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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 for the purpose of developing effluent limitations
guidelines for existing and new point sources and to establish
pretreatment standards for existing and new dischargers to pUblicly
owned treatment works to implement 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 "Act")). This document was also
prepared in response to the Settlement Agreement in Natural Resources
Defen seC 0 unc i 1, Inc. v. Tr a in, 8 ERC 2120 (D. D• C. rrror ,-m 0d1ITe"cr-f2ERC-raJ3 rD:D~C~-1~T9). -----

The information presented in this document supports regulations
proposed in December 1980. Information is presented to support best
available technology economically achievable (BAT) best conventional
pollutant control technology (BCT), new source performance standards
(NSPS), 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. The report presents and
discusses 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 BPT, BCT, BAT, NSPS, PSES, and
effluent limitations, the integrated, secondary fibers,
nonintegrated segments of the pulp, paper, and paperboard
builders' paper and board mills point source categories have
subcategorized as follows:

Integrated Segment
Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kra,ft

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-CMN Papers
Groundwood-Fine Papers

Secondary Fibers Segment
Deink

o Fine Papers
o Tissue Papers
o Newsprint

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

Nonintegrated Segment
Nonintegrated '- Fine Papers
Nonintegrated - Tissue Papers
Nonintegrated - Lightweight Papers

o Lightweight '
o Lightweight Electrical

Nonintegrated - Filter and Nonwoven Papers
Nonintegrated - Paperboard

1
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and
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The subcategorization scheme from previous rulemaking was reviewed on
the basis of current information. Factors such as age, size of plant,
raw material, process employed, products, and waste treatability were
considered in reviewing the adequacy of the origi.nal subcategorization
scheme. This r~view led to a number of revisions to the original
subcategorization scheme.

In the integrated ~egment of the industry, a number of revisions have
been made. Although the fine bleached kraft and soda subcategories
remain as two separate subcategories, effluent limitations are
proposed that are the same for both; no significant differences in raw
waste loads exist at mills in these two subcategories. In the
unbleached kraft subcategory, differencE=s in raw waste loads for the
production of linerboard and bag and other products result in
different effluent limitations for the two product types. A single
new subcategory, semi-chemical, is proposE=d to include mills that were
originally included in the ammonia-based neutral sulfite semi-chemical
(NSSC) and sodium-based NSSC subcategories. The unbleached kraft and
semi-chemical subcategory now includes those mills originally included
in the unbleached kraft-NSSC (cross recovE=ry) subcategory and reflects
the similarities of all semi-chemical processes. Effluent limitations
are proposed that are identical for the papergrade sulfite (blow pit
wash) and papergrade sulfite (drum wash) subcategories. It has been
determined that a single factor, the perceritage 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 condenser employed. BeT, BAT, NSPS, PSES, and PSNS regulations are
not proposed for the groundwood-chemi-mechanical subcategory, one of
the original subcategories for which efflu~nt limitations were
established. Insufficient data are available at this time to
determine the .effect of the degree of chemical usage in the pulping
process on raw waste generation.

In the secondary fibers segment, two revisions have been ~ade. In the
deink subcategory, differences resulting from the production of fine
papers, tissue papers, and newsprint are recognized and different
effluent limitations have been developed for application at mills
where these products are manufactured. In addition, a new
subcategory, wastepaper-molded products, h~s been established to
reflect distinct process and wastewater differences associated 'with
the manufacture of molded products from wastepaper.

In the nonintegrated segment of the industry, three new subcategories
have been established to represent the differences in the manufadture
of specific products. The new subcategories are nonintegrated
lightweight 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.

2



As described above, four ne", suqcategories bave.been identified for
which BPT limitations d6 ~ot exist:w~s£e~~per-molded products,
nonintegrated-lightweight papers, nonintegrated-filter and nonwoven
papers, and nonintegrated-paperboard. In order to develop BCT
effluent limitations, a BPT level determination is required in order
to perform the BCT cost-reasonableness test, which rests on the
incremental cost of removal of BODi and TSS from BPT to BCT.

BPT

Conventional pollutants for.which BPT regulations are proposed include
BODi, TSS, and pH. BPT effluent limitations are shown in Table 1-1.

Limitations for BOD5 and TSS are presented in kilograms of pollutant
per 1,000 kilograms-of production (lb/l,OOO 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. Production shall be
determined for each mill based on past production rates, present
trends, or committed growth.

BPT effluent limitations are generally based on the average
performance of mills within the subcategory and on transfer of
technology from another subcategory.

Conventional pollutants for which BCT regulations are proposed include
BODS, TSS, and pH. BCT effluent limitations at'e shown in Table 1-2.
It -is proposed that non~continuous dischargers shall be required to
meet the annual average effluent limitations presented in Table 1-3.

Limitations for BOD5 and TSS are presented in kilograms of pollutant
per' 1,000 ki lograms-of production (lb/l, 000 lbs). Production shall be
defined as the annual pff-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 ~t 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 upon past production rates, present trends, or
committed gt'owth.

BCT effluent limitations are generally based on the performance of
mills where BPT effluent limitations are being attained (best
performers) for all subcategories for which the BCT cost
reasonableness test is passed. In those subcategories where the cost
reasonableness test is failed, a less stringent option forms the basis
of BeT if it passes the cost-reasonableQess test. The only exceptions
are the dissolving sulfite pulp and the builders' paper and roofing
felt subcategories for which BCT limitations are established at the
BPT level because of projected severe economic impact.
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TABLE I-I

BPT EFFLUENT LIMITATIONS
CONTINUOUS DISCHARGERS

(kg/kkg or Ibs/l000 Ibs)

Subcategory

Secondary Fibers Segment

Maximum 30-Day Average
BODS TSS

Maximum Day
BODS TSS

Wastepaper-Molded Products

Nonintegrated Segment

Nonintegrated-Lightweight Papers
Lightweight
Electrical

Nonintegrated-Filter and
Nonwoven Papers

Nonintegrated-Paperboard

2.3

13.2
20.8

16.2
3.5

5.8

10.6
16.7

13.0
2.8

4.4

23.9
37.9

29.4
6.3

10.8

21.6
34.0

26.6
5.8

BFT EFFLUENT LIMITATIONS
NON-CONTINUOUS DISCHARGERS

Subcategory

Secondary Fibers Segment

Annual Average
(kg/kkg or Ibs/lOOO Ibs)

BODS TSS

Maximum 30-Day Average
(mg/l)

BODS TSS

Maximum Day
(mg/l)

BODS TSS

Wastepaper-Molded Products

Nonintegrated Segment

1.3 3.2 27 66 51 122

Nonintegrated-Lightweight Papers
Hghtweight
Electrical

Nonintegrated-Filter and
Nonwoven Papers

N9nintegrated~Paperboard

7.4 6.0
11.6 9.5

9.1 7.4
2-.0 1.6

65
65

65
65

52
52

52
52

118
118

118
118

106
106

106
- 106



TABLE 1-2

5

1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories

6.2
6.3
5.9

4.1
8.5

6.2
7.2
7.2
8.7

16.9
29.5
21.1
5.8

70.6
70.6
70.6
70.6

18.6
13.2
10.8
9.2
9.2

3.9
9.4

18.9
32.8
23.4
6.3

8.9 12.5
9.8 15.0
6.6 7.8
1.2 1.5
1.8 3.5
5.0 5.0

3.5
4.5
5.3
5.3

12.2
10.5

7.5
5.9
5.9

Maximum Day
BOD5 TSS

41.4
44.3
48.1
52.0

Below
3.9
4.5
4.1

8.3
14.4
10.3
2.8

2.5
4.1

7.6
9.1
4.7
0.89
2.1
3.0

3.7
4.4
4.4
5.3

11.3
8.0
6.6
5.6
5.6

38.0
38.0
38.0
38.0

See Equations
3.7
3.8
3.5

2.3
5.2

2.3
2.7
2.4

5.3
5.8
3.9
0.74
1.1
3.0

2.0
2.7
3.1
3.1

10.4
18.1
12.9
3.5

7.2
6.2
4.5
3.5
3.5

21.5
23.1
25.0
27.1

Maximum 30-Day Average
BODS TSS

BCT EFFLUENT LIMITATIONS
(kg/kkg or Ibs/1000 Ibs)

pH-Within the range 5.0 to 9.0 at all times

Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filte~and Nonwoven Papers
Nonintegrated-Paperboard

Maximum ~O day average:

BOD5 =0.0020x2-0.104x+6.61

TSS- = 0 .'0033x2-0 .177x+l1. 2

Secondary Fibers Segment
Deink

o Fine Papers
o Tissue Papers

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

Maximum Day:

BOD5 = 0.0033x
2

-0.176x+11.1

TSS- 0.0055x2-0.291x+18.4
Where x equals percent sulfite pulp in the final product

Papergrade Sulfite Equations:

Subcategory

Integrated Segment
Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kraft

a Linerboard
o Bag

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

a Nitration
o Viscose
o Cellopane
o Acetate 1

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



pH-Within the range 5.0 to 9.0 at all times

1Includes Papergrade Sulfiee (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Suhcategories

TABLE 1-3

Maximum Day
(mg/l)

BODS TSS

53 81
61 76
51 73
45 71
45 71

66 117
86 137

122 168
90 149

132 228
141 228
153 228
166 228
87 144
45 70
45 63
45 64

87 122
96 177
97 115
96 114
75 145
83 83

62 64
118 106

118 106
118 106
118 106
118 106

31 49
36 46
30 44
27 43
27 43

39 71
51 '83
73 102
53 90

78 138
84 138
91 138
98 138
52 87
27 42
27 39
27 39

52 74
57 89
58 70
57 69
45 88
50 50

37 39
65 52

65 52
65 52
65 52
65 52

Maximum 30-Day Average
(mg/l)

BODS TSS

1.4
2.4

4.7
8.2
5.9
1.6

4.2
5.0
2.6
0.49
1.2
1.6

3.0
3.3
2.2
0.42
0.60
1.6

4.1 6.2
3.5 4.4
2.5 3.6
2.0 3.1
2.0 3.1

1.2 2.1
1.5 2.4
1.8 2,4
1.8 2.9

1.3
2.9

5.8
10.1

7.2
2.0

12.1 20.9
13.0 20.9
14.1 20.9
15.2 20.9
See Equations Below

1.3 2.1
1.5 2.1
1.4 2.0

BODS TSS

, BCT EFFLUENT LIMITATIONS
NON-CONTINUOUS DISCHARGERS

Annual Average
(kg/kkg or Ibs/1000 Ibs)

Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
~onintegrated-LightweightPapers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

BOD~ Annual Average = Maximum 30 day average + 1.78
TSS Annual Average = Maximum 30 day average + 1.82

Secondary Fibers Segment
Deink

o Fine Papers
o Tissue Papers

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

Papergrade Sulfite (see BCT Equations Table 1-2)

6

Integrated Segment
Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kraft

o Linerboard
o Bag

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

o Nitration
o Viscose
o Cellopane
o Acetate 1

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

Subcategory



BAT

Toxic pollutants proposed for regulation under BAT include:

chloroform,
pentachlorophenol,
trichlorophenol, and
zinc.

BAT effluent limitations are shown in Table 1-4.

Chloroform is proposed for regulation in those subcategories where
chlorine bleaching is employed: dissolving kraft, market bleached
kraft, BCT bleached kraft, fine bleached kraft, soda, dissolving
sulfite pulp, papergrade sulfite (drum wash), papergrade sulfite (blow
pit wash), and deink. Chloroform effluent limitations are based on

. effluent levels attained at mitIs where BPT effluent limitations are
met.

Effluent limitations for the control of pentachlorophenol and
trichlorophenol are proposed for all subcategories. The technology
basis of these limitations is the substitution of biocide and
slimicide formulations which do not contain pentachlorophenol and
trichlorophenol for formulations containing these toxic pollutants.

It is proposed that BAT effluent limitations for zinc be established
equal to BPT limitations for the three groundwood subcategories where
zinc hydrosulfite has been used as a bleaching chemical. Limitations
are 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 are presented in kilograms of pollutant per 1000 kilograms
(lb/l,OOO lbs) of production. The production basis is the same as
that defined under BCT. For non-continuous dischargers, maximum day
effluent concentrations shall apply. .

NSPS

Pollutants proposed for regulation under NSPS include the conventional
pollutants regulated under BCT (BODi, TSS, and pH) and the toxic
pollutants reg~lated under BAT (chloroform, pentachlorophenol,
trichlorophenol, and zinc). NSPS effluent limitations are presented
in Tables 1-5, 1-6, and 1-7.

The basis for proposed NSPS for conventional pollutants is "state-of
the-art" internal 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.

7



TABLE 1-4

8

2pCp Pentachlorophenol

Maximum Day

PCP2 TCP3
Zinc Chloroform

0.0057 0.0069 NA 0.055
0.0043 0.0052 NA 0.042
0.0037 0.0044 NA 0.035
0.0032 0.0039 NA 0.031
0.0032 0.0039 NA 0.031

0.0013 0.0016 NA NA
0.0013 0.0016 NA NA
0.0011 0.0013 NA NA
0.0015 0.0018 NA NA

0.0069 0.0083 NA 0.066
0.0069 0.0083 NA 0.066
0.0069 0.0083 NA 0.066
0.0069 0.0083 NA 0.066

See Equations Below
0.0022 0.0026 0.26 NA
0.0025 0.0030 0.30 NA
0.0023 0.0027 0.27 NA

0.0025 0.0031 NA 0.024
0.0025 0.0031 NA 0.024
0.0017 0.0020 NA NA
0.00032 0.00039 NA NA
0.00059 0.00071 NA NA
0.0015 0.0018 NA NA

0.0016 0.0019 NA NA
0.0020 0.0024 NA NA

0.0040 0.0048 NA NA
0.0070 0.0084 NA NA
0.0050 0.0059 IfA NA
0.0013 0.0016 !1A NA

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

Secondary Fibers Segment
Deink

o Fine Papers
o Tissue Papers

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

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

Chloroform =0.240 milligrams/liter
PCP = 0.025 milligrams/liter
TCP =0.030 milligrams/liter
Zinc =3.0 milligrams/liter

Nonin~e8rated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Fil~er& Nonwoven Papers
Nonintegrated-Paperboard

Subcategory

Non-coneinuous dischargers shall not exceed the following maximum day effluent
concentrations:

1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories

NA = Not dpplicable

Papergrade Sulfite Equations:

Chloroform = (0.00912x2-0.485x+30.72)/1000

PCP = (0.000950x2-0.0506x+3.2)/1000

TCP = (0.00114x2-0.0607x+3.84)/1000
Where x equals percent sulfite pulp in the final product

3rcp =Trichlorophenol



TABLE 1-5

NSPS EFFLUENT LIMITATIONS
CONVENTIONAL POLLUTANTS

(kg/kkg or lbs/1000 lbs)

Maximum 30-Day Average Maximum Day
Subcategory BODS TSS BODS TSS

Integrated Segment
Dissolving Kraft 6.6 10.4 11.2 17.1
Market Bleached Kraft 4.8 6.2 8.2 10.2
BCT Bleached Kraft 3.5 5.1 5.8 8.4
Fine Bleached Kraft 2.3 3.6 3.8 6.0
Soda 2.3 3.6 3.8 6:0
Unbleached Kraft

o Linerboard 1.2 2.2 2.1 3.7
o Bag 2.1 3.5 3.6 5.8

Semi-Chemical 1.9 2.7 3.3 4.5
Unbleached Kraft and Semi-Chemical 2.0 3.4 3.4 5.7'
Dissolving Sulfite Pulp

o Nitration 12.0 23.4 20.3 38.5
o Viscose 12.8 23.4 21.6 38.5
o Cellopane 13.9 23.4 23.5 38.5
o Acetate 1 15.0 23.4 25.4 38.5

Papergrade Sulfite See Equations Below
Grouodwood-Thermo-Mechanical 0.89 1.4 1.5 2.3
Grouodwood-CMN Papers 1.9 2.7 3.2 4.4
Groundwood-Fine Papers 1.5 2.2 2.6 3.6

Secondary Fibers Segment
Deink

o Fine Papers 2.5 3.6 4.3 6.0
o Tissue Papers 3.6 5.6 6.0 9.2
o Newsprint 3.1 6.0 5.1 9.9

Tissue from Wastepaper 3.9 4.7 6.6 7.8
Paperboard from Wastepaper 0.74 0.89 1.2 1.5
Wastepaper-Molded Products 1.1 2.1 1.8 3.4
Builders' Paper and Roofing Felt 0.87 1.3 1.5 2.2

Nonintegrated Segment
Nonintegrated-Fine'Papers 1.5 1.6 2.5 2.6
Nonintegrated-Tissue Papers 3.4 2.6 6.1 5.3
Nonintegrated-Lightweight Papers

o.Lightweight 6.7 5.1 12.1 10.4
o Electrical 11. 7 8.9 21.2 18.1

Nonintegrated-Filter and Nonwoven Papers 8.2 6.3 15.0 12.9
Nonintegrated-Paperboard 1.9 1.5 3.5 3.1

pH-Within the range 5.0 to 9.0 at all times

Papergrade Sulfite Equations:

Maximum 30 day average:

BODS = 0.0015x2-0.079x+5.02
- 2

TSS =0.0025x -0.134x+8,50

Maximum day:

BODS =0.0025x2-0.134x+8.46

TSS- 0.0042x2-0.221x+14.01
Where x equals percent sulfite pulp in the final product

lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories
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TABLE 1-6

NSPS EFFLUENT LIMITATIONS
CONVENTIONAL POLLUTANTS

NON-CONTINUOUS DISCHARGERS

Annual Average Maximum 30-Day Average ~laxium Day
(kg/kkg or lbs/l000 lbs) (mg/l) (mg/l)

Subca tegory BODS TSS BODS TSS BODS TSS

Integrated Segment
Dissolving Kraft 3.7 5.7 31 49 53 81
Market Bleached Kraft 2.7 3.4 36 46 61 76
BCT Bleached Kraft 2.0 2.8 30 44 51 73
Fine Bleached Kraft 1.3 2.0 27 43 45 71
Soda 1.3 2.0 27 43 45 71
Unbleached Kraft

o Linerboard 0.69 1.2 39 71 66 117
o Bas 1.2 1.9 51 83 86 137

Semi-Chemical 1.1 1.5 73 102 122 168
Unbleached Kraft and Semi-Chemical 1.1 1.9 53 90 90 149
Dissolving Sulfite Pulp

o Nitration 6.8 12.8 49 95 82 156
o Viscose 7.2 12.8 52 95 88 156
o Cellopane 7.8 12.8 57 95 95 156
o Acetate 1 8.5 12.8 61 95 103 156

Papergrade Sulfite See Equations Below 52 87 87 144
Groundwood-Thermo-~echanical 0.5 0.8 27 42 45 70
Groundwood-CMN Papers 1.1 1.5 27 39 45 63
Groundwood-Fine Papers 0.85 1.2 27 39 45 64

Secondary Fibers Segment
Deink

o Fine Papers 1.4 2.0 52 74 87 122
o Tissue Papers 2.0 3.1 57 89 96 147
o Newsprint 1.7 3.3 45 88 76 146

Tissue from Wastepaper 2.2 2.6 58 70 97 115
Paperboard from Wastepaper 0.42 0.49 57 69 96 114
Wastepaper-~olded Products 0.60 1.1 45 88 75 145
Builders' Paper and Roofing Felt 0.49 0.73 78 117 131 193

Nonintegrated Segment
Nonintegrated-Fine Papers 0.82 0.86 37 39 62 64
Nonintegrated-Tissue Papers 1.9 1.5 42 32 77 66
Nonintegrated-Lightweight Papers

o Lightweight 3.7 2.9 42 32 76 66
o Electrical 6.5 5,0 42 32 76 65

Nonintegrated-Filter and Nonwoven Papers 4.6 3.6 42 32 75 65
Nonintegrated-Paperboard 1.1 0.87 42 33 76 67

pH-Within the range 5.0 to 9.0 at all times

Papergrade Sulfite (See Equations in Table 1-5)

BODa Annual ~verage = Maximum 30 day average ~ 1.78
TSS Annual Average =Maximum 30 day average ~ 1.82

lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
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TABLE 1-7

NSPS EFFLUENT LIMITATIONS
TOXIC POLLUTANTS

(kg/kkg or Ibs/1000 lbs)

Maximum Day

Subcategory PCP
2 TCP3 Zinc Chloroform

Integrated Segment
Dissolving Kraft 0.0053 0.0063 NA 0.051
Market Bleached Kraft 0.0034 0.0040 NA 0.032
BCT Bleached Kraft 0.0029 0.0034 NA 0.028
Fine Bleached Kraft 0.0021 0.0025 NA 0.020
Soda 0.0021 0.0025 NA 0.020
Unbleached Kraft

o Linerboard 0.00078 0.00094 NA NA
o Bag 0.0011 0.0013 NA NA

Semi-Chemical 0.00067 0.00080 NA NA
Unbleached Kraft and Semi-Chemical 0.00095 0.0011 NA NA
Dissolving Sulfi.te Pulp

o Nitration 0.0062 0.0074 NA 0.059
o Viscose 0.0062 0.0074 NA 0.059
o Cellopane 0.0062 0.0074 NA 0.059
o Acetate 1

0.0062 0.0074 NA 0.059
Papergrade Sulfite See Equations Below
Groundwood-Thermo-Mechanical 0.00083 0.0010 0.10 NA
Groundwood-CMN Papers 0.0018 0.00.21 0.21 NA
Groundwood-Fine Papers 0.0014 0.0017 0.17 NA

Secondary Fibers Segment
Deink

o Fine Papers 0.0012 0.0015 NA 0.012
o Tissue Papers 0.0016 0.0019 NA 0.015
o Newsprint 0.0017 0.0020 NA 0.016

Tissue from Wastepaper 0.0017 0.0020 NA NA
Paperboard from Wastepaper 0.00032 0.00039 NA NA
Wastepaper-Molded Products 0.00059 0.00071 NA NA
Builders' Paper and Roofing Felt 0.00027 0.00033 NA NA

Nonintegrated Segment
Nonintegrated-Fine Papers 0.0010 0.0012 NA NA
Nonintegrated-Tissue Papers 0.0020 0.0024 NA NA
Nonintegrated-Lightweight Papers

o Lightweight 0.0040 0.0048 NA NA
o Electrical 0.0070 0.0084 NA NA

Nonintegrated-Filter & Nonwoven Papers 0.0050 0.0059 NA NA
Nonintegrated-Paperboard 0.0012 0.0014 NA NA

Non-continuous dischargers shall not exceed the following maximum day effluent
concentrations:

Chloroform =0.240 milligrams/liter
PCP = 0.025 milligrams/liter
TCP =0.030 milligrams/liter
Zinc = 3.0 milligrams/liter

Papergrade Sulfite Equations:

Chloroform = (0.00693x2-0.369x+23.4)/1000

PCP = (0.000722x2-0.0384x+2.43)/1000

TCP = (0.000866x2-0.0461x+2.92)/10QO
wnere x equals percent sulfite pulp in the final product

1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories

2pCp Pentachlorophenol

3TCP Trichlorophenol

NA =Not Applicable

11
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IMPACT OF THE PROPOSED REGULATIONS

of the Pl~oposed BCT, BAT, and, PSES
be $918 million (1978). Associated
interest, depreciation, operation, and

be approximately $280 million (1978) per

pentachlorophenol,
trichlorophenol, and
zinc.

The proposed regulations will result in the generation of 112 thousand
kkg (123 thousand tons) of wastewater solids annually which are 1.4
percent of total industry solid waste generation. These wastewater
solids have not been classified as hazardous under RCRA regulations.

The total investment cost
regulations are estimated to
annualized costs (including
maintenance) are estimated to
year.

Compliance with the proposed regulations will require the energy
equivalent of 2.0 million barrels of residual fuel oil per year which
is 0.9 percent of current industry usage.

BCT effluent limitations will reduce the discharge of BODS and TSS to
navigable waters by a total of 168 million kg (370 millio~ pounds) per
year, a 37 percent reduction below BPT levels.

