263 
92 89 176 

122 1S4 234 

56 88 107 
38 60 72 
33 88 76 

33 87 76 
33 ~7 76 

33 87 76 
33 87 76 

2Includes Papergrade Sulfite (Blow Pit Waah) and Papergrade Sulfite (Drum Wash) subcategories. 
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TABLE XII-3 

NEW SOURCE PERFORMANCE STANDARDS 
TOXIC POLLUTANTS 

(kg/kkg or lbs/1000 lbs) 

Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 3 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondarz Fibers Se!!!!ent 
Deink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintesrated Se~nt 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweigbt Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

*Papergrade Sulfite Equations: 

PCP= 0.00058 exp(O.Ol7x) 
TCP= 0.0036 exp(0.017x) 

Maximum 
pcpi Tcp2 

0.0025 0.016 
0.0019 0.012 
0.0016 0.010 
0.0014 0.0088 

0.00058 0.00053 
0.00058 0.00053 
0.0012 0.00043 
0.00064 0.00059 

0.0030 0.019 
0.0030 0.019 
0.0030 0.019 
0.0033 0.021 

* * 
0.00097 0.00088 
0.0011 0.00099 
0.0010 0.00092 

0.0030 0.0069 
0.0030 0.0069 
0.0030 0.0010 
0.0030 0. 0011 

0.00087 0.00030 
0.00087 0.00030 
0.0026 0.00088 
0.0017 0.00060 

0.0018 0.00064 
0.0051 0.0018 
0.0028 0.00096 

0.0059 0.0020 
0.0093 0.0032 

0.0072 0.0025 
0.0016 0.00054 

Day 
Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

* 
0.17 
0.21 
0.19 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 

Where x equals percent sulfite pulp produced on-site in the final product. 

1 PCP = Pentacblorophenol 

~TCP = Trichlorophenol 

3 Includes Fine Bleacbeci Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit wash) and Papergrade Sulfite 
(Drum '.¥ash) subcategories. 

NA = Sot applicable. 
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Subcategory 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite 4 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 
De ink 

o Fine Papers 
o fissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

TABLE Xll-3 (continued) 

NEW SOURCE PERFORMANCE STANDARDS 
TOXIC POLLUTANTS 

NONCONTINUOUS DISCHARGERS 
(concentrations mg/l) 

Maximum 
pep! TCPl! 

(0.012)(50.7)/Y (0.074)(50. 7)/Y 
(O. 013)(36. 6)/Y (0.077)(36.6)/Y 
(0.012)(31. 7)/Y (0.076)(31. 7)/Y 
(0.014)(25.1)/Y (0.084)(25.1)/Y 

(0.015)(9.4)/Y (0.013)(9.4)/Y 
(0.012)(11.4)/Y (0.011)(11.4)/Y 
(0. 041)(7.3)/Y (0.014)(7 .3)/Y 
(0.013)(11.5)/Y (0.012)(11.5)/Y 

(0.012)(59.0)/Y (0.076)(59.0)/Y 
(0.012)(59.0)/Y (O. 076)(59. 0)/Y 
(0.012)(59.0)/Y (0.076)(59.0)/Y 
(0.012)(65.7)/Y (0.075)(65. 7)/Y 

* * 
(0.017)(13.8)/Y (0.015)(13.8)/Y 
(0.016)(16.8)/Y (0.014)(16.8)/Y 
(0.016)(15.4)/Y (0.014)(15.4)/Y 

(O .045) (15. 9)/Y (0.104)(15.9)/Y 
t0.036)(19.5)/Y (0.085) (19 .5)/Y 
( 0. 044) (16. 2) /Y -(0.015)(16.2)/Y 
(0.045)(16.3)/Y (O. 015) (16. 3)/Y 

(0.065)(3.2)/Y (0.023)(3.2)/Y 
(0.065)(3.2)/Y (0.023)(3.2)/Y 
(0.107)(5. 7)/Y (0.037)(5. 7)/Y 
(0.155)(2. 7)/Y (0.053)(2. 7)/Y 

( 0 . 04 7 )( 9 . 4) /Y (0.016)(9.4)/Y 
(0.039)(31.1)/Y (0.014) (31.1)/Y 
(0.035)(19.1)/Y (0.012) (19.1)/Y 

(0.037)(38.2)/Y (0.013)(38.2)/Y 
(0.033)(66.8)/Y (0.012)(66.8)/Y 

(0.037)(47.5)/Y (0.013)(47 .5)/Y 
( O. 033) (11. 2) /Y (0.012)(11.2)/Y 

¥ = Mill wastewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP = ((0.015)(9.12) exp(0.017x))/Y 
TCP = ((0.094)(9. 12) exp(0.017x))/Y 
\.'here x equals percenc sulfite pulp produced on-site in the final product. 

·DCP = P2~tJcnlorophen0i 

~TCP = 7 richlorophenol 

.;~!lciudes Fine !.Jleache<l KrJft .rnd Soda subcategories. 

~Includes Paper·gradP Sulfite (Blow Pit \.iJsh) .ind Papergra<ie Sulfite 
(Dr:un t,.,.·ashJ ;;ubcJ.tl~t:;or~cs. 
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Da;[ 
Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0)(13.8)/Y 
(3.0) (16.8)/Y 
(3.0)(15.4)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



subcategory. This is because the more efficient treatment systems 
have not been employed at mills in every subcategory where raw waste 
loads have been reduced to the levels on which NSPS are based. There 
is no reason why the NSPS end-of-pipe treatment systems would be less 
efficient in controlling the conventional pollutant raw waste 
concentrations that result from implementation of in-plant controls 
than if these controls were not employed. Therefore, the fact that in 
some subcategories there is no mill that currently meets final NSPS 
does not mean that the technologies which form the basis of NSPS are 
not demonstrated. In fact, final NSPS have been attained at mills 
where every major pulping and bleaching process (bleached kraft, 
unbleached kraft, groundwood, semi-chemical, sulfite, deink, and other 
secondary fiber) and papermaking process are employed. The 
technologies that form the basis of final NSPS either are now employed 
or are available for application in every subcategory of the pulp, 
paper, and paperboard industry and represent the best demonstrated 
control technology for conventional pollutants. 

Toxic Pollutant Control Technology 

EPA selected substitution of fungicides and slimicides not containing 
trichlorophenol or pentachlorophenol as the basis for NSPS because 

·chemical substitution greatly reduces the discharge of these toxic 
pollutants from new sources. Total removal is not achieved because 
some wastepapers are contaminated with low levels of PCP and because 
low levels of TCP are formed when pulp is bleached with chlorine or 
chlorine-containing compounds. EPA estimates that alternate chemicals 
are currently being used at approximately 80 percent of the mills in 
the pulp, paper, and paperboard industry, supporting the Agency's 
decision to base effluent limitations on chemical substitution. A 
survey of chemical manufacturers shows that no measurable increase in 
production costs can be expected as a result of using biocides that do 
not contain chlorophenolics. 

The substitution of sodium hydrosulfite for zinc hydrosulfite to 
control the discharge of zinc ensures substantial reductions in the 
discharge of zinc at new direct discharging groundwood mills where 
zinc could be used as a bleaching chemical. This technology is 
readily transferable to new direct discharging mills as EPA found that 
substitution of zinc hydrosulfite with sodium hydrosulfite has been 
widely practiced at direct discharging groundwood mills to attain 
existing BPT effluent limitations. 

In commenting on proposed NSPS, some commenters stated that tertiary 
treatment (i.e., chemically assisted clarification or CAC) should form 
the technology basis of NSPS for the toxic pollutants 
pentachlorophenol (PCP), trichlorophenol (TCP), and zinc. Chemically 
assisted clarification (CAC) is an end-of-pipe treatment technology 
primarily employed to effect a further reduction in suspended solids 
than can be attained through application of biological treatment only. 
No data were submitted with comments, nor was the Agency aware of any 
data, that would allow the EPA to establish a relationship between 
removal of suspended solids and removal of the three toxic pollutants 
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(PCP, TCP, and zinc). Therefore, the Agency was unable to establish 
regulations for control of PCP, TCP, and zinc based on CAC. Further, 
based on available data, the Agency determined that PCP, TCP, and zinc 
can be effectively controlled through chemical substitution. As 
discussed previously, chemical substitution will lead to significant 
removals of regulated toxics. Thus, EPA based final NSPS controlling 
PCP, TCP, and zinc on chemical substitution. 

METHODOLOGY USED FOR DEVELOPMENT OF NSPS 
~~ ~- -- -~-

Conventional Pollutants 

NSPS long-term average final effluent characteristics were calculated 
by multiplying (a) effluent concentrations determined from analysis of 
control technology performance data for end-of-pipe treatment systems 
and (b) typical wastewater flow for new sources in each subcategory 
after implementation of in-plant controls. For most subcategories, as 
discussed in Section VIII, the NSPS wastewater flow was based on the 
average of flows less than the flow basis of BPT effluent limitations. 
Long-term average BOD~ and TSS effluent concentrations were determined 
from actual effluent data for operating mills in the pulp, paper, and 
paperboard industry. The development of final effluent concentrations 
for each subcategory is discussed in detail in Section VIII. 

EPA calculated· maximum 30-day and daily maximum mass limitations by 
multiplying attainable long-term average final effluent loads by 
appropriate variability factors as discussed in Section VIII. 

Toxic Pollutants 

Zinc. NSPS for zinc were determined as the product of (a) the maximum 
discharge concentration that forms the basis of BPT effluent 
limitations for control of zinc and (b) the flows that form the basis 
of NSPS for each of the three groundwood subcategories. As explained 
previously, the Agency expects that this standard will be attained 
through substitution of sodium hydrosulfite for zinc hydrosulfite in 
bleaching groundwood pulp. 

Trichlorophenol. The Agency assessed TCP discharge characteristics at 
mills in the pulp, paper, and paperboard industry taking into account 
whether chlorophenolic-containing biocides were used in the 
manufacturing process. EPA found that TCP discharges were 
significantly lower at those mills where chlorophenolic-containing 
biocides were not used. To determine the discharge levels of TCP that 
result from substitution of chlorophenolic-containing biocides at new 
sources, the Agency assessed all available data for existing mills 
where chlorophenolic-containing biocides were not employed. 

EPA found that higher levels of TCP were discharged from existing 
mills where chlorine-containing compounds were used to bleach pulp 
than from other mills. This is because low levels of TCP are formed 
in the bleaching process at mills where chlorine-containing compounds 
are used to bleach pulp. EPA determined the maximum discharge levels 
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of TCP for existing mills where chlorine-containing compounds were 
used in the bleaching process and for existing mills where no 
chlorine-containing compounds were used. Based on all available data, 
the maximum discharge concentration of trichlorophenol at existing 
direct discharging mills where chlorophenolic-containing biocides were 
not used and chlorine-containing compounds were used to bleach pulp 
was determined to be 68 ug/l. The maximum discharge concentration of 
trichlorophenol at existing direct discharging mills where 
chlorophenolic-containing biocides were not used and where 
chlorine-containing compounds were not used to bleach pulp was 
determined to be 10 ug/l. 

Mass limitations applicable to existing direct discharging mills in 
each subcategory were calculated as the product of the anticipated 
maximum day TCP effluent concentrations and the flows that form the 
basis of BPT for each subcategory. As explained in Section VIII, TCP 
discharges are directly related to the quantity of pulp bleached and, 
therefore, should not be affected by water use. Therefore, discharge 
levels (on a mass basis) at new mills with lower flows should be 
identical to discharge levels at existing mills. Thus, NSPS are 
identical to BAT effluent limitations for TCP. 

PentachloroBhenol. The Agency assessed PCP discharge characteristics 
at mills in the pulp, paper, and paperboard industry taking into 
account whether chlorophenolic-containing biocides were used in the 
manufacturing process. EPA found that PCP discharges were 
significantly lower at those mills where chlorophenolic-containing 
biocides were not used. To determine the discharge levels of PCP that 
result from substitution of chlorophenolic-containing biocides at new 
sources, the Agency assessed all available data for mills where 
chlorophenolic-containing biocides· were not employed. 

EPA found that higher levels of PCP were discharged from existing 
mills where wastepapers were processed than from other mills. This is 
caused by low level PCP contamination of wastepaper. EPA determined 
the maximum discharge levels of PCP for existing mills where 
wastepaper was processed and for existing mills where wastepaper was 
not processed. Based on all available data, the maximum discharge 
concentration of pentachlorophenol at existing direct discharging 
mills where chlorophenolic-containing biocides were not used and where 
wastepaper was processed was determined to be 29 ug/l. The maximum 
discharge concentration of pentachlorophenol at existing direct 
discharging mills where chlorophenolic-containing biocides were not 
used and where wastepaper was not processed was determined to be 11 
ug/l. 

Mass limitations applicable to existing direct discharging mills in 
·each subcategory were calculated as the product of the anticipated 
maximum day PCP effluent concentrations and the flows that form the 
basis of BPT for each subcategory. As explained in Section VIII, PCP 
discharges are directly related to the quantity of wastepaper 
processed and, therefore, should not be affected by water use. 
Therefore, discharge levels (on a mass basis) at new mills with lower 
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flows should be the same as discharge levels at existing mills. Thus, 
NSPS are identical to BAT effluent limitations for PCP. 

A more detailed discussion of the development of toxic pollutant NSPS 
is presented in Section VIII. 

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

The cost of attainment of NSPS varies by subcategory as discussed in 
Appendix A. EPA estimates that compliance with NSPS will result in 
incremental capital costs of $19.4 million and total annual costs of 
$6.9 million (1978 dollars) for the period 1985 to 1990 based on the 
projected production growth rate. (27) Substantial reductions of 
BODS, TSS, and zinc are ensured while discharges of trichlorophenol 
and- pentachlorophenol resulting from the use of biocides will be 
virtually eliminated. 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Non-water quality environmental impacts were considered and are 
discussed in Appendix A. Energy costs and the cost of disposal of 
solid wastes were included 1n Agency estimates of the cost of 
attainment of new source performance standards. Energy use and solid 
waste generation will vary at new sources depending on mill size and 
the subcategory of the pulp, paper, and paperboard industry 
considered. EPA anticipates that attainment of NSPS will have no 
measurable impact on air or noise pollution. 
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SECTION XIII 

PRETREATMENT STANDARDS FOR EXISTING SOURCES 

GENERAL 

Section 307(b} of the Act requires EPA to promulgate pretreatment 
standards for existing sources (PSES) that must be achieved within 
three years of promulgation. PSES are designed to control the 
discharge of pollutants that pass through, interfere with, or are 
otherwise incompatible with the operation of POTWs. The Clean Water 
Act of 1977 requires pretreatment for toxic pollutants that pass 
through the POTW in amounts that would violate direct discharger 
effluent limitations or interfere with the POTW's treatment process or 
chosen sludge disposal method. The legislative history of the 1977 
Act indicates that pretreatment standards are to be technology-based, 
analogous to the best available technology for removal of toxic 
pollutants. EPA has generally determined that there is pass through 
of pollutants if the percent of pollutants removed by a well-operated 
POTW achieving secondary treatment is less than the percent removed by 
the BAT model treatment system. The general pretreatment regulations, 
which served as the framework for the categorical pretreatment 
regulations for the pulp, paper, and paperboard industry can be found 
at 40 CFR Part 403 (43 FR 27736, June 26, 1978; 46 FR 9462, 
January 28, 1981). 

REGULATED POLLUTANTS 

EPA established PSES for control of the toxic pollutants 
trichlorophenol (TCP) and pentachlorophenol (PCP) in all 
subcategories. PSES were also promulgated for zinc in the 
groundwood-thermo-mechanical, groundwood-CMN papers, and groundwood
fine papers subcategories. Pentachlorophenol and trichlorophenol have 
been observed to pass through biological treatment systems. Control 
of the toxic metal zinc is necessary to m1n1m1ze sludge disposal 
problems and pass through of this pollutant. 

IDENTIFICATION OF THE TECHNOLOGY BASIS OF PRETREATMENT STANDARDS FOR 
EXISTING SOURCES~ 

The Agency selected substitution of chemicals as the basis for the 
control of trichlorophenol, pentachlorophenol, and zinc being 
discharged to POTWs. Fungicide and slimicide formulations containing 
trichlorophenol and pentachlorophenol can be replaced with 
formulations that do not contain these toxic pollutants. Zinc 
hydrosulfite, a chemical used to bleach groundwood pulps, can be 
replaced with sodium hydrosulfite. 

PSES 

PSES are presented in Table XIII-1. 
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TABLE XI II-1 

PRETREATMENT STANDARDS FOR EXISTING SOURCES 
(concentrations mg/l) 

Subcatego~ pep I 

Integrated Segment 
Dissolving Kraft (0.011)(55.1)/Y 
Market Bleached Kraft (0.011)(41.6)/Y 
BCT Bleached Kraft (0.011)(35.4)/Y 
Alkaline-Fine3 (0.011)(30.9)/Y 
Unbleached Kraft 

o Linerboard (0.011)(12.6)/Y 
o Bag (0.011)(12.6)/Y 

Semi-Chemical (O. 032)(10. 3)/Y 
Unbleached Kraft and Semi-Chemical (0.011)(14.0)/Y 
Dissolving Sulfite Pulp 

o Nitration (0.011)(66.0)/Y 
o Viscose (0.011)(66.0)/Y 
o Cellophane (0.011)(66.0)/Y 
o Acetate (O. 011)(72. 7)/Y 

Papergrade Sulfite4 * 
Groundwood-Thermo-Mechanical (0.011)(21.1)/Y 
Groundwood-CHN Papers (0.011)(23.8)/Y 
Groundwood-Fine Papers (0. 011)(21.9)/Y 

Secondarl:'. Fibers Segment 
De ink 

o Fine Papers (0.032)(24.4)/Y 
o Tissue Papers (0.032)(24.4)/Y 
o Newsprint (0.032)(24.4)/Y 

Tissue From wastepaper (0.032J(25.2J/Y 
Paperboard From Wastepaper 

o Corrugating Medium Furnish (0.032)(7 .2)/Y 
o Noncorrugating Medium Furnish (0.032)(7 .2)/Y 

Wastepaper-Molded Products (0.032)(21. l)/Y 
Builders' Paper and Roofing Felt (0.032)(14.4)/Y 

Nonintegrated Se!!!!ent 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish (0.032)(15.2)/Y 
o Cotton Fiber Furnish (0.032)(42.3)/Y 

Nonintegrated-Tissue Papers (0.032)(22.9)/Y 
Nonintegrated-Lightweight Papers 

o Lightweight (0.032)(48.7)/Y 
o Electrical (O. 032)(76. 9 )/Y 

Nonintegrated-Filter 
and Nonwoven Papers (0. 032)(59. 9)/Y 

Nonintegrated-Paperboard (0. 032) (12. 9)/Y 

Y = Mill wastewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP= ((0.011)(12.67) exp(O.Olix))/Y 
TCP = ((0.082)(12.67) exp(0.017x))/Y 