PSES and PSNS effluent limitations are presented in Table 1-8. PSES
and PSNS limitations are based on chemjLcal substitution to reduce
substantially the discharge of . (a) pentachlorophenol· and
trichlorophenol, toxic pollutants known to pass through biological
treatment systems, and (b) zinc, minimizing sludge disposal problems
and pass through.

PSES and PSNS effluent limitations are proposed for the following
toxic pollutants:



*Note: Maximum day concentration limitations for all subcategories:

PSES AND PSNS EFFL~~NT LIMITATIONS
(kg/kkg or Ibs/1000 Ibs)

1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

Maximum Day*

PCP2 TCP3 Zinc

0.0057 0.0069 NA
0.0043 0.0052 NA
0.0037 0.0044 NA
0.0032 0.0039 NA
0.0032 0.0039 NA

0.0013 0.0016 NA
0.0013 0.0016 NA
0.0011 0.0013 NA
0.0015 0.0018 NA

0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.00B3 NA
See Equations Below

0.0022 0.0026 0.26
0.0025 0.0030 0.30
0.0023 0.0027 0.27

0.0025 0.0031 NA
0.0025 0.0031 NA
0.0025 0.0031 NA
0.0026 0.0032 NA
0.00075 0.00090 NA
0.0017 0.0021 NA
0.0015 0.0018 NA

0.0016 0.0019 NA
0.0024 0.0029 NA

0.0051 0.0061 NA
0.0080 0.0096 NA
0.0062 0.0075 NA
0.0013 0.0016 NA
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3TCP Trichlorophenol

2pCp Pentachlorophenol

NA = Not Applicable

Papergrade Sulfite Equations:

PCP = (0.000950x2-0.0506x+3.2)/1000

TCP =(0.00114x2-0.0607x+3.84)/1000
Where x equals percent sulfite pulp in the final product

PCP =0.025 milligrams/liter
TCP =0.030 milligrams/liter
Zinc = 3.0 milligrams/liter

TABLE 1-8

Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

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

Subcategory

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

Papergrade Sulfite
Groundwood-Thermo-Mechan1cal
Groundwood-CtlN Papers
Groundwood-Fine Papers





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)(1)(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 301(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 int~

National Pollutant Discharge Elimination System (NPDES) permits. issued
under section 402 of the Act, pretreatment standards were made
enforceable directly against dischargers to POTWs (indirect
dischargers).

Although section 402(a)(1) of the 1972 Act authorized 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 promulg~tion 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
501(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 l~wsuit, EPA and the plaintiffs executed a
"Settlement Agreement," which was approved by the Court. This
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Agreement required EPA to develop a program and adhere to a sc~edule
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. '11 ••Train, 8 ERC 2120 (D.D.C.
197 6 ), mod i f i ed 12 ERC 1833 (D. D. C . 197 9 ) ) . ( 1 ) ( 2 )

On Oecember 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 304(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.

In keeping with its emphasis on toxic pollutants, the Clean Water Act
of 1977 also revised the control program for non-toxic pollutants.
Instead of BAT for "conventional" pollutants identified under section
304(a)(4) (including biochemical oxygen demand, suspended solids,
fecal coliform, and pH), the new section 301(b)(2)(E) requires
achievement by July 1, 1984, of "effluent limitations requirihg the
application of the best conventional pollutant control technology"
(BCT). The factors considered in assessing BCT include the
reasonableness of the relationship between the costs of attaining a
reduction in effluents and the effluent reduction benefits derived,
and the comparison of the cost and level of reduction for an
industrial discharge with the cost and level of reduction of similar
parameters for a typical POTW (see section 304(b)(4)(B». For non
"toxic", non-"conventional" pollutants, sections 301 (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, the EPA divided
the industry into two segments. These segments have been referred to
as Phases I and II. In addition to these segments, the Agency
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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 11-1. 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, Subchapter N, Subparts
A-E).(4) These five subcategories comprise Phase I. EPA promulgated
BPT for the dissolving kraft, market bleached k~aft, 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-fine
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, Subchapter N, 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 BOD~

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 FF 15952; 40
CFR Part 430, Subchapter N, Subpart K).(7)

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).(8) 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.
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TAIIU'; ll-I

STATUS 0.- EI:~'I,UENT I.JlIITA1'IONS GUIDELINES

SULoCdl"SI,,·y/l(l·gul.t iou

l'iOlh'K and StulllS of Kffluenl UOIilalious
_-__ • _.r£E1!!!!!~dJi<t&!!!!!H!!!!!!_.__ .~_. • .!'!~!'!.I!lll~"'L~.!:gul!'!:.ions _

!l005 'I'S8 Zinc pll Color 1l0D:? TSS Zinr I'll Color Coornents

lJiSSlllviug Krull
tlllrkct III"dellell Kratt
!lG'I' Illedehcd Krufl
fi"e IJI"uche,1 Krdll
SUtla

llPG'I'CA
llA'I'~:A

NSpS

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

2/19/76 1/6/77 1/6/77
2/19/76 2/19/76
2/19/76

1/6/77

Grollndwood-Chemi-Hechanical
GrOlludwoo.d-'fherIDo-tlechanica 1
Grllundwood-CtlN Papers
Grollndwood-Fil1~ Papers

BPC'l'CA
BA'I'IiA & NSPS
P8NS & PSIiS

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

1/6/77 1/6/77 1/6/77 1/6/77

Papergra<1" S"Hite (blow pit wash)
Papl~l"gl'ade Su I fj le (dl'lun wa:;h)
Oissolving Snlfile 1'1111'
Hcink
Non lI,legrale,I-Hne Pavers
NouinlegretLcd-Tissue Pap~rs

Tissue frolll WasleVClv~r

BPC'I'GA
IIA'n:A, NSPS

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

2/19/76
2/19/76

1/6/77 1/6/77 1/6/77 BODS effluent limitations for
the-productiDn of acetate
grade pulp in tile dissolving
sulfite pulp subcategory was re
manded by the Court of Appeals
(9/7B) •

Ullbleach"d Krafl
lint> I"ached Krafl-NSSC

BI'CTCA 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74
IlATEA, NSPS & I'SNS 1/15/74 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74 5/29/74

NSSC-Ammonia
NSSC-tiod i lUll

BPCTCA 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74
IlAT~:A 1/15/74 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74 5/29/74

NSPS .& PSNS 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74

Pap~rLJuarcJ frolJl WasLepaper
IIl'CTCA, IlA'I'EA, NSPS & PSNS 1/15/74 1/15/74 1/15/74 5/29/74 5/29/74 5/29/74

llui lcJer~ I Paper a.Hi Hoofing Fel t
IlPCl'CA, BAl'IiA, NSI'S & PSNS 1/14/74 1/14/74 1/14/74 5/9/74 5/9/74 5/9/74 Settleable solids limita-

Lions were also promulgated.

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



In general, BCT represents the best conttol 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, interfer~ 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) nonco~ventional 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. BOD~, TSS, and pH are controlled for all subcategories of
the pulp, paper, and paperboard industry by BPT, BCT, and NSPS.

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 fot 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.(9) 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.

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 are included as
nonconventional pollutants. 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
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data about the industry, which are also summarized in this section.
With these data, the Agency proceeded to develop proposed 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 employ~d, 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 s~andards of performance.

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 wastewater. 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, CIS more fully described below,
EPA identified various control and treatment technologies as BPT, BCT,
BAT, NSPS, PSES, and PSNS. The proposed 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 technologiE~s 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.
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To assemble the necessary data to allow promulgation of effluent
limitations, pretreatment standards, and NSPS for the pulp, paper, and
paperboard indu~try, eight major tasks were identified and 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 anq a. review of industry
subcategorization

5. completion of a verification program,

6. development of a program for collection and analysis of discharge
monitoring data,

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

8. development and analysis of cost and energy data.

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..

Administrative Record. The administrative records for the two
previous effluent limitations guidelines studies and for the builders'
paper segment were reviewed for information on:

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, it was determined that the. State regulatory
agencies and the EPA regional offices 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,
recently completed a study that deals with toxic pollutants found in
the discharges f~om pulp, paper, and paperboard mills.(10) Results
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The Literature. A review was made of 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 ineluded 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 University microfilm's xerographic dissertation abstract service
(DATRIX II),

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

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

University of Washington
College of Forest Resources
Seattle, Washington

show that pulp, paper, and paperboard mill effluents contained
numerous organic compounds which are not olnthe 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:



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) and c) the U.S. EPA's
Office of Research and Development Publication Summary (December 1976,
Cincinnati, Ohio), d) Environment Canada's Pubtication 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, Vanco~ver, 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. .

Data Request 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. 'The
program was developed to collect information 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 process leading to the development of a
data request program included 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 ~ills. After numerous discussions with industry

23



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 development program was coordinated with the American
Paper Institute (API) BAT Task Group, an industry committee formed to
interact with EPA during the BATEA review 'project. This group
included numerous representatives of individual companies and
technical associations. The committee participated in the review and
development of the survey form and had considerable input into its
content. Revisions were made to the data requests in accordance with
discussions at three API BAT Task Group meetings.

The final data requests included two parts: Part I requested
information to be used to select mills to be sampled in the
verification program; Part II requested information to be used to
develop a profile of the industry and to assess the original (BPT)
subcategorization scheme.

During meetings with industry, EPA representatives requested input
from the industry task group on the proper number of mills that should
receive a data request form. Mill representatives of both large and
small mills recommended 100 percent coverage of the industry. The
data requests were forwarded to representatives of all known operating
pulp, paper, and paperboard mills under the authority of section 308
of PL 92-500 during the last week in September 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.

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

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

Representatives of the surveyed mills were allowed to request that EPA
hold certain information confidential. They were also allowed to
release completed survey forms to the NCASI. In many cases this was
done and, as a result, EPA representatives can communicate with
representatives of NCASI regarding many individual survey responses.

Data processing System. Since there were approximately 700
anticipated responses to the data request program, it was imperative
to develop a multi-phase procedure for receiving and processing
responses to the data requests. The first step in the processing
system was the development of mill codes to ensure anonymity and to
facilitate computer analysis of data obtained from the industry survey
request. Principal 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 numerous nonstandard
and lengthy responses were anticipated, the survey forms were manually
reviewed before the data were input. This review was primarily to
ensure compatibility with 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 and correction. The same was true for. responses
which indicated a misunderstanding or misinterpretation of a question
or questions. In general, it was necessary to contact representatives
of 30 to 40 percent of the mills for which responses were received to
veri~y responses.

Responses were stored as they appeared on the original survey form or
through the use of codes. If a question requiring a numeric response
(i.e., year, quantity, etc.) was answered but included a written
explanation, a code was inserted in the data base which indicated the
presence of additional information. A similar code was used to
indicate an answer that had been calculated by the reviewing engineer;
such an answer normally consisted of conversions to standard units,
often confirmed by communication with the respondent. Codes for
"unknown" or "not available" information were also utilized as
appropriate. All codes· and notes indicating additional information
could be retrieved so that all responses were accounted for during the
data analysis phase.
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~ Verification and Editing Technigues. Information contained in
the data files was verified by comparing the printed output file copy
with the original data request responses to ensure accuracy. Data
files were updated according to the verified printouts.

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

A summary was prepared of facilities from which responses to the data
request were not received or which wer~~inadvertently 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 method of effluent discharge.
This profile was prepared by utilizing readily available sources,
including representatives of the facilities, EPA Regional personnel,
State permitting officials, existing fi14:s, literature, and industry
directories. These new data have been incorporated into an 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 commencing the technical
studies required, EPA expanded the list of "priority pollutant~" to
include 129 specific toxic pollutants. (9) Based on the information
gathered through the literature review, an additional 14
nonconventional pollutants specific to the pulp, paper, and paperboard
industry were identified. These pollutants were added to the list of
compounds for which analyses were conducted during the screening
program.

The screening program was established to determine the presence or
absence of the 129 toxic and 14 additional nonconventional pollutants
listed in Table 11-3 in pulp, paper, and paperboard wastewaters. Th~

procedures used to analyze wastewater samples during screening,
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 (EPA, Washington, D.C.,
December, 1980), also allow for calculation of the approximate
quantity of specific toxic pollutants and the additional 14
nonconventional pollutants. (15) (16) Specific criteria were developed
for selecting mills to be sampled that would be representative of the
entire pulp, paper, and paperboard industry.

Mill Selection for Sampling. A primary goal in mill selection was to
group mill types so that selected mills would be representative of the
entire pulp, paper, and paperboard industry. The 15 mill groupings
that were develo~ed are presented in Table 11-4.
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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:

27

690
632

93%

337
232

12
51



TABLE II-3

TOXIC AND ADDITIONAL NONCONVENTIONAL POLLUTANTS UNDER INVESTIGATION IN THE SCREENING PROGRAM

*CHLOROAKLYL ETHERS *DICHLOROPROPANE AND DICHLOROPROPENE

*DICHLOROETHYLENES

28. 3,3 1 -dichlorobenzidine

*DICHLOROBENZIDlNE

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

*DICHLOROBENZENES

29. 1,1-dichloroethylene
30. 1~2-trans-dichloroethylene

31. *2,4-dichlorophenol

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

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

*acenaphthene
*acrolein
*acrylonitrile
*benzene
*benzidine
*carbon tetrachloride
(tetrachloromethane)

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

c

chloroethane

*CHLORINATED ETHANES

*CHLORINATED BENZENES (other than DICHLOROBENZENES)

7. chlorobenezene
8. 1,2,4-trichlorobenzene
9. hexachlorobenzene

1
2.
3.
4.
5.
6.

N
co

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

*CHLORINATED NAPTHALENE

20. 2-chloronaphthalene

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

34. *2,4-dimenthylphenol

.....DINITROTOLUENE

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

37. ~';-1 ,2-diphenylhydrazine
38. *ethylbenzene
39. *fluoranthene

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



*HALOETlffiRS (other than those listed elsewhere)

TABLE 11-3 (Continued)

*PHTHALATE ESTERS

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

""HALOMETHANES (other than those listed elsewhere)

44. methylene chloride (dichloromethane)
45. methyl chloride (chloromethane)
46. methyl bromide (bromomethane)
47. bromoform (tribromomethane)
48. dichlorobromometbane
49. trichlorofluoromethane
50. dichlorodifluoromethane
51. chlorodibromomethane

52. *hexachlorobutadiene
53. *hexachlorocyclopentadiene
54. *isophorone
55. *naphthalene
56. *nitrobenzene

""N1TROPHENOl.S

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

""NI TROSAMlNES

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

64. *pentachlorophenol
65. "\'phellol

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

*POLYNUCLEAR AROMATIC HYDROCARBONS

72. benzo (a)anthracene (1,2-benzanthracene)
73. benzo (A)pyrene (3,4-benzopyrene)
74. 3,4-benzo fluoranthene
75. benzo (k) fluorantheue (11,12-benzo fluoranthene)
76. chrysene
77. acenaphthlene
78. anthracene
79. benzo(ghi)perylene (1,12-benzoperylene)
80. fluorene
81. phenathrene
82. dibenzo (a,h) anthracene (1,2,5,6-dibenzanthracene)
83. indeno (1,2,3-cd) pyrene (2,3~0-phenylenepyrene)

84. pyrene

85. *tetrachloroethylene
86. ;'(toluene
87. *trichloroethylene
88. .,"vinyl chloride (chloroethylene)

PESTICIDES AND METABOLITES

89. *aldrin
90. ""dield rin
91. *chlordane (technical mixture & metabolites)

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



ADDITIONAL NONCO~~NTIONAL POLLUTANTS

TABLE 11-3 (Continued)

abietic aCHI
dehydroabietic acid
isopimaric acid
primaric acid
oleic acid
linoleic acid
linolenic acid
9,10-epoxystearic acid
9,10-dichlorostearic acid
monochlorodehydroabietic acid
dichlorodehydroabietic acid
3»4»5-trichloroguaiacol
tetrachloroguaiacol
xylenes

113. *toxaphene
114. *antimony (total)
115. *arsenic (total)
116. *asbestos (fibrous)
117. *beryllium (total)
118. *cadmium (total)
119. *chromium (total)
120. *copper (total)
121. *cyanide (total)
122. *lead (total)
123. *mercury (total)
124. *nickel (total)
125. *selenium (total)
126. *silver (total)
127. *thallium (total)
128. *zinc (total)
129. 2»3,7»8-tetrachlorodibenzo-p-dioxin (TCDD)

130.
131.
132.

, 133.
134.
135.
136.
137.
138.
139.
140.
141.
142.
143.

106. PCB-1242 (Arochlor 1242)
107. PCB-l~s4 (Arochlor 1254)
108. PCB-1221 (Arochlor 1221)
109. PCB-1232 (Arochlor 1232)
110. PCB-1248 (Arochlor 1248)
111. PCB-1260 (Arochlor 1260)
112. PCB-I016 (Arochlor 1016)

*HEXACHLOROCYCLOHEXANE (all isomers)

100. heptachlor
101. heptachlor epoxide

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

*HEPTACHLOR AND METABOLITES

*ENDRIN AND METABOLITES

*POLYCHLORINATED BIPHENYLS (PCB's)

*ENDOSULFAN AND METABOLITES

*DDT AND METABOLITES

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

98. endrin
99. endrin aldehyde

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

w
o

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



TABLE II-4
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*Screened during initial contractor screening studies.

Fine Papers
BCT/Market Pulp/Dissolving

Fine Papers
Tissq,e Papers
Coarse Papers
Specialty Papers (Il
Specialty Papers (II)

. Fine Papers

Semi-Chemical (Cross Recovery)

SUBCATEGORY GROUPS SELECTED FOR SCREENING PROGRAM

*Bleached Kraft .
*Bleached Kraft.
*Unbleached Kraft
*Unbleached Kraft/Neutral Sulfite
*Neutral Sulfite Semi-Chemical
*Sulfite
*Groundwood:. .
*Deink
*Nonintegrated:
Nonintegrated:
Nonintegrated:
Nonintegrated:
Nonintegrated:

*Paperboard from Wastepaper
Builders' Paper and Roofing Felt



32

was
raw
of

select

Nonintegrat~d-CoarsePapers,
Nonintegrated-Specialty Papers (I),
Nonintegrated-Specialty Papers (II), and
Builders' Paper and Roofing Felt.

the mill is a direct discharging mill (this criteria
established to obtain the maximum amount of data (both
waste and treated effluent data) at a minimum number
mills),

o

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

o the flow and BOD5 raw wastewater characteristics of the mill
approximate the raw wastewater levels used in development of
BPT regulations for the specific mill grouping (this
criteria was established to ensure that the selected mills
would be representative of the industry grouping), and

o a biological treatment system is 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),

Because of insufficient data, it was impossible to
representative mills for the following industry groupings:

o the manufacturing process is representative of the
respective mill grouping (this criteria was established to
ensure that, at the mill selected, processes employed were
representative of the normal manufacturing processes
employed at mills in the industry grouping).

Based upon these criteria, mills were selected for 11 of the 15
industry groupings. Table 11-5 presents a summary of the treatment
systems employed at screening program mills. Information is also
presented on flow and BOD5 raw waste loadings at screening mills and
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 others in the grouping. They were selected because they
satisfied all four selection criteria better than other mills.

It was determined that one mill representative of each of these
groupings would be sampled during screening. To ensure that mills
would be representative of current industry practice, the following
four criteria were used in initial selection of mills:



'TABLE II-5

SUMMARY OF TREATMENT TYPE AND PERCENT DIFFERENCES
FOR MILL VERSUS RAW WASTE LOAD BASIS OF BPT

Subcategory: Treatment TyPe
Percent from BPT RWL

Flow BODS

w
w

Fine Bleached Kraft
Bleached Kraft - BCT/Market/Dissolving
Unbleached Kraft
Unbleached Kraft/Neutral Sulfite

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

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

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

+ 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 in receipt of supplemental appropriations
from Congress. This necessitated a delay in completion of the
screening program 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 is 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 a part of the initial
contractor screening program. These mills were included in a
supplemental screening effort during the verification program.

Figure 11-1 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 to 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 to be followed during the program
was prepared. (17) The specific procedurE!s used during sampling were
derived from and are cons~stent with Sampling and Analysis Procedures
for Screening of Industrial Effluents fo~ Priority Pollutants '(EPA,
Cincinnati, Ohio, April, 1977). (15) The screening surveys conducted
by the contractor during the initial screening program included the
taking of both composite and grab samples during the 3-day survey.
Composite sampling was conducted for a period of 72 consecutive hours
at the raw wastewater and final effluent sampling locations. Grab
samples were collected once daily at these two locations. A grab
sample was also taken of the raw process water on the second day of
the sampling survey. Table 11-6 shows the work items included during
a typical screening sampling program survey.
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TABLE rr-6

TYPICAL SCREEN;ING PROGRAM SURVEY

Day 1 of the Survey Day 2 of the Survey Day 3 of the Survey Day 4 of-the Survey

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

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

w
O"l

1.

2.

3.

4.

5.

6.

Meet with mill personnel
and discuss the program

Select sample locations

Set up automatic samplers

Collect all grab samples
required

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

Check automatic samplers
periodically and keep
composite sample cOIlLainer
iced

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

1.

2.

3.

Check automatic
samplers

Collect all grab
samples required

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

1.

2.

3.

Distribute 72-hour
composite between the
required composite samples

Break down automatic
samplers

Final meeting with mill
personnel to wrap up the
survey

Pack the samples and equip
ment for shipment

Ship samples to the approp
riate analytical laboratory



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 i~mediately p~cked 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.

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 11-7. 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, pro~ucts manufactured, and effluent
treatment employed.
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TABLE II-7

38

Revised Subcategories

Integrated Segment

Secondary Fibers Segment

Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kraft

- Linerboard
- Bag

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

- Nitration
- Viscose
- Cellophane
- Acetate

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

Nonintegrated - Fine Papers
Nonintegrated - Tissue Papers
Nonintegrated - Lightweight Papers

- Lightweight
- Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard
Mill Groupings:
*Integrated Miscellaneous including:

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

*Secondary Fiber-Miscellaneous
*Nonintegrated-Miscellaneo~s

Nonintegrated Segment

Deink
- Fine Papers
- Tissue Papers
- Newsprint

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

CURRENT AND REVISED INDUSTRY SUBCATEGORIZATION

Current Subcategories

Phase I

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
Market Bleached Kraft
BeT Bleached Kraft
Fine Bleached Kraft
Papergrade Sulfite

- Blow Pit Wash (plus allowances)
Papergrade Sulfite

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

grade)
Groundwood - Chemi-Mechanical
Groundwood - Thermo-Mechanical
Groundwood - CMN Papers
Groundwood - Fine Papers
Soda
Deink
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Tissue from Wastepaper
Builders' Paper and Roofing Felt

*Groupings of miscellaneous mills - not subcategories.
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As part of this updated industry-wide survey, the existing
subcategorizaton was reviewed based on more comprehensive data
obtained during the screening program, the data request program, and
related efforts. As a result, a new subcategorization scheme was
developed and is also shown in Table 11-7: This revised
subcategorization better reflects the industry as it now operates with
respect to raw materials, processing sequences, and product mix. The
revised subcategorization was used 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 wastewaters.

Selection of Significant Parameters. As discussed previously, after
completion of the 11 screening sampling visits, funding for this
project was depleted due to delays in receipt of supplemental
appropriations from Congress. Monies allocated for completion of the
technical study became available only 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,
it was 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 oQtained had screening results been
available from mills representative of all 15 mill groups.
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It was later determined that further analysis of the data tapes would
be unnecessary after completion of a thorough review of data gathered
during screening studies conducted by EPA Regional field teams and
during contractor verification sampling at those 17 mills 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 11-8.

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 that had to be 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. The following three criteria were established for
selection of representative mills during verification sampling:

o the mill is a direct discharging mill (this criteria was
established 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 is 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

o the final effluent flow and BODS were equal to or less than the
annual average levels used in the development of BPT regulations
for a specific subcategory (this criteria was established to
ensure that the mill selected would be representative of the
subcategory after compliance with BPT regulations).

The raw wastewater samples taken at each verification mill allowed
characterization of the levels of to}~ic and nonconventional pollutants
that would be expected to be discharged at indirect discharging mi'lls
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
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TABLE II-8

~onconventional pollutants

POLLUTA,~TS DETECTED IN SCREENING

trichloroguaiacol
tetrachloroguaiacol
monochlorodehydroabietic acid
dichlorodehydroabietic acid
epoxystearic acid.
dichlorostearic acid
KYlenes

di-n-octyl phthalate
diethyl phthalate
c;hrysene
anthracene/phenanthrene
tetrachloroethylene
toluene
trichloroethylene
chromium
zinc
nickel
copper
lead
PCS-l242 - wastepaper users only
PCB-l254 - wastepaper users only
PCB-l221 - wastepaper users only
PCB-l232 - wastepaper users only
PCB-1248 - wastepaper users only
PCB-l260 - wastepaper users only
PCB-lOl6 - wastepaper users only
cyanide - wastepaper users only

previously used in slimicide formulacions

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 30B 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 ~etermined that this compound was not
present

oleic acid
linoleic acid
linolenic acid
pima ric acid
isopimaric acid
dehydroabietic acid
abietic acid

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

benzene
chlorobenzene
l,2-dichloroethane
l,l,l-trichloroethane
l,l-dichloroethane
l,l,2,2-tetrachloroethane
trichlorophenol*
chloroform
2"4-di,chlo rophenol
ethylbenzene
fluoranthene
methylene chloride
dichlorobromomethane
trichlorofluoromethane
chlorodibromomethane
isophorone

pyrene

VERIFICATION CO~~OurIDS

PULP, PAPER, AND PAPERBOARD INDUSTRY

bromoform
pentachlorophenol
carbon tetrachloride
2 - chlorophenol
2,4-dinitrophenol
butyl benzyl phthalate
para-chloro-meta~cresol

acenaphthylene
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*Includes 2,4,5 and 2,4,6 - Trichlorophenol

color
ammonia

mercury

Priority Pollutants

OTHER VERIFICATION POLLUTANTS

Nonconventional Pollutants

Priority Pollutants
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2. average daily production rates and raw material usage,

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

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

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

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, more
specific process and wastewater selection criteria were evaluated.
Prior to final selection of mills to the included in the verification
program, the following were also considered:

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

For some subcategories, insufficient direct discharging mills existed
where biological treatment systems were employed 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, one mill where only
primary treatment was employed was sampled 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 most 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.

selection criteria. A total of 93 percent of the mills in the
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 ~n

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.



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

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 ~as being dredged
causing the discharge of much higher levels of solids than normally
were experienced. No adequate replacement mills were available. All
of the verification program analysis results were evaluated 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 ho mills in
these subcategories were included in the verification program,. Three
mills were sel~cted and verification sampling was conducted'at one
dissolving kiaft and two di~solving sulfite pulp mills. In ~otal, 60
mills were sampled during the verification program.

The location of mills that were sampled as part of the ve,rification
program is shown on Figure 11-2.
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Sampling Program. The purpose of the verification program surveys was
to verify the presence and quantity of those toxic and ndnconventional
pollutants detected during the screening program. The verification
program surveys were conducted to provide a more thorough examination
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 11-9 presents the general format for sampling in
particular subcategories which were chosen to meet the verification
program goals and also presents the sample points and the sample
duration proposed for each.

Representatives of the selected mills were contacted by telephone and
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 survey included collecting composite and grab samples during the
3-day survey. Composite sampling was normally performed for three
separate 24-hr periods at each sample location, 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 11:00 a.m~ on the first day of the survey and ended 24 hours
later. Table 11-10 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 Proqram. 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
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TABLE II-9

Paperboard from Wastepaper & Nonintegrated Mills

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 C3 per day)
24-hr composites
24-hr composites
24-hr composites

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

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

46

VERIFICATION PROGRAM SAMPLING POINTS

Raw Water
Pulp Mill/Screening
Bleach Plant
Secondary Treatment Influent
Final Effluent

Raw Water
Pulp Mill/Screening
Secondary Treatment Influent
Final Effluent

Raw Water
Pulp Mill/Screening
Secondary Treatment Influent
Final Effluent

Raw Water
Stock Preparation
Secondary Treatment Influent
Final Effluent

Raw Water
Saturating
Secondary Treatment Influent
Final Effluent

Raw Water
Secondary Treatment Influent
Final Effluent

Subcategory

Groundwood Mills

Bleached Kraft/Sulfite Mills

Unbleached Kraft/Semi-Chemical Mills

1
2.
3.
4.
5.

1
2.
3.
4.

Secondary Fiber Mills

Builders' Paper & Roofing Felt Mills

1
2.
3.
4.

1
2.
3.
4.

1
2.
3.
4.

1
2.
3.



TABLE II-lO

TYPICAL VERIFICATION SAMPLING PROGRAM SURVEY

Da~..! of_t.he Survey

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
i.tems covered

4. Set up t.he automatic
sampl.ers

5. Collect all grab
samples required

6. Take pH and tempera
ture readings at each
sample point twice
duri ng 24-hours

7. Checl( automat.ic samplers
periodically and keep
composite sample con-
ta i.nt~r iced

Day 2 of the Survey

1. Distribute 24-hour
composite between the
required composite
samples

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

3. Collect all grab samples
required

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

5. Check automatic samplers
period1cally and keep
composite sample
container iced

Day 3 of the Survey

1. Distribute 24-hour
composite between the
required composite
samples

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

3. Collect all.~rab 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

Day 4 of the Survey

1. Distribute 24-hour
composite between the
required composite
samples

2. Break down automatic
s~mpler 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



of all of the samples collected by the Agency at each mill.
Generally, the NCASI samples were collected as follows-: ( 21 )

Influent
Parameter Raw Water to Treatment Final Effluent

Extractable Organics Day 3 of Survey Day 1· of Survey Day 2 of Survey
Nonconventional
Pollutants Day 1 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 Program 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 utilizing
wastepaper as a source of raw material 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 method 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 40CFR
Part 136; 44 FR 69464 (December 3, 1979». The Agency chose the
option of including additional quality control and quality assurance
procedures described in Procedures for Analysis of Pulp, Paper, and
Paperboard Effluents for Toxic and Nonconventional Pollutants (EPA,
Washington, D.C., December, 1980).(23) 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.
Standards were obtained for each pollutant to be assayed in the
samples and the mass spectrum for each of these standards was
determined daily throughout the analysis program.
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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, as
outlined above.

The sampling team collected duplicate1-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 by electron
capture detection/gas chromatography (EC/GC). Extracts in which PCBs
were detected at a level of greater than 1 ug/l were confirmed by
GC/MS.

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 11-11.

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 ~nd 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 malfun~tion or operator error. For analysis of
volatile organic compounds, the area of the 100 percen't 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 maititained to document
instrument performance. The entire GC/MS system was further evaluated
with the analysis of a composite standard that contained all
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TABLE II-ll

SUMMARY OF INTERNAL STANDARDS

Volatiles*

methylene chloride-d~

1,2-dichloroethane-d~

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

Extractables

phenol-d~-TMS

naphthalene-d~

diamylphthalates-dQ
stearic acid-d35-TMS

*Relative to benzene-d3
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pollutants of interest and the various deuterated internal standards.
This standard was analyzed with each sample set or with each change in
instrument calibration/tune. This daily analysis of the composite
standard supplied data that a) verified the integrity of the
chromatographic systems, b) produced acceptable low-resolution mass
spectrum of each compound assayed, and c) verified machine
sensitivity.

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.

Discharge Monitoring Data ACquisition Program

During the verification program, long-term conventional pollutant data
were requested at each of the mills surveyed. These data were
obtained to analyze the effectiveness of in-place technology. After
reviewing the data submitted, it was found that at some mills efflue~t
levels well below BPT limits were consistently attained. It was also
known that the data request program preceded the start-up of new
treatment facilities at many mills. Based on this information, it was
decided in December of 1979 that additional long-term data should be
obtained to evaluate the performance of treatment systems relative to
BPT limitations.

Due to time constraints, this data acquisition had to be accomplished
in a short period of time .. Therefore, it was concluded that personnel
at EPA Regional offices and States with permitting authority should be
contacted and discharge monitoring report (DMR) data obtained. These
data were used to supplement conventional pollutant data obtained for
the verification program mills so that a more comprehensive data base
could be developed; these data would also allow for an accurate
ass~ssment of the performance of existing in-place technology.

51



Discharge monitoring data were obtained from the following EPA
Regional offices and States:

0 EPA Region I
0 EPA Region III
0 EPA Region IV
0 EPA Region VI
0 EPA Region X
0 Maine
0 New Hampshire
0 Vermont
0 New York
0 Virginia
0 North Carolina
0 South Carolina
0 Georgia
0 Wisconsin
0 Ohio
0 Minnesota

Data were also submitted by representatives of the State of
Mississippi. However, it was received well after other data were
collected and evaluated and covered only a three month period (July
1977 to September 1977). Therefore, these data have not been included
in the DMR data .base.

The number of direct discharging mills for which wastewater data have
been collected and the number of direct discharging mills in each
subcategory are presented in Table 1I-12. Approximately 74 percent of
the direct discharging mills in the original data request program were
included in the DMR acquisition effort. In most cases, over 12 months
of data were obtained. The time period covered by the data ranged
from July 1977 to December 1979.

DMR data were evaluated to identify inconsistencies. An assessment
was made to determine 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.

Summaries of the DMR data have been developed for inclusion in the
existing data base. The DMR data are discussed and summarized in
Section VIII of this document.

Analysis of Treatment Alternatives

As a result of review of available literature, numerous production
process controls and effluent treatment technologies have been
identified as 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,
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TABLE II-12

53

~Includes Fine Bleached Kraft and Soda Subcategories.
Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash)

3Subcategories.
4Includes two new market bleached kraft mills started up since the data request program.

Includes one mill not included in data request program.

11
7

23
2
2
7

3
3

8
7

12
20
10

8
4

11
2
2
6

49

Number of Mills
Included in Discharge
Monitoring Data Base

11
12
38

5
4
7

3
9
8

16
27
17

9
6

12
2
3
7

65

Number of Direct
Discharge Mills

SUMMARY OF DIRECT DISCHARGING MILLS
VERSUS DMRDATA COLLECTED

Nonintegrated Segment

Nonintegrated - Fine Papers 17 12
4Nonintegrated - Tissue Papers 13 10

Nonintegrated - Lightweight Papers 14 8
Nonintegrated - Filter and Nonwoven Papers 5 4
Nonintegrated - Paperboard 5 5
Nonintegrated Miscellaneous 22 174

Total 337 250

Deink.
Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper & Roofing Felt
Secondary Fiber Miscellaneous

Secondary Fibers Segment

Integrated Segment

Subcategory

Dissolving Kraft
Market Bleached Kraft
BCT Bleached ~raft

Alkaline-Fine
Unbleached Kraft
Semi-Chemical
Unbleached Kraft & Semi-Chemical
Dissolving Sulfite2Pulp
Papergrade Sulfite
Groundwood - Thermo-Mechanical
Groundwood - CMN Papers
Groundwood - Fine Papers
Integrated Miscellaneous



paper, and paperboard industry. These data, along with the data
developed through the screening and verification programs, have been
analyzed to determine reduction/removal capabilities of applicable
control and treatment technologies.

The production process controls and effluent treatment technologies
under evaluation and their area of application are presented in Table
11-13.

Various technology options have been developed for consideration as
the basis of effluent limitations reflecting BPT, BCT, BAT, NSPS,
PSES, and PSNS. These options include combinations of the
technologies presented on Table 11-13. The pollutant removal
capabilities of these technology options have been assessed and 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. Such data have
been used to characterize model facilities representative of each
subcategory of the pulp, paper, and paperboard and builders' paper and
board mills point source categories.

The costs associated with attainment of proposed uniform national
effluent limitations and standards have been developed and are
applicable to model mills that are representative of many mills with
similar production processes and raw waste characteristics.
Appropriate model mill sizes have been developed for each subcategory
to properly account for economies of scale. The costs. of
implementation of various control and treatment options for these
model mills have been determined. -

In developing cost data for implementation of available production
process controls and end-of-pipe treatment, the costs of construction
materials have been estimated in first quarter 1978 dollars.
Equipment and material suppliers were contacted to aid in development
of 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 Section IX of this
document. .

The costs associated with the proposed effluent limitations have been
used in the assessment of 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. These economic impacts
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Production Process Controls
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TABLE II-13

PRODUCTION PROCESS CONTROLS AND EFFLUENT TREATMENT TECHNOLOGY

Reverse Osmosis
Filtra tion
Dissolved Air Flotation
Ultrafiltration
Polymeric Resin Adsorption
'Amine Treat.ment .
Elec~ro-Chemical Treatment

1.
8.
9.

10.
11.
12.
13.

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

2. Pulp Mill. _
a. Reuse relief and blow condensates
b. Reduce groundwood thickener overflow
c. Spill collection

3. Washers and Screen R~om

a. Add 3rd or 4th stage washer or press
b. Recycle more decker filtrate
c. Reduce cleaner rejects and direct to landfill
d. Replace sidehill screens

4. Bleaching
a. Countercurrent or jump stage washing
b. Evaporate caustic extract filtrate

5. Evaporation and Recovery Areas
8. 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 fjlter
b. Lime mud pond
c. Spill collection
d. Spar'e 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 landf~ll

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

9. Recycle of Effluent'
a. Filtrate
b. Sludge

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

Effluent Treatment Technologies
14 Primary Clarification
2. Biological Treatment

a. Activated sludge
b. Aerated stabilization basin~

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



are discussed in detail in a separate report, Economic Impact Analysis
of Proposed Effluent Limitations Guidelines, New Source Performance
Standards and Pretreatment Standards for ~he Pulp, Paper and
Paperboard Point Source Category. (24)

Baseline energy consumption and the incremental increase in energy
resulting from implementation of various technology options have been
calculated. Information gathered through the data request program and
subsequent ipputs from industry representatives have been used in
establishing this baseline. Energy consumption data are also
presented in Section IX of this document.
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The production of pulp, paper, and paperboard involveS
standard manufacturing processes including (a) raw
preparation, (b) pulping, (c) bleaching, and (d) papermaking.
these processes and their variations are described below.

STANDARD MANUFACTURING PROCESSES

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.

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.

A wide variety of products, including pulp, newsprint, printing and
writing papers, ,unbleached and bleached packaging paper~, 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.

SECTION III

RAW MATERIALS

A total of 106 ope~ating facilities involved in the manufacture of
pulp, paper, and paperboard products have been identified by the
Agency. The mills vary in size, age, location, raw material usage,
products manufactured, pr0duction processes employed, and effluent
treatment systems employed. This highly diversified industry includes
the primary production of wood pulp and paper, and the production of
pulp, paper, or paperboard from nonwood pulp 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 where paper or paperboard are manufactured
but pulp is not manufactured on~site are referred to as nonintegrated
mills. Mills where wastepaperls used as the primary raw material to
produce paper or paperboard are referred to as secondary fibers mills.



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
pulp suitable for further processing into paper or paperboard or for
chemical conversion. Pulping may vary from simple mechanical action
to rather complex digesting sequences involving the use of chemicals.
The primary types of pulping processes are: a) mechanical pulping
(groundwood) and b) chemical pulping (alkaline, sulfite, or semi
chemical processes).

Mechanical Pulping. Mechanical pulp is commonly known as groundwood.
There are two basic processes: a) stone groundwood, in which pulp is
made by tearing fiber from the side of short logs (called billets)
with a grindstone, and b) refiner groundwood, in which 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.
Mechanical pulping processes do not remove most of the natural wood
binder (lignin) and resins inherent in the wood; therefore, mechanical
pulp deteriorates quite rapidly. The pulp is suitable for use in a
wide variety of consumer products including newspapers, tissue,
catalogs, one-time publications, and throw-away molded items. An
observable yellowing, resulting from natural oxidation of the impure
cellulose, is noted early in the life of such papers and a physical
weakening soon occurs. Thus, the use of extensive quantities of
groundwood pulp in the manufacture of higher quality grades of paper
requiring permanence is not generally permissible.

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.
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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
is only one operating soda mill in the United States. At all. others,
the process has been converted to the kraft process. (25)

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. Sulfite is still preferred for some grades of products, but
the role of kraft continues to increase, while sulfite production is
declining.

Several major process modifications and achievements have resulted in
widespread application of the kraft process. First, because of the
increasing cost of chemicals, chemical recovery has become an economic
necessity of this process. In the 1930's, successful recovery
techniques were applied and have since been vastly improved. Second,
the process was found to be adaptable to nearly all wood species. Its
application to the pulping of southern pines resulted in a rapid
expansion of kraft pulping to that area of the country. (25) 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.

Sulfite pulping initially 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
a) it is difficult and expensive to recover or burn spent liquor from
this base (the lack of a spent liquor recovery system means that
pulping liquor is discharged as effluent, thereby significantly
increasing end-of-pipe treatment costs) and b) the availability of
softwoods, which are most suitable for calcium-based pulping, is
diminishing.(26)(27) Attempts to use more than about 10 percent of the
spent liquor in vari~us by-products failed. 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
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expense of implementation of recovery/incineration technology or
conversion of sulfite processes to other pulping processes. (27)(28)
Based on industry survey responses, calcium-based cooking chemicals
are used at six papergrade sulfite mills. At seven mills magnesium is
employed, at six an ammonia base is used; and at one mill a mixed base
of sodium and calcium is used.

Semi-Chemical The early (nineteenth century) applications of
the semi-chemical process involved the cooking of chips with a neutral
or slightly alkaline sodium sulfite solution. This is termed neutral
sulfite semi-chemical (NSSC) pulping. In the 1920's, scientists at
the U.S. Forest Products Laboratory demonstrated the advantages of
NSSC pulping. The first NSSC mill began operation in 1925 for
production of corrugating medium.(25)

to 8 percent of the
Spent liquor is

recovered. Caustic
The modified soda
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In the soda ash process, soda ash is used at 6
oven dried weight of wood charged to the digester.
burned in a fluidized bed and the soda ash is
make-up provides a balanced pH liquor for reuse.

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 either a
balanced caustic make-up or selective recausticizing, a balanced
pulping liquor is assured. The process uses 15 to 50 percent caustic
(as Na20), 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.

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.(29) 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. (25) 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 fo~ NSSC
chemical recovery plants.(25) Somewhat lower cost fluidized bed
recovery systems have been extensively used at NSSC mills. However,
with ammonia-based pulping, only sulfur dioxide recovery (S01) 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.



ash process uses a small amount of caustic along with the soda ash
(typically 7 to 8 percent NaOH as Na10). (30)

There are valid reasons for conversion from the standard NSSC pulping
process:

1. A poor market for the saltcake (Na2S04) 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., Na2C03
and/or Na2S03) required for the semi-chemical pulping operation; often
a solution of sodium carbonate is prepared and sulfited with 502.
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
N5SC pulp can be made if the necessary make-up chemicals are added to
the liquor at the recovery furnace (as Na1S0!) as in the conventional
kraft system. The liquor recovered from the kraft recovery furnace
will be comprised primarily of Na1COl and Na1S, not Na1S01 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 (Na2S)
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.
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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
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'thepapermachine'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 t 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 such as 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 and 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 (pre or post-consumer) with
the demands of the product to be manufactured. Upgrading of low
quality wastepapers is difficult and costly, with inherently high
discharge of both BODi 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 remove
these color bodies from the pulp and to produce a light colored or
white product, it is necessary to bleach the pulp.
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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
Industry (TAPPI).(31) 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 ina TAPPI monograph. (32)

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 111-1. 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, which are less
resistant to aging because of the resin acids still present, 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.
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Symbol

A
C
D
E
H
HS
o
P
PA
W
( )
/

TABLE III·-!

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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Secondary fibers are often bleached to meet the requirements of
specific grades. Again, the choice of bleaching sequence depends on
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 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 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 permits water to drain through and
retains the fiber layer. (25) This layer is then removed from the wire,
pressed, and dried. Two basic types of papermachines and variations
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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.

the dry end or on
on the paper machine,
then further dried on
may be employed to
or while the sheet is

With either machine, coatings may be applied in
separate coating machines. After initial drying
the sheet may be treated in a size press, and
the machine. Calender stacks and breaker stacks
provide a smoother finish, either after drying
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
dictate the degree of densification.

It is increasingly common to impart further improvements in
appearance, printabil i ty, water resistancl:, 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 lati~es, 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

thereof are commonly employed ... One is the cylinder machine ·in which
the wire is on cylinders which rotate in the dilute pulp 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 fe!t.· The
pressing and drying operations are similar to that of the Fourdrinier
machine.
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Table 111-2 presents the geographical distribution of mills by EPA
Region for: a) faciliti~s for which responses to the data request
survey were receiv~d, and b) facilities not included ,in the survey.
Information is presented based on the revised subcategorization scheme
that will be discussed in greater detail in Section IV.

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

calenders"
impart the

"super
that

number of operating
632' operating mills
the. 74 operating

A .total of 28 mills

Figure 111-1 presents information on the total
facilities by State. The totals shown are for the
that responded to the data request program and for
mills that were not included in the program.
ceasedop~rationssince the data request program.

Method of Wastewater Discharge

Table 111-3 presents information on the method of wastewater discharge
employed at the operating mills in the pulp, paper, and paperboard
industry. At over half the mills ln the industry (54 percent),
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 37 p~rcent of the industry. Mills
where 100 percent of the wastewater generated is recycled or not
discharged to navigable waters (self-contained) make up 7 percent of
the industry. A total of 14 mills (2 percent) for which no survey
response was received were not categorized as to the method of their
discharge due to insufficient data.

INDUSTRY PROFILE.

speed devices simil~r to calenders are used; these
have alternating steel and fabric-filled rolls
polishing effett.

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 i'dentified where
responses to the data request survey were not rec~ived or which were
inadvertently omitted from the program., A prOfile of these mills was
developed 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 pre~ented in later sections of this report.

Geographical Distribution



TAIILK 111-2

SUl'ltlAll\' O~· OPEIUI1'ING PULP, PAPER, AND
PAPI!RISOARD I1ILLS DV EPA REGIOIl

__~__.>o~lills Respondil!ll'!'O Sur~____ _ ____ !!ill!!. !!.'!.!:.Hespomling To Survey

.._._-------~.!~----------- EPA Region

~£:!!!:.8.!!.!x. ! .!l ill !Y y '!.! VII VHf g ! !2.~!. :Cfi.-YII !J'- y VI VII VIII IX ! !ill!

InLellE!~,§.!:~

Dbsolving KrafL 3 3 0

l1arket Bleached Kraft 1 3 1 2 1 9 2 3

BCT Dleached ~raft 4 2 2 8 1

Alkaline-Fine 3 6 2 4 3 1 20 0

Unbleached Kraft
Linerboard "- 13 2 3 2 20 0

Bag 4 3 1 8 0

Send-Cherni ca 1 2 5 8 1 1 19 1

I
Unbleached Kraft and

Semi-Cbemical 1 3 J 3 10 - 0

Dissolving SuUiLe2PuJp I 5 6 0

I'apergrade Sulfite 1 9 4 15 0

j Ground\wod-The rmo-l1echan ica I 1 1 2 1 2

i Groundwood-CI1N Papers 2 1 1 I 5 - 0

i O"l Groundwood-Fine Papers 1 1 6 8 I

I
00 InLegraLed l1isce llaneous 18 9 6 21 II 6 I 3 10 85 1 3 3 7

Secondary Fibers Segment

I lJeink
...i ne Papers 4 5 0

I
Newsprint 1 1 1 3 1 1 3

Tissue Papers 4 1 1 5 12 1 1 3

Tissue fron. W"stepaper 5 4 4 3 3 2 Zl 2 2.