Maximum 
TcP 11 

(0.082)(55.1)/Y 
(0.082)(41.6)/Y 
(0.082)(35.4)/Y 
(0. 082)(30. 9)/Y 

(0.010)(12.6)/Y 
(0.010)(12.6)/Y 
(0. 010)(10. 3)/Y 
(0.010)(14.0)/Y 

(O. 082)(66. O)/Y 
(O. 082)(66. O)/Y 
(0.082)(66.0)/Y 
(0.082)(72. 7)/Y 

* 
(0.010)(21.1)/Y 
(0.010)(23.8)/Y 
(0.010)(21.9)/Y 

(0.082)(24.4)/Y 
(0.082)(24.4)/Y 
(0.010)(24.4)/Y 
(0.010Jl25.2J/Y 

(0.010) (7 .2)/Y 
(0.010)(7 .2)/Y 
(0.010)(21.1)/Y 
(0. O 10) (14. 4) /Y 

(0.010)(15.2)/Y 
(0.010)(42.3)/Y 
(0.010)(22.9)/Y 

(0.010)(48. 7)/Y 
(0. 010)(76. 9)/Y 

(0.010)(59.9)/Y 
(0. 010)( 12. 9)/Y 

Where x equals percent sulfite pulp produced on-site in the final product. 

lpcp = Pentachlorophenol 

LTCP .: Tcichlorophenol 

3 Includes Fine Bleached Kraft anrl Soda subcategories. 

4 Includes Papergr3de Sulfite (Bl0w Pit ~ash) and Papergrade Sulfite 
(Drum Wash) s~bcategories. 

546 

Dal:'. 
Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0)(21.1)/Y 
(3.0)(23.8)/Y 
(3.0)(21.9)/Y 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



TABLE XIII-I (continued) 

PSES OPTIONAL MASS LIMITS 
(kg/kJtg or lb/1000 lbs) 

Subcategory 

Integrated Segment 
Diaaolvina Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Diaaolving Sulfite Pulp 

o .Nitration 
o Viaco1e 
o Cellophane 
o Acetate 

Papergrade Sulfite' 
Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fiber• Segment 
Deinlt 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tisaue Fro• Wastepaper 
Paperboard From Waatepaper 

o Corrugatina Medium Furnish 
o .Noncorruaatina Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

.Nonintegrated Segment 

.Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tiaaue Papers 
.Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

.Nonintegrated-Paperboard 

0.0025 
0.0019 
0.0016 
0.0014 

0.00058 
0.00058 
0.0014 
0.00064 

0.0030 
0.0030 
0.0030 
0.0033 

* 
0.00097 
0.0011 
0.0010 

0.0033 
0.0033 
O.OO'.l3 
0.0034 

0.00096 
0.00096 
0.0028 
0.0019 

0.0020 
0.0056 
0.0031 

0.0065 
0.010 

0.0080 
0.0017 

Y = Hill wastewater discharged per ton of product. 
NA = Not Applicable 

*Papergrade Sulfite Equations: 

PCP = 0.00058 exp(0.017x) 
TCP = 0.0043 exp(0.017x) 

Maximum Day 
TCP2 

0.019 
0.014 
0.012 
0.011 

0.00053 
0.00053 
0.00043 
0.00059 

0.023 
0.023 
0.023 
0.025 

* 
0.00088 
0.00099 
0.00092 

0.0084 
0.0084 
I) 0010 
0.0011 

0.00030 
0.00030 
0.00088 
0.00060 

0.00064 
0.0018 
0.00096 

0.0020 
0.0032 

0.0025 
0.00054 

Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichlorophenol 

3 lncludes Fine Bleached Kraft and Soda subcategories. 

'Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.26 
0.30 
0.27 

NA 
NA 

"" NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

~A 

NA 

~A 

NA 



RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS OF PSES 

EPA selected substitution of fungicides and slimicides not containing 
trichlorophenol (TCP) or pentachlorophenol (PCP) as the basis for PSES 
because chemical substitution greatly reduces the discharge of these 
toxic pollutants to POTWs. Total removal is not achieved because some 
wastepapers are contaminated with low levels of PCP and because low 
levels of TCP are formed when pulp is bleached with chlorine or 
chlorine-containing compounds. EPA estimates that alternative 
chemicals are currently being used at approximately 80 percent of the 
mills in the pulp, paper, and paperboard industry, supporting the 
Agency's decision to base effluent limitations on chemical 
substitution. A survey of chemical manufacturers shows that no 
measurable increase in production costs can be expected as a result of 
using biocides that do not contain chlorophenolics. 

The substitution of sodium hydrosulfite for zinc hydrosulfite to 
control the discharge of zinc ensures substantial reductions in the 
discharge of zinc at indirect discharging groundwood mills where zinc 
is used as a bleaching chemical. This technology is readily 
transferable to indirect discharging mills as EPA found that 
substitution of zinc hydrosulfite with sodium hydrosulfite has been 
widely practiced at direct discharging groundwood mills to attain 
existing BPT effluent limitations. EPA also determined that 
substitution to the use of sodium hydrosulfite will not affect the 
viability of indirect discharging groundwood mills. 

In commenting on the proposed regulations, some commenter, stated that 
tertiary treatment (i.e., chemically assisted clarification or CAC) 
should form the technology basis of the PSES for the toxic pollutants 
pentachlorophenol (PCP), trichlorophenol (TCP), and zinc. Chemically 
assisted clarification (CAC) is an end-of-pipe treatment technology 
primarily employed to effect a further reduction in suspended solids 
than can be attained through application of biological treatment only. 
No data were submitted with comments, nor was the Agency aware of any 
data, that would allow the EPA to establish a relationship between 
removal of suspended solids and removal of the three toxic pollutants 
(PCP, TCP, and zinc). Therefore, the Agency was unable to establish 
regulations for control of PCP, TCP, and zinc based on CAC. Further, 
based on available data, the Agency determined that PCP, TCP, and zinc 
can be effectively controlled through chemical substitution. As 
discussed later in this section, PSES based on chemical substitution 
will lead to significant removals of regulated toxics. Thus, EPA 
based final PSES controlling PCP, TCP, and zinc on chemical 
substitution. 

METHODOLOGY USED FOR DEVELOPMENT OF PSES --- -- ----
PSES for the control of pentachlorophenol, trichlorophenol, and zinc 
were developed using the same general methodology as for development 
of BAT effluent limitations for control of these toxic pollutants. 



Zinc 

PSES for zinc are identical to BPT limitations for control of this 
toxic metal. Standards are based on the maximum anticipated discharge 
concentration of zinc after the application of lime precipitation. As 
explained previously, the Agency expects that this standard will be 
attained through substitution of sodium hydrosulfite for zinc 
hydrosulfite in bleaching groundwood pulp. 

Trichlorophenol 

The Agency assessed TCP discharge characteristics at mills in the 
pulp, paper, and paperboard industry taking into account whether 
chlorophenolic-containing biocides were used in the manufacturing 
process. EPA found that TCP discharges were significantly lower at 
those mills where chlorophenolic-containing biocides were not used. 
To determine the discharge levels of TCP that result from substitution 
of chlorophenolic-containing biocides, the Agency assessed all 
available data for mills where chlorophenolic-containing biocides were 
not employed. 

EPA found that higher levels of TCP were discharged from mills where 
chlorine-containing compounds were used to bleach pulp than from other 
mills. This is because low levels of TCP are formed in the bleaching 
process at mills where chlorine-containing compounds are used to 
bleach pulp. EPA determined the maximum discharge levels of TCP for 
mills where chlorine-containing compounds were used in the bleaching 
process and for mills where no chlorine-containing compounds were 
used. Based on all available data, the maximum discharge 
concentration of trichlorophenol at indirect discharging mills where 
chlorophenolic-containing biocides were not used and chlorine
containing compounds were used to bleach pulp was determined to be 82 
ug/l. The maximum discharge concentration of trichlorophenol at 
indirect discharging mills where chlorophenolic-containing biocides 
were not used and where chlorine-containing compounds were not used to 
bleach pulp was determined to be 10 ug/l. 

Pentachlorophenol 

The Agency assessed PCP discharge characteristics at mills in the 
pulp, paper, and paperboard industry taking into account whether 
chlorophenolic-containing biocides were used in the manufacturing 
process. EPA found that PCP discharges were significantly lower at 
those mills where chlorophenolic-containing biocides were not used. 
To determine the discharge levels of PCP that result from substitution 
of chlorophenolic-containing biocides, the Agency assessed all 
available data for mills where chlorophenolic-containing biocides were 
not employed. 

EPA found that higher levels of PCP were discharged from mills where 
wastepapers were processed than from other mills. This is caused by 
low level PCP contamination of wastepaper. EPA determined the maximum 
discharge levels of PCP for mills where wastepaper was processed and 
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for mills where wastepaper was not processed. Based on all available 
data, the maximum discharge concentration of pentachlorophenol at 
indirect discharging mills where chlorophenolic-containing biocides 
were not used and where wastepaper was processed was determined to be 
32.0 ug/l. The maximum discharge concentration of pentachlorophenol 
at indirect discharging mills where chlorophenolic-containing biocides 
were not used and where wastepaper was not processed was determined to 
be 11 ug/l. 

PSES are expressed as allowable maximum daily concentrations 
(milligrams per liter). Final pretreatment standards include a 
mathematical formula that accounts for flow differences to assure that 
the standards do not discourage the implementation of water 
conservation technologies at indirect discharging mills. Mass 
limitations (kg/kkg or lb/1000 lb of product) are provided as guidance 
in cases where it is necessary to impose mass limitations for control 
of pollutants discharged from contributing pulp, paper, and paperboard 
mills to POTWs. Mass limitations were calculated as the product of 
the maximum allowable concentrations and the flows that formed the 
basis of BPT limitations for each subcategory. A more detailed 
discussion of the development of PSES limitations is presented in 
Section VIII. 

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS 

Fungicide and Slimicide Substitution 

Other than costs associated with monitoring for TCP and PCP, EPA 
estimates that there is no cost associated with this technology; 
substitute chemicals are available at comparable costs. Since PSES do 
not require monitoring where facilities certify that substitute 
chemicals are being used to control PCP and TCP, EPA anticipates that 
monitoring will rarely be required. 

EPA estimates that the total mass of regulated pollutants removed from 
discharges to POTWs will be 3390 kg/yr (7460 lb/yr) of trichlorophenol 
and 2050 kg/yr (4510 lb/yr) of pentachlorophenol. 

Zinc Hydrosulfite Substitution 

EPA estimates that the cost (1978 dollars) of implementation of this 
technology will be $23,300 per year. Only one indirect discharging 
groundwood mill was identified where zinc hydrosulfite was used to 
bleach pulp. EPA estimates that the total mass of zinc removed from 
discharges to POTWs from groundwood subcategory wastewaters will be 
20,000 kg/yr (44,000 lb/yr). 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

require EPA to consider the 
(including air pollution, 
requirements) of certain 
provisions, the Agency 

Sections 304(b) and 306 of the Act 
non-water quality environmental impacts 
solid waste generation, and energy 
regulations. In conformance with these 
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considered the effect of this regulation on air pollution, solid waste 
generation, and energy consumption. EPA anticipates that compliance 
with PSES will result in no increase in energy usage nor will these 
regulations result in any increase in air pollution, noise pollution, 
or solid waste generation. 

5Sl 



SECTION XIV 

PRETREATMENT STANDARDS FOR NEW SOURCES 

GENERAL 

Section 307(c) of the Clean Water Act of 1977 requires EPA to 
promulgate pretreatment standards for new sources (PSNS) at the same 
time that it promulgates NSPS. New indirect dischargers, like new 
direct dischargers, have the opportunity to incorporate the best 
available demonstrated technologies iricluding process changes, 
in-plant control measures, and end-of-pipe treatment and to use plant 
site selection to ensure adequate treatment system installation. 
Pretreatment standards for new sources (PSNS), like PSES, are to 
control the discharge of pollutants that pass through, interfere with, 
or are otherwise incompatible with the operation of POTWs. The Agency 
considers the same factors in promulgating PSNS as it considers in 
promulgating PSES. 

REGULATED POLLUTANTS 

EPA established PSNS for control of the toxic pollutants 
trichlorophenol (TCP) and pentachlorophenol (PCP) in all 
subcategories. PSNS were also promulgated for zinc in the 
groundwood-thermo-mechanical, groundwood-CMN papers, and groundwood
fine papers subcategories. Pentachlorophenol and trichlorophenol have 
been observed to pass through biological treatment systems. Control 
of the toxic metal zinc minimizes sludge disposal problems and pass 
through of this pollutant. 

IDENTIFICATION OF THE TECHNOLOGY BASIS OF PRETREATMENT STANDARDS FOR 
NEW SOURCES 

As for PSES, the Agency selected substitution of chemicals as the 
basis for the control of trichlorophenol, pentachlorophenol, and zinc 
being discharged to POTWs. Fungicide and slimicide formulations 
containing trichlorophenol and pentachlorophenol can be replaced with 
formulations that do not contain these toxic pollutants. Zinc 
hydrosulfite, a chemical used to bleach groundwood pulps, can be 
replaced with sodium hydrosulfite. 

PSNS 

PSNS effluent limitations are presented in Table XIV-1. 

RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS OF PSNS 

EPA selected substitution of fungicides and slimicides not containing 
trichlorophenol or pentachlorophenol as the basis for PSNS because 
chemical substitution greatly reduces the discharge of these toxic 
pollutants to POTWs from new sources. Total removal is not achieved 
because some wastepapers are contaminated with low levels of PCP and 
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TABLE XIV-I 

PRETREATMENT STANDARDS FOR NEW SOURCES 
(concentrations mg/l) 

Subcatego~ 

Integrated Segment 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and Semi-Chemical 
Dissolving Sulfite Pulp 

0 Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite4 

Groundwood-Thermo-Mechanical 
Groundwood-Cl1N Papers 
Groundwood-Fine Papers 

Seconda~ Fibers Segment 
De ink 

o Fine Papers 
o Tissue Papers 
o Newsprint 

Tissue From Wastepaper 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 
o Noncorrugating Medium Furnish 

Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 

Nonintegrated Segment 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 

o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

PCP 

(0.012)(50. 7)/Y 
(0. 013)(36. 6)/Y 
(0.012)(31. 7)/Y 
(0.014)(25.1)/Y 

(0.015)(9.4)/Y 
( 0. 012 )( 11. 4) /Y 
(0.045)(7 .3)/Y 
(0.013)(11.5)/Y 

(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(59.0)/Y 
(0.012)(65. 7)/Y 

'~ 
(0.017)(13.8)/Y 
(0.016)(16.8)/Y 
(0.016)(15.4)/Y 

(0.049)(15.9)/Y 
(O. 040) (19. 5) /Y 
(O. 04/l )(16. 2 )fy 
(0.049)(16.3)/Y 

(0.072)(3.2)/Y 
(0.072)(3.2)/Y 
(0.118)(5. 7)/Y 
(0.171)(2. 7)/Y 

(O. 052)(9. 4)/Y 
(0.044)(31.1)/Y 
( 0. 038) (19. 1) /Y 

(O. 041)(38.2)/Y 
(0.037)(66.8)/Y 

(0.040)(47 .5)/Y 
(0.037)(11.2)/Y 

Y = Mill wastewater discharged per ton of product. 
NA = Not Applicable 

'~Papergrade Sulfite Equations: 

PCP= ((0.015)(9.12) exp(O.Olix))/Y 
TCP= ((0.114)(9.12) exp(0.017x))/Y 

Maximum Dav 
TCP 

(0.089)(50. 7)/Y 
(0.093)(36.6)/Y 
(0.092) (31. 7)/Y 
(0.101)(25.1)/Y 

(0.013)(9.4)/Y 
(0.011)(11.4)/Y 
(0.014)(7 .3)/Y 
(0.012)(11.5)/Y 

(0.092)(59.0)/Y 
(O. 092)(59. O)/Y 
(0.092)(59.0)/Y 
( 0. 091)(65 . 7) /Y 

* 
(0.015)(13.8)/Y 
(0.014)(16.8)/Y 
(0.014)(15.4)/Y 

(0.126)(15.9)/Y 
(0.103)(19.5)/Y 
(11.<1!5)(1<;.2)/Y 
(0.015)(16.3)/Y 

(0.023)(3.2)/Y 
(0.023)(3.2)/Y 
(0.037)(5. 7)/Y 
(0.053)(2.7)/Y 

(0.016)(9.4)/Y 
(0.014)(31.1)/Y 
(0.012)(19.1)/Y 

(0.013)(38.2)/Y 
(0.012)(66.8)/Y 

(0.013)(47.5)/Y 
(0.012)(11.2)/Y 

Where x equals percent sulfite pulp produced on-site in the final product. 

lpcp = Pentachlorophenol 

~TCP = Trictlorophenol 

3Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

(3.0) (13.8)/Y 
(3.0)(16.8)/Y 
(J.0)(15.4)/Y 

NA 
NA 

NA 

NA 
NA 
NA 
NA 

NA 
NA 

NA 

NA 
NA 



Subcategory 

Integrated SeS!!!ent 
Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alltaline-Fine3 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 

TABLE XIV-! (continued) 

PSNS OPTIONAL MASS LI!i!TS 
(kg/kkg or lb/1000 lbs) 

pep I 

0.0025 
0.0019 
0.0016 
0.0014 

0.00058 
0.00058 
0.0014 

Unbleached Kraft and Semi-Chemical 0.00064 
Dissolving Sulfite Pulp 

o Nitration 0.0030 
o Viscose 0.0030 
o Cellophane 0.0030 
o Acetate 0.0033 

Papergrade Sulfite4 * Groundwood-Thermo-Mechanical 0.00097 
Groundwood-CMN Papers 0.0011 
Groundwood-Fine Papers 0.0010 

Secondary Fibers Se~nt 
De ink 

o Fine Papers 0.0033 
o Tissue Papers 0.0033 
o Newsprint 0.0033 

Tissue From wasLepaper u.uuJ4 
Paperboard From Wastepaper 

o Corrugating Medium Furnish 0.00096 
o Noncorrugating Medium Furnish 0.00096 

Wastepaper-Molded Products 0.0028 
Builders' Paper and Roofing Felt 0.0019 

Nonintegrated SeS!!!ent 
Nonintegrated-Fine Papers 

o Wood Fiber Furnish 0.0020 
o Cotton Fiber Furnish 0.0056 

Nonintegrated-Tissue Papers 0.0031 
Nonintegrated-Lightweight Papers 

o Lightweight 0.0065 
o Electrical 0.010 

Nonintegrated-Filter 
and Nonwoven Papers 0.0080 

Nonintegrated-Paperbosrd 0.0017 

Y = Mill wastewater discharged per ton of product. 
NA z Not Applicable 

*Papergrade Sulfite Equations: 

PCP = 0.00058 exp(0.017x) 
TCP = 0.0043 exp(O.Ol7x) 

Maximum Day 
TCPz 

0.019 
0.014 
0.012 
0.011 

0.00053 
0.00053 
0.00043 
0.00059 

0.023 
0.023 
0.023 
0.025 

* 
0.00088 
0.00099 
0.00092 

0.0084 
0.0084 
0.0010 
O.uvll 

0.00030 
0.00030 
0.00088 
0.00060 

0.00064 
0.0018 
0.00096 

0.0020 
0.0032 

0.0025 
0.00054 

'Where x equals percent sulfite pulp produced on-site in the final product. 

1PCP = Pentachlorophenol 

2TCP = Trichlorophenol 

3 Includes Fine Bleached Kraft and Soda subcategories. 

4 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite 
(Drum Wash) subcategories. 
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Zinc 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 
NA 

0.17 
0.21 
0.19 

NA 
NA 
NA 
NA 

NA 
NA 
NA 
NA 

NA 
NA 
NA 

NA 
NA 

NA 
NA 



because low levels of TCP are formed when pulp is bleached with 
chlorine or chlorine-containing compounds. EPA estimates that 
alternate chemicals are currently being used at approximately 80 
percent of the mills in the pulp, paper, and paperboard industry, 
supporting the Agency's decision to base effluent limitations on 
chemical substitution. A survey of chemical manufacturers shows that 
no measurable increase in production costs can be expected as a result 
of using biocides that do not contain chlorophenolics. 