I Paperboard froln Wastepaper 20 9 33 14 46 3 4 12 143 1 5 1 1 3 1 2 16

j

1 Wa~tepapet"-Mo]ded Products 3 1 5 1 2 13 2 1 2 5

I Uuilders' Paper aud

I
Roofing Felt 2 6 12 15 10 4 5 3 57 2 4 2 9

Secondary Fibers-Miscellaneous 3 3 5 1 4 1 17 2 2 2 6

~uniu~~~!:!:~_Segulent

Nonintegrated-fine Papers 11 6 5 17 I 41 3

Nonilllegraled-'l'issue Papers 3 8 2 4 5 4 26 2

Nonilltegrated-l.ighLweighL Papers 7 4 I 1 4 17 I

Nonintegrated "Filter &
Nonwoven- Papers 3 3 2 2 3 14 0

Nonintegra ted-Paperboard 6 1 1 3 12 1 1 4

Nonintegrated tliscellaneous ..l1 6 ~ -.l _7_ 2 ~ ---.! -1 2 -~

TOTAL 108 58 74 100 164 38 9 2 38 41 632 8 15 11 13 10 8 0 5 3 74

lrncludes Fine Blea ched Kra ft and Soda Subca tego ries .

21ncludes Papergrade Sulfite (Blow Pit Wash) and PafJergrade Sulfite (Drum Wash) Subca tegori es.
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TABLE J11-3

SIJltHAKY OF IlE'CII0D ot" DISCIIARGE ANO INPUC!': TECnllOLOGY
All Known Operating Hills

Hethod of Discharge
Treatment Sche_ - Direct Discharger

N'lllIlber
No ASB \II ASB/\I Oxida-

of Indirect Indirect Self- External l'rilnry Poliahing Holding Activated tion

Snbcategory
" Plants Direct lndl reet PriJla & Direct Co,ntained Unknown Treutaent Onl ASB Pond La oon Slud' e Pond Other

Integrated Seg"",nt

Ulssolving Kraft 3 3
1 1 1

Uarket Oleached Kraft 12 12 2 1 3 1 4 1

~~r Bleached ~raft 9 9
4 3 1 1

Alkaline-Fine 20 16 3 1
. 2 3 6 1 4

Unbleached Kraft
Linerboard 20 19 1 1 3 4 1 2 4 4

Oag 8 8
3 2 2 1

Semi -Chemical 20 18 2 1 1 8 3 5

\Jnl> leached Kraft and
Semi-Chemical 10 9 1

1 5 2 1 1

Dissolving SlIlfiLei'ulp 6 6
3 2 2

Papergrade Sulfite 15 12 2
3 6

Gl'Oundwood-Therwo-
~Iechauica1 4 4

2 2

Groundwood-CtlN Papers 5 2 3
1 1

Groundwood-Hne Papers 9 7 2
6 1

"'-J Integrated tliscella,neolls 92 6& 13 3 4 2 2 6 14 15 3 19 10

0
~~condary Fibers_ Segment

Oeink
Fine 5 3 'I 1

1 2

Newsprint 6 2 3 1 2

Tissue 15 11 2 1 3 1 .1 6

'l"i ssue fr"m Wastepaper 23 13 3 1 6 2 4 1 3 1 2

Paperboard frow Wastepaper 159 46 71 20 19 3 3 5 9 12 1 9

Wastepaper tlold~d

P('oducls 18 8 1 2 3 1

Bulldel·s ' Paper and
Roofing Feit 66 10 31 5 19 4 2 1 1

Secondacy fibers -
~Ii scc Ll aneuus 22, 9 6 3 3 4 1 3

Non~~,!grate.!! Segme-!!!:

Noniutegrated-Hne Papers 45 19 15 4 4 2 7 4 2 2 1 3

Nonintegrated-Tissue Papers 28 14 11 3 1 9 2 1 1

Nonintegrated-Lightweight
Papers 18 14 4 4 1

Nonintegrated Filter &
Nonwoven Papers 14 5 7 2 1 1 1 2

Nonir.l tegra te(J-Pape rhoa rd 16 8 8 1 4 2 1

Nonintegrated Uiscellaocous 38 24 6 2 4 2 1 15 5 1 2

TOTAL 706 378 202 46 12 51, 14 14 71 57 72 20 70 10 64

--_._- -"-_.._--,--- ---_.-------

l111cludes fiue Bleached Kraft and Soda Subca'tegories,
2 IncJudes Pap"rgrade Sulfite (Blow Pit Was-h) and Papergrade Sulfite (Drum Wash) Subcategories.



substantial BODS reductions if a large perc~ntage of the BODS is
contained in settleable solids.

Production Profile

Pulp. Many types of pulp are manufactured. Some are naturally more
suitable for production of certain paper grades than others.
Suitability is influenced by fiber length, strength and other factors
which can be controlled through such means as 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 111-4 by pulp
type.(33)(34) "

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 iri 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 111-5 presents a general list of the various products
manufactured by the industry. (35) The grades listed are, for the most
part, self-explanatory. Definitions according to industry usage may
be found in the publication, Paper ~ Pulp Mill Catalog and Engineering
Handbook (1978, Paper Industry Management Association (PIMA)).(34) In
Table 111-6, 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.
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ISources 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).(33)(34)

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

49,777
4,881

14,015

1,465
1,653

389
14,929

1,523
18,41124,481
3,87622,9412

110

Production
(short tons x 1,000)

TABLE III-4

ESTIMATED PULP PRODUCTION - 1977
1

Total
Market Pulp
Waste Paper Used

Pulp Type

Dissolving and Special Alpha
Sulfite-Bleached

-Unbleached
Alkaline-Bleached

-Semi-Bleached
-Unbleached

Groundwood
Semi-Chemical
Other Mechanical
Screenings
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lposts, Pulp and Paper Directory, Miller Freeman PUblications, San Francisco,
California, 1979 Edition. (35)

B. Paperboard

I. Solid Woodpulp Furnish
a. Unbleached kraft packaging

and industrial converting
1. 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 (85% or more
bleached fiber)
1. Folding carton type
2. Milk carton
3. Heavyweight cup stock
4. Plate, dish ~nd tray
5 . Linerboa rd
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
2. Corrugating medium
3. Container chip and filler

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

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

Construction paper

TABLE III-5

PAPER AND PAPERBOARD PRODUCTS OF INDUSTRyl

A. Paper

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

1. Publication and printing
2. Miscellaneous groundwood

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

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

cellaneoua 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
ing .
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



TABLE III-6
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3,515
4,097

13,929
5,740

27,881
5,567

Production
(short tons x 1000)

PRODUCTION STATISTICS
PAPER AND PAPERBOARD PRODUCTS INDUSTRY

1

1 .Source was Lockwood's Directory of the Paper and Allied Trades,
Vance Publishing (1978).(33)

Paperboard
Construction Products

Paper
Newsprint
Tissue
Fine
Coarse - Packaging and Industrial Converting

Product



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" Qr
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.
products include sheathing paper, roofing felts (including
roofing paper and shingles), and asbestos filled papers.
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SUBCATEGORIZATION

SECTION IV

INTRODUCTION

determine the
the processes

to
to

Nonintegrated

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers

Secondary Fibers

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

(CMN) Papers

77

pollutant data have been reviewed
of raw wastewater characteristics

Conventional
relationship

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

As part of the BAT review program, an updat~d and thorough data base
has been collected for 632 operating mills in the pulp, paper, and
paperboard industry. A review of the original subcategorization
scheme has been undertaken in order to determine the adequacy of the
original subcategories in representing current industry
characteristics. This review has led to the identification of four
new subcategories representative of portions of the pulp, paper, and
paperboard industry not recognized in the original subcategorization
scheme.

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

The purpose of subcategorization is to group together mills of similar
characteristics to allow for development of effluent limitations and
standards representative of each group (subcategory) of m.ills. This
enables permits to be written on a uniform basis. In the original
(Phase I and II) rulemaking, two major segments were recognized:
integrated and nonintegrated. In the current efforts, the secondary
fibers segment is also recognized to better characterize the pulp,
paper, and paperboard industry. The original subcategorization scheme
is as follows:



employed and the products manufactured at mills in the pulp, paper,
and paperboard industry. In addition, toxic pollutant data have been
gathered and the subcategorization scheme has been reviewed for
validity in accounting for toxic pollutant generation.

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

INTEGRATED SEGMENT

The original subcategorization scheme includes 16 subcategories within
the integrated segment. Raw wastewater characteristics of mills which
conform to the original subcategory definitions have been reviewed in
order to determine if differences exist because of process or product
variations. Based on this review, it has been concluded that the
original subcategorization scheme is generally representative of the
integrated segment.

Conventional pollutant and flow data support segmentation to account
for 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 is used, sodium and
ammonia-based. Based on data gathered during the current study, it is
evident that the original subcategorization 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, it has been determined that a
single new semi-chemical subcategory best represents all variations of
this pulping process. This new subcategory includes mills in the
original ammonia-based NSSC and sodium-based NpSC subcategories and
also mills where other variations of the semi-chemical process are
used.

Similarly, it is proposed 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 pu1.ping process
(i.e., kraft green liquor) are used on-site. Available data indicate
no significant differences in wastewater or conventional pollutant
generation resulting from the use of neutral sulfite semi-chemical
pulping or any other semi-chemical process.
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The original subcategorization scheme includes the unbleaGhed kraft
subcategory that includes all mills where unbleached linerboard, bag,
and other unbleached products ~re producedus.ing the kr~ft pulping
process. Available data have been reviewed and it has been 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, it is proposed that two subgroups
be established within the unbleached kraft subcategory to account for
these differences. The subgroups are (a) linerboard and (b) bag
( incl uding other mi xed products). .

Bas~d on current data, there is only one mill where the soda pulping
process is used. At this mill, fine bleached papers are produced.
This alkaline pulping process is similar to the kraft pulping process.
In the soda process, a highly alkaline sodium hydroxide Gooking liquor
is used as compared to the sodium hydroxide and sodium sulfide cc>oking
liquor used in the kraft process. The raw waste loadings and flow
characteristics of the soda mill compared to similar characteristics
of mills in the fine bleached kraft subcategory show that no
discernable differences exist between the soda mill and fine bleached
kraft mills. Therefore, the soda mill has been grouped with the fine
bleached kraft mills for purposes of data presentation and guidelines
development to forma new mi'll grouping called "alkaline-fine." The
subcategorization scheme, however, will remain as defined in previous
rulemaking efforts: 1a) the fine bleached kraft subcategory and (b)
the soda subcategory.

At the time of the data request program, there were three mills where
the groundwood-chemi-mechanical pulping process was used. Due to the
limited number of mills where this process was employed and inherent
differences in the degree to which chemicals are used at these mills
to produce differing final products, there is an insufficient data
base from which to develop BCT and BAT effluent limitations
guidelines. We are unable at this time to determine the effects of
the degree of chemical usage in the pulping process on raw waste
generation. The groundwood-chemi-mechanical subcategory will remain
as defined in the previous rulemaking. However, permits for mills in
this subcategory reflecting BCT and BAT will be determined on a
case-by-case basis. It should be noted that toxic pollutants were
detected in discharges from.mills in this subcategory in amounts too
small to be effectively reduced by available technologies.

In the previous rulemaking efforts, there were three subcategories
established to characterize the sulfite pulping process: dissolving
sulfite pulp, papergrade sulfite (blow pit wash), and papergrade
sulfite (drum wash). Process differences exist. between the
manufacture of dissolving sulfite and papergrade sulfite pulps that
significantly affect raw waste chara~teristics. It is proposed that
the dissolving sulfite pulp subcategory continue to be recognized as a
separate subcategory.with allowances for the different types of pulps
manufactured (viscose, nitration, acetate, cellulose)~
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Review of available data indicates 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 .. As will be discussed in Section V, it has been noted
that the percentage of sulfite pulp produced on-site is the single
factor that best explains differences that exist in raw waste
generation at papergrade sulfite mills. Therefore, in this rulemaking
effort, data for mills in both papergrade sulfite subcategories have
been combined in the development of effluent limitations and
standards. Proposed effluent limitations and standards account for
variations in the percentage of pulp produced on-site to manufacture
final products. For purposes of rulemaking, the two subcategories
will remain as originally established, but effluent limitations and
standards will be identical for both.

SECONDARY FIBERS SEGMENT

As noted previously, in this study secondary fiber mills have been
identified as a separate segment of the pulp, paper and paperboard
industry. In the previous rulemaking efforts, 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. At mills where
molded products are produced, the wastepaper furnish is processed
without deinking. Products include molded pulp items such as fruit
and vegetable packs and similar throw-away containers and display
items. Waste characteristics for mills where molded products are
manufactured are not properly represented by any of the original
secondary fibers subcategories. Therefore, a new subcategory, the
wastepaper-molded products subcategory, has been established to
include these mills.

Mills where paper is produced from wastepaper after deinking are
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. In
reviewing data for mills in the deink subcategory, consideration has
been given to the effect of the type of product manufactured on raw
waste loadings. As presented in Figures V-26 and V-27, it has been
determined that distinct differences exist for mills where tissue
papers, fine papers, or newsprint are produced. As discussed in
Section V, a further analysis indicates that no definitive
relationship exists between the percentage of deink pulp produced
on-site and the associated raw waste characteristics. Therefore, it
is proposed that the deink subcategory remain as previously defined
but that effluent limitations and standards reflect differences in the
production of tissue papers, fine papers, and newsprint.
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NONINTEGRATED SEGMENT

In the previous rulemaking efforts, only two subcategories were
established in the nonintegrated segment of the pulp, paper, and
paperboard industry: the nonintegrated-fine papers and
nonintegrated-tissue papers subcategories. At nonintegrated mills
where other types of products were produced, permits were written on a
case-by-case basis. In this study, data have been reviewed relative
to 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.
As the basic manufacturing process is generally similar at
nonintegrated mills, the data review involved investigations of the
effects of product type on raw waste characteristics. '

Based on a review of the wastewater characteristics'of nonintegrated
mills, three additional subcategories have been established to account
for manufacture of various products: the nonintegrated-lightweight
papers, nonintegrated-filter and nonwoven papers, and
nonintegrated-paperboard subcategories. Additionally, within the
nonintegrated-lightweight papers subcategory, there are a group of
mills where electrical grade products are produced; 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.

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

MISCELLANEOUS MILLS

The subcategorization scheme does not account for all mills in each
industry segment because mills exist that do not logically fit the
revised subcategorization scheme. These mills have been included in
miscellaneous mill groupings (integrated-miscellaneous, secondary
fiber-miscellaneous, and nonintegrated-miscellaneous) because of the
complex variety of pulping processes employed and/or products
manufactured or because no subcategory has been established within
which a particular mill can be placed. Permits for many mills in the
miscellaneous groupings can and will be established through prorating
of effluent limitations and standards from the appropriate
subcategories; however, other mills must be permitted on a
case-by-case basis.

IMPACT OF TOXIC POLLUTANT DATA

As discussed in Section II and in Section VI, a toxic pollutant
sampling program has been conducted 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
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SUMMARY

Nonintegrated

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight

Papers
Nonintegrated-Filter and

Nonwoven Papers
Nonintegrated-Paperboard

Secondary Fibers

Deink
o Fine Papers
o Tissue'Papers
o Newsprint

Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing

Felt

Based on data obtained in the survey program, 465 of the 632 operating
mills for which responses to the data request have been received are
included in the revised subcategorization scheme; an additional 53
mills can be permitted by prorating of effluent limits based on the
revised subcategorization scheme. The subcategories that form the

Integrated

Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kraft

o Linerboard
o Bag and Other Mixed 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 (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

In summary, the original subcategorization sc~eme has been reviewed
and a number of revisions have resulted. Four new subcategories have
been identified, while more subtle revisions have been made for
several other subcategories (i.e., product allowances, allowances for
percentage of pulp produced on-site). The revised subcategorization
scheme is as follows:

subcategorization scheme. The analytical results from the program
have been reviewed to determine if the revised subcategorization
scheme adequately accounts for 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 these toxic compounds and 'allows for
establishment of effluent limitations and standards to ensure their
control.



basis of proposed BCT and BAT effluent limitations, NSPS, PSES, and
PSNS are defined as fol;ows:

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 ~nd purified dissol~ing
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 Kraft

This subcategory includes mills where a bleached pulp is produced
using 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.
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Unbleached Kraft

This subcategory includes mills where pulp is produced without
bleaching using a "full cook" process employing a highly alkaline
sodium hydroxide and sodium sulfide cooking liquor. The pulp is used
on-site to produce linerboard, the smooth facing in corrugated boxes,
and bag papers.

Semi-Chemical

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.

Dissolving Sulfite Pulp

This subcategory includes mills where a highly bleached and purified
pulp is produced from softwoods 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
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Deink

Tissue From Wastepaper

of groundwood pulp
with or without
using either stone

by this process
(M), and newsprint

This subcategory includes the integrated production
and paper. The groundwood pulp is produced,
brightening, utilizing only mechanical defibration
grinders or refiners. The principal products made
include coarse papers (C), molded fiber products
(N) • .

Groundwood-Fine Papers

This subcategory includes the integrated production of deinked pulp
and paper from wastepapers using an alkaline 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.

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.

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

Groundwood-CMN (Coarse, Molded, News) Papers

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 s~eam (with or
without the addition of cooking chemicals such as sodium sulfite)
followed by mechanical defibrationin 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 =Thermo-Mechanical

cook" process using an acidic cooking liquor of sulfites of calcium,
magnesium, ammonia, or sodium. Followiggthe cooking operations, the
spent cooking liquor -is washed fro~ thepul~ on vacuum or pressure
drums. Also included are mills using belt extradtion systems for pulp
washing. Principal products made include tissue papers, fine papers,
newsprint, and market pulp.



Paperboard·from Wastepaper

This subcategory includes mills where paperboard products are
manufactured from a wide v~riety 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 at least 80
percent of the raw material fibers. The principal .products include a
wide variety of items used in commercial packaging, such as bottle
cartons.

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 nonintegrated mills where tissue papers are
produced from wood pulp or deinked pulp prepared at another site. The
principal products made at these mills include facial and toilet
papers, glassine, paper diapers, and 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.
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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, insulation, technical papers, and
gaskets.

Nonintegrated-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.
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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 as 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-l 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 wood 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.

I

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 for barking
drum immersion to facilitate in 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.
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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 and are discussed
separately.

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 chemi-mechanical process and the thermo-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
car~ier 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 silvers. 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 contain
one fixed and one rotary disc 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'.
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Chemical Pulping. 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 c09ked 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 steam, 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 ~o 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 ~oncentrated in the recovery furnace
contact evaporator or inacorlcentrator". 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 chemical application, and bleaching
practices. In the preparation of dissolving sulfite pulps, cooking is
continued until most of the lignin and part of the cellulose are
dissolved; in making papergrade pulps, only the lignin is dissolyed.

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 the
preparation of calcium carbonate and calcium oxide or aqua ammonia for
cooking. Neither calcium nor ammon~a is recovered. Magnesium oxide
and caustic soda are purchased as make-up base for the magnesium and
sodium base recovery systems which retain about 90 percent of the
base.

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.

After washing, the pulp is diluted, screened, centrifugally cleaned,
and deckered to the desired stock chest consistency for bleaching. In
the manufacture qf dissolving sulfite pulps, an extra set of
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"side-hill" screens are used for thickening and to separate resinous
materials. The wastewater sources for the sulfite process include
spills from the digester area, digester relief and blow condensate,
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. Evaporator condensate is discharged to the sewer.

Historically, semi-chemical pulping has involved the cooking of wood
chips in a ~olution 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 ~iquor. The cooked chips are then
transferred to a disc mill for fiberization. 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 spills
from the digester area, digester relief and blow condensate, and water
losses from the screw press, washing, and screening operations.

Chemical recovery in-the sodium-based NSSC process is consider~bly

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 all
semi-chemical recovery systems, evaporator condensate can be sewered.

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 requires deinking before it can be used as a
pulp source. .
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In the deinking process, wastepap~r is cooked in an alkaline solution
to which dispersants, detergents, and solvents are added. The process
is essentially a laundering op,~<r~tion in,o/hich the sizes, any coating
binder, and the pigment vehicl~ in the inf~re 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 centri-cleaners and
fine screens. Generally countercurrent washing is employed on washers
of various types. Some mills employ flotation for separating the
fiber from the undesirable materials and others use various kinds of
deckering or thickening equipment. 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 deinking.

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
the tower, the pulp is usually neutralized to'prevent reversal of the
reaction. Sometimes, if more bleaching is required, a hydrosulfite
bleaching step follows perOXide bleaching.

Sodium or zinc hydrosulfite can be used in the same manner as
peroxide; pH adjustment 1S not required either before or after the
hydrosulfite tower. Wastewater discharge is limited to that resulting
frpm the washing of bleached mechanical pulp subsequent to the
peroxide or hydrosulfite bleaching step.
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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 and calcium hydroxide 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, the
temperature, the number of stages, the specific chemicals used, the
species of wood from which the pulp was produced, and the degree to
which it was cooked, as well as the 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
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
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the wastewater from preparatiOn'i'of chlorine dioxide as well as wash
water introduced on the alkaline and acidic (CI02) 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 treat~d with hypochlorite. A variety of equipment
and variations of this process ~re 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 on secondary fiber mills), is resuspended
in water. The stock is mechanically treated in beaters or continuous
refiners to "brush" or fray the individtial fibers to obtain the
necessary matting 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 lit~le bearing on the raw waste load. Because of its higher
speed and greater versatility, the Fourdrinier is in more common use
than the cylinder machine.

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 qualtiy 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.
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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 tif pollutants
are under investigation: a) conventional pollutants, b) toxic
pollutants, and c) nonconventional pollutant~.

Conventional Pollutants

The Clean Water Act defined four conventional pollutants or poll~tant

parameters: BODS, TSS, pH, and fecal coliform. An additional
pollutant, oil and grease, has been 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 BODS, 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 has been
gathered as part of the data request program described in Section II
and is presented in this section.

Dissolving Kraft. Table V-l presents available data on wastewater
discharge and raw waste loadings of BOD~ '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 jumpstage countercurrent washing is generally
practiced. Calculated bleached yield averages about 40 percent for
the softwood and 46 percent for the hardwood pulps.

In order to evaluate the effect of percent dissolving pulp produced on
raw waste load, raw waste flow and BOD~ 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, BOD~ 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 produced. However, the
highest raw waste load BOD~ 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 raw waste load BODS
than either the amount of dissolving pulp produced or the percentage
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TABLE V-I

SUMMARY RAW WASTE LOAD DATA
DISSOLVING KRAFT SUBCATEGORY

Raw Waste Load
Production Profile Flow BODS TSS

Mill No. Raw Material(a) Dissolving Pulp (%) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kk&.....J.lb/t) ;S;BPT(b)

032001(c) 100% HW 72 136.8 (32.8) 109.5 (219.0) 120.4 (240.7) F

032002(c) 100% SW 49 218.1 (52.3) 39.4 (78.7) 132.0 (264.0) BF

032003(c) 88% SW 59 238.9 (57.3) 59.8 (119.6) 81.6 (163.2) , R

Average 60 197.9 (47.5) 69.6 (139.1) 111.3 (222.6)

BPT:Raw Waste Load 230.0 (55.1) 66.5 (133.0) 1i3.0 (226.0)

(a)Hw - Hardwood; SW - Softwood.
(b)F - Mill with ~BPT flow; B - Mill with ~BPT BODS.
(c)Production data held confidential. -



FIGURE V-2

RAW WASTE FLOW VERSUS PERCENT DISSOLVING PULP
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FIGURE V-3
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of softwood pul~ed.The~alt cak~ loss, ~;wa~hable Na!O, was higher
at the mill wher~theBOD5 raw waste load w~s.highest (e.g., the mill
where only hardwood is p~lpe~).. Based on the limited data av~ilable,
it is impossible to determine a specific relationship between raw
waste flow and BOD5 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 BOD5 and TSSat 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 production. Figures V-5 and V-6 present
plots of the raw waste flow-and BOD~ versust~e percentage of softwood
pulped. A trend is apparent with respect to raw waste load flow and
BOD5, with both generally increasing slightly as the production of
softwood increases. However, regression analysis of the relationship
of flow and BOD5 versus percent softwood is inconclusive and no
definite relationship can be established.