The substitution of sodium hydrosulfite for zinc hydrosulfite to 
control the discharge of zinc ensures substantial reductions in the 
discharge of zinc at new indirect discharging groundwood mills where 
zinc could be used as a bleaching chemical. This technology is 
readily transferable to new indirect discharging mills as EPA found 
that substitution of zinc hydrosulfite with sodium hydrosulfite has 
been widely practiced at direct discharging groundwood mills to attain 
existing BPT effluent limitations. 

In commenting on proposed PSNS, some commenters stated that tertiary 
treatment (i.e., chemically assisted clarification or CAC) should form 
the technology basis of PSNS for the toxic pollutants 
pentachlorophenol (PCP), trichlorophenol (TCP), and zinc. Chemically 
assisted clarification'(CAC) is an end-of-pipe treatment technology 
primarily employed to effect a further reduction in suspended solids 
than can be attained through application of biological treatment only. 
No data were submitted with comments, nor was the Agency aware of any 
data, that would allow the EPA to establish a relationship between 
removal of suspended solids and removal of the three toxic pollutants 
(PCP, TCP, and zinc). Therefore, the Agency was unable to establish 
regulations for control of PCP, TCP, and zinc based on CAC. Further, 
based on available data, the Agency determined that PCP, TCP, and zinc 
can be effectively controlled through chemical substitution. As 
discussed previously, chemical substitution will lead to significant 
removals of regulated toxics. Thus, EPA based final PSNS controlling 
PCP, TCP, and zinc on chemical substitution. 

METHODOLOGY USED FOR DEVELOPMENT OF PSNS 

PSNS for the control of pentachlorophenol, trichlorophenol, and zinc 
were developed using the same general methodology used in the 
development of PSES effluent limitations for control of these toxic 
pollutants. PSNS are expressed as allowable maximum daily 
concentrations (milligrams per liter). Final pretreatment standards 
include a mathematical formula that accounts for flow differences to 
assure that the standards do not discourage the implementation of 
water conservation at indirect discharging new sources. Mass 
limitations (kg/kkg or lb/1000 lb of product) are provided as guidance 
in cases where it is necessary to impose mass limitations for control 
of pollutants discharged from contributing pulp, paper, and paperboard 
mills to POTWs. 

PSNS mass limits for PCP and TCP are identical to PSES mass limits. 
The allowable maximum daily concentrations for new source indirect 
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dischargers were calculated by dividing the PSES mass limits by the 
flow basis on which NSPS are based for each subcategory. As discussed 
in Section VIII, mass limits for zinc were determined as the product 
of the maximum zinc discharge concentration that forms the basis of 
BPT limitations and the flows that form the basis of NSPS for each of 
the three groundwood subcategories. 

A more detailed discussion of the development of PSNS is presented in 
Section VIII. 

COST OF APPLICATION 

The technology basis of PSNS is identical to the technology basis of 
PSES -- chemical substitution to limit the discharge of PCP, TCP, and 
zinc. Therefore, there is no incremental cost attributable to PSNS. 

NON-WATER QUALITY ENVIRONMENTAL IMPACTS 

Sections 304(b) and 306 of the Act require EPA to consider the non
water quality environmental impacts (including air pollution, solid 
waste generation, and energy requirements) of certain regulations. In 
conformance with these provisions, the Agency considered the effect of 
this regulation on air pollution, solid waste generation, and energy 
consumption. EPA anticipates that compliance with PSNS will result in 
no increase in energy usage nor will it result in any increase in air 
pollution, noise pollution, or solid waste generation. 
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APPENDIX A 

COST, ENERGY, AND NON-WATER QUALITY ASPECTS 

Previous sections described the respective BPT, BAT, PSES, PSNS, and 
NSPS.control options that were considered as the basis of regulations. 
This section summarizes the cost, energy, and other non-water quality 
impacts of the various control and treatment options. The other 
non-water quality aspects addressed in this document are (a) 
implementation requirements, (b) air pollution, (c) noise pollution, 
and (d) solid waste. 

METHODOLOGY FOR DEVELOPMENT OF COSTS 
~- --

Introduction 

This section describes how EPA developed estimates of the cost of 
implementation of the control and treatment technology options 
considered in regulation development. The actual cost of implementing 
these control and treatment options can vary at each individual 
facility, depending on the design and operation of the production 
facilities and local conditions. EPA developed control and treatment 
costs that are representative of each subcategory of the pulp, paper, 
and paperboard industry based on engineering estimates. Where 
possible, the cost estimates were compared to costs reported by 
industry and were revised, where appropriate. Accounting procedures 
used at different mills vary, thus complicating the use of industry 
cost data. 

In order to assess the overall impact of the various treatment and 
control options on the pulp, paper, and paperboard industry, EPA 
developed model mill costs for 31 distinct subcategories and 
sub-groups of the various subcategories. Costs were developed for 
BPT, BAT, and NSPS treatment options for direct dischargers and for 
PSNS and PSES technology options for indirect dischargers. The model 
mill approach, mill and site specific cost factors, and cost 
estimating criteria are discussed below. 

Model Mill Approach 

The costs of implementation of various control and treatment options 
were estimated in order to determine the economic impact of each 
technology option. In order to develop costs, EPA developed model 
mills that are representative of mills in each of the subcategories of 
the pulp, paper, and paperboard industry. In order to properly 
reflect the effect of mill size on costs, as many as three different 
model mill sizes were selected for the respective subcategories. EPA 
based model mill sizes on the actual variation of size within each 
subcategory; model mill sizes are presented by subcategory in Table A
l . 
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TABLE A-1 

MODEL MILL SIZES BY 
SUBCATEGORY AND DISCHARGE TYPE 

Indirect Dischargers (kkg/d) Direct Dischargers (kkg/d) 
Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 

BCT Bleached Kraft 

Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 

o Bag 

Semi-Chemical 

Unbleached Kraft and Semi
Chemical 

Dissolving Sulfite Pulp 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 

Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Papers 

o Tissue Papers 

o Newsprint 

Existing New 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
45 

544 
907 

NA 

NA 

NA 

NA 

562 

NA 
NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 
45 

544 
907 

68 
454 
680 

NA 

NA 

NA 

Existing New 

907 
318 
544 

1,451 
272 
726 

1,179 
181 
726 

1,089 

408 
907 

1,361 
408 
907 

1,361 
181 
386 
544 

635 
1,361 
2,359 

408 
544 

91 
408 
907 
272 

45 
544 
907 

68 
454 
680 

163 
363 
726 

23 
45 

163 
NA 

907 
680 

454 

680 

454 

907 

454 

1,361 

454 

680 

454 
454 

454 

454 

91 
454 

454 



TABLE A-1 
(continued) 

Indirect Dischargers (kkg/d) 
Subcategory 

Tissue From Wastepaper 

Paperboard From Wastepaper 

Wastepaper-Molded Products 

Builders' Paper and 
Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 

o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 

Nonintegrated-Lightweight Papers 

Nonintegrated-Filter and 
Nonwoven 

Nonintegrated-Paperboard 

Existing New 

NA 

45 
145 
635 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

9 
36 
45 

145 
635 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

1 Includes Fine Bleached Kraft and Soda subcategories. 

Direct Dischargers (kkg/d) 
Existing New 

9 
36 
45 

145 
635 

18 
45 

136 

91 
204 

32 
195 
907 

9 
45 
91 
32 

163 
907 

9 
54 

181 

5 
18 
41 

9 
36 
68 

9 

91 
454 

45 

68 
136 

227 

27 

45 
227 

45 

23 

45 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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Mill and Site Specific Cost Factors 

Specific mills in a subcategory can be expected to differ in certain 
respects from the representative model mills. These differences can 
alter the costs for achieving the various effluent quality levels 
specified for each subcategory. Among the factors affecting costs are 
location, climate, mill age, savings resulting from implementation of 
various controls, retrofit requirements, site limitations, raw 
wastewater quality, and production capacity. In addition, at certai~ 
mills, different combinations of production processes are now 
employed. 

Location. Differences exist in construction practice, labor rates, 
and energy costs due to geographic location. EPA based model mill 
costs on national averages. Regional cost factors are presented in 
Table A-2 for the purpose of adjusting model mill costs to be 
representative of specific geographic areas.(210)(211)(212)(213) 

Climate. Biological treatment systems constructed in cold climates 
often require longer detention times than those constructed in warmer 
climates; this is due to bio-kinetic relationships (see Section VII). 
Longer detention time requires higher capital and operating costs. 
The costs presented are reflective of design in areas of moderate 
climate and represent the median values anticipated to be incurred. 

Climate can also affect the construction details of the various 
components. Open pit pumps, above ground piping, and exposed process 
equipment are characteristic of warm climate mills, while at mills in 
colder climates such designs cannot be utilized. Model mill cost 
estimates reflect design based on cold climates. At those mills in 
warm climates, lower costs may be realized than are reflected in the 
cost estimates. 

Production Capacity. Economies of scale can be realized with 
increasing size and are likely to vary depending on the equipment to 
be constructed. In order to account for the effect of mill size, each 
control and treatment option was evaluated over a representative range 
of mill sizes for each subcategory. 

Age. Mill age can impact the cost of implementing various process 
controls. This factor was considered in the development of model mill 
costs by accounting for the relative difficulty of installing and 
replacing process equipment and effluent sewers. 

The chronological age of a mill, however, is not always a good measure 
of the relative ease with which controls may be implemented. This 
results from the fact that at older mills, extensive rebuilding or 
expansion programs have been implemented, often resulting in 
conditions that allow for ease of installation of additional 
production process controls. 
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TABLE A-2 

REGIONAL COST ADJUSTMENT FACTORS 

Operation 
and 

Maintenance 
Region/State Capital (210) (211)(212) Energy (213) 

Northeast 1.03 0.97 1.38 

North Central 1.02 1.15 1.18 

South 0.90 0.81 1.17 

Plains/Mountain 0.96 0.99 1.02 

West 1.09 1.12 0.79 

Alaska 1.38 1. 78 1.16 
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Material and Energy Savings. Where production process controls were 
considered, more efficient mill operation and substantial savings of 
material and energy can result. Material and energy savings were 
taken into account where appropriate and net costs of operation, 
maintenance, and energy are presented. 

Other Savings. There are other possible savings that may result from 
implementation of production process controls in addition to savings 
in materials and energy. Such additional savings, which are not 
accounted for in the cost estimates presented in this document, 
include the benefits that result from improved recovery systems and 
the manufacture of by-products such as black liquor soap, turpentine, 
solvents, glues, and human and animal nutrients. The recycle of 
effluent streams may also allow for heat recovery that can represent 
savings at some mills, particularly in colder climates. Such savings 
may not be common to all mills in a subcategory, but may be realized 
at some mills depending on such factors as location and production 
processes employed. 

Retrofit Reguirements. EPA based BAT model mill costs on the 
assumptions that (a) production process and effluent treatment 
controls that form the basis of BPT effluent limitations have been 
installed and (b) all facilities are currently attaining BPT effluent 
limitations. For those cases where mills are not currently attaining 
existing BPT effluent limitations, an additional cost for retrofitting 
existing treatment may be incurred if predicted levels of discharged 
pollutants are to be attained. These costs are not accounted for in 
the cost estimates presented in this document as these costs have been 
accounted for in previous rulemaking efforts.(48) 

Site Limitations. The implementation of additional production process 
controls or end-of-pipe treatment technologies can require additional 
land. Spatial relationships and the physical characteristics of 
available land can affect construction costs. The impact of mill-by
mill variations are lessened because the options being considered are 
not land intensive. In addition, where treatment facilities such as 
clarifiers are added, the cost of pumping to these facilities is 
included. For those facilities where gravity flow is possible, costs 
are considerably overstated. 

Analysis of information obtained during the data 
indicates that for two-thirds of the operating 
availability is not a problem. For that reason and 
extensive variability of land acquisition costs, 
acquisition was not included in cost estimates. 

request program 
facilities, land 
because of the 
the cost of land 

Raw Wastewater Characteristics. Flow, BODS, and TSS loadings at 
individual mills may vary from those of the model mill. These 
variations can affect the cost of effluent treatment. However, the 
model mill approach to cost development yields representative costs 
within an acceptable confidence interval without requiring specific 
engineering studies at each mill in the industry. It is likely that 
the approach to achieving effluent limitations chosen by management at 
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individual mills will vary from that considered in establishing the 
specific limitations. EPA anticipates that mill management will 
choose the technology that is most cost-effective for each facility. 

Cost Estimating Criteria for Control and Treatment Technologies 

EPA developed capital, operation and maintenance, and energy cost 
estimates based on the criteria presented in Table A-3. 
(211 )(212)(213)(214)(215)(216)(217) The pre-engineering cost estimates 
developed for this study are expected to have a variability consistent 
with this type of estimate and are on the order of plus or minus 30 
percent. 

Capital Cost Criteria. All costs presented in this section, except as 
noted, are in terms of first quarter 1978 dollars. Since construction 
costs escalate, these estimates may be adjusted through use of 
appropriate cost indices. The most accepted and widely-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 first quarter 
1978. (214) 

Equipment costs were based on supplier quotes, published literature, 
engineering 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 were 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 assumed 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 $4.00 per hour.(218) Construction and 
installation cost estimates for effluent treatment were determined as 
an appropriate varying percentage of capital. 

Annual Fixed Charges. The annual fixed charges are those annual costs 
that are directly related to the construction of pollution abatement 
facilities. These charges commonly include such items as depreciation 
of the control equipment and 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. 
Mechanical equipment operating in demanding service conditions may 
have a useful life of 5 to 10 years compared to a building which may 
have a useful life of 40 to 50 years or more. Depreciation costs are 
those accounting charges for the eventual replacement of a given asset 
(equipment or structure) at the end of its useful life. Depreciation 
of the capital assets may be by accumulation of digits (rapid 
depreciation) or method of averages (straight-line). A NCASI report 

567 



TABLE A-3 

COST ESTIMATING CRITERIA 1 

1. Capital costs are as of first quarter 1978: ENR = 2,683 

2. Annual fixed (amortized) costs are 22% of capital expenditures 

3. 

4. 

Energy: Electrical 
Fuel 

Operation and Maintenance: 
Labor: General 

Chemicals: 

Solids disposal 

alum 
polymer 
85% phosphoric acid 
anhydrous ammonia 
50% sodium hydroxide 
100% sulfuric acid 

$0.0325/kwh 
$12.00/barrel 

$10.35/hr 
$ 8.00/hr 

$110/kkg, dry basis 
$4.41/kg 
$0.44/kg 
$154/kkg, dry basis 
$165/kkg 
$56/kkg 

1Sources of Cost Data: 

Employment and Earnings, U.S. Bureau of the Census, April 1978. (211) 

Employee Benefits 1977, Chamber of Commerce of the U.S.A., 
April 1978. (212) 

Energy User News, Vol. 3, No. 32, August 7, 1978. (213) 

Engineering News Record, March 23, 1978. (214) 

Monthly Energy Review, U.S Department of Energy, March 1979. (215) 

Municipal Sludge Landfills, EPA-625/1-78•010, U.S. Environmental 
Protection Agency, Process Design Manual, October 1978. (216) 

Chemical Marketing Reporter, November 6, 1978. (217) 
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shows an average depreciation rate in the industry of 16.5 years 
( 2 l 9) 

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. Municipal 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. (219) 

Costs for taxes, insurance, spare parts, and maintenance materials are 
often expressed as a percentage of the capital investment. 

For the purpose of calculating total annual costs, EPA used an average 
fixed charge of 22 percent of the capital expenditures. This figure 
includes all of the above items. EPA realizes that these charges may 
vary and are dependent upon several factors, 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 monthly 1 1,000 kw demand) was estimated 
at $0.0366/kwh. This figure was derived from average cost information 
by state and on electric rates from approximately 200 public and 
private utilities. (213) Information concerning actual revenues from 
approximately 200 public and private utilities indicated a cost of 
$0.0281/kwh. (213) Based on that data, energy costs were estimated at 
$0.0325/kwh. 

Fuel for steam generation was estimated at $12 per barrel. (215) 

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 1978. (211) Average total benefits for the pulp, paper, 
lumber, and furniture industry for the year 1977 were reported as 34 
percent of wages. (212) Although no industry-wide data concerning 
supervisory costs were available, the proposed control and treatment 
technologies under consideration are anticipated to require only 
minimal additional supervisory labor. 

A supervisory and benefits cost of 45 percent of the labor rate was 
assumed. This results in a total labor rate of $10.35/hr. 

Chemicals. Chemical costs were based on quotes from chemical 
suppliers and chemical marketing reports. Many of the technologies 
under evaluation include the use of chemicals, including alum, 
polymer, phosphoric acid, sulfuric acid, anhydrous ammonia, and sodium 
hydroxide. 
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COSTS FOR IMPLEMENTATION OF BPT 

EPA identified four new subcategories of the pulp, paper, and 
paperboard industry (wastepaper-molded products, nonintegrated-
1 ightweight papers, nonintegrated-filter and nonwoven papers, and 
nonintegrated-paperboard). In Section VIII, BPT was identified for 
these subcategories. In this section, estimates of the incremental 
cost to achieve BPT effluent limitations are presented. 

For the nonintegrated-lightweight papers, nonintegrated-filter and 
nonwoven papers, and nonintegrated-paperboard subcategories, BPT was 
identified as primary treatment. At the direct discharging mills in 
these three nonintegrated subcategories, in-place end-of-pipe 
treatment consists of primary treatment (or its equivalent) or more 
advanced treatment technology (i.e., biological treatment). 
Therefore, EPA anticipates that the incremental cost of attainment of 
BPT in these subcategories is zero. 

BPT was identified as biological treatment for the wastepaper-molded 
products subcategory. In general, at the direct discharging mills in 
this subcategory, primary treatment or its equivalent is in-place. 
EPA's estimate of the incremental costs for attainment of BPT effluent 
limitations was based on the addition of a biological treatment 
system. Major unit operations include (a) wastewater pumping, (b} 
flow equalization, (c} nutrient addition, (d} addition of an activated 
sludge basin with aerators, (e) flotation thickening with chemical 
addition, (f} solids dewatering with chemical addition, (g} biological 
sludge transportation to landfill, and (h) landfill of biological 
solids. 

The design criteria on which costs were determined for each of the 
major unit processes are presented in Table A-4. The total capital 
and total annual costs for compliance with BPT are presented for the 
wastepaper-molded products subcategory in Table A-5. 

BPT limitations were also promulgated for new subdivisions of the 
paperboard from wastepaper and nonintegrated-f ine papers 
subcategories. As a result of comments on the proposed rules, EPA 
obtained additional data relating to mills in these subcategories (see 
(Section IV). The Agency determined that higher raw waste loads 
result at paperboard from wastepaper mills where corrugating medium is 
used as furnish; therefore, BPT effluent limitations applicable to 
discharges from these mills were modified. As discussed previously, 
less stringent BPT effluent limitations than wer€ previously in effect 
now apply to existing direct discharging mills in the paperboard from 
wastepaper subcategory where recycled corrugating medium is processed. 
For this reason, no costs are associated with attainment of these 
modified BPT limitations. 

Subsequent to proposal, the Agency reexamined the subcategorization 
scheme for the nonintegrated-fine papers subcategory. As discussed 
previously, EPA's review of data for the nonintegrated-fine papers 
subcategory revealed that segmentation was warranted because mills 
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TABLE A-4 

DESIGN CRITERIA FOR BPT ACTIVATED SLUDGE TREATMENT 
WASTEPAPER-MOLDED PRODUCTS SUBCATEGORY 

Wastewater Pumping 
Design flow: 1.5 x average annual flow 
Basis for power cost: 12 m total dynamic head, 70% efficient 

Flow Equalization 
Detention time: 12 hrs in concrete basin 

Primary Clarification 
Overflow rate: 24 cu m/d/sq m 
Sidewater depth: 4 m 

Secondary Clarification 
Overflow rate: 20 cu m/d/sq m 
Sidewater depth: 4 m 

Activated Sludge Basin 
Number of basins: 2 
Loading rate (use larger value): 

0.8 kg BOD~ applied/cu m/d, or 
8 hr hydraulic detention time 

Nutrient feed: BODS removed:N:P = 100:5:1 
Aeration design requirements: 

1.5 organic peaking factor 
1 kg o2 /kg BOD~ removed 
19 kg o

2 
/aerator hp/d 

Length/width ratio: 4/1 
Sidewater depth: 4 m 
Sideslopes: 1/1 

Dissolved Air Flotation Thickening for Biological Solids 
Sludge loading rate: 10 kg/hr/sq m 
Hydraulic loading rate: 46.9 cu m/d/sq m 
Chemical dosage: 4 kg of polymer/kkg of solids 

Solids Dewatering 
Type: horizontal belt-filter press 
Loading rate: 318 kg of dry solids/hr/m of belt width 
Chemical dosage: 4 kg of polymer/kkg of solids 

Primary/Biological Sludge Transportation 
Haul distance: 16 km 
Sludge content: primary and biological sludge at 30 percent solids (w/w) 

Primary/Biological Sludge Landfill 
Sludge content: primary and biological sludge at 30 percent solids (w/w) 
Landfill design: normal landfill compaction and covering techniques 
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Mill 
Size 

(kkg/d) 

18 
45 

136 

TABLE A-5 

COST OF IMPLEMENTATION OF BPT ACTIVATED SLUDGE TREATMENT 
WASTEPAPER-MOLDED PRODUCTS SUBCATEGORY 

Operation 
and Total 

Capital Maintenance Energy Annual 
($1,000) ($1,000/yr) ($1,000/yr) ($1,000) 

891 81 11 288 
1,542 113 19 471 
3,015 176 41 879 
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where cotton fibers comprise a significant portion of the final 
product (equal to or greater than four percent) have higher raw waste 
flow and BOD5 than mills where only wood pulp is processed. In this 
rulemaking, -EPA established BPT limitations applicable to discharges 
from these mills that are less stringent than for other facilities in 
the nonintegrated-fine papers subcategory. The Agency anticipates 
that there will be no costs associated with attainment of BPT effluent 
limitations in the cotton fiber furnish subdivision of the 
nonintegrated-fine papers subcategory because existing permits for the 
two direct discharging mills are more stringent than the BPT effluent 
limitations. 

COSTS FOR IMPLEMENTATION OF BAT OPTIONS 

Toxic Pollutant Control Options 

The Agency evaluated two options for control of toxic pollutants in 
pulp, paper, and paperboard industry discharges. They are (a) control 
of zinc at groundwood mills through the application of lime 
precipitation and control of pentachlorophenol (PCP) and 
trichlorophenol (TCP) through substitution of biocides containing PCP 
and TCP with those that do not and (b) control of chloroform through 
the application of additional aeration. 

Option l· This includes the application of lime precipitation, the 
technology basis of BPT effluent limitations, for control of zinc in 
the groundwood subcategories and chemical substitution to control PCP 
and TCP in every subcategory. The Agency determined that at all 
direct discharging groundwood mills, BPT zinc limits are now being met 
through substitution of sodium hydrosulfite for zinc hydrosulfite as a 
bleaching chemical. Therefore, the Agency anticipates that there will 
be no incremental costs associated with attainment of zinc limits 
based on this technology option. 

The technology basis for control of PCP and TCP in all subcategories 
is substitution to the use of biocides not containing these compounds. 
Based on the results of verification sampling, process chemicals 
containing pentachlorophenol were used at ten of the 60 sampled mills; 
chemicals containing trichlorophenol were used at six of the sampled 
mills. Correspondence with mill personnel indicate that: (a) at six 
of the mills, PCP-containing process chemicals are no longer used and 
(b) at four of the mills, TCP-containing process chemicals are no 
longer used. Inquiries of chemical suppliers on the relative costs of 
substitute chemicals indicate that no definable cost difference will 
result from chemical substitution. 

Option £. This technology option includes the application of 
additional aeration at nine mills where (a) chlorine or 
chlorine-containing compounds are used to bleach pulp and (b) closed 
biological systems are used that inhibit volatilization of chloroform. 
Table A-6 presents the design criteria for the additional aeration 
step and Table A-7 presents chloroform control costs for the nine 
mills. 
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TABLE A-6 

DESIGN CRITERIA FOR CHLOROFORM CONTROL 
AT NINE MILLS WHERE CHLOROFORM 

VOLATILIZATION IS INHIBITED 

Earthen Basin 
Loading rate (use larger value): 

*0.8 kg BOD~ applied/cu m/d, or 
8 hr hydraulic detention time 

Aeration design requirements: 
19 kg 02 BOD~/d/aerator HP 

Sidewater depth: 4 m 
Sideslopes: 1/1 
Leachate collection 
Synthetic liner 

* Based on BODS raw waste load. 

574 



TABLE A-7 

COST FOR CHLOROFORM CONTROL AT NINE MILLS WHERE 
CHLOROFORM VOLATILIZATION IS INHIBITED 

Operation 
Treatment and Total 
System/ Mill Capital Maintenance Energy Annual 
Subcategory Number ($1,000) ($1,000/yr) ($1,000/yr) ($1,000) 

Oxygen Activated Sludge 

Integrated-Miscellaneous 

010010 2,217 53 484 1,025 
010012 1,235 36 252 560 
010015 1,539 41 320 700 
010059 1,223 36 250 555 

Alkaline-Fine and Papergrade Sulfite 1 

030051 and 040009 3,133 66 699 1,454 

DeeE Tank Aeration 

Dissolving Sulfite 046002 4,622 85 1,075 2,177 
046005 3,897 76 895 1,828 

Papergrade Sulfite 040017 1,581 42 332 722 

TOTAL 19,447 435 4,307 9,021 

1 J . Ol.nt treatment. 
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Nonconventional Pollutant Control Options 

Technologies available for removal of nonconventional pollutants 
include: (a) color removal by minimum lime or alum coagulation; and 
(b) ammonia removal by biological nitrification or substitution of 
chemical pulping bases. The method of developing cost data and the 
costs associated with these respective technologies are presented 
below. 

Color Removal. Estimates of costs for color removal were prepared for 
two alternative treatment technologies: minimum lime coagulation and 
alum coagulation. Costs are presented in Table A-8 for both 
technologies for those subcategories identified as having high levels 
of color in effluent discharges. 

Minimum Lime Coagulation - Minimum lime coagulation treatment for 
color load reduction in the four bleached kraft, the dissolving 
sulfite pulp, and the two papergrade sulfite subcategories is applied 
only to highly-colored wastewater streams. These streams normally 
represent only about one-quarter to one-third of total wastewater 
discharge from a mill. The streams required to be treated would be 
the highly-colored bleach plant wastewater (first stage caustic 
extraction waste stream) and the screen room (decker or pulp mill) 
wastewater. For the remaining subcategories (unbleached kraft, 
semi-chemical, and unbleached kraft and semi-chemical), minimum lime 
is applied to the total wastewater discharge because (a) the flow is 
much lower for mills in these subcategories and (b) the color does not 
tend to be concentrated in streams of lesser flow. 

The costs for the minimum lime system are based on the following 
items: 

1. wastewater transfer pump, 
2. mixing (in-line mixer), 
3. lime feed system, 
4. polymer feed system, 
5. clarifier, 
6. sludge holding tank with mixer, 
7. lime mud dewatering system, 
8. fluidized bed for lime mud incineration, and 
9. pH adjustment following minimum lime treatment in those 

cases where the total mill effluent is treated. 

A wastewater transfer pump with ancillary piping transports the first 
caustic stage effluent from the bleach plant to the minimum lime 
treatment system. An in-line mixer combines the lime slurry with the 
wastewater. For the purpose of the cost estimate, a lime dosage of 
2,250 mg/l was assumed. Wastewater then flows to a color reduction 
clarifier. A polymer is metered into the wastewater stream prior to 
the clarifier to aid in settling the lime precipitate. Other settling 
aids (such as fiber fines) can also be used at this point in the 
minimum lime process. 
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TABLE A-8 

COST FOR COLOR REDUCTION 
FOR DIRECT DISCHARGERS 

Amortized OEeration .rnd Maintenance Total 
Subcategory and Capital Capital Labor Chemicals Energy Annual 
Mill Size ($1 ,000) ($1 ,000/yr) ($1,000/yr) ($1 ,000/yr) ($1,000/yr) ($1 ,000) 

Dissolving Kraft 
907 kkg/d 

Lime 5,591 1,230 151 867 1!218 3,466 
Alum 13 '039 3,031 912 3,520 243 7,706 

Market Bleached Kraft 
318 kkg/d 

Lime 2' 100 462 89 174 245 970 
Alum 5' 752 1,313 476 912 75 2, 776 

544 kkg/d 
Lime 2,880 634 101 278 405 1,417 
Alum 7,886 1,809 597 1,561 116 4,083 

1451 kkg/d 
Lime 5' 145 1'132 143 1,070 771 3' 116 
Alum 14, 129 4,095 914 4, 163 275 9,447 

BCT Bleached Kraft 
272 kkg/d 

Lime 1,897 417 86 146 205 854 
Alum 5,054 1,155 444 676 60 2,335 

726 kkg/d 
Lime 3 .4"'1 75'1 11 1 '.;""'') :i4j i,73.3 
Alum 8,'i% 2,073 671 1,801 134 4,679 

1179 kkg/d 
Lime 4,545 1,000 132 610 875 2,617 
Alum 12,018 2,781 830 2,927 205 6,743 

Alkaline-Fine 1 

181 kkg/d 
Lime 1,380 304 82 92 140 618 
Alum 3,678 838 371 400 41 1,650 

726 kkg/d 
Lime 3 '450 759 111 370 545 1,785 
Alum 8, 199 1,894 658 1,592 122 4,266 

1089 kkg/d 
Lime 4,350 957 127 556 805 2,445 
Alum 10,423 2,419 784 2,391 173 5,767 

Unbleached Kraft 
408 kkg/d 

Lime 2,724 599 100 308 355 1 ,363 
Alum 3,481 791 342 362 38 1,533 

907 kkg/d 
Lime 4,350 'l57 132 684 781 2,555 
Alum 5,511 1,260 472 800 68 2,600 

1361 kkg/d 
Lime 5,572 I, 226 158 I, 027 1, !66 J ,5 78 
Alum 6,984 l,602 560 I, 198 95 1,455 
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TABLE A-8 
(continued) 

Amortized OEeration and Maintenance Total 
Subcategory and Capital Capital Labor Chemicals Energy Annual 
Mill Size ($1,000) ($1,000/yr) ($1 1000/yr) ($1,000/yr) (S l, 000/yr) ($1,000) 

Semi-Chemical 
181 kkg/d 

Lime 1,366 301 81 114 141 638 
Alum 1,927 434 225 130 19 808 

386 kkg/d 
Lime 2,337 514 94 235 278 1,122 
Alum 2,943 665 299 275 31 1,270 

544 kkg/d 
Lime 2,833 623 103 339 390 1,456 
Alum 3,581 813 341 388 39 1,581 

Unbleached Kraft and Semi-Chemical 
634 kkg/d 

Lime 3,746 824 121 532 613 2,091 
Alum 4,630 1,056 418 617 56 2,147 

1361 kkg/d 
Lime 5,998 1,317 167 1,142 1,293 3,921 
Alum 7,220 1,658 573 1,324 102 3,657 

2359 kkg/d 
Lime 8,235 1,812 215 1,964 2,257 6,248 
Alum 9,985 2,303 723 2,296 163 5,485 

ri~sol~i~~ s~l~i~e Pulp 
408 kkg/d 

Lime 3,750 825 117 450 645 2,037 
Alum 8,835 2,033 661 1,869 137 4,700 

544 kkg/d 
Lime 4,470 983 129 598 850 2,560 
Alum 10,477 2,419 748 2,493 175 5,835 

Papergrade Sulfite2 

91 kkg/d 
Lime 1,230 271 79 83 120 553 
Alum 2,989 678 317 281 32 1,308 

408 ltkg/d 
Lime 3,270 719 108 355 500 1,682 
Alum 7' 151 t ,646 584 1,278 100 3,608 

907 ltltg/d 
Lime 5,235 1,152 144 780 1,100 3,176 
Alum 11,466 2,660 827 2,841 200 6,528 

1 Includes Fine Bleached Kraft and Soda subcategories 
2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) subcategories 
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Sludge from the clarifier is pumped to a sludge holding and m1x1ng 
tank or directly to the lime mud dewatering system. After the lime 
mud has been dewatered to approximately 60 percent solids, it is 
transferred to a fluidized bed for drying and calcining. At this 
point, recovered lime is transferred back to the slaker for reuse in 
the color control process. Ninety percent recovery of lime was 
assumed. 

In those cases where the total mill wastewater is treated using 
minimum lime coagulation, EPA assumed that the decolored wastewater 
would be further treated to lower the pH below the maximum allowable 
discharge (9.0). EPA assumed that sulfuric acid would be the chemical 
used for pH control. This pH adjustment system includes two 
neutralization tanks in series, each equipped with a mixer, and the 
chemical feed and storage equipment required for sulfuric acid 
addition. 

Alum Coagulation Alum coagulation is another available 
technology for removing color and can be applied to the total mill 
effluent for each of the subcategories from which highly-colored 
effluents are discharged. The costs for the alum coagulation system 
are based on the following items: 

1. wastewater pumping, 

2. sulfuric acid feed system, 

3 . chemically assisted 
clarifier), 

clarification (solids contact 

4. chemical coagulation with alum (at a dosage appropriate for 
each subcategory) and polyelectrolyte addition (at 1 mg/l), 

5. neutralization with 10 mg/l sodium hydroxide, 

6. solids dewatering, 

7. dissolved air flotation thickening, 

8. chemical sludge transportation to landfill, and 

9. chemical sludge landfill. 

Normally, the topography of the effluent treatment site does not 
permit gravity flow through the entire treatment process. Thus, EPA 
assumed that it would be necessary to construct an effluent pumping 
facility that is capable of pumping the maximum daily flow to be 
treated. 

The design assumes the use of a solids-contact clarifier to accomplish 
flocculation, settling, and sludge removal. For flows in excess of 
18,900 cubic meters per day (5 MGD), EPA assumed the use of two 
parallel units, earh capable of handling 50 percent of the daily flow. 
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At mills where activated sludge treatment is employed, the chemical 
clarification design reflects an additional solids-contact 
clarifier(s) following the existing secondary clarifier(s). It is 
likely that at many mills, an existing secondary clarifier(s) could be 
modified to allow for the addition of chemicals; this would result in 
significantly lower capital expenditure. An additional clarifier 
allows for the recycle of biological sludge that has not been 
contaminated by the addition of chemicals; this would allow for the 
addition of a chemical recovery system, if it were determined that 
such a system is economically advantageous. 

The primary flocculant is alum at a dosage rate of 300 mg/l. Alum 
tends to lower the pH of the effluent. Optimum alum flocculation is 
reached at a pH of 4.0 to 6.0.(147)(148) Provision for the addition of 
sulfuric acid was included to optimize alum requirements. 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, EPA included 
neutralization with sodium hydroxide in the design. 

Waste chemical solids from the secondary clarification process may 
require thickening before they can be effectively dewatered. If these 
solids were not thickened, the capacity of a dewatering unit would be 
greatly reduced. EPA selected air flotation as the specific 
thickening process in the development of costs. Air flotation 
requires that a flocculant, such as a polymer, is added to the waste 
solids prior to the thickening process. 

Alum sludge is gelatinous and difficult to dewater. Mixing with 
primary sludge and/or the addition of polymer can improve 
dewaterability. The cost of dewatering of alum sludge was determined 
assuming the use of a separate horizontal belt filter press dewatering 
system to dewater chemical solids only. EPA assumed that dewatered 
sludge would be landfilled. 

Ammonia Removal. EPA estimated the costs of ammonia removal at direct 
discharging mills where ammonia-based cooking chemicals are used. 
These costs were based on (a) substitution to a non-ammonia-based 
cooking liquor and (b) ammonia removal through biological 
nitrification. Model mill costs for direct dischargers are presented 
in Table A-9 for the semi-chemical, dissolving sulfite pulp, and 
papergrade sulfite subcategories. 

Costs for substitution of chemical bases were developed based on 
installation of a new spent liquor recovery furnace and additional 
evaporation capacity to allow for a change from ammonia-based cooking 
to sodium-based cooking.(220) Increased evaporator capacity would be 
required to increase the solids content of the sodium-based spent 
liquor and to account for the increased tendancy for scaling (and 
subsequent need for more frequent washing). Spent sodium-based liquor 
has a lower heat value than spent ammonia-based liquor; EPA took this 
into account in its cost estimates. Another major cost item would be 
the increased cost of chemicals, with costs for NH~ and Na2C03 
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TABLE A-9 

COSTS FOR Af1110NIA REMOVAL 
FOR DIRECT DISCHARGERS 

Operation 
~ill Amortized and Total 
Size Capital Capital Maintenance Energy Annual 

Subcategory (kkg/d) Control 1 cs1 1 000) (S l 1000/:z:r) ($1 1000/:z:r) ($1 1 000/vr) ($1
1
000) 

Semi-Chemical 181 1,500 331 52 137 520 
II 510 112 29 117 258 

III 850 186 39 71 296 
IV 277 61 18 51 130 
v 6,010 1,322 200 134 1,656 

386 I 2,857 628 71 291 990 
II 1,021 225 46 249 520 

III 1,586 349 52 150 551 
IV 528 116 28 108 252 
v 9,440 2,077 425 285 2,787 

544 I 3,846 846 81 411 1,338 
II 1,429 314 56 351 721 

III 2,079 457 58 212 727 
IV 733 161 34 152 347 
v 11, 610 2,554 600 402 3,556 

Dissolving Sulfite 
Pulp 408 I 12,640 2,780 161 889 3,830 

II 2,841 625 77 612 1,314 
III 5,429 1,194 115 92 1,401 

IV 700 1.54 0 0 154 
v 26,570 5,845 927 1,125 7,897 

544 I 16, 181 3,560 181 1,185 4,926 
II 3,785 833 92 816 1,741 

III 6,886 1 ,515 129 123 1,767 
IV 930 205 0 0 205 
v 31,580 6,948 1,236 1,500 9,684 

Papergrade Sulfite2 91 I 1,896 417 65 105 587 
II 369 81 24 85 190 

III 1,207 265 51 61 377 
IV 215 47 16 41 104 
v 7,450 1,639 179 220 2,038 

408 6,647 1,462 117 475 2,054 
II 1,575 347 59 384 790 

III 4,235 932 94 276 1,302 
IV 881 194 38 186 418 
v 18,370 4,041 806 990 5,837 

907 I 13,070 2,875 161 1,055 4,091 
II 3,498 769 94 854 1,717 

III 8,287 1,823 129 614 2,566 
IV 1,957 430 61 413 904 
v 29,650 6,523 1. 790 2,200 10,513 

1Control: 

- ~edification of Activated Sludge at NSPS Option 1 (equal to BPT) raw waste loads 
II - ~odificatio~ of .\SB at NSPS Option 1 (equal to BPT) r3w waste loads 

III - Modification of Activated Sludge at NSPS Option 2 raw waste loads 
IV - t'fodification of ASB at NSPS Option 2 raw waste loads 
v - 1:hange c-hem1ca l base and add recovery sys tern 

~Includes Papergrade Sulfite (BL:iw Pit Wash) and Papergrade Sulfite (Drum Wash) subcategories 
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reported at $0.088/kg ($0.04/lb), and $0. 154/kg ($0.07/lb), 
respectively. At this cost penalty of $0.066/kg ($0.03/lb), an 
increased cost of $5.50/kkg ($5/ton) of pulp is realized. No cost 
credit was taken for the recovery or resale of chemicals. 