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft. 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. Table V-3 presents available production profile and raw
wastewater data for the eight mills represe'ntative of, the BCT
(paperboard, coarse, and ttssue) bleached kraft subcategory. 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-a present plots of raw waste flow
and BOD5 with respect to the percentage of softwood pulp in the
furnish.- Based on a statistical analysis of the data, no significant
correlation can be established between either raw waste flow or BOD5
relative to the percentage of softwood pulped. -

Alkaline-Fine (Fine Bleached Kraft and Soda Subcategories). Available
data are presented in Table V-4 for 20 mills that are representative
of the alkaline-fine mill grouping. A variety of 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 have been 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 BOD~

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 BOD5 and percentage of softwood pulp used is apparent.
Additionally, no- relationship is apparent between groundwood or high
clay filler use and flow or BODi.
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(lb/t) :flBPT(e)

(40.8) BF
(--) F

(195.9) BF
(28.7) DF
(47.9) BF

(264.0)
(49.4) F
(96.8)
(44.7)

ill.:.il BF

(89.5)
(66.7)
(90.0)
(44.9)

(118.4)
(118.4)
(90.0)
(--)
(--)

(35.0) 20.4
(--)

(71.4) 98.0
(74.8) 14.4
(71.0) 24.0

(88.0) 132.0
(88.1) 24.7
(78.3) 48.4
(82.5) "22.4
(46.2) ~

(70.6) 44.8
(64.4) 33.4
(75.7) 45.0
(68.4) 22.5
(53.2) 59.2
(53.2) 59.2
(75.9) 45.0
(53.2)(d)
(58.6)(d)

l'ABLE V-2

SUt~y HAW WASTE LOAD DATA
HARKI;T BLEACIJED KRAFf SUBCATI;GORY

Production Profile Raw Waste Loa~'d~ _----- ·=-==-==--=--=f!i.lii·~··--------- Flow BODS TSS
!!!l!.J!~_ lIa rdwood (%) Softwool~roduct (tid)" "ki:"{kkg ...;(\!k~g~a~l/l!t::..!)c-_.!k'-lSgiL/!Okk~g!L-_-__-_-":(l..!l:.!:b~/.!otL)__k~g!ll/:.!!k~k.l>.g__~~'2-__--'~~:L.

030005 100 bales 369 73.3 (17.6) 17.5
030009 100 bales 592 134.9 (32.4)
030012(0) 89 11 bales 152.8 (36.7) 35.7
030042 64 36 slush 409 78.3 (18.8) 37.4
030028(0) 27 73 board/ 154.0 (37.0) 35.5

bales
...... 030031 26 74 bales 341 332.2 (79.8) 44.0
0 030030 21 79 bales 723 168.9 (40.6) 44.1-J::> 030018(a) 11 89 bales 184.4 (44.3) 39.2

030006 0 100 bales 582 179.4 (43.1) 41.3
030061(b) 0 100 515 134.5 (32.3) 23.1

Average 159.3 (38.3) 35.3
Average of Mills with ~BPT flow 128.1 (30.8) 32.2
Average of Softwood Mill. wi th greater than 70% SWK 192.3 (46.2) 37.9
Average of Softwood Mills ~BPT fLow 152.5 (36.6) 34.2
Average of lIardwood Mills with greater than 70% IIWK 120.3 (28.9) 26.6
Average of lIardwood Mills :flBPT flow 120.3 (28.9) 26.6
BPT-Raw Waste Load 173.0 (41.6) 38.0
IIWK ~BPl' (030005, 030009, 030012) 120.3 (28.9)(c) 26.6
SWK ~BPT (030028, 030061) 152.5 (J6.6)(c) 29.3

(a)Production data held confidential.
(b)Supplemental data (not in 308).
(c)Based on mills having lower than BP'! flow.
(d)Based on Inills having lower than BPT BOD~.

(e n' - Mill with ~BPT flow; B - Mill with ~BP1' BOD?.



FIGURE V-S
RAW WASTE FLOW VERSUS PERCENT SOFTWOOD USED
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FIGURE v-a
RAW WASTE BOD5 VERSUS PERCENT SOFTWOOD USED
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TABLE V-3

SUMMARY RAW WASTE LOAD DATA
BCT BLEACHED KRAFT SUBCATEGORY

Production Profile Raw Waste Load

Pulp (tid) Product (tid) Flow BODS TSS

Harket &
!!:!!!..1!~_~_ SW Board Ti.ssue Coarse Total kl/kkg (kgal/t) kg/kkg (lb/t.) kg/kkg (lb/t) ';BPT(d)

030004 436 535 548 343 69 960 186.5 (44.8) 57.3 (114.6) 41.7 (83.3)

030010 335 231 84 315 186.5 (44.8) 37.2 (74.3) 42.9 (85.7) B

030022 352 943 907 394(c) 1301 150.3 (36.1 ) 33.0 (66.0) (--) B

030024 512 368 714 106 820 137.4 (33.0) 57.5 (115.0) (--) F

030026(a) 1073 884 59 210 1153 120.8 (29.0) 46.3 (92.5) 33.2 (66.3) F

..... 030047 306 204 583 583 131.1 (31.5) 64.1 (128.2) 79.5 (159.0) F

a 030032 584 576 895 348 1243 137.8 (33.1) 42.6 (85.2) 48.3 (96.5) F

"'-J 030039(b) 291 238 487 107 594 ~ (22.1) ~ (58.4) ~ (47.9)

Average 150.1 (36.0) 48.3 (96.5) 49.1 (98.2)

BPT-Haw Waste Load 149.0 (35.4) 38.4 (76.7) 66.5 (133.0)

Average of Hills with ~BPT flow 131.8 (31. 7) 52.6 (105.2) 53.7 (107.3)

Average of Hills with ~BPT BOD~ 168.4 (40.5) 35.1 (70.2) 42.9 (85.7)

(a)Jncludes lumber mill effluent. in raw waste figures.
(b)Effluent numbers reported are secondary influent and are omitted from the averages.
(c)236 tid market, 158 tId writing and related papers.
(d)F - Hill with ~BPT flow; B - Hill with ~BPTBOD~.



FIGURE V-7
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FIGURE v-a
RAW WASTE BOD~ VERSUS PERCENT SOFTWOOD USED
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TAIILI:: V-4

SUIIHARY RAW WASn: r.oAD DATA
AI.KAr.1 NI::-FJ NI:.'*

Productiun Profile Raw Waste Load
Pulp (t)d)"" P~rchased (tl!!l _ Product _t!:l&__.. Flow BODS TSS

tlill No. JlW S!'I Pulp Broke Ctd Unctd Other Total kl/kkg (kgal/t) kg/kl<.!L.ill!L!J kg/kkg (lb/t) :lBPT(e)

030001 10 I 35 23 10 191 191 101.6 (24.4) 22.7 (45.4) 46.8 (93.5) BF
030013. 146 129 25 154 68 120 322 510 122.4 (29.4) (--) (--) F
030015(b) 124 123 11 45 370 370 165.1 (39.7) 51.0 (101.9) 80.0 (160.0)
030020(b) 174 118 27 417 417 115.7 (27.8) 25.5 (51.0) 78.5 (157.0) BF
030027(b) 292 199 18 78 27 310 345 682 80.7 (19.4) 24.1 (48.2) 36.9 (73.8) BF
030034(b) 341 109 90 708 708 119.1 (28.6) (--) (--) I'
030037 449 476 60 102 114 914 1,028 '118.2 (28.4) (--) (--) F
030046 408 232 4 348 342 . 50 740 132.4 (31.8) 31.2 (62.3) 80.4 (160.8) B
030049(b) 449 224 9 33 1,137 41 1,178 72.4 (17.4) 21.6 (43. J) 55.0 (109.9) BF
030051 113 218 194 612 612 93.7 (22.5) 32.7 (65.3) 40.9 (81.7) SF
030052 237 311 72 600 87 687 133.4 (32.0) (--) (--)
030057 181 132 378 378 106;6 (25.6) 39.9 (79.8) 79.3 (158.5) F

...... 030059(c) 122.4 (29.4) 39.1 (78.1) 147.5 (295.0) F
' ...... 030060(d) 163.2 (39.2) 39.2 (78.4) 101. 7 (203.3)
0 130001 535 129 70 458 233 691 74.1 (17 .8) 39.8 (79.5) 23.7 (47.4) F

130002(c) !QLd .ill..:.§l 23.5 (47.0) 115.2 (230.3) BF

Average (Hills w/o GWD) 114.3 (27.5) 32.5 (65.0) 73.8 (147.6)

030033(a) 216 464 28 412 242 184 838 139.4 (33.4) 75.4 (150.7) (--)
030045(a) 270 460 55 139 524 51 388 963 148.2 : (35.6) 65.2 (130.4) 126.2 (252.3)
030048( .. ) (b) 431 240 11 10 527 411 18 956 1'11.2' (26.7) 31.5 (63.0) 89.8 (179.6) SF
030058(a)(b)(c) 115.2 (27·71 ~ , (62.0) 78.9 (157.8) BF

Average (Hills w/GWD) 128.5 (30.9) 50.8 (101.5) 98.3 (196.6)

Overa U Average 117.1 ~28.1) 37.1 (74. J) 78.7 (157.4)
Average Hi gh Clay Hi Us 111.3 (26.8) 30.8 (61. 5) 69.9 (139.7)
IIPT-Raw Waste Load 128.5 (30.9) 33.6 (67.2) 75.0 (150.0)
Average of Hills with ~IIPT flow 104.3 (25. J) 30.1 (60.2) 72.0 (144.0)
Average of ~IiUs with ~BPT BOD~ 103.4 (24.8) 27.1 (54. I) 69.2 (138.3)
--_._..

(a) Include ground wood production.
(b)High clay mills.
(c)Production data held confidential.
(d) Confidentiality claim.
(e)F - Hill with ~BPT flow; B - tlill with ~BPT BOD~.

·klncludes Itine Bleached Kraft and Soda Subcategories.
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Figures V-l1 and V-12 present plots of raw waste flow and BOD5 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 BOD5 raw waste load; however, the other mills where
groundwood pulp is-produced exhibit BOD5 raw waste loads in the same
general range as for other alkaline-fine mills.

Incomplete on-site chemical recovery existed at two mills at the time
of data acquisition. As expected, these mills exhibit significantly
higher BOD5 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.

113

020004) are not included in averages
At this mill, a reverse osmosis system is

(No.
V-6.

Data for another mill
presented in Table

Semi-Chemical. Available data for each of the 19 mills employing a
semi-chemical pulping process are presented in Table V-6. Corrugating
medium is the primary product of those mills; a variety of chemical
processes, chemical bases, and liquor recovery systems are utilized at
mills in this subcategory. I 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; BOD5 is above the subcategory
average but is not the highest in the subcategory.

Many process innovations are being applied at mills in this
subcategory including the use of no-sulphur pulping and green liquor
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 are anticipated if data were available on green liquor
pulping. In proposed rulemaking, the Agency is seeking additional
information on differences in raw waste characteristics resulting from
the use of different semi-chemical cooking processes.

Unbleached Kraft. Table V-5 presents available data on wastewater
discharge and raw waste loadings of BODi 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 ~aw

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 (primarily packaging grades». As shown
on Table V-5 and ,Figures V-13 and V-14, significantly different
wastewater discharge is noted for the two groups. The bag and other
product mills generally have higher flow, BOD5, and TSS raw waste
loads. -



FI'GURE V-11
RAW WASTE FLOW VERSUS PERCENT ON SITE PULP PRODUCTION
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70 (140 FIGURE V-12
RAW WASTE BOD§ VERSUS PERCENT ON SITE PULP PRODUCTION
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010001 450 20 450 450 46.2 (11.1) 8.3 (16.5) 26.9 (53.7) BF
01"002 923 934 934 44.1 (10.6) 14.1 (28.2) 24.7 (49.4) BF
01001S 1,170 30 1,081 1,081 44.1 (10.6) 18.1 (36.1) 14.1 (28.2) F
010019 1,127 39 27 1,144 7 1,151 35.0 ( 8.4) 9.6 (19.1) 4.8 (9.6) BF
010020 9il 55 61 965 44 1,009 79.9 (19.4) 20.5 (41.0) 27.6 (55.1 )
010025 523 39 563 4 567 44.5 (10.7) 13.9 (27.8) 9.8 (19.6) BF
010032(a) 47.1 (11.3) 18.3 (36.5) 17.4 (34.8) F
010033(a) (--) (-- ) (--)

010038 750 68 5 789 789 104.9 (25.2) 16.5 (32.9) 15.9 (31. 7) B
010040 1,195 85 1,220 1,220 64.9 (15.6) 14.7 (29.4) 11.4 (22.7) B
010042 965 965 965 22.9 ( 5.5) 11.1 (22.2) 5.7 (11.3) BF
010043 1,539 10 1,549 1,549 44.1 (10.6) 21. 7 (43.4) 13.9 (27.7) F
010046 1,176 27 1,102 21 1,123 49.1 (11.8) 14.4 (28.7) 20.1 (40.2) BF
010047 1,299 1,194 1,194 26.2 ( 6.3) 6.7 (13.4) 10.8 (21.5) BF
010057 540 85 620 620 3S.3 ( 9.2) (--) (--) F
010063(a) 31.7 ( 7.6) 46.3 (92.6) 9.9 (19.8) F
010064 644 51 666 666 34.1 ( 8.2) 14.8 (29.6) 24.3 (48.6) BF

AVerage 47.3 (11.4) 16.9 (33.2) 15.8 (31. 6)

OPT-Raw Waste Load 52.4 (12.6) 17.0 (34.0) 22.0 (44.0)
AVerage of Mills with liiBPT flow 39.0 (9.4) 16.4 (32.8) 15.2 (30.4)
Average of Mills with liiBPT BOD~ 47.2 (11.3) 12.4 (24.8) 15.4 (30.8)

Unbleached Kraft
Bag and Other Products

Production Profile Raw Waste Load
Furnish Purch Product (t/d) Flow BODS TSS ;;BPT

~il1 No. Kraft WP Broke Linerbrd Bag Other Total kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) (b)

010003 243 12 '283 283 42.0 (10.1) (-- ) (--) F
010005 1,286 8 332 898 1,230 66.2 (15.9) 20.3 (40.6) 20.5 (40.9)
010006 1,685 51 478 1,115 1,594 52.5 (12.6) 12.5 (25.0) (--) BF
010000 1,895 434 1,540 1,974 73.8 (17.7) 18.8 (37.6) 45.7 (91. 3)
010028 400 10 279 120 399 110.1 (26.4) (--) 13.3 (26.6)
010044 1,020 82 709 365 1,074 57.1 (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 470 25 443 443 85.1 (20.4) (-- ) (--)
010062 231 10 234 234 151.4 (36.3) 20.6 (41.1) 8.6 (17.2)
010034 940 48 925 925 94.6 (22.7). 36.8 (73.5) 24.3 (48.6)
010035(a) 227.3 (54.6) 34.2 (68.4) 56.3 (112.6)
010048(a) ~ (53.5) 32.9 (65.7) ~ (146.3)

Average 103.5 (24.8) 24.3 (48.6) 31.4 (62.8)

OPT-Raw Waste Load 52.4 (12.6) 17.0 (34.0) 22.0 (44.0)
AVerage of Mills with liiBPT flow 47.3 (11.4) 12.5 (25.0)
Average of Mills with liiBPT BOD~ 54.8 (13.2) 12.5 (25.0) 17.8 (35.6)

(a) Production data held confidential.
~b)F - Mill with liiBPT flow; B - Mill with liiBPT BOD~.

TABLE V-5

liiBPT
(b)

Raw Waste Load
BODS TSS

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

kl/kkg (kga1/t)

Production Profile

SUMMARY RAW WASTE LOAD DATA
UNBLEACHED KRAFT SUBCATEGORY

Furnish Purch Product (t/d)
Kraft WP Broke Linerbrd Bag Other Total
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Hill No.

Unbleached Kraft
Linerboard
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TABLE V-6

119

(a) No-sulfur pulping.
(b) Mill 020011 combined effluent with other mills. Not included in ave~age calculations.
(e) A reverse osmosis system is used to treat internal process streams and allow for extensive

recycle of these treated streams. Not included in average calculations.
(d) Mill 020018 makes recycled paperboard as well as corrugating. Mill 020016 makes tissue and

fine papers as well. These mills are not, considered representative.
(e) Ammonia-based.
(f) Production data held confidential.
(g) F - Mill with ~BPT flow; B - Mill with ~BPT BOD~.

F

F

F

BF
F

BF
BF

B
F
F

BF

BF

:iiBPT(g)

BF
F

(24.6)
(16.1)
(16.1)

(52.2)

(24.6)
(44.3)

(60.2)

(60.4)
(26.3)
(13.7)
(35.6)
(98.5 )
(75.5)
(37.6)
(89.0)

009.2)
(60.6)

(24.6)
(48.3)
(59.4)

12.3
8.1
8.1

30.1

12.3
22.2

26.1

61.5 (123.0)
42.2 (84,3)
51.9 (103,7)

8.1 06.1)
0.2 (0.3)

(--)
(--)

6.0 (11.9)
(_.)

B:1 06.1)

52.4 004.7)
27.9 (55.7)
40.2 (80.2)

TSS
kg/kkg (lb/t)

12.3
24.2
29.7

30.2
13.2
6.9

17.8
49.3
37.8
18.8
44.5
54.6

. 30.3

(25.7)
(50.5)
(19.2)
(28.8)
(35.7)
(77.9)
(62.3)
(41.3)
(55.6)
(44."i)

(50.4)
(43.7)
(30.1)

(47.1)
(2.6)

(48.4)
(..,- )

(45.i)
(--)

(47.8)

(50.4)
(47.8)
(47.8)

(51. 6)

(50.4)
(44.6)

(35.2)

(112.1)
(66.4)
(89.3)

(125.6)
(100.9)
(113.3)

12.9
25.3
9.6

14.4
17.9
39.0
31.2
20.7
27.8
2'2.l

23.6
1.3

24.2

25.2
21.9
15.1

22.6

23.9

25.2
23.9
23.9

56.1
33.2
44.7

17.6

25.8

62.8
50.5
56.7

25.2
22.3

(4.6)
(6.0)
(3.9)
(2.5)
(8.2)
(6.8)
(4.5)

(10.3)
(4.5)
(4.3)

(11.3)
(4.9)

(8.T)

(7.3)
(13.3)
(10.3)

(5.8)
(9.6)
(5.5)
(6.9)

(14.5)
(9.5)
(6.4)
(7.3)

ll.!.:22.
(8.6)

00.3)
(7.3)
(8.0)

24.1
40.0
22.9
28.7
60.5
39.5
26.6
30.4
48.7
35:7

42.8
30.3
33.3

19.2
25.8
16.2
10.4
34.1
28.4
18.6

42.8
18.6
17. 7

30.9 (7.4)

47.0 '
20.4
33.7

30.4
55.5
43.0

42.8 (10.3)
26.0 (6.3)

28.9 (6.9)

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

Raw Waste Load

SUMMARY RAW WASTE LOAD DATA
SEMI-CHEMICAL SUBCATEGORY
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599,
511

331
618
318

302
266
291
346
377

183
169

673
525

9

20

46
50

98

173
117

90
61

125

116
106
99

123
157

450
221

Production Profile

137
118

217
200

Furnisn (t/d) Product
Semi-Gnem WP Broke (t/d)Mill No.

BPT-Raw Waste Load
Average of Mills witn ~BPT flow
Average of Mills with ~BPT BOD~

020002 248
020003(a) 582
020008(a) 231
020009 (a) (0
020010(f)
020013 472
020014(e) 394
020017(f)
060004(a) 385
Average

II. Mills With Liquor Recovery and More Than 1/3 WP

020001 204
020004(c) 160
020006 190
020007 183
020011(b) 235
020012(f)
Average(b) (c)

I. Mills With Liquor Recovery and Less Than 1/3 WP

III. Mills Without Liquor Recovery

BPT-R-:aw Waste Load .
Average of Mills with ~BPT flow
Average of Mills with ~BPT BOD~

Average of All Mills

020005
020015
Average

IV. Non Representative Mills

BPT-Raw Waste Load
Average of Mills with ~BPT flow

(Group I and II)
Average of Mills with ~BPT BOD~

(Group I and II)

020018(d)
0200i6(d)
Average



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.

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 approa~h taken at most other mill~ 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 BODS has been evaluated to determine if the percentage
of wastepaper used affects raw waste load.

Figures V-15 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 raw
waste BOO~ 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 (1,500 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 four 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
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.
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production of bag papers in the unbleached kraft
has a significant effect on raw waste load, an
was made of those unbleached kraft and semi-chemical
higher percentages of bag papers are produced. As shown
the average raw waste loadings for the three mills where

Because the
subcategory
investigation
mills where
in Table V-7,



FIGURE V-15

RAW WASTE FLOW VERSUS PERCENT WASTEPAPER USED
SEMI-CHEMICAL SUBCATEGORY
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FI'GURE V-16

RAW WASTE BODS VERSUS PERCENT WASTEPAPER USED
SEMI-CHEMICAL SUBCATEGORY
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TABLE V-7

SUMMARY RAW WASTE LOAD DATA
UNBLEACHED KRAFT AND SEMI-CHEMICAL SUBCATEGORY

Production Profile Raw Waste Load
Semi-Chern UBK Corrug Brd Bag Product Flow BOD5 TSS

Mill No: (%)(b) (%) (%) (%) (%) (t/d) kl/kkg (kgal/t) kg/kkg (1b/t) kg/kkg (lb/t) :;:;BPT(e)

015001 (a) (0 17 86 21 74 5 1,745 58.3 (14.0) 23.6 (47.2) 27.5 (55.0) F
015002(b) 20 67 24 60 17 47.0 (11. 3) 13.5 (27.0) 13.5 (27.0) BF
015003(c) 16 85 20 80 0 50.1 (12.2) 18.8 (37.6) 29.0 (58.0) BF
015004(9) (f) 16 77 18 70 12 67.4 (16.-2) 17.1 (34.2) 47.0 (94.0) B
015005 (~) (0 16 84 21 0 79 1,394 30.4 (7.3) 8.8 (17 .6) . (--) BF
015006(a)(f) 9 90 12 50 38 2,598 50.4 (12.1) 18.9 (37.8) 9.8 (19.6) BF

~ 015007(a)(f) 14 76 21 79 0 1,700 52.0 (12.5) 16.3 (32.6) 25.1 (50.2)· BF
w 015008(a) 18 84 16 84 0 1,133 80.7 (19.4) 19.0 (38.0) 20.7 (41. 4) B

015009(a) 28 65 38 62 0 716 57.5 (13.8) 28.1 (56.2) 29.1 (58.2) F
010017(f) 13 91 16 58 26 1,428 36.6 (8.8) 17 .5 (35.0) 38.3 (76.6) BF

Average 17 80 21 62 18 53.0 (12.8) 18.2 (36.3) 26.7 (53.3)

Average for mills with over 20% bag production 39.1 (9.4) 15.1 (30.1) 24.1 (48.1)
Average for mills using varying amounts of green 49.2 (11.8) 17 .0 (34.1) 29.5 (59.1)

liquor for pulping

BPT-Raw Waste Load
Average :0£ Mills with ~BPT flow
Average\of Mills with ~BPT BOD~

58.2
47.8
51.8

(14.0)
(11.5)
(12.5)

19.4
18;2
16.2

(38.8)
(36.4)
(32.5)

20.5
24.6
26.2

(41.0)
(49.2)
(52.4)

(a) Narket pulp production is included with hoard production data; production of converting papers is included
with bag production.