EPA also developed costs for ammonia removal through the application 
of end-of-pipe treatment. EPA assumed that BPT effluent limitations 
are being met at existing mills through the use of the technology that 
formed the basis of BPT effluent limitations. The Agency also assumed 
that existing biological treatment systems would be converted to the 
extended aeration mode of activated sludge. Ammonia removal would be 
accomplished through single-stage nitrification. Nitrification is the 
process where specific bacteria convert ammonia to nitrite nitrogen 
and then to nitrate nitrogen (see Section VII). Conventional 
activated sludge systems and aerated stabilization basins can be 
converted to the extended aeration mode by system modification. 
Design criteria include a volumetric loading of 0.24 kg BOD~cu m/day 
(15 lb BOD.2/1000 ft1/day), air requirements of 1.5 kg 0£,lkg BODi 
removed (1.5 lb 02/lb BODS removed) and 3.1 kg 02/kg NH3 removed (3.1 
lb 0£/lb NH1 removed), aeration capacity of 17 kg oi/hp/day (37 lb 
0£/hp/day), and a 48 hour aeration basin detention time. All other 
criteria are equivalent to those considered in estimating the cost of 
activated sludge systems in developing estimates of the cost of 
attainment of BPT effluent limitations. (48) The sludge ages for the 
modified biological treatment systems range from 24 to 37 days for the 
four subcategories of concern (dissolving sulfite pulp, semi-chemical, 
and both papergrade sulfite subcategories). They are two to five 
times greater than those cited in the literature (see Section VII). 

Table A-9 presents the estimated costs to implement this end-of-pipe 
technology. The costs include an allowance for repositioning of 
existing aeration equipment in the aeration basin. Table A-9 also 
presents an estimate of costs assuming that conventional pollutant raw 
waste load reductions to NSPS Option 2 levels were implemented. These 
estimates assume no reduction in the ammonia raw waste load. 

The sensitivity of the nitrification process to environmental 
conditions is well documented (see Section VII). Temperature, pH, and 
dissolved oxygen levels have interrelated effects on the ability of a 
biological treatment system to nitrify ammonia. The cost estimates in 
Table A-9 do not include provisions to heat or cool the effluent or to 
cover the aeration basin for temperature control. 

COSTS FOR IMPLEMENTATION OF PSES AND PSNS 

The toxic pollutants zinc, trichlorophenol, and pentachlorophenol can 
be controlled at new and existing indirect discharging mills through 
substitution of process chemicals. Slimicide and fungicide 
formulations containing chlorophenolics can be replaced by those that 
do not contain these compounds. Inquiries of chemical suppliers 
indicate that no definable cost differences will result from the 
application of this technology. 
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EPA estimated the cost of substitution of sodium hydrosulfite for zinc 
hydrosulfite at indirect discharging mills. These costs are presented 
in Table A-10. 

COSTS FOR IMPLEMENTATION OF NSPS CONTROL AND TREATMENT OPTIONS 

Conventional Pollutant Removal 

Option 1. NSPS Option l for conventional pollutant control is based 
on the levels attained by best performing mills in each subcategory. 
Best mill performance for a subcategory is generally the average 
performance at all mills where BPT is attained using BPT technology 
(see Section VIII). End-of-pipe treatment is in the form of 
biological treatment for all subcategories except the 
nonintegrated-tissue papers, nonintegrated-filter and nonwoven papers, 
nonintegrated-lightweight papers, and non integrated-paperboard 
subcategories, where end-of-pipe treatment is in the form of 
chemically assisted primary clarification (at a dosage rate of 150 
mg/l of alum). The design basis of this option is presented in Table 
A-11. Costs associated with implementation of this option are 
presented in Table A-12. 

Option £. This option involves the application of (a) production 
process controls to reduce wastewater discharge and raw waste loadings 
and (b) end-of-pipe treatment in the form of biological treatment for 
all subcategories except the nonintegrated-tissue papers, 
nonintegrated-filter and nonwoven papers, nonintegrated-lightweight 
papers, and nonintegrated-paperboard subcategories, where end-of-pipe 
treatment is in the form of chemically assisted primary clarification 
(at a dosage rate of 150 mg/l of alum). The design basis of NSPS 
Option 2 end-of-pipe treatment is the same as for NSPS Option 1. As 
discussed earlier, the implementation of production process controls 
can result in material and energy savings. EPA estimated the economic 
savings associated with the in-plant controls that form the basis of 
NSPS Option 2. These estimates are presented in Table A-13. Improved 
by-product recovery may also result; however, no estimates of savings 
resulting from by-product recovery were included in the figures 
presented in Table A-13. NSPS Option 2 model mill costs are presented 
in Table A-14. 

Example calculations for the costs of NSPS Option 2 production process 
controls for a new alkaline-fine mill are presented in Table A-15. 
Tables A-16 and A-17 present example design parameters and cost 
calculations, respectively, for NSPS Option 2 end-of-pipe treatment 
for a new dissolving kraft mill. 

Toxic Pollutant Removal 

PCP, TCP, and zinc can be controlled at new sources through chemical 
substitution. Slimicide and biocide formulations containing 
chlorophenolics can be replaced with formulations that do not contain 
these toxic pollutants. Correspondence with chemical suppliers as to 
the relative cost of substitution to the use of process chemicals that 
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TABLE A-10 

COSTS FOR SUBSTITUTING SODIUM HYDROSULFITE 
FOR ZINC HYDROSULFITE 

Mill 
Size Sodium H~drosulfite Used 

Subcategory (kkg/d) (kg/kkg) (kkg/yr) 

PSES, PSNS (Indirect Dischargers - Existing and New) 

Groundwood-Thermo-Mechanical 272 1.0 95.2 

Groundwood-CMN Papers 45 3.7 58.9 
544 712.5 
907 1,188.0 

Groundwood-Fine Papers 68 6.7 160.8 
454 1,073.8 
680 1,608.3 

NSPS (Direct Dischargers - New) 

Groundwood-Thermo-Mechanical 454 1.0 158.9 
Groundwood-CMN Papers 454 3.7 594.6 
Groundwood-Fine Papers 454 6.7 1,073.8 
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Cost Increase Due 
to Substitution 

($1, 000/yr) 

37.8 

23.3 
279.1 
465.2 

63.4 
422.6 
633.8 

63.0 
232.6 
422.6 



TABLE A-11 

DESIGN BASIS 
FOR ESTI~IATES OF COSTS OF END-OF-PIPE TREATMENT FOR ATTAINMENT OF 

NSPS OPTIONS 1 AND 2 

I. Integrated Segment and Deink and Nonintegrated-Fine Papers Subcategories 

A. Primary Treatment 

!. Clarification at an overflow rate of 20 cu m/d/sq m 

B. Activated Sludge Treatment 

!. Equalization with aeration 

a. 12 hr detention at peak flow 

2. Increase in aeration basin capacity with: 

a. Aeration design requirements of: 
1.5 kg 0 /kg BODS 
11.2 kg 02/aerat~r hp/d 

b. Detention at 1.5 times BPT levels 
c. Provisions for operation in a contact stabilization mode 

3. Clarification at an overflow rate of 16 cu m/d/sq m 

4. Solids handling system 

II. All Other Secondary Fibers Subcategories(a) 

A. Primary Treatment 

1. Clarification at an overflow rate of 24 cu m/d/sq m 

B. Activated Sludge Treatment 

!. Equalization with aeration 

a. 12 hr detention at peak flow 

2. Aeration basin 

a. Volume at the larger of 0.8 kg BODS applied/cu m/d, or 8 hr 
hydraulic detection time -

b. Aeration design requirements of: 
I kg Oz/kg BOD~ 
19 kg Oz/aerator hp/d 

3 Clarification at an overflow rate of 20 cu m/d/sq m 

4. Solids handling system 

III. All Other Nonintegrated Subcategories 

A. Primary Treatment 

1. Chemically assisted clarification with 150 ma alum/l (flash mixina 
prior to clarifiers) at an overflow rate of 16 cu m/d/sq m 

2. Solids handling system 

(a) End-of-pipe treatment system design for both NSPS Options 1 and 2 are 
based on the flow and BOD1 raw waste load that forms the basis of BPT 
effluent limitations. 
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TABLE A-12 

COST SUMMARY FOR NSPS OPTION 1 

Subcategory 

Integrated Segment 

Dissolving Kraft 

Market Bleached Kraft 

BCT Bleached Kraft 

Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 

Unbleached Kraft and 
Semi-Chemical 

Dissolving Sulfite Pulp 
o Nitration 
o Viscose 
o Cellophane 
o Acetate 

Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 

Groundwood-CMN Papers 

Groundwood-Fine Papers 

Secondary Fibers Segment 

Deink 
o Fine Papers 
o Tissue Papers 

o Newsprint 

Tissue From Wastepaper 

Mill 
Size 

(kkg/d) 

907 

680 

454 

680 

454 
907 

454 

1,361 

454 
454 
454 
454 

680 

454 

454 

454 

454 
91 

454 
454 

9 
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Capital 
($1,000) 

32,093 

20,388 

17,992 

20,787 

13,060 
20,247 

13,130 

26,709 

30,429 
31,721 
33,404 
39,312 

37,319 

12,219 

11,496 

11,248 

17,131 
6,089 

17,131 
11,171 

1,384 

Operation and 
Maintenance and 

Energy 
($1,000/yr) 

4,930 

2,403 

1,918 

2,517 

1,802 
2,825 

2,334 

3,762 

6,059 
6,366 
6, 777 
8,251 

7,194 

1,636 

1,357 

1,363 

3,027 
968 

3,027 
2,343 

208 

Total 
Annual 
($1,000) 

11, 990 

6,889 

5,876 

7,090 

4,675 
7,280 

5,223 

9,638 

12,753 
13,344 
14,125 
16,899 

15,404 

4,324 

3,886 

3,838 

6,796 
2,307 
6, 796 
4,800 
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Subcategory 

TABLE A-12 
(continued) 

Mill 
Size 

(kkg/d) 
Capital 

($1,000) 

Secondary Fibers Segment (continued) 

Paperboard From Wastepaper 
o Noncorrugating Medium Furnish 

o Corrugating Medium Furnish 

Wastepaper-Molded Products 

Builders' Paper and Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 

Nonintegrated-Lightweight Papers 
o Lightweight 
o Electrical 

Nonintegrated-Filter 
and Nonwoven Papers 

Nonintegrated-Paperboard 

91 
454 

91 
454 

45 

68 
136 

227 
27 

45 
227 

45 
45 

23 

45 

2,465 
6,146 

2,585 
6,528 

2,271 

2,652 
3,929 

5,889 
2,564 

2, 148 
5, 711 

2, 119 
2,470 

1,307 

1,291 

1 Includes Fine Bleached Kraft and Soda subcategories. 

Operation and 
Maintenance 
and Energy 1 

($1,000/yr) 

299 
747 

326 
842 

252 

343 
492 

604 
304 

371 
912 

524 
600 

321 

342 

Total 
Annual 

($1,000) 

842 
2,099 

895 
2,279 

752 

927 
1,356 

1,899 
868 

843 
2,169 

990 
1,144 

609 

626 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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TABLE A-13 

GROSS OPERATION AND MAINTENANCE AND 
ENERGY COSTS AND SAVINGS FOR 

NSPS OPTION 2 PRODUCTION PROCESS CONTROLS ($1,000/yr) 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine2 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite3 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 
o Fine Papers 
o Tissue Papers 

o Newsprint 
Tissue From Wastepaper 
Paperboard From Wastepaper 

Wastepaper-Molded Products 
Builders' Paper and 

Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 

Nonintegrated-Lightweight 
Papers 

Nonintegrated-Filter and 
Nonwoven Papers 

Nonintegrated-Paperboard 

Excludes energy costs. 

Mill 
Size 

(kkg/d) 

907 
680 
454 
680 

454 
907 
454 

1,361 
454 
680 
454 
454 
454 

454 
91 

454 
454 

9 
91 

454 
45 

68 
136 

227 
27 
45 

227 

45 

23 
45 

Gross 
Operation and 

Maintenance 1 

Cost Savings 

230. 7 
208.3 
188.l 
263.7 

120.0 
183.2 
151. 4 

386.5 
922.7 

1,130.1 
105.2 
48.3 

131. 2 

60.9 
35.8 
97.4 
60.9 

9.3 
24. l 
50.6 
19. 3 

17.6 
25.8 

32.3 
9.0 
9.7 

26.0 

29.8 

20.2 
13.0 

524.3 
89.6 

185.4 
120.2 

176.5 
350.7 
137.2 

449.2 
776.3 

1,172.7 
124.5 
38.0 

299.6 

186. l 
37.2 

186.l 
186. l 

l. 8 
18.0 
90.0 
0.0 

14.0 
27.9 

38.5 
10.8 
15.8 
78.7 

19.0 

4.6 
6.4 

~Includes Fine Bleached Kraft and Soda subcate~ori~s. 

Gross Energy 
Cost Savings 

691. 0 
363.3 
288.5 
309.3 

109.3 
218.6 
204.5 

788.9 
1,237.4 
1,517.0 

33.3 
40.3 
80.5 

123.8 
29.4 

138.2 
123.8 

4.8 
46.3 

231. 7 
11.2 

27.5 
55.1 

48.3 
13.5 
7.0 

33.8 

16.5 

7.8 
5.3 

80.6 
55.9 
23.1 
82.9 

119 .2 
210.6 
80.4 

336.9 
116.9 
253.6 

20.4 
150.8 
152.3 

112. 7 
41. 8 

198. 1 
112.7 

2.2 
22.0 

110.0 
8.4 

4.3 
8.6 

100.2 
28.l 
8.0 

18.6 

16. i 

11. 2 
6.2 

3 Includes Papergl'ade Sulfite (Blow Pit wash) and Papergrade Sulfite (Drum :.:ash) 
subcategories. 
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TABLE A-14 

COST SUMMARY FOR NSPS OPTION 2 

Operation 
Mill and Total 
Size Capital Maintenance Energy. Annual 

SubcategorI {kkgLd2 (~1 1 0002 (~1 1 000/Ir2 {$1 1 000/Ir2 {$1,000) 

Integrated Segment 

Dissolving Kraft 907 33' 102 3,371 1,865 12,518 
Market Bleached Kraft 680 21, 834 1,742 829 7,375 
BCT Bleached Kraft 454 17,699 1,439 665 5,998 
Alkaline-Fine 1 680 20,233 1,983 687 7' 121 
Unbleached Kraft 

o Linerboard 454 8,635 738 146 2,784 
o Bag 907 14,057 1' 145 298 4,536 

Semi-Chemical 454 9' 138 689 306 3,005 
Unbleached Kraft and 

Semi-Chemical 1,361 22,250 1 ,554 968 7,417 
risscl;·i~A ~L1l£it~ I':.ilp 

o Nitration 454 37,905 2,369 2,048 12,756 
o Viscose 454 38,049 2,386 2,064 12,821 
o Cellophane 454 39,239 2,520 2,208 13,361 
o Acetate 454 42,994 2,947 2,672 15,077 

Papergrade Sulfite2 680 41, 705 2,503 2,195 13,873 
Groundwood-Thermo-Mechanical 454 10,329 1,029 246 3,547 
Groundwood-CMN Papers 454 9,485 1,073 185 3,345 
Groundwood-Fine Papers 454 11,382 1,071 167 3,742 

Second.tel:'. Fibers Segment 

De ink 
o Fine Papers 454 11,536 2,260 247 5,045 
o Tissue Papers 91 5,191 !316 i9 2,037 

454 14,055 2,393 346 5,830 
o Newsprint 454 11,171 2, 185 158 4,800 

Tissue From Wastepaper 9 1,384 196 12 512 
Paperboard From Wastepaper 

o Noncorrugating ~edium Furnish 91 2,465 299 3 842 
454 6, 146 747 3 2,099 

o Corrugating Medium Furnish 91 2.585 326 3 895 
454 6,528 842 3 2,279 

Wastepaper-~olded Products 45 2,271 233 19 752 
Builders· ?dper 3nd Hooiin~ Fell 68 2' 652 301 .. 2 927 

136 3,929 415 77 1,356 
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TABLE A-14 
(continued) 

Operation 
Mill and Total 
Size Capital Maintenance Energy Annual 

Subcatesoa {ltk&ld) {~1,0002 {~1 1 ooolzr2 ~~1 1 000/Ir2 (~1 1 000) 

Nonintegrated Se&!!!ent 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 227 4,339 504 42 1,500 
o Cotton Fiber Furnish 27 2,129 261 18 747 

Nonintegrated-Tissue Papers 45 1,647 354 8 724 
227 4,077 835 49 1,781 

Nonintegrated-Lightweight Papers 
o Lightweight 45 2, 711 492 14 1,102 
o Electrical 45 3,081 565 19 1,262 

Nonintegrated-Filter and Nonwoven 
Papers 23 1,698 310 7 690 

Nonintegrated-Paperboard 45 1,616 341 7 704 

1 Includes Fine Bleached Kraft and Soda subcategories. 
2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 

3Separate operation and maintenance and energy costs for the Paperboard From Wastepaper 
subcategory are not presented. These estimates include updated "pre-BPT" inter-
nal control costs presented in the Phase I BPT Development Document which reported 
operation and maintenance and energy coats as a single figure. (46) 
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TABLE A-15 

NSPS OPTION 2 PRODUCTION PROCESS CONTROLS 
SAMPLE COST CALCULATIONS 

680 kkg/d Alkaline-Fine Mill 

A.· Capital 

Item No. Item 

1 Dry Operation of Woodroom 
2 Disposal of Digester Blow Condensates 
3 Addition of Fourth Stage Brown Stock Washer 
4 Spill Collection for Pulp Mill Brown Stock 
5 Full Countercurrent Washing in Bleachery 
6 Boil Out Tank for Evaporators 
7 Spill Collection in Liquor Preparation Area 
8 Segregation of Cooling Water in Utility Area 
9 Boiler Blowdown and Backwash Lagoon 

10 pH Monitors on Sewers 

B. Energy Requirements 
Increase 

Item No. Item 

in Electricity 
Use 

(kwh/kkg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Dry Operation of Woodroom 
Disposal of Digester Blow Condensates 
Addition of Fourth Stage Brown Stock Washer 
Spill Collection for Pulp Mill Brown Stock 
Full Countercurrent Washing in Bleachery 
Boil Out Tank for Evaporators 
Spill collection in Liquor Preparation Area 
Segregation of Cooling Water in Utility Area 
Boiler Slowdown and Backwash Lagoon 
pH Monitors on Sewers 

1.22 
7.70 
2.48 
2.15 
0.46 
1.55 
0.33 
0.46 

16.35 

Cost 

$1,433,300 
24,200 

838,000 
300,000 

2,731,000 
46,400 

349,000 
69,700 

124,800 
8,000 

$5,924,400 

Reduction or 
Increase 

in Steam Use 
(kg/kkg) 

(48. 7) 

(33.6) 

(4.8) 
(20.8) 

(107.9) 

Cost 
Cost of Electric Power = $0.0325/kwh x 16.35 kwh/kkg = 
Steam Saving= 107.9 kg/kkg x 2425 Btu/kg x $1.24/106 Btu = 
Net Increase in Cost of Energy = 

$ 0.53/kkg 
0.32/kkg 

$ 0.21/kkg 

C. Annual Cost-Example 

3 Addition of Fourth Stage Brown Stock Washer 

Fixed Cost = 22% of $838,000 
Maintenance = 4.5% of capital 
Added Labor 
Electric Power = 233 kw x 24 hr/d x 352 d/yr 

x $0.0325/kwh 
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Cost 

$ 184,360 
37' 710 

0 

63 1 972 
$ 286,042 



TABLE A-16 

DESIGN PARA...'1ETERS FOR NSPS OPTION 2 
EXAMPLE CALCULATION 

907 kkg/d Dissolving Kraft Mill 

Raw Waste: 

Flow= 211.6 kl/kkg 
BODS = S8.4 kg/kkg 
TSS = 113.0 kg/kkg 

Design Parameters: 

Flow: 
907 kkg/d x 211.6 kl/kkg x 1 cum/kl = 191,000 cu m/d 

BOD~ Removed (assume lS percent of BOD~ is removed in primary 
system; therefore, 8S percent of BOD~ applied will be removed by biological 
system): 

907 kkg/d x 0.8S x S8.4 kg BOD~/kkg = 4S,OOO kg BOD~/d 

Basin Volumes (assume 0.8 kg BOD~/cu m): 
Stabilization= 907 kkg/d x S8.4 kg BOD~/kkg x 1.2S cum/kg BOD~= 66,200 cum 
Contact= one-half stabilization= O.S x 66,200 cum= 33,100 cum 

Aeration (assume 11.2 kg BOD~/d/HP): 
907 kkg/d x S8.4 kg BOD~/kkg x 0.0893 HP/kg BODS= 4,730 HP 

Solids Production: 
Primary (assume 7S percent of raw waste TSS applied is removed): 

0.7S x 907 kg/d x 113.0 kg TSS/kkg = 76,900 kg/d 
Biological (assume additional 10 percent of raw waste TSS is removed and 
32 percent of BODS applied becomes solids): 

901 kkg/d x Tco.10 x 113.0 kg rss/kkg) + co.32 x S8.4 kg BOD~/kkg)J 
= 27,200 kg/d 
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TABLE A-17 

COST SUMMARY FOR NSPS OPTION 2 
UNIT PROCESS END-OF-PIPE TREATMENT 

EXAMPLE CALCULATION 

90i kkg/d Dissolving Kraft Mill 

Operation 
Amortized and Total 

Capital Capital Maintenance Energy Annual 
Treatment~~~~~~~~~~~r~.$_1~,_0_00_)~~(~$_1~,o_o_o~/-y_r~)~~(S_l~,~o-o_o~/~yr~)~~(~S_l~,O-O_O~/-y_r~)~-(~$~1~,_o_o~o) 

Flow Equdlization with Aeration 
(peaking factor = 1. 3) 1,591 350 19 66 435 

Wastewater Pumping (peaking 
factor = 1.3) 1,744 384 25 112 520 

Preliminary Treatment 328 72 27 0 99 
Primary Settling 3,969 873 51 5 929 
Acid Seutralization 55 12 22 10 44 
Alkaline Neutralization 55 12 22 10 44 
NaOH For Biological Treatment 0 0 223 0 223 
Stabilization Basin 3,061 673 94 0 768 
Contact Basin 1,758 387 71 0 458 
Aeration 3,312 729 0 946 1,675 
Secondary Clarification 6,427 1,314 74 38 1,525 
Flow Monitoring 43 10 63 0 73 
Outfall 23 5 0 0 5 
Diffuser 414 91 0 0 91 
Foam Collection Tank 92 20 0 0 20 
Nutrient Addition 0 0 417 0 417 
Flotation Polymer 0 0 218 0 218 
Flotation Thickening 1,552 342 61 55 458 
Dewatering Polymer 0 0 828 0 828 
Horizontal Belt-Filter 2,218 488 91 13 592 
Primary and Biological Sludge 

Transportation 0 0 789 0 789 
Primary and Biological Sludge 

Landfi 11 1,202 264 274 0 539 

Subtotal 27,843 6,125 3,371 1,255 10,751 
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do not contain these toxic pollutants indicate that no definable cost 
difference will result from the implementation of this control 
technology. 

Zinc can be controlled at new source groundwood mills by replacing 
zinc hydrosulfite, a bleaching chemical, with sodium hydrosulfite. 
The costs of this substitution at new sources in the three groundwood 
subcategories are presented in Table A-10. 

ENERGY AND NON-WATER QUALITY IMPACTS 

Energy Requirements 

EPA anticipates that the implementation of some of the various control 
and treatment options considered as the basis of final rules could 
affect existing energy demand. Estimates of the energy requirements 
of each specific technology option are presented in this section. In 
some cases, the implementation of production process controls may 
result in a net energy saving. It is possible that, even where a net 
energy saving is achieved in terms of net heat energy, energy costs 
can increase because of the relative amounts of fuels and electricity 
used and their respective prices. 

EPA determined total energy usage prior to implementation of the 
various technology options (baseline energy usage) based on data 
contained in the AP! monthly energy reports. Average power and fuel 
usages were determined from information obtained as a result of the 
data request program. An energy balance was developed for each model 
mill; the balance takes into account the energy of spent liquor and 
hogged fuel, if appropriate. 

Table A-18 summarizes the estimate of total energy used at direct 
discharging mills. Total energy is presented in heat energy units 
(Btu). In order to properly account for energy requirements, EPA 
converted electrical energy (kwh) to heat energy (Btu) at a conversion 
of 10,500 Btu/kwh, which reflects the average efficiency of electrical 
power generation. 

BPT. EPA estimates that attainment of BPT in the wastepaper-molded 
products subcategory will require the use of the equivalent of 
approximately 604 thousand liters (3.8 thousand barrels) of residual 
fuel oil per year, a 0.0017 percent increase in estimated current 
industry energy usage and a 1.8 percent increase in current energy 
usage at mills in the wastepaper-molded products subcategory. For the 
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven 
papers, and nonintegrated-paperboard subcategory and the cotton fiber 
furnish subdivision of the nonintegrated-fine papers subcategory, 
in-place technology or current permit conditions are such that EPA 
anticipates that no incremental energy usage will result from 
implementation of BPT effluent limitations. 
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TABLE A-18 

TOTAL ENERGY USAGE AT EXISTING DIRECT DISCHARGING MILLS 
( 109 Btu/yr) 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine2 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite3 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 
Integrated-Miscellaneous 

Secondary Fibers Segment 

Deink 
o Fine Papers 
o Tissue Papers 

Tissue From Wastepaper 
Paperboard From Wastepaper 
Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 
Secondary Fibers-Miscellaneous 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 
Nonintegrated-Filter and 

Nonwoven Papers 
Nonintegrated-Paperboard 
Nonintegrated-Miscellaneous 

Total 
Residual Fuel Oil 

(10 6 barrels/yr) 

Baseline 1 

50,538 
68,856 
87,326 

128' 775 

139,382 
86,048 
51,786 

124,954 
40,529 
56,305 

3,628 
9,061 

17,301 
454,353 

3,486 
8,715 
2,634 

30,725 
1,345 
1,705 
7,425 

27,947 
7,639 
6, 777 

796 
1,362 
6,066 

1,425 ,464 

227 

1Baseline energy use is based on data contained in API monthly energy report5. 
2 Includes Fine Bleached Kraft and Soda subcategories. 
3 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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BAT. Because the technology basis of BAT effluent limitations is 
chemical substitution, implementation of BAT will not result in any 
increase in energy usage at existing direct discharging mills. 

EPA estimates that implementation of chloroform removal technology at 
the nine mills where closed biological treatment systems are employed 
would increase the energy used to operate wastewater treatment systems 
by over 70 percent. 

If color were regulated based on the technologies discussed in Section 
VIII, energy usage would increase at existing direct discharging 
mills. Table A-19 presents the Agency's estimate of the total energy 
increase that would result from implementation of color removal 
technology at all direct discharging mills where highly-colored 
effluents are discharged. EPA estimates that the energy increase over 
current total energy usage at these mills would be equivalent to about 
2.5 percent for minimum lime coagulation and 0.5 percent for alum 
coagulation. 

Establishment of ammonia limits at the eight mills where ammonia-based 
cooking chemicals are employed might mean that the equivalent of 78 
million liters (489 thousand barrels) and 44 million liters (277 
thousand barrels) of residual fuel oil per year, respectively, would 
be required through conversion to a different chemical base or 
modification of existing biological treatment to operate in. a 
nitrification mode (assuming that raw waste loads are identical to 
those that formed the basis of BPT limitations). This represents 6.2 
and 3.5 percent, respectively, of current energy usage at these eight 
mills. 

NSPS. Table A-20 presents an estimate of energy usage at new source 
direct discharging mills for the base case (attainment of BPT effluent 
limitations) and for NSPS Options 1 and 2. In order to properly 
account for energy requirements of each alternative, EPA converted 
electrical energy (kwh) to heat energy (Btu) at a conversion of 10,500 
Btu/kwh, which reflects the average efficiency of electrical power 
generation. 

Pretreatment Standards. Because the technology basis of PSES and PSNS 
is chemical substitution, implementation of PSES and PSNS will not 
increase energy usage at indirect discharging mills. 

Air Pollution 

None of the technology options considered for BPT, BAT, NSPS, PSES, or 
PSNS are expected to result in significant increases in air pollution. 
The technologies that form the bases of BAT effluent limitations and 
pretreatment standards do not generate air emissions. Operation of 
biological and primary treatment systems to comply with BPT effluent 
limitations and NSPS will not generally increase air emissions to any 
significant extent. 
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TABLE A-19 

ADDITIONAL ENERGY USAGE AT EXISTING DIRECT DISCHARGING MILLS 
WITH THE IMPLEMENTATION OF COLOR REMOVAL TECHNOLOGY 

(10 9 Btu/yr) 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Finel 
Unbleached Kraft 

o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite2 

Integrated-Miscellaneous 

Total 
Residual Fuel Oil 

(106 barrels/yr) 

Baseline 

50,538 
68,856 
87,326 

128' 775 

139,382 
86,048 
51, 786 

124,954 
40,529 
56,305 

413' 779 

1,248,278 
198 

Lime 

1,312 
1,348 
1,533 
2,439 

3,708 
2,289 
1,595 

3,828 
1,354 
1,810 
8,994 

30,210 
5 

1 Includes Fine Bleached Kraft and Soda subcategories. 

Alum 

262 
385 
378 
548 

323 
199 
178 

1,066 
279 
362 

1,922 

5,902 
0.9 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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TABLE :\-20 
E~'ERGY USAGE AT NEW SOURCE DIRECT DISCHARGING ~ILLS 

Energy Usage (10 9 Btu/yr) Mill 
Size 

(kkg/d) 
NSPS SSPS 

Subcategorv Baseline 1 Option Option 2 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 2 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite2 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

De ink 

907 
680 
454 
680 

454 
907 
454 

1,361 
454 
680 
454 
454 
454 

.; 7 ine Papers .. s.+ 
o Tissue Papers 91 

454 
o Newsprint 454 

Tissue From Wastepaper 9 
Paperboard From Wastepaper 

o Noncorrugating Medium Furnish 91 
454 

o Corrugating Medium Furnish 91 
454 

Wastepaper-Molded Products 45 
Builders' Paper and Roofing Felt 136 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
o Wood Fiber Furnish 
o Cotton Fiber Furnish 

Nonintegrated-Tissue Papers 

Nonintegrated-Lightweight Papers 
o Lightweight 
o Electrical 

Nonintegrated-Filter and 
Nonwoven Papers 

Nonintegrated-Paperboard 

227 
27 
45 

227 

45 
45 

23 
45 

14,886 
8' 178 
6, 163 
9,303 

4,876 
9,752 
4,050 

10,364 
6,824 
9,696 
4' 134 
5,316 
4,968 

3, l 7t> 
635 

3' 176 
3,079 

45 

623 
3, 115 

625 
3,126 

237 
785 

I ,010 
122 
415 

2,075 

572 
572 

240 
409 

456 
209 
141 
182 

62 
120 
82 

198 
431 
443 
130 

73 
69 

lS't 
34 

154 
51 

4 

17 
84 
19 
95 

6 
25 

19 
7 
3 

12 

5 
7 

3 
z 

1 Baseline energy use is based on data contained in AP! monthly energy reports 
and BPT Development Documents. 
~Includes Fine Bleached Kraft and Soda subcategories. 
3 Includes Papergrade Sulfite (Blvw Pit \;ash) a.:ld Papergrade Suifite (Drum Wash) 
subcategories. 
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603 
268 
215 
222 

47 
96 
99 

313 
726 
369 
709 

60 
54 

80 
26 

112 
51 

4 

17 
84 
19 
95 

6 
25 

14 
6 
3 

16 

5 
6 

2 
2 



Most of the NSPS production process controls identified in NSPS Option 
2 are expected to have little direct impact on air emissions. 
However, if additional steam is required, some increase in 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. This situation is not unique to the pulp, 
paper, and paperboard industry, but exists for all industrial 
categories. Air pollution control techniques are available to 
minimize such increases. 

Production process controls that help retain more spent liquor in the 
liquor recovery cycle include improved brown stock washing, decker 
filtrate reuse, use of 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 recovery, emissions can increase. 
With modern recovery systems of adequate capacity, emission levels of 
mercaptans, hydrogen sulfide, and other compounds to the atmosphere 
would not increase beyond allowable limits. Generally, the normal 
variations in firing rates, sulfidity, and liquor solids overshadow 
the effects resulting from implementation of the production process 
controls considered. 

Noise Potential 

There is no 
associated 
considered. 
significant 

identifiable potential for substantially increased noise 
with any of the control and treatment technology options 

Existing effluent treatment processes are not a 
source of noise. 

Solid Waste Generation 

General. A study by Energy Resources Company quantified the various 
solid wastes generated in 1977 in the pulp, paper, and paperboard 
industry.(221) In addition to sludge generated as a result of 
wastewater treatment, other types of solid waste generated by this 
industry include chemical ash, pulping wastes, and wood wastes. 

The kraft and sulfite processes produce the majority of chemical 
pulping wastes, consisting of green liquor dregs, lime wastes (slaker 
rejects and unburned rejects from lime kilns), and cooking chemical 
recovery process wastes. Green liquor dregs are normally sewered and, 
therefore, are likely to be included in wastewater sludge estimates. 
Lime wastes and recovery wastes (normally oxides of the cooking 
chemical base from the sulfite process) were estimated to be 535,000 
metric tons (589,000 tons) in 1977. (221) 

About 2,700,000 metric tons (3,000,000 tons) of landfilled bark and 
wood waste and approximately 1,000,000 metric tons (1,100,000 tons) of 
coal ash were generated in 1977.(221) 
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Miscellaneous pulp, paper, and paperboard industry solid waste 
included 1,700,000 metric tons (1,900,000 tons) of wastepaper 
reclamation waste (i.e., strapping, dirt, metal, and ink) in 
1977.(221) Other wastes include evaporator residue and tall oil 
residue; these are generated in insignificant quantities when compared 
to other solid wastes. Total 1977 process solid waste excluding 
wastewater treatment sludge was about 5,900,000 metric tons (6,500,000 
tons). 

In a 1974 study, it was estimated that pulp, paper, and paperboard 
industry personnel generated about 0.23 kg (0.5 lb) of refuse per 
employee per shift, resulting in a total annual industry generation 
rate of 16,600 metric tons (18,300 tons).(48) This source of solid 
waste is insignificant when compared to process-related sources. 

Wastewater treatment facilities produce both primary and biological 
sludges that are usually dewatered prior to disposal. The amount of 
wastewater treatment sludge generated depends on a number of 
conditions including: (a) raw waste characteristics, (b) the 
existence, efficiency, and/or type of primary treatment, (c) the type 
of biological treatment system employed, and (d) the efficiency of 
biological solids removal from the wastewater. EPA estimated the 
amount of primary and biological sludges generated at direct 
discharging mills in each subcategory. These estimates were based on 
sludge production criteria outlined in Section VII and are shown in 
Table A-21. 

Toxic Pollutant Control. Chemical substitution, the technology basis 
of BAT, PSES, PSNS, and NSPS toxic pollutant control options will not 
result in any increase in solid waste generation. Additionally, 
implementation of chloroform removal technology at the nine mills 
where closed systems are employed would not increase solid waste 
generation at these mills. 

Conventional Pollutant Control. Attainment of BPT in the wastepaper
molded products subcategory may generate an additional 100 kkg/yr (110 
tons/yr) of solid waste. This is equal to 0.0042 percent of current 
wastewater treatment solids generated in the industry and 20 percent 
of the current wastewater solids generated in the wastepaper-molded 
products subcategory. 

For the nonintegrated-lightweight papers, nonintegrated-filter and 
nonwoven papers, and nonintegrated-paperboard subcategories and the 
cotton fiber furnish subdivision of the nonintegrated-fine papers 
subcategory, in-place technology or current permit conditions are such 
that EPA anticipates that no incremental solid waste generation will 
result from implementation of BPT effluent limitations. 

Table A-22 presents an estimate of the solid waste generation at new 
source direct discharging mills for the base case (attainment of BPT 
effluent limitations) and for NSPS Options l and 2. 
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TABLE A-21 

TOTAL WASTEWATER SOLID WASTE GENERATION AT 
EXISTING DIRECT DISCHARGING MILLS 

(1,000 kkg/yr, dry solids) 

Baseline 1 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine2 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite3 

Groundwood-Thermo-Mechanical 
Groundwood-CMN Papers 
Groundwood-Fine Papers 
Integrated-Miscellaneous 

Secondary Fibers Segment 

De ink 
o Fine Papers 
o Tissue Papers 

Tissue from Wastepaper 
Paperboard from Wastepaper 
Wastepaper-Molded Products 
Builders' Paper and Roofing Felt 
Secondary Fibers-Miscellaneous 

Nonintegrated Segment 

Nonintegrated-Fine Papers 
Nonintegrated-Tissue Papers 
Nonintegrated-Lightweight Papers 
Nonintegrated-Filter and 

Nonwoven Papers 
Nonintegrated-Paperboard 
Nonintegrated-Miscellaneous 

Total 

Primary Biological 

91.0 35.3 
65.2 32.6 

112.6 43.0 
199.1 65.0 

81.6 35.7 
50.4 22.0 
23.4 22.6 

71. 7 36.5 
68.7 65.0 

118.3 64.8 
6.6 3.4 

19.2 5.2 
38.9 9.9 

543.2 213.5 

26.7 5.7 
66.7 14.0 
10.2 1.5 
17.4 5.6 
0.5 0. 1 
3.3 0.7 

17.6 3.i 

34.4 6.5 
10. 9 0 
8. 1 0 

0.5 0 
1.5 0 
7.8 0.5 

1,695.5 692.8 

1Baseline wastewater solid waste production is based on estimated BPT raw 
waste loads; baseline solid waste other than wastewater solids is 6,016,600 
kkg/yr. 