(b) Calculated percentage based on claimed production. ptherfibers and/or losses not accounted for.
(c) Production data held confidential.
(d) Confidentiality claim.
(e) F ~ Mill with ~BPT flow; B - Mill with ~BPT BODS.
(f) Va~ying amounts of green liquor used for pulping.



greater than 20 percent of the final product is bag paper are lower
than the overall subcategory averages. In fact, the mill (No. 015005)
where the highest percentage of bag paper is produced has the lowest
raw waste load flow and BOD~ 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
mflls where dissolving grade sulfite pulps are produced, the
capability exists of also producing papergrade pulps. Predominantly
softwoods are utilized with only small amounts of hardwood associated
with the production of dissQlving 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 amounts of dissolved solids (including
BOD~) are discharged from the bfeaching 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). Data are available for 17 mills
characteristic of this subcategory; available raw waste load data are
included in Table V-9. A sulfite cooking process is employed to
produce pulps from which writing, printing, business, and tissue
papers are made. At mills included in this subcategory, pulps are
produced using calcium, sodium, ammonia, and magnesium cooking bases.

Recovery systems employed in this subcategory range from no recovery
to the use of spent liquor evaporation systems in conjunction with
modern kraft type fluidized bed recovery furnaces and incinerators.
As shown in Table V-9, mills where recovery systems are not employed
have significantly higher raw waste flow and BODS 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
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TABLE V... 8

SUMMARY RAW WASTE LOAD DATA
DISSOLVING SULFITE ~ULP SUBCATEGORY

Raw Waste Load
Production Flow BODS TSS

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

046001 451 200.3 (48.1) 127.1 (254.1) (--)

046002 557 289.4 (69.5) (--) (--)

046003(a) 620 290.6 (69.8) 114.5 (228.9) 11.2 (22.3)

04'6004(b) (c) 190.3 (45.7) 97.2 (194.4) 39.6 (79.2)

046005 (c) 357.3 (85.9) 276.0 (552. 0) (--)

046006(c) 210.3 (50.5) 142.5 (285.0) 141.0 (281. 9)

Average 269.6 (64.8) 181.9 (363.7) 141.0 (281. 9)

(a)Primary effluent data was given, only flow is included in average.
(b)Raw waste loads include wastewater from a dissolving sulfite pulp mill

and a paper mill. Therefore, data not included in the average.
(c)Production claimed confidential.
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TABLE V-9

SUl1l1ARY RAW WASTE LOAD DATA
PAPERGRADE SULFITE SUBCATEGORY

Average 68

Average NH~ base acid mills(b)
Average NIl3 base bisulfite mills
Average HgO base bisulfiLe ••ills
Ave~dge Ca vase acid mills
Averagl2 Ca base acid mills with drulI:I wash
Average of Hills with ~ BPT BOD~

_______ /law Waste Load~__","
Process Flow BOD5 TSS

Wa81,(a)ii;;-;;;(cfCi;iidenser(d) k11kkg(kga 11t) kSlk"kg(lb7tf""kgl kkg (lbIt)

BP NII~ U 134.9 (32.4) 68.7 (137.3) (--)
IlS

BP Ca,Na Ba,S 312.8 (75.0) 84.1 (168.2) 21.0 (42.0)
A, BS

BP NII~,A S 346.5 (83.1) (--) (--)

B

BF

BF

B

BF

B

BF
BF

BF

F
8F

:iiBPT(e)

BF

(--)
(--)

(94.9)

(101.9)
(280.3)
(60.4)
(79.4)

(130.2)
(76.4)

90.0 (180.0)

31.9 (63.7)
19.3 (38.6)

47.5

(--)
140.2 (280.3)
37.1 (74.1)

65.1 (130.2)
19.6 (39.1)
~ (23.7)

51.0
140.2
30.3
39.7
65.1
38.2

(--)
(218.5)
(194.2)

(97.7) 28.6 (57.1)

(117.0)

(82.8)
(218.7)

(133.4)

(842.5)
(--)

(94.8)
(177.9)
(90.3)

(141.4)
(148.4)
(125.7)

74.2 (148.4)
44.0 (87.9)
36.3 (72.51

66.7

47.4
89.0
45.2
70.7
74.2
62.9 c

(47.0)
(35.3)
(26.4)
(38.7)
(31.5)
(39.7)

(--)
(38.2) 109.3
(27.9) 97.1

(47.0) 421.3
(57.4)

(20.1) 48.9

(32.7) 41.4
(40.8) 109.4

(59.4) 58.5

(69.7) 27.9 (55.8) 51.3 (102.5)

(23.4) 45.0 (89.9) 25.9 (51.8)

(31.5)
(14. J)

~!l

(41.0)

83.8

97.4

290.2

247.1

195.5
147.1
110.0
161.0
131.2
165.5

159.3
116.3

131.2
58.8

100.5

170.7

136.1
170.0

196.0
239.0

Ba,S

None
Ba,S

S
S

S

S
S
S

Vr

S

S
Vr
Ba

Ca,BS
NlI~,BS

Ca,A

Ca,A

Ca,A

HgO,8S
Ca,A

NII3,A
NII~,A

IIgO,BS

Ca,A
NlI~,A

NII~,A

BP

BP

DR
BP

DR

DR

OR
DR
DR

IlP
DRIBI'

IlP/DR
Dil
BP

103 Corrug
Harket

101 Harket
~ri s::>ue

89 Tissue
Harket

100 Harket
78 Tissue

~larket

41 Writing
Uarket

35 Glassine
Package

39 Writing
Thin

93 Wri ting
Printiog

56 Printing
69 Writing

Lao)inating
100 Harket

61 Writing
42 Prioting

Harket
34 Tissue
52 Tissne
57 Tissue

040011 284

040009 566

040012(f) 270

040013 289
040014 146

040010 244

040015 155
040016 437
040017 412

040006(b) 131

040002 547

040007 (b) 135
040008 964

040001(g)

040018 359
1140019(g)(b)
040020 671

(a)lll' - blow pit washing; DR - drum washing (as daimed at time of survey).~

(b)Exdudes Hills 040006 and 040007, which have no ,recovery and bave shut down pulping
operatious. Also excludes.,ill 040019 because only a portion of raw wasle load was reporled.

(r)A - acid, BS - bisulfite, Ca - calciwu, Na - sodium, NHJ - auunonia, ~JgO - magnesiwn oxide.
(d)S-s'urt"aee J B-a-barometr j c, V-unknown, Vr-vapor recolUpres;ion.
(e)f-NiJls with ~BPT flow; B-Hills with ~BPT BODS.
(f)Yeast plant on-site. -
(g)Procluction data held confidential.



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
th~ effect of washing processes on raw w~ste load BOD5 and flow. Raw
waste flow and BOD5 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 recov~ry 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 BODi 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 BODi or flow for
mills using blow pit washing compared to drum washing has been found.
As illustrated in Figures V-17 and V-18, the percentage of sulfite
pulp production relative to total production has been 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 sulfite pulp
production. The correlation coefficient squared (r 2 =0.91) reflects
the good statistical correlation of the regression.

Figure V-20 presents a plot of raw,waste BODi 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 BOPS raw waste 'load and the cooking
process (acid or bisulfite) or cooking base (calcium, sodium, ammonia,
and magnesium) used.

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 have been presented in
Table V-l0. Included in the table are the data relating to 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 reflects the BODi contribution
that would be expected from the production of newsprint fromTMP pulp.

Groundwood-CMN Papers. Data are available and presented in Table V-ll
for six mills where groundwood pulp is produced on-site using either
stones or refiners. Average on-site pulp production is seventy-two
percent based on total mill production. Major products include
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FIGURE V-17

EFFECT OF WASHI'NG PROCESS ON RAW WASTE BODs
PAPERGRADE SULFITE SUBCATEGORY
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FIGURE V-18

EFFECT OF WASHING PROCESS ON RAW WASTE FLOW:

PAPERGRADE SULFITE SUBCATEGORY
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R'GURE V-19
RAW WASTE FLOW VERSUS PERCENT SULFITE PULP ON SITE
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FIGURE V-20

EfFECT OF COOKING PROCESS ON RAW WASTE BOD§
PAPERGRADE SULFITE SUBCATEGORY
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FI'GURE V-21

EFFECT OF CONDENSER TYPE ON RAW WASTE FLOW

PAPERGRADE SULFITE SUBCATEGORY
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TABLE V-IO

SUMMARY RAW WASTE LOAD DATA
GROUNDWOOD-THERMO-MECHANICAL SUBCATEGORY

Production Profile Raw Waste Load
Pulp Product Flow BOD5 TSS

Mill No. TMP % Other GWD % (tid) Type kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

070001 90 0 155 Coarse, Uncoated 81.3 (19.5) 19.0 (38.0) 41.3 (82.5)

Printing

070002(a) 88 12 497 Newsprint 33.3 (8.0) 16.2 (32.3) 43.4 (86.7)

040003(b) -- Newsprint (--) 28.5 (57.0) (-- )

I-' Average 57.3 (13.8) 21.2 (42.4) 42.4 (84.6)
w
w

BPT - Raw Waste Load 87.8 (21.1) 39.2 (78.4) 39.9 (79.8)

(a)Supplemental data submitted by mill for 3/79 - 7/79.
(b)Data for TMP portion of mill (supplemental data).



TABLE V-ll

SUMMARY RAW WASTE LOAD DATA
GROUNDWOOD-CHN PAPERS SUBCATEGORY

Production Profile Raw Waste Load
Furnish Product Flow BOD5 TSS

Mill No. GWD (%) (tjd) (tjd) Type kljkkg (kgaljt) kgjkkg (lbjt) kgjkkg (lbjt) ~BPT(c)

052015 78.7 74 94 Newsprint, Fine 99.5 (23.9) (--) (--)

052016(a) 79.2 369 465 Newsprint 46.6 (U.2) 20.0 (40.0) (--) F

054004 61.5 39 64 Molded 94 (22.6) 27.0 (53.9) 103.6 (207.2)

054006(b) 72.4 Molded 109.2 (26.2) 19.1 (38.2) 56.4 (U2.7)
I-'
w
-I::> 054010 72.7 8 11 Molded 121.6 (29.4) .(--) (--)

054015 70.5 693 983 Newsprint GWD U8.7 (28.5) 21.4 (42.7) 47.3 (94.5)
Specialties

Average 72.5 . 108.6 (26.1) 21.9 (43.7) 69.1 (138.1)

BPT-Raw Waste Load 99.0 (23.8) 17.4 (34.8) 48.5 (97.0)

(a)Relates to· only part of total discharge; therefore,excluded from average flow.
(b) Production data held confidential.
(e)F-Mill with ~BPT flow.



newsprint, molded, and other course groundwood products and
specialties. 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. Average 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 BODS 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, BOD5, 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 used in
papermaking.

Raw waste flow and BODS 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 BODS or flow to percentage of
groundwood pulp manufactured. -

Integrated Miscellaneous Mills. Available data on wastewater
discharge and BOD~ 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 integrated subcategory
definitions are employed. Information is also provided on the types
of pulp(s) produced and the various products manufactured on-site.

Deink. Flow, BOD5, 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 BODS data have been 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.

Based on this evaluation, it has been 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, BOD5, 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.
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FI'GURE V-22
RAW WASTE FLOW VERSUS PERCENT GROUNDWOOD PULP ON SITE

GROUNDWOOD-CMN PAPERS SUBCATEGORY
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FIGURE V-23

RAW WASTE BOD§ VERSUS PERceNT GROUNDWOOD PULP ON SITE

GROUNDWOOD-CMN PAPERS SUBCATEGORY
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TABLE V-12

SUMMARY RAW WASTE LOAD DATA
GROUNDWOOD-FlNE PAPERS SUBCATEGORY

Production Profile Raw Waste Load
GWD Product Flow BODS TSS ;;iBPT

Mill No. (%) (tId) Type kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) (b)

052003 51.0 535 Printing 87.8 (21.1) 12.2 (24.3) 61.0 (122.0) BF

052004 31.0 481 Coated 65.8 (15.8) 28.6 (57.2) 79.2 (158.4) F

052005 39.1 755 Printing 55.4 (13.3) 27.8 (55.6) 56.7 (113.3) F

052007 58.0 224 Printing 96.6 (23.2) (--) (--)
I-'
w 052008 41.8 787 Coated ·54.5 (13.1) 10.1 (20.1) 56.0 (112.0) BFco

052013(a) 38.5 Coated 69.9 (16.8) 15.6 (31.2) 41.4 (82.7) BF

052014 34.0 285 Coated 54.5 (13.1) 12.0 (24.0) 36.9 (73.7) BF

054014 82.5 76 Printing 61.2 (14.7) 16.8 (33.6) . 46.6 (93.2) F
Specialties

Average 47.0 68.2 (16.4) 17 .6 (35.1) 54.0 (107.9)

BPT-Raw Waste Load 91.0 (21. 9) 16.7 (33.3) 52.5 (105.0)
Average of Mills with :::;BPT flow 64.2 (15.4) 17 .6 (35.1) 54.0 (107.9)
Average of Mills ,... i th ;;iBPT BODS 66.7 (16.0) 12.5 (24.9) 48.8 (97.6)

(a)Prodllction data held confidential.
(b)F-Mill with ;;iBPT flow; B-Mill with ;;iBPT BODS.



FIGURE V-24

RAW WASTE FLOW VERSUS PERCENT GROUNDWOOD PULP ON SITE

GROUNDWOOD-FINE PAPERS SUBCATEGORY
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FI'GURE V-25

RAW WASTE BOD.Q VERSUS PERCENT GROUNDWOOD PULP ON SITE

GROUNDWOOD-FINE PAPERS SUBCATEGORY
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TABLE V-13

SUMMARY RAW WASn: WAil DATA
INTEGRATED MISCnLANEOUS ~l/LLS

.f! _.. B

l,050K 454
---------------------------------------------Ilata is

1,410UK

617U 326
615K 750U

1,590USK
934US

638K 259S 23K
310U 975IJS 878W
633lJK 528KU

20K 416UK 406K 245
251K 394K

169K 527K 713 11K
l,I37IJK

494 IOOKG 226
098 292E 593
168K 439K

18~K 119KU '431K 10lK
164K 140K 49K

92K 670K 854K
1,549KS

967lJK 356

4l3KU 168K I,Ol9K 1,600
493
185
173

820
1,583

607

1,616
1,549
1,323

943
1,365
1,590

934
920

2,163
1,161
1,087

645
1,420
1,137

1,854
1,478

8119
852

1,330
1,178
1,146

881

131.6 (31.6) 15.3 (30.6) 9.4 (18.8)
57.9 (13.9) 16.5 (21.0) 22.2 (44.4)

123.6 (29.7) 18.6 (37.2) 12.4 (24.8)
109.5 (26.3) 22.0 (43.9) 59.1 (118.1)
86.6 (20.8) 19;6 (39.1) 17.2 (34.3)
42.0 (10.1) 19.6 (39.2) 27.3 (54.6)
60.8 (14.6) 38.3 (76.5) ---Unknown-----

179.4 (43.1) 52.3 (104.5) 60.3 (120.5)
110.7 (26.6)· 34.5 (68.9) ---Unknown-----
---------------Se1f-Contailled-------- --------------- .
-----Hannles Two Facilities (Pilip and Chemical)-----

73.3 (17.6) 32.7 (65.4) 21.7 (43.4)
57.4 (13.8) 15.5 (31.0) 29.5 (58.9)

104.9 (25.2) 50.7 (101.4) 55.0 (110.0)
72.9 (17.5) 18.9 (37.7) 20.2 (40.4)

138.2 (33.2) 36.2 (72.3) 229.0 (458.0)
173.2 (41.6) 38.4 (76.7) 8.3 (16.5)
156.9 (37.7) 32.0 (63.9) 76.3 (152.5)

-----------------.:Unknown-----------------------
131.1 (31.5) 25.2 (50.3) 52.3 (104.6)
254.4 (61.1) 65.8 (131.5) 57.5 (115.0)
--------- .. -----------Unkllown------------------------
88.3 (21.2) 27.6 (55.1) 53.2 (106.4)
97.4 (23.4) 30.5 (60.9) 28.5 (57.0)

245.2 (58.9) 43.2 (86.3) 66.7 (133.4)
1,504 83.7 (20.1) 32.5 (65.0) 74.4 (148.8)

noL Ilsable--------------------- c-------------------------------
1,410 N/A N/A N/A' N/A N/A N/A

836 160.3 (38.5) 27.9 (55.7) N/A N/A
353 128.6 (30.9) 24.7 (49.4) 59.2 (118.3)

,138.6 (33.3) 19.5 (39.0) 24.4 (48.8)
124.1 (29.8) 35.9 (71.7) 86.6 '(173.2)
------------IJalldles two Facilitles------------------
109.5 (26.3) 2B.5 (57.0) 43.1 (86.1)
147.4 (35.4cst)47.8 (95.5) 113.1 (226.2)
160.7 (38.6) 30.6 (61.1) 43.4 (86.8)
102.0 (24.5) 28.8 (57.5) 26.3 (52.5)
92.8 (22.3) 39.6 (79.1) 94.3 (~88.6)

191.1 (45.9) 98.7 (197.3) 12.2 (24.3)
50.0 (12.0) 58.8 (117.5) 17.7 (35.4)

33K .

112

I J:lJ.1'

208K

420LOG

454

185L

903USK
865U
336UK

682U
I,007U

505UK

798UK
156U
335UK
751llK

1,193U
264U

J2J.

41K
3K

209K
10lK
137K
232K
140K
135K

UIOOIO
010011
OlO1l12
010013
010014
010015
010022
010026
010027(0)
010039
OI0050
010056
010059
015010
03000]
0300U7
O:lOOOIl
030011
0.10014
030016
030017{a)
030019
030021
OW025
0:10029(,,j
O:lOO:I.'i
030036
0]00311
0]001,0
0]0041
O:J0043(a)
O]u044
O:lO050
O:llIO~J

O]OW,4(a)
O]0055(a)
O:J005t>
04000]
040004
040005



'fAIIIJ-: V-IJ (Calll illlll·,I)

Ii
l'I'O<!U"lioll I'rolil" (lid)
~-' ."- ~ i" . _.~.~ - ~,X

63
53

3
7.5
6

32
21

150

OS201lb
1l~2111l9(a)

052010(,,)
1152011
0521117
054001
054002
054003
05400[,(,,)
054005
054008
054009
054011
054012(u)
1154013
1I540lb
054011(,,)
IlbOOOJ(a)
060002
0600U3
080010
OIlOOJ I (u)
1l80012(u)
1l80013(a)
1l80014(a)
0800I5(a)
1l80016(a)
080020
080023
080025(a)
080052
080054
08500:J
105uo6
105lJ/'b
105Ub3
IOS064
150001
ISOUI2(a)
ISOOl4
I.SOOIS
1',OOlb(u)
ISOOl7
1500111
ISOU20

27lJ

112G

54K

290

20m

7Y'I"
SN

2'1"
BST

8N

29

7KGll

25bGl'

SR

3r.P

150SN

50G

517G

Jl8GK 919GK

99GK 1,412GKX
495GP

S75

101'
1,20lG 45

401ltlK

J:lGT

36'1'1'

60pe
531'

12JN

J7

G+I;

37GP
GSO

30

II'l'

31'

61'
32N
21T

128

546
27

3
112

1,037

1,56S
495
293
592

45
1,565

400
207
n

11
36

79
5

2
85

131

159.9 (38.4) 27.0 (53.9) 70.8 (141.6)
98.7 (23.7~st)14.4 (2a.7est) 12.1 (24.2cst)

107.4 (25.8) 24.7 (49.4) 69.5 (138.9)
68.3 (16.4) 13.6 (27.2) 51.6 (103.2)

--------------No Iti gures Gj vcn------------------------
--------------No tlord luring R"'lui r"d------------------
--------------OJschargc lu P.O.T.W.-------------------

75.8 (18.2) 12.0 (24.0) 55.8 (111.5)
94.1 (22.6) 27.0 (53.9) 103.6 (207.2)
98.3 (23.6) 26.6 (53.2) 44.8 (89.5)
69.5 (16.7) 12. I (24.2) 39.6 (79. I)
N/A N/A N/A N/A N/A N/A
86.6 (20.8) 26.2 (52.4) 72.7 (145.3)

---------------------Ullknowll--------------------------
179.0 (43.0) 17.9 (35.8) 97.4 (194.8)
74.5 (17.9) 21.7 (43.4) 18.7 (37.3)
55.8 (13.4) 12.8 (25.5) 42.7 (85.4)

104.9 (25.2) 43.0 ·(86.0) 18.8 (37.5)
66.6 (16.0) 31.3 (62.5) 103.5 (207.0)
79.9 (19.2) 45.7 (91.3) 55.3 (110.6)

350.! (84.1) ---lJllklloWIl----- 28.5 (57.0)
96.2 (23.1) 7.4 (14.7) ---No Data------

1,253.1 (:JOI.O) 29.3 (58.6) ---No Data------
131.6 (31.6) 3.9 (7.8) ---No Ilata------
154.5 (37.1) 7.6 (15.1) ---No Uata------
301.0 (72.3) 3.b (7.2) ---No Data------
42.9 (10.3) 6.8 (13.6) ---No Data------

1,680.2 (403.6) 46.8 (93.6) 32.0 (63.9)
130.7 (31.4) 40.3 (80.6) 47.9 (95.8)
217.3 (52.2) 49.4 (98.8) 100.2 (200.3)
53.7 (12.9) 14.5 (28.9) 38.2 (76.3)

---------~-----~----NoData--------------------------~

12.9 (3.1) 2.8 (5.6) 14.1 (28.1)
-----------------------Unknowu------------------------

3:J5.9 (80.7) 46.3 (92.5) 73.3 (146.5)
4b6.7 (112.1) 104.4 (208.7) 102.8 (205.6)
840.5 (201.9) 140.5 (281.0) 167.3 (334.5)

-------~---------------ScJf-ContHjJled-----------------

240.b (57.8) 18.5 (37.0) 11.4 (22.7)
42.S (10.2) 41.8 (83.6) 13.7 (27.3)

---------------------'I'wo tlilJs Illvolved---------------
161.9 (38.9) 200.7 (401.3) 328.1 (656.1)
154.0 (37.0) 71.1 (142.2) 48.3 (96.5)
122.4 (29.4) 3.8 (7.6) 11.8 (23.5)

----UllkIO""----- 577.6 (1155.2) 44J.O (882.0)



'I'AIlLE V-13 (Co"l inned)

- --~- -'--' '~'._-".'.'-" -_ ..--_.. _.._-.-..- .'~_.. - -- _.'- ..-._.- .--" .

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

Cu lUIlIU Ht~at.lizl~-_._,.---- ------ '~

'A. Harket l'ulp
II. 'Packaging and Converting Products
C. Hoard and eOllslnu·tion Produc.~lS

I). Prinling Writing and Related Papers

E. NewsprinL
F. Sanitary Tissue
(;. Other - lncludes B'pecialty, Lhin, synthetic,

uon-wood (other than calLan writing),
constructiou, and mold~d papers.

74.5 (17.9) ----N(J llaLa----- 67.6 (J:l5.2)
______________________ No O~l~------------------------

___ ... LJllknOwll------------------------

___., . __ . 4~.' "~__ ·_ ..--'-'-' --_P~.,~ ,---------- ---------

III

f~ I'll i-f!!! J?~_~!.&!~~.!:!~~~
G. Groundwood
K. Kraft, bleached
U. Kraft, unbleached
S. Semi-Chemical
T. Cot.t.on
R. Recycled Plllp (WasLepaperl
N. Non-wood (Olher than "otton, includes synthet.ics)

H. ClIeD'; -Ht'challica1
L. Sulfite
P. Greater t.han 50% purchased pulp
O. Thermo-Hechanical
X. Soda
Y. Deinked

.~.

\!;U()2b IKT
15U029(a)
140001(01)

Hi /I No.

(,,)Productioll data held coutidenlial.



TABLE V-14

SUMMARY RAW WASTE LOAD DATA
DEINK SUBCATEGORY

Production Profile
Furnish (t/d) Raw Waste Load

Purch Purch Product Flow BODS TSS :iiBPl
~i11 No. Odnk(b) 'k(c) WP Pulp Broke (t/d) TyPe kl/kkg' (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) (a 1

Odnk Fine

140005 188 51 166 19 379 Unctd Print 99.9 (24.0) 17.4 (34.8) 197.3 (394.6) BF
Writing

140007 155 57 55 54 41 349 Ctd & Unctd 53.7 (12.9) 55.0 (110.0) 162.1 (324.1) SF
Printing

140008 77 62 9 10 29 128 Unctd Print 114.5 (27.5) 72.8 (145.5) 189.0 (377.9) B
Writing

140017(£) Ctd Print 125. i (30.2) 20.4 (40.7) 216.0 (432.0) B140019 43 60 8 18 65 Unct Print 44.5 (10.7) 20.9 (41.8) 106.0 (211.9) BF

Average 87.7 (21. 1) 37.3 (74.6) 174.1 (348.1)

BPT-Raw Waste Load 101.4 (24.4) 90.0 (180.0) 202.5 (405.0)
Average of Mills with SBPT flow 66.0 (15.9) 31.1 (62.2) 155.1 (310.2)
Average of ~Iills with SBPT BOD~ 87.7 (21.1) 37.3 (74.6) 174.1 (348.1)

Oeink Tissue

140010(f) San Tissue 117.8 (28.3) 55.8 (111.6) 133.9 (267.7) B140029(e) 20 73 6 22 San Tissue (-- ) (--) (~-)
1..0030 60 40 30 30 100 San Tissue 74.9 (18.0) 56.7 (113.4) 166.6 (333.2) BF140011 (f) San Tissue 90.3 (21. 7) 104.3 (208.5) 292.1 (584.2) F140014( f) San Tissue 90.3 (21. 7) 73.2 (146.3) 225.8 (451.5) BF140015(g) Tissue 139.5 (33.5) (--) (-- )140018 36 97 1 36 Ind Wrap,Tissue 25.4 (6.1) (-- ) (--) F140021 170 87 20 150 San Tissue 205.3 (49.3) 80.3 (160.5) 247.3 (494,5) S140022 56 48 26 6 50 San Tissue 166.5 (40.0) (--) (o~)140024(£) San Tissue 202.8 (48.7) 148.3 (296.5) 320.8 (641.6)140025 92 85 4 11 100 San Tissue 62.4 (15.0) 35.9 (71. 8) 161. 6 (323;2) rJF140028(£) San Tissue 155.7 (37.4) 112.6 ' (225.1) 375.2 (750.3)

Avenge 121.0 (29.1) 83.4 (166.7) 240.4 (480.8)

Average (exclUding 140018 & 140030) 136.7 (32.8) 87.2 (174.3) 251.0 (501.9)BPT-Raw Waste Load 101.4 (24.4) 90.0 (180.0) 202.5 (405.0)Average o£ Hills with SBPT flow 68.7 (16.5) 67.5 (135.0) 211.5 (423.0)
Average of Hills with SBPT flow (excluding 140018 & 140030) 81.2 (19.5) 71. 1 (142.2) 226.5 (453.0)Average of Mills with SBPT BOD~ (excluding 140018 & 140030) 119.0 (28.6) 61.3 (122.6) 192.2 (384.2)

Odnk :iewsprint

140002(£) (g)
140003(f)(g)
140013(f) (8)

Average 67.6 (16.2)' 15.9 (31. 7) 96.7 (193.5)

(a)F - Ili11 with SBPT flow.
S - Hill with SBPT BOOS.

(b)Wastepaper to de ink process.
(c) Percentage o£ deink pulp used calculated by subtracting wastepaper, purchased pulp, and purchased broke from final

daily production. assuming this is equal to the amount of deink pulp utilized, then diViding by the final daily pro-duction.
(d)Excludes Hills 140018 and 140030. ~ill 140018 produces a coarse grade and recirculates approximately 50% of their

treated effluent; Ilill 140030 operates with very low deink use.
(e)Self-contained; therefore excluded from average.
(f) Production data held confidential.
(S)Confidentiality claim.

144



FIGURE V-26

RAW WASTE FLOW VERSUS PERCENT DEINK PULP PRODUCED
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FIGURE V-27

RAW WASTE BOD5 VERS.US DEINK PULP PRODUCED
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No apparent correlation exists between flow and BODS raw waste loads
as a function of the percentage of deinked pulp produced on-site.

. . -.""~ .~>:, /",-:" ;..;.,

Tissue from Wastepaper. Data are available for 21 mills
representative of this subcategory. Principal products include
industrial tissue, sanitary tissue, industrial packaging, wadding, and
packaging and wrapping ti~sue. At these mills, mixed wastepaper is
generally processed with little preparation, except for screenin~ and
cleaning prior to paper production on th~ papermachine.

Table V-15 presents available data on wastewater discharge and BODi
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
133 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.

Attempts have been made to determine if product mix has any affect on
raw waste load characteristics. Two types of multiple regression
analyses with one dependent variable have been performed on the raw
waste load data presented in Table V-16. No significant correlation
has been 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 140 kkg/day (210 tons/day), with slow-speed
machines. Every type of product is being produced at non-discharging
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. A variety of molded products are
produced at these mills including food packs such as 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 168.7 kkg/day (186 tons/day) and
have an average size of 44.0 kkg/day (48.6 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 papermachines but employ forming
mach~nes on which several vacuum pick-up ,forming dies are located.
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(a)Production data held confidential.
(b)F-Mill with ~BPT flow; B-Mill with ~BPT BOD5.
(c)Extensive wastewater recycle performed; dat~ not included in ~BPT averages.

B

F
F

F

BF

BF

BF

:S;BPT(b)

(123.0)

TSS

61.5

70.7 (141.4)

66.1 (132.2)

110.5 (221.0)

30.0 (59.9)

37.4 (74.7)

kg/kkg (lb/t)

(40.3)

(44.9)

(42.9)

(29.0)

(24.1)

(19.3)9.7

12.1

14.5

20.2

22.5

21.4

BODS
kg/kkg (lb/t)

Raw Waste Load

(21.0)

(25.2)

(16.3)

(21.3)

(22.5)

(19.3)80.4

59.6 (14.3) (--) (--)
76.7 (18.4) 18.8 (37.6) 59.4 (118.7)

-----------------------Self-contained-----------------------
51.6 (12.4) 8.7 (17.3) 9.2 (18.4)

-----------------------Self-contained-----------------------
-----------------------Self-contained-----------------------
-----------------------Self-contained-----------------------
156.1 (37.5) 9.3 (18.6) 88.9 (177.8)
237.7 (57.0) 53.5 (107.0) 128.0 (255.9)

22.1 (5.3) (--) (--)
138.2 (33.2) 22.0 (44.0) 68.2 (136.3)

9.2 (2.2) (--) (--)

72.4 (17.4) (--) (--)
141.5 (34.0) 22.4 (44.7) 106.4 (212.8)
137.8 (33.1) 37.6 (75.1) 103.3 (206.5)

29.1 (7.0) (--) 46.7 (93.3)
62.0 (14.9) 14.2 (28.4) 38.0 (76.0)
-----~-----------------Self-contained-----------------------

35.4 (8.5)' (--). (--)
-----------------------Self-contained-----------------------
84.5 (20.3) ~ (13.0) 13.3 (26.5)

20.0

19.5
47.0

10.5
15.2
11.2

7.0
5.5

7.5
83.0
15.0
20.0
16.0
20.0
7.3

11.9
40.7
20.7

Industrial Tissue

Production Flow
Mill No. (t/d) kl/kkg (kgal/t)

Average w/o Self
Contained Mills

TABLE V-IS

SUMMARY RAW WASTE LOAD DATA
TISSUE FROM WASTEPAPER SUBCATEGORY

090002
085004
085006(a)
090006(c)
100005
100011
100012(c)
100015
100001(a)

090004
090010(a)
100002
100003
100004
100007
100008
100013
100016
105007(c)
090014
100014(c)

Average wlo Self-
Contained Mills 93.9

BPT-Raw Waste Load 104.8
Average of Mills
with ~BPT flow 67.8
Average of Mills
with ~BPT BODS 88.6

Overall Average w/o
Self-Contained Mills 87.6

Sanitary Tissue



TABLE V-16

SUMMARY RAW 'WASTE LOAD DATA
PAPERBOARD FROM WASTEPAPER SUBCATEGORY

Production Profile (t/d) Raw Waste Load
:-1il1 Flow BODS TSS
No. A B C 0 E F G Total kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) ";BPT(a)

110001 300 250 240' 170 960 28.3 (6.8) 12,5 (25.0) 19.3 (38.5) F
110002 45 45 0.4 (0.1) 2.0 (3.9) 10.8 (21.5 ) FB
110003(c) 20.8 (5.0) (--) (--) F
110004 178 178 15.8 (3.8) 13.0 (25.9) 12.1 (24.2) F
110005 16 130 16 162 (--) (-- ) (--)
110006 127 127 (-- ) (-- ) (--)
110007 170 170 -------------------Self-Contained--------------------
110008 58 14 72 16.2 (3.9) 20.3 (40.6) 6.4 (12.8) F
110009 94 94 (-- ) (~-) (--)
110010 10 10 (-- ) (--) (--)
110011 14 35 122 171 17.9 (4.3) 7.3 (14,.6) 11. 1 (22.2) FB
110012 208 208 (--) (--) (--)
110013 (410 C+D) 410 (--) (--) (--)
110014 90 90 3.3 (0.8) 13.2 (26.4) 11. 1 (22.2) F
110015 79 79 -------------------Self-Contained--------------------
110016 49 49 -------------------Se1f-Contained--------------------
110017 84 84 '2.5 (0.6) (-- ) (--) F
110018 ------------.---No Data Given---------------- -------------------Self-Contained--------------------
110019 18 25 36 79 (--) (--) (--)
110020 9 23 54 86 (~-) (-- ) (--)
110022 23 17 40 76.2 (18.3) 14.1 (28.2) 29.8 (59.6)
110023 138 138 (--) (-- ) (--)
110024 223 90 24 337 4.2 (1. 0) 3.2 (6.3) 2.3 (4.5) FB
110025 45 408 453 6.2 (1.5) 11.0 (21.9) 2.4 (4.7) FB
110026 150 150 -------------------Self-Contained--------------------
110028 83 83 0.8 (0.2) 0.6 (1.2) 1.3 (2.6) FB
110029 2 '133 135 9.6 (2.3) 7.5 (14.9) 8.8 (17 .5) FB
110030 126 126 5.0 (1. 2) (--) 5.1 (10.2) F
110031 150 150 7.1 (1. 7) (--) (--) F
110032 74 74 (--) (--) (--)
110033 96 96 --~----------------Self-Contained--------------------

110034 165 165 (-- ) (--) (--)
110035 150 27 44 221 18.7 (4.5) 13.0 (26.0) 10.7 (21.4) F
110036 61 61 8.3 (2.0) 3.7 (7.3) 1.3 (2.6) FB
110037 89 57 :W 166 -------------------Self-Contained--------------------
110038 92 3 95 40.8 (9.8) 12.5 (24.9) 13.9 (27.8)
110039(c) 31.2 (7.5) 15.4 (30.8) 27.2 (54.3)
110040(c) 25.0 (6.0) 9.7 (19.4) 7.9 (15.7) FB
110041 88 16 104 35.8 (8.6) 5.2 (10.4) 4.1 (8.1) B
110043 130 30 160 18.7 (4.5) 1.0 (1. 9) 1.1 (2.2) FB
110044 108 108 -------------------Self-Contained--------------------
110045 100 175 25 ,300 30.0 (7.2) 1.0 (2.0) 39.3 (78.5) Fa
110046 36 36 (--) (--) (--)

110047 100 70 100 270 20.0 (4.8) 6.5 (13.0) 2.1 (4.1) FB
110048 53 53 (--) (-- ) (~- )
110049(c) 2.9 (0.7) 5.4 (10.7) 2.8 (5.6) Fa
110050 32 234 5 271 (--) (--) (-- )
110051 40 146 9 195 (--) (--) (--)

110052 95 95 25.4 (6.1) 9.1 ' (18.1) 5.0 (10.0) FE
110053 300 300 12.9 (3.1) 8.1 (16.2) 2.8 (5.5) FB
110054 97 97 (-- ) (--) (--)
110055 (153 A+B+C) 153 14.6 (3.5 ) 16.4 (32.7) 11.8 (23.5) F
110056 10 55 65 (-- ) (--j (--)
110057 (c) 30.4 (7.3) 48.8 (97~6) 47.7 (95.3)
110058(c) (-- ) (--) (--)
110059 (c) 42.0 (10.1) 16.5 (32.9) 26.2 (52.3)
110060(,,) (--) (--) (-- )

110061(c) 31.2 (7.5) 9.1 (18.1) 8.6 (17 . 2) B
110062 89 3 4 96 (--) (--) (--)
110064 11 11 -------------------Self-Contained--------------------
110065 76 16 (-- ) (-- ) (--)

110066 120 120 5.4 . (1. 3) 7.7 (IS .3) 9.8 (19.6) FB
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TABLE V-16 (Continued)

Production Profile (t/d) Raw Waste Load
Ifill Flow BODS TSS
No. A B C D E F G Total kl/kkg (kgal/t) kg/kltg (lb/t) kg/kkg (lb/t) :>BPT(a

110067 58 58 (--) (--) (-- )

110068 437 437 (--) (--) (--)

110069 134 134 30.8 (7.4) 7.4 (14.8) 16.5 (33.0) B
110070 68 68 4.1 (1.0) (--) (--) F

110071 58 58 (--) (-- ) (--)

110072 152 152 34.6 (8.3) 10.4 (20.8) 26.6 (53.2) B
110073 150 150 -------------------Self-Contained--------------------
110074 63 63 (--) (--) (--)

110075 68 68 8.3 (2.0) (--) (--) F

11007~ 99 99 4.1 (1.0) 5.1 (10.2) 2.5 (4.9) FB

110077 175 175 (--) (--) (-- )

110078 63 63 2.5 (0.6) (--) (--) F

110079 61 61 11.2 (2.7) (-- ) 6.9 (13.7) F
110081 60 60 -------------------Se1f-Contained--------------------
110082. 45 40 30 115 (--) (--) (--)

110083(c) 27.9 (6.7) 8.9 (17.8) 10.8 (21.5) FB
110084 105 105 15.8 (3.8) 3.2 (6.4) 4.6 (9.1) FB
110085 68 (102 D+E) 52 222 15.0 (3.6) 10.2 (20.3) 15.8 (31.5) FB
110086 115 85 200 -------------------Self-Contained--------------------
110087 442 442 27.5 (6.6) 67.5 (135.0) 16.9 (33.7) F

110088 43 43 27.1 (6.5) (--) (--) F
110089 35 35 (--) (--) (-- )

110090 54 3 20 77 11. 7 (2.8) 11.3 (22.6) 7.5 (14.9) F

110091 24 36 30 90 13.3 (3.2) 8.0 (15.9) 8.9 (17.8) FB

110092 200 200 1.2 (0.3) 3.8 (7.5) 2.2 (4.3) FB

110093 49 91 140 29.6 (7.1) (--) 28.0 (55.9) F
110094 99 99 (--) (--) (--)

110095 (c) . 12.5 (3.0) 21.7 (43.3) 4.0 (7.9) F

110096(c) (-- ) (--) (--)

110097 1 93 112 206 15.8 (3.8) 10.3 (20.5) 2.1 (4.2) FB
110098 40 5 54 8 21 128 13.7 (3.3) (--) (--) F
110099 282 108 390 8.7 (2.1) (--) 1.4 (2.8) F
110100 61 61 12.9 (3.1) (--) (--) F

110101 198 198 (--) (--) (--)

110102 50 50 (--) (--) (-- )

110103(c) (--) (--) (--)

110104(c) (--) (--) (--)

110105 (c) 1.2 (0.3) 1.6 (3.1) .1 (.2) FB

110106 192 70(d) 262 (--) (--) (--)

110107 (114 D+E) 114 --------~----------Self-Contained--------------------

110108 90 90 (--) (--) (--)

110110(c) 9.6 (2.3) 11.2 (22.4) 13.3 (26.5) FB
110111(c) 17.1 (4.1) 3.6 (7.2) 4.2 (8.4) FB
110112(c) (--) (--) (--)

110113(c) 15.8 (3.8) 5.1 (10.1) 34.0 (68.0) FB
110114 136 136 6.7 (1.6) 2.5 (5.0) 0.1 (0.2) FB
110115 6 200 206 (--) (--) (--)

110116 27 27 -------------------Self-Contained--------------------
110117 6 3 70 79 5.4 (1.3) 4.4 (8.7) 3.4 (6.7) FB
110118(c) 14.6 (3.5) (--) (--) F
110119 54 54 27.9 (6.7) 6.1 (12.1) 2.8 (5.5) FB
110120 30 12 42 10.8 (2.6) 7.5 (15.0) 1.5 (3.0) FB
110121 74 96 170 7.1 (1. 7) 1.2 (2.4) 1.5 (2.9) FB
1l0122(c) (-- ) (-- ) (--)

110123(c) 18.3 (4.4) 11.0 (22.0) 9.4 (18.8) FB
110124 27 101 128 45.. 4 (10.9) 12.8 (25.5) 32.6 (65.2)
110125 6 24 69 99 (--) (--) (--)

110126 195 195 23.3 (5.6) 0.8 (l.5) 0.5 (0.9) FB
110127(c) 52.0 (12.5) 12.5 (25.0) 19.5 (39.0)
110128(c) (--) (-- ) (--)

110129 - 14 76 90 (-- ) (--) (--)

110130(c) 6.7 (1.6) (--) (--) F
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(a)F-Mil1s ~BPT flow; B-Mi11s with :iBPT BOD~.

(b)Production from 2 mills
(c)Production data held confidential.

B

F

FB
F

FB
F

:iBPT(a
TSS

kgjkkg (lbjt)
BOD5

Raw Waste Load

kgjkkg (lbjt)

(3.4) 7.6 (15.1) 8.3 (16.5)
(4.2) 10.0 (20.0) 10.7 (21. 4)

(7.2) 11.3 (22.5) 11.0 (21. 9)
(3.1) 8.8 (17.5) 7.9 (15.7)
(3.7) 6.0 (11.9) 7.7 (15.3)

(kga1jt)
Flow

(.:..) (--) (--)
(--) (--) (--)
(--) (--) (--)

--------:..-------:..--Self-Contained--------------------
(--) (--) (--)
( -- ) ( -- ) ( -- )

10.0' (2.4) 4.9 (9.8) 4.9 (9.7)
20.0 (4.8) (--) (--)
-------------------Self-Contained--------------------

(--) (--) (--)
( -- ) (-- ) (-- )

-------------------Self-Contained--~-----------------

(--) (--) (--)
(--) (--) (--)

1.7 (0.4) (-'-) (-~)

(--) (--) (--)
(--) (--) (--)

12.9 (3.1) 4.3 (8.6) 6.4 (12.8)
20.0 (4.8) (--) (--)
~------------------Self-Contained--------------------

37.1 (8.9) 8.9 (],7. 7) 12.6 (25.2)

klfkkg

38

Total

TABLE V-16 (Continued)

1
35
90

G

16

11

F

220

118
110
220

5 104
122 211
123' 208

42 - ' 62
CLOSED---------------

43
64

115
3

60
48

115
1

35
90

E

115

30
12

41

D

(115 C+D+E)

49

C

38

66

Production Profile (tjd)

3
35
28

87

B

85
7 13

---------------MILL HAS
23 20
49 15

25
20

23

20
61

A

Average with Self-Contained Mills 14.1
Average without Self-Contained Mills 17.6

A Linerboard
B Corrugating
C Chip & Filler Board
D Folding Board
E Set-up Board
F Gypsum Wallboard
G Other Board Products

BPT-Raw Waste Load 30.0
Average of Mills ~BPT flow (without Self-Contained mills) 12.8
Average of Mills ~BPT BOD~ (without Self-Contained m~lls) 15.4

11013l(c)
110133(c)
110134
110135(c)
110138
110139
110140
110141
110142
110143
110144
110145
110146
110147
110148
110149
110150
110151
110152
150019
085002
085009

Mill
No.



Mill
Number

110007

110015

110016

110018

110026

110033

110037

110044

110064

110073

110081

110086

110107

110116

110135

110141

110142

110146

085002

TABLE V-17

METHODS OF HANDLING WASTEWATER AT
SELF-CONTAINED PAPERBOARD FROM WASTEPAPER MILLS

Method of Handling Wastewater

Rotating screen, 2 clarifiers, partial reuse of clarified
wastewater, remainder to evaporation pond.

Savealls and screening of wastewater with total recycle.

Savealls with total recycle.

Settling basin with total recycle.

Savealls with total recycle.

Savealls with total recycle.

Screening, clarifier, and settling basin with total recycle.'

Saveall with partial recycle to process, primary clarifier
treats remaining wastewater with more recycle, rema1n1ng
wastewater c= 2%) 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.

Settling basins and sand filters with total recycle.
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Sludge
Disposal

Landfill

Unknown

Unknown

Unknown

Unknown

Unknown

Reused

Reused

Unknown

Landfill

Unknown

Landfill

Landfi'll

Unknown

Unknown

Reused

Unknown

Unknown

Unknown



TABLE V-18

SUMMARY RAW WASTE LOAD DATA
WASTEPAPER-MOLDED'PRODUCTS SUBCATEGORY

Production-Profile Raw Waste Load
Product Flow BOD5 TSS

Mill No. Furnish (tId) Type(s) kl/kkg (kgal/t) kg/kkg (1b/t) kg/kkg (1b/t)

150002(a) WP 20.0 Pipe & Conduit 10.4 (4.9) 4.6 (9.2) 20.1 (40.1)
15000iJ Mixed WP 2.8 Egg Cartons 74.5 (17.~) . (--) (--)
150005(a) WP 5.5 Containers 25.0 (6.0) 2.35 (4.7) 8.4 (16.7)
150006 GWD & Pulp 43.7 Molded Products 46.2 (11.1) 10.35 (20.7) 18.9 (37.7)

Substitute
150007 (b) Wastepaper Molded Products 89.5 (21.5) 15.9 (31. 7) 23.7 (47.3)
150009(a) (b) News & GWD Molded Products 18.7 (4.5) (--) 0.5 (1.0)

Substitute
l5001O(a) News 60.0 Molded Products 31.2 (7.5) 9.4 (18.8) 15.0 (30.0)

f-> l5001l(b) News & Blank Egg Cartons & 71.2 (17.1) 10.5 (20.9) 23.4 (4~.7)U1
w Purch GWD & K Trays ~.. ;

150021 News, GWD, 16.6 Molded Products 172.8 (41.5) 5.2 (10.4) 11.2 (22.3)
Peat Moss & Peat Moss

150022 Box Cuttings 61.8 Molded Products 54.5 (13.1) 7.6 (15.2) 16.8 (33.6)
GWD Substitute

150023 GWD, BK 186.0 Molded Products 86.6 (20.8) 8.6 (17.2) 10.9 (21.7)
9% Wastepaper

150024 K, GWD, 55% 93.4 Molded Products 84.9 (20.4) 5.1 (10.2) 12.8 (25.6)
Wastepaper

150025 News 26.5 Molded Products 109.9 (26.4) 0.2 (0.4) 0.9 (1.8)
150028 K, GWD Substitute 11.0 Flower Pots ---------------------Self-contained------------------
150030 News 3.0 Molded Products (-=-) (-=-) C.:.=-)

Average without Self-Contained Mill 68.1 (16.4) 7.3 (14.5) 13.6 (27.0)

Average (Recycle Mills) without Self-Contained Mill 23.8 (5.7) 5.5 (10.9) 11.0 (22.0)

Average (Non-Recycle Mills) without Self-Contained Mill 87.8 (21.1) 7.9 (15.8) 14.8 (29.6)

(a)Recycle Mills
(b)Pro~uction data held confidential.



The individual products are formed in one operation, pressed, and then
dried.