2 Includes Fine Bleached Kraft and Soda subcategories. 
3 Includes Paperg.rade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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TABLE A-22 
WASTEWATER SOLID WASTE GENERATION AT NEW 

SOURCE DIRECT DISCHARGING MILLS 

Mill Wastewater Solid Waste Generation {1 1000 kkgl:z:r) 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 2 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite3 

Groundwood-Thermo-Mechanical 
Groundwood-Cl1N Papers 
Groundwood-Fine Papers 

Secondary Fibers Segment 

ije1nic 

o Fine Papers 
o Tissue Papers 

o Newsprint 
Tissue From Wastepaper 
Paperboard From Wastepaper 

o Noncorrugating Furnish 

o Corrugating Furnish 

Wastepaper-Molded Products 
Builders' Paper and 

Roofing Felt 

Nonintegrated Segment 

Nonintegrated-Fine Papers 

Size 
{kkg/d) 

907 
680 
454 
680 

454 
907 
454 

1,361 
454 
680 
454 
454 
454 

454 
91 

454 
454 

9 

91 
454 

91 
454 

45 

136 

o Wood Fiber Furnish 227 
o Cotton Fiber Furnish 27 

Nonintegrated-Tissue Papers 45 
227 

~onintegrated-Lightweight Papers 
o Lightweight 45 
o Elec~rical ~5 

~onintegrated-Filter and 
Nonwoven Papers 23 

!fonintegrated-Paperboard 45 

1Base11fie wastewater solld waste generation is 

NSPS 
Baseline 1 Option 

37.9 38.8 
11. 9 12.7 
11.2 11.6 
17.9 18.7 

4.0 4.2 
8.0 8.3 
3.0 3.4 

11.8 12.4 
22.6 23.9 
27.2 28.2 

7.7 8.0 
7.9 8.2 
8.4 8.7 

29.9 30.4 
6.0 6.1 

29.9 30.3 
29.9 28.1 

0.28 0.28 

0.34 0.35 
1. 7 2.0 
0.40 0.43 
2.0 2.1 
0.22 0.21 

1. 5 1. 4 

2.3 2.5 
0.51 0.54 
0.43 0.55 
2. 1 2.7 

0.66 0.95 
C.66 1. 0 

0. 13 0.22 
0.27 0.41 

based on estimated BPT raw 
~Includes Fine Bleached Kraft and Soda subcate~ories . 

waste 

. ;Includes PJpt>rgrdde Sulf1tt0 ·:Etow Pit ;.;ash) anJ Papc>rgrade Sulfite (!:lrum wash) 
subcategories. 
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NSPS 
Option 2 

37.1 
11. 2 
11.0 
17.4 

3.8 
7.5 
2.7 

11. 3 
17.7 
24.7 

6.8 
7.8 
8.2 

28.6 
5.8 

29.2 
28.1 
0.28 

0.35 
2.0 
0.43 
2.1 
0.21 

1. 4 

2.J 
0.49 
0.53 
2.7 

0.92 
0.99 

0.21 
0.41 

loads. 



Nonconventional Pollutants. If color were regulated based on the 
technologies discussed in Section VIII, solid waste generation would 
increase at existing direct discharging mills. Table A-23 presents 
the Agency's estimate of the total increase in solid waste that would 
result from implementation of color removal technology at all direct 
discharging mills where highly-colored effluents are discharged. 

EPA estimates that implementation of ammonia removal technology 
(conversion to a different chemical base or modification of existing 
biological treatment to operate in a nitrification mode} would not 
result in any measurable increase in solid waste generation. 

Disposal Methods. Acceptable techniques for solid waste disposal 
include incineration, composting, pyrolysis gasification, and 
landfill. McKeown reported that, in 1975, about 10 percent of 
wastewater sludges were incinerated and about 85 percent were disposed 
of by land application.(222) Incineration is a preferred method for 
disposal of organic wastes with low moisture contents such as log 
sorting and mill yard wastes. 

Composting is an emerging technology that 
applied to pulp, paper, and paperboard mill 
sludges. Through proper composting, sludge 
non-pathogenic organic material that may be 
conditioner. 

theoretically could be 
wastewater treatment 
can be converted to 

used as a soil 

Pyrolysis-gasification may play a future role in solid waste disposal. 
Commercial-scale units from which economic effectiveness has been 
proven or operating experience obtained have yet to be utilized. 

Land application of wastewater treatment plant sludges is a viable 
disposal option. Sludge can be applied to a field that will be used 
for agricultural production. The organics, nutrients, and sludge bulk 
can serve to enhance crop production capacity. A prerequisite for the 
technique is that adequate and suitable land is available within a 
reasonable proximity of the plant. 

Landfills are the most prevalent means of solid waste disposal in the 
industry. The primary environmental problem associated with landfill 
disposal of wastewater sludges is the potential for leachate 
contamination of ground and surface waters. 

Environmental safety procedures and knowledge of proper landfilling 
practices have increased widely in recent years. The EPA has 
established operating and design criteria for several landfill 
techniques for sludges ranging from 20 to 30 percent solids.(216) 
These techniques include a) area fill layer, b) area fill mound, c) 
diked containment, d) narrow trench, e) wide trench, f) co-disposal 
with soil, and g) co-disposal with refuse. The cited reference 
describes required site and operating conditions for each method. 

603 



TABLE A-23 

ADDITIONAL WASTEWATER SOLID WASTE GENERATION 
AT DIRECT DISCHARGING MILLS WITH THE 

IMPLEMENTATION OF COLOR REMOVAL TECHNOLOGY 
(1,000 kkg/yr) 

Subcategory 

Integrated Segment 

Dissolving Kraft 
Market Bleached Kraft 
BCT Bleached Kraft 
Alkaline-Fine 1 

Unbleached Kraft 
o Linerboard 
o Bag 

Semi-Chemical 
Unbleached Kraft and 

Semi-Chemical 
Dissolving Sulfite Pulp 
Papergrade Sulfite2 

Integrated-Miscellaneous 

Total 

Baseline 

126.3 
97.8 

155.6 
264.1 

117. 3 
72.4 
46.0 

108.2 
133.7 
183.1 
549. 7 

1854.2 

Lime 

36.0 
35. 7 
41. 6 
65.3 

98.5 
60.8 
40.2 

102. 7 
35.8 
49.6 

241.4 

807.6 

1Includes Fine Bleached Kraft and Soda subcategories. 

Alum 

31.6 
37.0 
41. 3 
62.5 

29.4 
18.2 
11. 0 

29.1 
28.7 
38.7 

164.6 

492.1 

2 Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) 
subcategories. 
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Implementation Requirements 

Availability of Equipment. EPA expects that present manufacturing 
capabilities are such that required equipment can be readily produced. 
Any increased demand for either production process control equipment 
or wastewater treatment equipment should be met without major delays. 
No geographical limitations are anticipated because of the ability of 
this industry to use local independent contractors for fabrication of 
certain pieces of equipment. 

Availability of Labor Force. Manpower necessary for implementation of 
technology alternatives could come from two sources: .a) mill 
personnel and b) outside contractors. On jobs that cannot be 
completed during a normal shut-down or are considered too complex for 
mill personnel, an outside contractor can be hired to perform the 
necessary tasks. 

A Bureau of Labor Statistics study concluded that the availability of 
construction laborers to perform the required work is sufficient.(223) 
This availability is based on two major factors. This first factor is 
the short training time that is required for construction labor (6 to 
12 months). The second factor is the willingness of construction 
labor to relocate. Therefore, availability of labor is not 
anticipated to be a problem in implementing the technology 
alternatives. 

Implementation Time. For end-of-pipe treatment facilities, normal 
construction techniques and crews would be required. The bar graph 
presented in Figure A-1 shows the estimated time required to implement 
the BPT and NSPS technologies. 
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APPENDIX B 

GLOSSARY 

Abaca - Manila fiber, or manila hemp, obtained from the leafstalk of a 
variety of plantain or banana, native to the Philippine Islands. Its 
principal usage is marine cordage, but is also used for rope, papers, 
and tea bags. 

Active Alkali - A measure of the strength of alkaline pulping liquor 
indicating the sum of caustic soda and sodium sulfide expressed as 
Na£0. 

Activated Sludge Process - A high rate biological oxidation process. 
The significant feature of the process is the recycle of a 
biologically-active sludge formed by settling the microorganism 
population from the aeration process in a clarifier. Waste is treated 
in a matter of hours rather than days. 

Aeration The process of 
Aeration is used in biological 
wastewater. This dissolved 
they feed on organic matter in 

being supplied or impregnated with air. 
treatment to dissolve oxygen in the 
oxygen is required by microorganisms as 
the wastewater. 

Air Dry Ton (ADT) - Measurement of production including a moisture 
content of 10 percent by weight. 

Alkali - NaOH + Na£0, expressed as Na£0 in alkaline cooking liquors. 

Alpha-cellulose - The true cellulose content of a fibrous material. 

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 grocery bags or sacks. 

Bale - A standard bale of wastepaper 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 will 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 - 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. 
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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. 

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 contain horizontal 
metal bars set on edge. Pulp or wastepapers are put into the tub of 
the beater and water is added so that the mass may circulate and pass 
between the roll and the bedplate. 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 oxidize complex organic materials to simpler compounds 
and. use these for growth and energy. Self-purification of waterways 
and biological waste treatment systems such as activated sludge, 
trickling filter and aerated stabilization depend on this principle. 

Black Liguor - The used cooking liquor recovered 
It may also be referred to as spent cooking 
liquor refers to the liquor after it has been 
evaporator to a level suitable for combustion. 
it is referred to as weak black liquor. 

from the digester. 
liquor. Strong black 
concentrated by an 

Prior to evaporation, 

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. 

Blow Pit - A large tank under a digester which receives the discharged 
chips and liquor from the digester. A constructed stainless steel 
plate within the blow pit acts to break up the chip structure into 
individual fibers of pulp upon impact. 

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 
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entirely by the biodegradability of the material and by the amount of 
oxygen utilized by the microorganisms during oxidation. 

Boil-out - A procedure, usually utilizing heat and chemicals, to clean 
equipment 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 
paperboard 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. 

Breast Roll - A large diameter roll around which the Fourdrinier wire 
passes at the machine headbox, just at or ahead of the point where the 
stock is 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 standardized conditions. 

Brightness Unit - An increment of measurement to assess the brightness 
of paper. 

Bristol - Paper characterized by its cardlike features. 

Broke Partly or completely manufactured paper that does not leave 
the machine 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. 

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. 

Capacity - Production of a unit, usually in tons per day. 

Causticizing Process of making white liquor from green liquor by 
addition of slaked lime. Most Na2C03 is thereby converted to NaOH. 

Cellulose - The major polysaccharide component of the cell walls of 
all woods, straws, bast fibers and seed hairs. It is the main solid 
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constituent of wood plants and is the principal raw material of pulp, 
paper and paperboard. 

Central Limit Theorem - A statistical theorem. If any random variable 
X may be represented as a sum of any N independent random variables, 
then in general, the sum X, for large N, is approximately normally 
distributed. The importance of the theorem is that the mean x of a 
random sample from any distribution is approximately normal with mean 
µ and variance r2/N if the sample size is large. 

Chemical Oxygen Demand (COD) A 
capacity of organic and inorganic 
wastewater. It is expressed as the 
chemical oxidant in a specific test. 

measure of the oxygen-consuming 
matter present in water or 

amount of oxygen consumed from a 

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) 
furnish-.--

A tank used for storage of wet fiber or 

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. 

Chips - Small pieces of wood used to make pulp. 

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 reducing agent. 

Chromophoric - Relating to color in a molecule, that can be attributed 
to the presence of a chemical group or groups. 

Clarifier In wastewater treatment, a settling tank which removes 
solids from wastewater through gravitational settling. The settled 
material, called sludge, is removed from the tank bottom by a rake 
arm. 

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 for 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. 

Coarse Papers - Paper used for grocery and shopping bags, sacks, and 
special industrial papers. 
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Coated A term applied to paper and paperboard, whose surface 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. 

Color - Refers to standard APHA Platinum Cobalt 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 Plant The portion of a fine papermill where pulp is dyed or 
colored prior to being made into paper. 

Color Unit - A measure of color concentration in water using NCASI 
method~ 

Composite Sample A mixture of grab samples collected at the same 
sampling point at different times. 

Confidence Level (or Confidence Interval) - An interval about a sample 
quantity which is-rikely to contain the population value, with some 
specified assurance. 

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 concentration. 

Converting - Any operation in which paper is made into a product, not 
necessarily 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. 

Corrugating Medium - A paperboard used at corrugating plants to form 
the corrugated or fluted (wave-like) member in making such products as 
corrugated combined board and corrugated wrapping materials. 

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. 

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 dewatered. The 
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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. 

Creped A light crinkled characteristic imparted to paper by a 
creping device to increase surface area, absorption, and elasticity. 
This is a customary procedure in tissue papers and fine decorative 
papers. 

Cylinder Machine - One of the principal types of papermaking machines, 
characterized by the use of wire-covered cylinders or molds on which a 
web is formed. 

Debarking - See "Barking". 

Decker - A piece of equipment commonly used to thicken 
consists of a wire-covered drum in a pulp vat. A vacuum is 
the center of the drum, commonly by a barometric leg, to 
out of the stock slurry. 

pulp. It 
applied to 
pull water 

Deflaker - A high-speed mixing and agitating machine through which a 
fibrous stock suspension in water is pumped to obtain complete 
separation and dispersion of each individual fiber, and break up of 
any fiber lumps, knots, or bits of undefibered paper. 

Deinking The operation of reclaiming fiber from waste paper by 
removing ink, coloring materials, and fillers. 

Density - Weight per unit volume. 

Diffusion Washing - Washing pulps with an open ended vessel by 
diffusing or passing the wash media through the pulp mass. 

Diqester The vessel used to treat pulpwood, straw, rags or other 
such cellulosic materials with chemicals to produce pulp. 

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. 

Dissolved Oxygen Amount of oxygen, expressed in milligrams per 
liter, dissolved in water. 

Dissolved Solids - The total amount of dissolved material, organic and 
inorganic, contained in water or wastes. 
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Dissolving Pulp - A special grade 
cotton linters for use in the 
(viscose rayon and cellophane) 
acetate and nitrate. 

of chemical pulp made from wood or 
manufacture of regenerated cellulose 
or cellulose derivatives such as 

Doctor Blade - 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, or size, thus maintaining a smooth, 
clean surface. 

Dregs 
mill. 

The inert rejects from the green liquor clarifier of a pulp 

Dregs Washer - A piece of equipment used to wash the green liquor 
(Na1C01) 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. 

Esparto - A grass whose bast fibers are used to produce high-class 
book and printing papers and medium class writing papers. 

Evaporators Process equipment used to concentrate spent pulping 
liquors prior to burning. 

Extended Aeration - A modification of the activated sludge process 
that employs aeration periods of 18 hours or more. 

Extraction Water - Water removed during a pulp manufacturing process. 

Fatty Acid - A naturally-occuring organic compound of wood. 

Felt - The endless belt of wood or plastic used to convey and dewater 
the sheet during the papermaking process. 

Fiber - The cellulosic portion of the tree used to make pulp, paper, 
and paperboard. 

Filler - A material, generally nonfibrous, added to the fiber furnish 
of paper. In paperboard manufacturing, the inner ply or plies of a 
multiple layer product. 

Fine Papers - Papers for printing, reproduction and writing. 

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. 
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Flour 
pulp. 

A term applied to the fine fibers or fiber fragments of a 
They are also known as fines. 

Flume - A sloped trough with flowing water used to transfer pulpwood 
from one point to another. 

Fourdrinier Machine A papermaking machine 
manufacture of all grades of paper and paperboard. 
into four sections, the wet end, the press section, 
and the calender section. 

employed in the 
It may be divided 
the drier section, 

Freeness - A measure of· the rate with which water drains from a stock 
suspension through a wire mesh screen or a perforated plate. It is 
also known as slowness or wetness. 

Furnish 
paper. 

The mixture of fibers and chemicals used to manufacture 

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. 
"packing water". 

Sometimes called 

Glassine Paper Paper used as protective wrapping of foodstuffs and 
products including tobacco products, chemicals, metal parts, as well 
as for purposes where its transparent features are useful (i.e., 
window envelopes). This paper is grease resistant and has high 
resistance to the passage of air and many essential oil vapors. 

Gloss The property of a surface which causes it to reflect light 
specularly and is responsible for its shiny or mirror-like appearance. 

Grab Sample - A sample collected at a particular time and place. 

Grade - The type of pulp or paper product manufactured. 

Greaseproof Paper - Paper used when resistance to oil and grease 
penetration is necessary. 

Green Liquor Liquor made by dissolving the smelt from the kraft 
process water and weak liquor preparatory to causticizing. 

Green Liquor Clarifier - A piece of equipment used to separate the 
dregs from the green liquor, allowing 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. 
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Grindstone A natural or artif ical stone which is channeled or 
grooved and used for the manufacture of mechanical, chemi-mechanical, 
and groundwood pulp. 

Groundwood 
other than 
mechanical 
mainly for 

Papers A general term applied to a variety of papers, 
standard newsprint, made with substantial proportions of 

wood pulp together with chemical wood pulps, and used 
printing and converting purposes. 

Hardwood - A term applied to wood obtained from trees of the angio
sperm class, such as birch, gum, maple, oak, and poplar. Hardwoods 
are also known as porous woods. 

Headbox - The area of the papermachine that uniformly spreads and 
distributes the dilute stock suspension and from which the stock flows 
through a sluice onto the wire. 

Hemicellulose The secondary component of cell walls 
consisting primarily of short-chained (low molecular 
polysaccharides. 

of wood 
weight) 

Hemp A tall plant native to Asia having stems that yield a coarse 
fiber used in the cordage and textile industry. Enters the paper 
industry as old cordage or rough textile waste. 

Hot Ponds - Heated ponds of water used to thaw frozen logs. 

Impregnation The process of treating a sheet or web of paper or 
paperboard with a liquid such as hot asphalt or wax, a solution of 
some material in a volatile solvent, or a liquid such as an oil. It 
is also used as a term to describe a treatment in which fibrous raw 
materials are infused with a chemical solution prior to a digesting or 
fiberizing process. Sometimes called pre-impregnation. 

Integrated A term used to describe a pulp and paper mill operation 
in which all or some of the pulp is processed into paper at the mill. 

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. 

Jumpstage Countercurrent Washing Another type of countercurrent 
washing in which fresh water is used on the last two stages and 
filtrates from the acid stages are used on the preceding acid stage 
with the filtrate from the final alkaline stage being used on the 
preceding alkaline stage. 

Jute - The glossy fiber of either of two East 
linden family used chiefly for sackling 
papermaking, cuttings from burlap manufacture, 
wool tares used in wrapping cotton bales are 
sources. 
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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 furnace or oven used in the pulp and paper industry 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: l) 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. 

Kolmogorov Smirnov Goodness 
statistical test of goodness 
frequency distribution to the 
representing the hypothesis. 

of Fit Test 
or- fit for 

expected 

A nonparametric 
an observed continuous 

frequency distribution 

Kraft - A descriptive term for 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. 

Lime Mud - A solid residue generated from the white liquor clarifier 
in thel"ime recovery/white liquor preparation process. 

Linerboard A paperboard made on a Fourdrinier or cylinder machine 
and used as the facing material in the production of corrugated and 
solid fiber shipping containers. 

Market Pulp - A pulp manufactured explicitly for purchase. 

Mathieson Process - A process of producing chlorine dioxide, using 502 
as a reducing agent. 

Mechanical Pulp - Pulp produced by physical means without the use of 
chemicals or heat, often referred to as groundwood. 

Metering Rod - A rod used to apply coating to the surface of a sheet, 
metering even thickness coating layers on the surface. 

Molded Pulp Products Contoured products, such as egg packaging 
items, food trays, plates, and bottle protectors, made by depositing 
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fibers from a pulp slurry onto a forming mold of the contour and shape 
desired in the product. 

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. 

Newsprint Paper, made largely from groundwood pulp with a small 
percentage of chemical pulp added for strength, used chiefly in the 
printing of newspapers. 

~ - The point at which two adjacent rolls come together. 

Nonparametic Methods Statistical methods which do not require the 
assumption of a distributional form, such as a normal distribution. 

Nonwood Fibers - Fibers not of the wood family used to produce pulp, 
paper, and paperboard. Such as vegetable fibers (cotton, flax, jute, 
hemp, cereal straw, bagasse, bamboo, esparto, abaca, sisal, 
pineapple), animal fiber (wool), mineral fiber (asbestos, glass), and 
man-made or artifical fiber (rayon, nylon, orlon, dacron). 

Normal Distribution - A statistical distribution identified by a bell 
shaped curve which is the most important of all continuous 
distributions. This distribution curve is symetrical about the mean. 

Nutrients - Elements, or compounds, essential as raw materials for 
organism growth and development (as in activated sludge process). 

Opacity A measure of the index of transparency of paper, by 
measuring the quantity of light that is transmitted through the paper 
sheet. 

Oven Dry - A pulp or paper which has been dried to a constant weight 
at a temperature of looo to 1050C (2120 to 2210F). 

Oxidation Pond - A low-rate biological process 
treatment takes place in a man-made pond. 
supplied by natural aeration processes such 
photosynthesis, and partial pressure. 

in which biological 
Dissolved oxygen is 

as wind, algae, 

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 paperboard. There 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 cylinder and fourdrinier. The broad classes are: l) 
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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, and building board. 

Parametric Methods - Classical statistical methods which are effective 
for samples taken from normally distributed populations. 

Permanganate Number (~NO.) - This method (T-214-TAPPI Std.) is used 
to determine the relative "hardness" or bleach requirements of pulp. 
By definition, it is the number of milliliters of O. 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. 

Porosity A measure 
through a sample area. 
100 cm 3 ). 

of time required for 100 cmJ of air to flow 
Also termed ''air resistance" (in seconds per 

Precipitators Equipment used to remove ash and other fine solids 
from gases exiting the boilers and furnaces in a mill. 

Precook - Prehydrolysis. 

Prehydrolysis - Pre-steaming of chips in the digester prior to 
cooking; usually 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. 

Printability - The ability of a paper surface to accept printing ink. 

E.lh Percentile A real number which divides the area under a 
probability density function corresponding to a continuous 
distribution into two parts of specified amounts (i.e., 99th 
percentile divides the density function into one percent and 99 
percent of the population). 

Pulp - Cellulosic fibers after conversion from wood chips. 

Pulper A mechanical device used to separate fiber bundles in the 
presence of water prior to papermaking. 

Pulping - The operation of reducing a cellulosic raw material, such as 
pulpwood, rags, straw, and reclaimed paper into a pulp suitable for 
papermaking. 
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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. 

Rag Paper - A paper product manufactured by use of such materials as 
cotton or linen threads, flax and hemp, raw cotton, and other textile 
fibers and cotton linters, as well as rags. 

Recovery Furnace or Recovery Boiler - A boiler which burns the strong 
black liquor. 

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 papermachine. See also De(laker, 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 necessary papermaking 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 f iberizing pulp or paper 
for subsequent sheet formation. See also Pulper. 

Resin - A special additive used to produce wet-strength in paper or 
board. 

Resin Acid A naturally occuring organic compound in wood. 

Rewinder 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 papermachine. 

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. 

Rosin - A brittle y~llow 
obtained from southern 

or amber-colored 
pine, (types: gum 
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tall-oil rosin). Used in papermaking for internal (beater) sizing of 
paper. 

Roundwood Logs as received in the woodyard. The logs can be any 
length and usually have not been debarked. 

R-2 Process - A modification of the Mathieson process. 

Saltcake Loss - The loss of cooking chemical from the kraft cycle, 
primarily--ar-the brownstock washers or screen room. 

Sample Mean - The average of a population calculated from the sample; 
it is the most commonly used measure of the center of a distribution. 
Its value equals the sum of the values of the observations divided by 
the number of observations. 

Saveall - A mechanical device used to recover papermaking fibers and 
other suspended solids from a wastewater or process stream. 

Screening l ) 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, and knots. 

Screw Press - A device used to recover spent liquor from cooked chips. 

Scrubbers Equipment for removing noxious gases from the exhaust of 
certain areas in the mill, such as the bleachery or washers. 

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, indicates 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); and 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. 

Side-Hill Screens - Steeply sloped screens usually used to remove some 
water---rt='om suspensions of stock or other solids while retaining the 
solid on the screen surface. 

Size - Any material used in the internal s1z1ng or surface sizing of 
paper and paperboard. Typical agents are rosin, glue and gelatin, 
starch, modified celluloses, synthetic resins, latices, and waxes. 

Size Press - A unit of a paper machine, usually located between two 
drier sections, used to apply, meter and distribute evenly size onto 
paper. 

620 



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 the resistance to the penetration of water 
and various liquids. In terms of surface sizing, it relates to the 
increase of such properties as water resistance, abrasion resistance, 
abrasiveness, creasibility, finish, smoothness, surface bonding 
strength, printability, and the decrease of porosity and surface fuzz. 
2) rhe 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 l ). 

Slaker - A device used to regenerate white liquor in the green liquor 
recovery process. 

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 contain fibrous and filler materials, and/or biological solids. 

Slurry - A suspension of solid particles in a liquid. 

Smelt 
boiler. 

The molten inorganic cooking chemicals from the recovery 

Soda Process - The first process for the manufacture of chemical wood 
pulp. Involves boiling wood in caustic alkali at a high temperature. 

Softwood - Coniferous woods, such as pines, spruces, and hemlocks. 

Solvay Process - A modification of the Mathieson process. 

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 
s1z1ng, 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 describe a paper suitable 
for an indicated use, such as coating raw stock, milk carton stock, 
tag stock, and towel stock. 

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, and cleaning. 
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Stone - See Grindstone. 

Sulfiditv - Sulfidity is a measure of the amount of sulfur in kraft 
cooking liquor. It is the percentage ratio of NaS, expressed as Nao, 
to active alkali. 

Thickener - A device using vacuum or gravity type suction mesh screen 
to remove excess water from pulp. 

Tolerance Level 
proportion of the 
99 percent of the 
confidence). 

Provides an interval within which at least a 
population lies with probability 1-a or more (i.e, 
observations lie below a given value with 70 percent 

Unbleached A term applied to paper or pulp which has not been 
treated with bleaching agents. 

Vegetable Parchment - A wet strength paper product used as wrapping 
for moist materials. 

Virgin Wood Pulp - Pulp made from wood, as contrasted to wastepaper 
sources of fiber. 

Viscosity - The resistance to flow in a liquid; a measurement used in 
stock preparation as an indicator of pulp condition. 

Washer A piece of equipment, usually either a decker or side hill 
screen type, equipped with showers to wash chemicals from pulp stock 
or reject solids. 

Wastepaper - A general term used to specify various recognized grades 
such as No. l news, new kraft corrugated cuttings, old corrugated 
containers, manila tabulating cards, coated soft white shavings, etc., 
which are 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. 

Web - The sheet of paper coming from the papermachine in its full 
width or from a roll of paper in any converting operation. 

Wet End - That portion of the papermachine between the headbox and the 
drier section. See Fourdrinier Machine. 

Wet Lap Machine - A machine used to form pulp into thick rough sheets 
sufficiently dry to permit handling and folding into bundles (laps) 
convenient for storage or transportation. 

Wet Laps - Rolls or sheets of pulp of 30 to 45 percent consistency to 
facilitate transportation of market pulp, and prepared in a process 
similar to papermaking. 
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Wet Press The dewatering unit used on a papermachine between the 
sheet-forming equipment and the drier section. 

Wet Strength - The strength of paper after complete saturation with 
water. 

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 causticizing green 
liquor. 

White Water - 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. 

Winder - The machine which winds into rolls, the paper coming from the 
papermachine 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, which 
receives some of the water drained or pulled out of the paper sheet. 

Wood Flour 
filler. 

Finely ground wood or fine sawdust used chiefly as a 

Wood Preparation - A series of operations utilized to prepare wood to 
a suitable state for further development into pulp, paper, and 
paperboard. These operations include barking, washing, and chipping. 

Woodroom - The area of a pulp mill that handles the barking, washing, 
chipping or grinding of logs, and processing of purchased chips. 

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 manufacturing tissue. 

Yield - In pulp and papermaking, the ratio of product to raw material. 
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APPENDIX C 

LEGEND OF ABBREVIATIONS 

A: Acid or Dechlorination 

AA: Atomic Adsorption 

ADT: Air Dry Tons 

APHA: American Public Health Association 

API: American Paper Institute 

ASB: Aerated Stabilization Basin 

ATM: Atmospheres 

Avg: Average 

Ba: Barometric 

BAT: Best Available Technology Economically Achievable 

BCT: Best Conventional Pollutant Control Technology 

BCT Bleached Kraft: Paperboard, Coarse, and Tissue Bleached Kraft 

BlK: Bleached Kraft 

BMP: Best Management Practices 

BODS: Biochemical Oxygen Demand (five day) 

BP: Blow Pit Wash 

BPT: Best Practicable Control Technology Currently Available 

Brd: Board or Paperboard 

BS: Bisulfite 

Btu: British thermal units 

C: Chlorination Stage (bleach) 

oc: Degrees Centigrade 

Ca: Calcium 

CAC: Chemically Assisted Clarification 
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Cao: Calcium Oxide 

CFR: Code of Federal Regulations 

Chg: Change 

CMN: 

CMP: 

COD: 

Cont: 

Coarse, Molded, Newsprint 

Chemi-Mechanical Pulp 

Chemical Oxygen Demand 

Contained 

Conv: Converting 

Corrug: Corrugating 

Ctd: Coated 

cu ft: cubic feet 

cu m: cubic meter 

cu m/day: cubic meter per day 

d: day 

D: Chlorine Dioxide Stage (bleach) 

DAF: Dissolved Air Flotation 

Dens: Density 

DI: Deinked 

Diss: Dissolving 

DMR: Discharge Monitoring Report 

DO: Dissolved Oxygen 

DR: Drum Wash 

E: Extraction Stage (caustic bleach) 

E. Coli.: Escherichia Coliform 

EC/GC: Electron Capture Detection/Gas Chromatography 

EFF: Effluent 

ENR: Engineering News Record 
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EPA: U.S. Environmental Protection Agency 

Est: Estimate 

Exel: Excluding 

F: Fine 

fps: feet per second 

Of: degrees Fahrenheit 

ft: feet 

ft 3 : cubic feet 

FW: Fresh Water 

Fwp: From wastepaper 

GAC: Granular Activated Carbon 

gal: gallons 

GC/MS: Gas Chromatography/Mass Spectrometry 

gpd/sq ft: gallons per day per square foot 

gpm: gallons per minute 

GWD: Groundwood 

GW. Spec.: Groundwood Specialties 

H: Hypochlorite stage (bleach) 

ha: hectare 

hp: horsepower 

hr: hour 

HS: Hydrosulfite (bleach) 

HW: Hardwood 

H2 0 2 : Hydrogen peroxide 

HWK: Hardwood Kraft 

Ind: Industrial 
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Inf: Influent 

Insul: Insulation 

JTU: Jackson Turbidity Unit 

K: Kraft 

K. 99 : 99th Percentile of a Population 

kg: kilogram, 1000 grams 

kg/ha: kilograms per hectare 

kg/kkg: kilograms per 1000 kilograms 

kg/sq cm: kilograms per square centimeter 

kgal: 1 000 gallons 

kgal/ton or kgal/t: 1000 gallons per ton 

kkg: 1000 kilograms (metric ton) 

kkg/day: 1000 kilograms/day 

kl/kkg: kiloliters per thousand kilograms 

kw: kilowatt 

kwh: kilowatt hour 

1: . 1 i ter 

lb: pound 

lb/ac/day: pound per acre per day 

lb/gal: pound per gallon 

lb/t: pounds per ton 

log: logarithm 

mach: machine 

MD: Maximum Day Limit 

mg: million gallons 

mgd: million gallons per day 

mg/l: milligrams per liter 
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MgO: Magnesium Oxide 

min: minute 

misc: miscellaneous 

mkt: market 

ml: milliliter 

MLSS: Mixed Liquor Suspended Solids 

MLVSS: Mixed Liquor Volatile Suspended Solids 

MST: Median Survival Time 

M30DA: Maximum 30 Day Average Limit 

n: Number of daily observations 

N.A.: Not Available or Not Applicable 

Na: Sodium 

Na 2 C03 : Sodium Carbonate (Soda Ash) 

NaOH: Caustic Soda (Sodium Hydroxide) 

Na 2 S: Sodium Sulfide 

Na 2 S04 : Salt Cake (Sodium Sulfate) 

Na 2 S0 3 : Sodium Sulfite 

NCASI: National Council of the Paper Industry for Air and Stream 
Improvement 

NH 3 : Ammonia 

No.: Number 

NPDES: National Pollutant Discharge Elimination System 

NSPS: New Source Performance Standards 

NSSC: Neutral Sulfite Semi-Chemical 

0: Oxygen (bleach) 

0 3 : Ozone 

O&M: Operation & Maintenance 
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P: Peroxide (bleach) 

PA: Peracetic Acid (bleach) 

PCB: Polychlorinated Biphenyl 

PCP: Pentachlorophenol 

PFTBA: Perf luorotributylamine 

pH: alkalinity 

PIMA: Paper Industry Management Association 

pkg: packaging 

POTW or POTWs: Publicly Owned Treatment Works 

ppb: parts per billion 

PPRIC: Pulp and Paper Research Institute of Canada 

Pt-Co units: Platinum Cobalt Units 

ppm: parts per million 

%: percent 

Prf: Proof 

Print: Printing 

prod.: production 

PS: Post Storage 

PSES: Performance Standards for Existing Sources 

psi: pounds per square inch 

psig: pounds per square inch gauge 

PSNS: Performance Standards for New Sources 

purch: purchased 

PVA: Polyvinylacetate 

QC/QA: Quality Control/Quality Assurance 

RBC: Rotating Biological Contactor 

RCRA: Resource Conservation Recovery Act 
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RWL: Raw Waste Load 

S: Surface Condenser 

S&A: Sampling and Analysis 

San: Sanitary 

sat: saturated 

SB: Settling Basin 

SCOT: Support-Coated Open Tubular Capillary Column 

Semi-chem: Semi-chemical 

S02 : Sulfur Dioxide 

spec: speciality 

sq ft: square feet 

sq m: square meter 

sq m/g: square meter per gram 

SRP: Salt Recovery Process 

SS: Stainless Steel 

SSL: Spent Sulfite Liquor 

Std Meth: Standard Methods 

Str: Structural 

SW: Softwood 

SWK: Softwood Kraft 

t: ton 

TAPPI: Technical Association of the Pulp and Paper Industry 

Trichlorophenol TCP: 

TOH: Total Dynamic Head 

Tech: Technical 

Temp: Temperature 

TMP: Thermo-Mechanical Pulp 
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TOC: Total Organic Carbon 

TOD: Total Oxygen Demand 

ton: 2000 pounds 

t/d or tpd: tons per day 

TS: Total Solids 

TSS: Total Suspended Solids 

TVS: Total Volatile Solids 

U: Unknown 

UBK: Unbleached Kraft 

Unctd: Uncoated 

USSR: Union of Soviet Socialist Republics 

Vibra: Vibrating 

VOA: Volatile Organic Acid 

Vr: Vapor recompression 

vs: versus 

V/Q: Volume to flow 

v/v: percent by volume 

W: Water Soak 

WATDOC: Canada's Inland Waters Directorate 

WF: Wood Flour 

w/: with 

w/o: without 

WP: Wastepaper 

WW: White Water 

w/w: water to water 

11: micro 
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ug/l: micrograms per liter 

yr: year 

Z/A: Zurn/Attisholz 

<: less than 

~: less than or equal to 

>: greater than 

~= greater than or equal to 

+: plus 

- . minus . 
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LEGEND OF SYMBOLS ON FIGURES 

PROCESS DESIGNATIONS 

• F'LOW DIRECTION -Q.- PUMP 

-[><)--- VALVE (NORMALLY OPEN) ~ BLOWER 

•• VALVE (NORMALLY CLOSED) ~ SHOWERS 

-r*r- CONTROL VALVE (SHOWN OPEN) l DISTRIBUTION NOZZLE 

? FLOOR DRAIN ltl AGITATOR 

INSTRUMENTATION 

• • • • INSTRUMENTATION LINES G LEVEL ALARM 

•••• PROBE 8 LEVEL CONTROL 

o ... CONTROLLER 8 LEVEL CONTROL a ALARM 

0 CONDUCTIVITY CONTROL e LEVEL INDICATOR a CONTROL 

@ CONSISTENCY CONTROL 8 pH CONTROL 

e CONDUCTIVITY CONTROL a ALARM 8 REMOTE CONTROL 

e FLOW CONTROL e TEMPERATURE CONTROL 

e HIGH LEVEL ALARM 8 TEMPERATURE RECORDER a CONTROL 
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CONVERSION TABLE 

Multiply (English Units) By 

English Unit Abbreviation Conversion 

acre ac 0.405 

acre-feet ac ft 1233.5 

British Thermal BTU 0.252 
Unit 

British Thermal BTU/lb 0.555 
Unit/pound 

cubic feet cfm o.·02a 
per minute 

cubic feet cfs 1.7 
per second 

cubic feet cu ft 0.028 

cubic feet cu ft 28.32 

cubic inches cu in 16.39 

degree Farenheit OF O.SSS(OF-32)* 

feet ft 0.3048 

gallon gal 3.785 

gallon per gpm 0.0631 
minute 

gallon per ton gal/ton ,.173 

horsepower hp 0.7,57 

inches in 2.5, 

pounds per psi 0.06803 
square inch 

652 

To Obtain (Metric Units) 

Abbreviation Metric Unit 

ha hectares 

cu m cubic meters 

kg cal kilogram-
calories 

kg cal/kg kilogram 
calories 
per kilo
gram. 

cu m/min cubic meters 
per minute 

cu m/min cubic meters 
per minute 

cu m cubic meters 

l liters 

cu cm cubic centi-
meters 

oc degree 
Centigrade 

m meters 

l liter 

I/sec liters per 
second 

l/kkg liters per 
metric ton 

kw kilowatts 

cm centimeters 

atm atmospheres 
(absolute) 



(continued) 

Multiply (English Units) By To Obtain (Metric Units 

English Unit Abbreviation Conversion Abbreviation Metric Unit 

million gallons 
per day 

pounds per square 
inch (9au9e) 

pounds 

board feet 

ton 

mile 

square feet 

MGO 

psi 

lb 

b.f. 

ton 

mi 

f t2 

3. 7 I 10-3 

(0.06805 psi + 1)* 

o.'s' 
0.0023 

0.907 

1. 609 

.0929 

cu m/day 

atm 

kg 

cu m, m3 

kko 

km 

112 

cubic meters 
per day 

atmospheres 

kiloorams 

cubic meters 

metric ton 

kilometer 

square meters 
--------------------------------------------------------------------------
* Actual conversion, not a multiplier. 
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