Builders· Paper and Roofing Felt. Data are available for 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 twenty-three 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.

Table V-19 presents available data on water use and BOD5 and TSS raw
waste loadings. 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 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 when 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 minimal 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. In Table V-21, data are
presented on wastewater discharge and BODi and TSS raw waste loadings
for all of the remaining secondary fibers mills not previously
presented. Generally, either processes are employed that are typical

,
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TAIlLE V-19

SUM~RY RAW WASTE LOAD DATA
BUILDERS' PAPER AND ROOFING FELT SUIlCATEGOIlY

Production Profile Raw Waste Load
Product Subgroup Flow BODS TSS

~ill No.---f.t!!:~ __ (t/~L_ Type Finish(a) Code(b) kl/kl<g (kgal/t) kg/kkg Obit) kg/kkg (lb/t)

120001 WP, WE 32 Construction Paper S W 65.0 (15.6) (--) (--)
120002 WI', WE, Rag 116 Construction Paper U W 3.3 (0.8) (--) (--)

Roofing Felt
120003(d) WP, Chips Cons truction Paper T 8.3 (2.0) (-~) (--)
120004 WP, Rags, Gwn 69 Construction Paper S G 4.2 (1.0) 5.5 (10.9) 1.5 (2.9)
120005 WI', Gwn 170 Asbestos Felt U G 1.3 (0.3) 4.2 (8.3) 2.2 (4.3)

Organic Felt
120006 WP, Gwn 123 Construction Paper U G ----------------Self-Contained------------------
120007 WI', own 90 Construction Paper S G ----------------Self-Contained------------------
120008(d) WP, WF Construction Paper S W 26.3 (6.3) (--) (--)

Roofing Felt '.
I-' 120009 WI', WF 40 Construction Paper S W (--) (--)
(J1 120010 WI', WF 29 Construction Paper S W 28.8 (6.9) 2.1 (4.2) 2.3 (4.6)(J1

120011 WP, Chips 345 Cons truction Paper S T 7.4 (1.8) 12.8 (25.5) 5.1 (10. 1)
120012 WP, 1MI' 228 Construction Paper S T 2.8 (0.7) 8.9 (17.8) 2.9 (5.8)
120013 WI', Chips 97 Construction Paper U T 13.8 (3.3) 33.4 (66.8) 10.1 (20.2)
120014 .WP, Baled Pulp 21 Construction ·Paper U W (--) (--)
120015 WI', Chips 92 Construction Paper U T 5.0 (1.2) 11.2 (22,3) 4.1 (8.2)
120016 WP, own 30 Roofing Felt U T 7.0 (1. 7) (--) (--) .
120017 WP, TMP 73 Roofing Felt S T -----------------Self-Contained-----------------
120018 WP, TMP 88 Roofing Felt U T -----------------Self-Contained-----------------
120019 WI', TMP 156 Roofing Felt U T 4.0 (1.0) 7.4 (14.7)
120020 WI', Chips, TMP 82 Roofing Felt U T -----------------Self-Contained-----------------
12002I(c) WI', own 172 Roofing Felt U T 48.3 (11.6) 281.2 (562.4) 33.4 (66.8)
120022 WP, WF, Rag 53 Constructi.on Paper U' W 12.5 (3.0) 5.1 (IO.l ) 8.0 (I5.9)
120023 WI', Chips 75 Roofing Felt U T 19.2 (4.6) (--) (--)
120024 WP, TMp 126 Roofing Felt U T 2.0 (0.5) 3.4 (6.8) 2.4 (4.7)
120025 WI', WE, Rag 44 Roofing Felt U W 9.6 (2.3) 24.0 (48.0) 71.6 (143.2)

Construction Paper
120026 nIP, Chips 71 Con~truction Paper S T -----------------Self-Contained------------------
120027 WI', OWD 20 Con::;truction Paper S G -----------------Self-Contained------------------
120028 WI', TI1P 193 Roofing Felt U l' 40.8 (9.8) 22.1 (44.2) 17.7 (3~.4)
120029 Wi', 1'111' 39 Roofing Felt U T --~--------------Self-Contained-~----------------

120030 WP, \{F , Rag 28 Roofing Felt S W 5.8 (1.4) 2.2 (4.3) 6.9 (I3.8)
Construction Paper

120031 1'111', Chips 167 Construction Paper S T 16.6 (4.0) 6.2 (12.4) 6.0 (I2.0)
120032 WI', TI1P 77 Construction Paper U T 43.4 (10.4) 25.7 (51. 4) 40.9 (81. 8)
120033 WI', nIP 60 Construction Paper U T 0.8 (0.2) (--) (-- )
120034 WP, WF, Rag 30' Construction Paper U W -----------------Self-Contained-----------------



TABLE V-19 (Continued)

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

4.6 (1.1) (--) (--)
----------------Self-Contained------------------

10.0 (2.4) 5.0 (9.9) 7.6 (15.2)
----------------Self-Contained------------------

(--~ (--) (--)
8.9 (1.9) 3.9 (7.7) 6.5 (13.0)

-------------------Self-Contained----------------
-------------------Self-Contained----------------
13.8 (3.3) 14.1 (28.2) 15.-3 (30.5)
-------------------Self-Con~ained----------------

-------------------Self-Contained----------------
B:2 (2-:0) 5:6 (11. 1) 6:2 (12.5)
14.7 (3.5) 7.7 (15.3) 19.3 (38.5)
13.2 (3.2) 15.3 (30.6) 11.2 (22.3)
2.8 (0.7) 4.9 (9.6) J.9 (3.6)

(--)

(--)

(--)

(--)

(--)

(--)

TSS
kg/kkg (lb/t.)

(--)

(--)

(--)

(--)

(--)

(--)

BOD5
kg/kkg (lb/t)

Raw Waste Load

(--)

(--)

(--)

(1. 1)

(0.1)

(1.3)

0.4

5.4

4.6

kl/kkg (kgal/t)
---Flow

S W

S W

U W

S W

S W
S W
S W
S W
S W
S W
S W
U W
S W
S W
U W
U 0

U W
U 0
S l'
S 0

l'
U l'
U l'

Snbgroup
Finisb(a) Code(b)

Production Profile
Product

Hill No. ~'urnisb (tId) Type

120035 WP. WF, Rag 11 Construction Paper
Construction Felt

120036 WP, WF, Rag 54 Construction Paper
Construction Felt

120037 WP, WF, Rag 49 Construction Paper
Construction Felt

120038 WP, WF, Rag 51 Const~uction Paper
Construction Felt

120040 WP, WF, Rag 44 Construction Paper
120041 30 Construction Paper
120042 WP, Wj,', Rag 55 Construction Paper
J20043 Wl', WF, Rag 43 Construction Paper
120044 WP, WF, Rag 21 Construction Paper
120045 WP, Wj,' , Rag 36 Construction Paper
120046 WP, WF. Rag 72 Construction Paper
120047 WP, WF. Rag 63 Construction Paper

....... 120048 WP, WF, Rag 40 CouBcrucLion Paper
<.J'1 120049 WP,WF 22 Construction Paper
O'l 120050 WP, WF, Rag 55 Construction Paper

120051 Wj,', Purch 60 Construction Paper
Pulp

120052 W1', WE' 39 Construotion Paper
J20054 WP,WF 60 Builders Board
120055 THP, WF 334 Construction Paper
120056 WP, WF 242 Builders Board
120057 TM1', WP 125 Construction Paper
120058 'fI1P, WP ," Rag 118 COQstruction Paper
120059 TM1', WP 140 Builders" Paper
Average
Average Subgroup W (excluding s~lf-containcd mi11s)(b)
Av~rage Subgroup l' (excluding self-contained mills)(b)
Average Subgroup G (excluding self-contained mi11s)(b)

8PT-Raw Waste Load
Average of llills witb ::>BpT flow
Average of Mills witb ::>81'1'" BOD~

60.0
11.1
9.2

(14.4)
(2.7)
(2.2)

17.5
6.5
6.5

(35.0)
(13.0)
(13.0)

35.0
12.1
5.4

(70.0)
(24.2)
(10.8)

(a)S =Saturated; U =Unsaturated.
(b)W = Predominantly wastepaper furnisb.

l' = Furnish includes TIll'.
G =Furnish includes other types of gr.olJndwood.·
o = OLb~r. furnish.

(c)Represents wasle load to prilllary clarifier. which includes a high degree of
recycle to process. The~e figures ar~ not included in averages.

(d)ConfidentialiLy claim.

WP =Wastepaper
WF = Wood flour

TMp = Th..nno-mechauica1 pulp
GWD = Groundwood pulp



Mill
Number

120006

120007

120018

120017

120020

120026

120027

120029

120034

120041

120040

120048

120051

120056

120055

120059

120058

TABLE V-20

METHODS OF HANDLING WASTEWATER 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.

Clarifier and recycle with overflow to city sewer in
cases of emergency.

Total recycle.

Total recycle.

Clarifier and recycle.

Primary and biological treatment and recycle.

Primary and biological treatment and recycle.

Total recycle.

Saveall, screening, and recycle.

Saveall, screening, settling pond, and recycle.

Saveall, screening, holding tank, and evaporation pond.

Neutralization, aettling basin, and recycle.

Screening, clarifier, storage tank, and recycle.

Filtration and recycle.

Saveall and recycle.

Saveall, clarifier, saveall, and recycle.
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Sludge
Disposal

Unknown

Lagoon

Landfill

Unkitown

Unknown

Landfill

Unknown

'Unknown

Unknown

Landfill

Landfill

Lagoon

Landfill

Unknown

Unknown

Unknown

Unknown



TABLE V-21

SUMMARY RAW WASTE LOAD DATA
SECONDARY FIBERS MISCELLANEOUS MILLS

Production Profile Raw Waste Load
Mill Flow BODS TSS
No. (t/d) Product kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

080002 20 Groundwood Specialties (--) (--) (--)
110042(a) 240 Gypsum Board, Roofing Felt 35.8 (8.6) (--) (--)
110080 536 San.Tissue, Linerboard, Corrugating 27.9 (6.7) (--) (--)
110109 533 Foldingboard, Wetlap Pulp 35.4 (8.5) 25.0 (50.0) 91.2 (182.4)
110132 275 San.Tissue, Linerboard, Corrugating 33.3 (8.0) 9.0 (18.0) 17.3 (34.6)

Chip & Filler Board, Tube Stock
110136 61 GWD Specialty, Pressboard, Other

Board (--) (--) (--)
I--' 120039 350 Gypsum Wall Board, Construc~ion 14.2 (3.4) 34.3 (68.6) 15.7 (3i.4)
l.J"I PaperCXl

140004 72 Sanitary· Tissue 34.6 (8.3) (--) 3.4 (6.7)
140006 161 "Fine, Specialties 102.4 (24.6) 22.0 (44.0) 88.5 (176.9)
140009 138 Sanitary Tissue 55.0 (13.2) 13.7 (27.3) 46.9 (93.8)
140012 304 Uncoated Fine Paper 34.1 (8.2) (--) 53.9 (107.8)
140020 278 Uncoated Fine Paper 98.7 (23.7) (--) 70.85 (141. 7)
140023 98 Unctd Fine & GWD, GWD Specialties, . 99.1 (23.8) 14.5 (28.9) 27.6 . (55.1)
140026 319 .Coated, Uncoated Fine 91.9 (22.1) 38.4 (76.8) 105.9 . (211.8)
140027 201 Uncoated Fine 56.2 (13.5) 29.0 (58.0) 105.0 (210.0)
150008 44 Cotton Fiber, Specialties 45.6 (l0.9) 3.5 (7.0) 7.6 (15.2)
140016(b) Market Deink 8.3 (2.0) 34.6 (69.2) 68.8 (137.6)

(a)Data after primary treatment.
(b)Production data held confidential.
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Data are available for 17 mills
subcategory. Lightweight, thin,
are produced at mills in this

Nonintegrated-Lightweight Papers.
that are representative of this
tissue, and electrical papers
subcategory.

Table V-24 presents available data on wastewater discharge and BOD5
and TSS raw waste loadings. Attempts have been made to group mills

Nonintegrated-Tissue Papers. Data are available for 26 mills
representative of this subcategory. Both industrial and sanitary
grades of tissue papers are-made primarily from purchased pulps. Some
wastepaper and purchased deink and groundwood pulps are also used in
the manufacturing operations.

Available data on raw wastewater characteristics are shown in Table
V-23. The data presented in Table V-23 have been examined to
determine if there is a significant difference in raw waste load due
to differences in the type of products manufactured. However,
insufficient data are available on the production of industrial tissue
grades and this analysis is inconclusive.

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 BOD~ raw waste
loadings increase with the frequency of grade changes.

of two or more subcategories or unique processes are employed that are
not characterized by the curren~ subcategorization scheme.

Nonintegrated-Fine Papers. Data are available on 39 mills
representative of the nonintegrated-fine papers subcategory. Table
V-22 presents available data on wastewater discharge and BOD5 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 as little as 12 kkg/day (13 tons/day) up
to 989 kkg/day (1,088 tons/day). The number of machines in use varies
widely from mill to mill. Operating units are generally small.

Attempts have been 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 frQm cotton fibers tend to have considerably
higher raw waste load characteristics in terms of flow and BOD5.
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. The major factor
influencing raw waste characteristics is the number of "waste
significant" grade changes per day at mills in this subcategory. Data
are presented for overall subcategory averages comparing mills with
different frequencies of waste si'gnificant grade changes: no claimed
grade changes, less than one per day, and more than one per day. A
distinct correlation is seen, with wastewater discharge and BOD5 raw
waste loading increasing with the frequency of grade changes. -



TABLE V-22

SUMMARY RAW WASTE LOAD DATA
NONINTEGRATED-FINE PAPERS SUBCATEGORY

Grade Raw Waste Load
Changes

~li11 Production Profile Per Flow BODS TSS
No. (t/d) Product Day(b) kl/kkg (kgaI/t) kg/kkg (lb/t) kg/kkg (lb/t) :liBPT(d)

Q80001(c) Unctd, Print (-) 26.7 (6.4) 9.0 (17.9) 14.0 (27.9) FB
080003 25 Cotton (u) 148.9 (35.8) 6.0 (12.0) 7.0 (14.0) B
080004 13 Cotton (u) 88.2 (21. 3) 17.9 (35.7) 65.0 (130.0)
080005 63 Print, Thin (+) 34.9 (8.4) (--) (--) F
080007(a) 165 Unctd Print (0) 68.6 (16.5) (--) (--)

080009 1088 Ctd & Unctd Print (+) 76.5 (18.4) 5.9 (11.8) 25.0 (50.0) B
080017(e) 125 Ctd Print (u) ---------------Self-Contained----------'-----
080018 135 Unctd Print (u) 24.5 (5.9) (--) (--) F
080019 54 Unctd Print (-) 17.9 (4.3) (--) (--) F
080027 381 Ctd & Unctd Print (-) 37.9 (9.1) 13.7 (27.3) 40.7 (81.3) F
080028 81 Unctd Print (-) 82.4 '(19.8) (--) 44.7 (89.3)
080029 116 Print, Write, lnd (-) 45.8 (11.0) (--) (--) F

CODY

080030 74 Unctd Print (+) 22.5 (5.4) (--) (--) F
080031(c) Unctd Print (+) ,42.8 (10.3) (--) (--) F.
080032(c) Unctd & Rag (+) 117.8 (28.3) 12.1 (24.2) 29.4 (58.7)
080033 15 Unctd (+) 96.5 (23.2) 25.6 (51.2) 85.0 (170.0)
080034(c) Unctd (-) 25.8 (6.2) '5.8 (11.5) 10.2 (20.4) FB
080035 14 Cotton (u) 250.0 (60.1) 31.4 (62.8) 51.8 (103.5)
080037 742 Ctd Print, Board (0) 21.6 (5.2) 7.7 (15.4) 17.0 (34.0) FB
080038(c) Ctd & Unctd Print (u) 44.5 (10.7) 10.5 (20.9) 43.5 (87.0) FB
080040 587 Ctd Print (-) 85.7 (20.6) 16.9 (33.8) 115.2 (230.3)
080041 412 Print, Write, Pkg (-) 110.2 (26.5) 14.9 (29.8) 47.8 (95.5)
080042 43 Unctd, Cotton, Carbon (u) 78.6 (18.9) 19.5 (39.0) 44.8 (89.6)
080043 30 Unctd, Print, Artist (+) 268.3 (64.5) 40.7 (81.4) 86.5 (173.0)
080044 71 Unctd, Print Cotton (+) 141.4 (34.0) 15.9 (31. 7) 49.7 (99.4)
080045 144 Unctd, Print (-) 32.9 (7.9) 10.8 (21.6) 41.8 (83.6) F
080046 455 Unctd Print (-) 61.2 (14.7) 13.8 (27.6) 31.5 (6:l.9) F
080047 191 Unctd Print (u) 11.6 (2.8) 3.3 (6.5) 4.5 (8.9) FB
080048 173 Unctd Print (+) 50.3 (12.1) 11.1 (22.1) 18.3 (36.5) F
080049(c) Unctd Print (+) 48.3 (11.6) (--) (--) F
080050 33 Unctd Print, Cotton (u) 25.4 (6.1) 13.7 (27.3) 15.2 (30.3) F
080051 35 Unctd Print (u) 73.6 (17.7) (--) (--)

080053 267 Unctd Print (-) 52.8 (12.7) 3.8 (7.6) 24.4 (48.8) FB
080055(c) Unctd Print, Sat (0) 54.1 (13.0) (--) (--) F
105021 115 Ctd Print, Electrical (-) 71.1 (17.1) (--) (--)

105022(c) Unctd, Bristol, Pkg (+) 121.9 (29.3) 16.5 (32.9) 29.2 (58.4)
105027 27 Pkg (-) 121.9 (29.3) 14.7 (29.3) 40.3 (80.6)
105036(c) Base Stock, Thin (-) (--) (-- ) (-- )

105047 103 Ctd Pkg (u) 79.5 (19.1) (--) 18.3 (36.6)
105061 409 Pkg, Print (-) 52.9 (12.7) 6.5 (12.9) 48.8 (97.6) FB
105072 53 Pkg, lnd Conv (+) 171.0 (41.1) ~ (14.8) 26.2 (52.3) B

Average 76.6 (18.4) 13.7 (27.3) 38.4 (76.8)
Average wlo Cotton 68.3 (16.4) 12.5 (25.0) 38.3 (76.5)
Average w/o Cotton - No grade changes 48.1 (11.6) 7.7 (15.4) 17.0 (34.0)
Average w/o Cotton - <1 grade change/day 58.9 (14.2) 11.0 (21. 9) 41.8 (83.5)
Average w/o Cotton - >1 grade change/day 95.5 (23.0) 17.0 (34.1) 42.8 (85.6)

BPT-Raw Waste Load 63.2 (15.2) 10.8 (21.5) 30.8 (61.6)
Average of Mills :iiBPT flow; no grade change 37.9 (9.1) 7.7 (15.4) 17.0 (34.0)
Average of Mills :liBPT BOD~; no grade change 21.6 (5.2) 7.7 (15.4) 17.0 (34.0)
Average of Mills :liBPT flow; <1 grade change/day 39.3 (9.4) 9.1 (18.1) 30.2 (60.4)
Average of Mills :iiBPT BOD~; <1 grade change/day 39.6 (9.5) 6.3 (12.5 ) 24.4 (48.7)
Average of Mills SBPT flow; >1 grade change/day 39.8 (9.6) (--) (--)

Av.. rage of Mills :iiBPT BOD~; >1 grade change/day 123.8 (29.8) 6.7 (13.3) 25.6 (51. 2)

(a)Data after primary treatment; not included in average.
(b) Grade Changes Per Day: 0 - (0)

<1 - (-)
>1 - (+),

u - unknown
(c) Production data held confidential.
(d)F-Mill with :iiBPT flow; B-Mill with :liBPT BOD~.

(e)Not included in average.
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TABtE V-23

SUMHARY RAW WASTE WAD DA'l'A
NONINTEGRATED-TISSUE PAPERS SUBCATEGORY

Average(a)
Average-Only Industrial Tissue
Average - no grade changes
Avensge - less than one grade change per week
Average - less than olle grade change per day
Average - more than 011" grade change per day

BPT-Raw Waste Load
Average of Mill s wi th :>BPl' flow - No grade changes
Average of Mills with :;;BPT BODS - No grade changes
Average of Mills with :;;BPT flo~ - less than one grade change per week
Average of Mills with ~BPT BODS - less than one grade change per week
Average of Mills with ~BP1' flo~ - less than one grade change per day
Av~rage of Mills with ~BPT BODS - lesa tha~ one grade change per day
Average of Mills with ~BPT flow - more than one grade change per day
Average of Mills with ~BP1' BOD~ - more than one grade change per day

9.1

22.9

14.6
17 .4
0.7

F

~'B

F
F

F
F
F

F
FB

FB
F

F~

FB

~BPT(d)

B
FB
FB

(--)
(--)

(13.1)
(--)
(--)

(11.5)

(56.0)
(10.0)
(26.7)
(64.0)
(55.8)
(85.6)

(69.4)
(I3.9)
(13.1)
(64.0)

(--)
(62.5)
(54.0)

(I08.9)
(--)

Obit)

(10.0)
(22.9)
(57.0)
(94.2)
(51. 4)

(--)
(--)

(80.0)
(106.4)
(96.5)
(87.8)

(--)
(I08.9)
(62.3)
(53.7)
(31. 5)

(--)
(29.1)

(107.6)
(8.2)

TSS

6.6

54.5
31.2
26.9
15.8

40.0
53.2
48.3
43.9

14.6
53.8
4.1

5.8

28.0
5.0

13.4
32.1
27.9
42.9

34.7
7.0
6.6

32.1

31.3
27.0
54.5

kg/kkg

5.0
11.5
28.5
47.1
25.7

6.3
18.0
14.9
12.8

BODS

(--)
(--)

1.7 (3.3)
(--)
(--)

~ _(2.0)

10.4 (20.8)
4.5 (9.0)
4.8 (9.6)

14.9 (29.7)
10.9 (21. 7)
22.9 (45.7)

11.5 (22.9)
2.3 (4.5)
2.7 (5.4)

14.9 (29.7)
(--)

10.0 (19.9)
9.0 (17.9)

22.9 (45.7)
(--)

Raw Waste Load

kg/kkg (lb/t)

4.5 (9.0)
5.6 (I1.2)
8.0 (15.9)

15.3 (30.6)
9.9 (19.7)

(--)
(--)

(12.6)
(36.0)
(29.7)
(25.6)

(--)
(45.7)

(-- )
(I8.2)

(--)
(--)

(29.1)
(34.8)
(1.3)

(kgal/t)

(25.0)
(5.5)

(18.7) .
(23.2)
(21.5)
(18.9)
(8.6)

(15.3)
(13.6)
(13.5)
(19.2)
(24.8)
(I9.1)
(40.9)
(I6.0)
(7.4)
(--)

(68.7)
(17.9)
(4.3)

(34.4)
(22.7)
(7.8)

(23.5)
(42.6)

.Jl.:..!l
(20.4)
(25.0)
(13.7)
(9.8)

(28.6)
(30.0)

(22.9)
(9.5)
(9.9)
(9.8)
(--)

(18.9)
(I8.7)
(19.1)

(--)

Flow

78.7
78.1
79.7

143.5
94.7
32.5
98.1

177 .8
29.6

84.9
104.3
57.0
41.0

1i9.5
1Z5.2

95.3
39.5
41.4
41.0

286.7
74.7
17 .9

kl/kkg

104.3
22.9
78.0
96.8
89.7
78.8
35.9
63.8
56.7
56.3
80.1

103.5
79.7

170.7
66.7
30.9

(u)
(0)
(0)
(-)
(-)
(0)

Grade
Chg/Day(b)

(0)
(0)
(-)
(0)
(-)
(-)
(-/w)
(u)
(u)
(-/w)
(-)
(u)
( +)
(+)
(-)
( -/wJ
(0)
(-)
(u)
(0)

Product

Sanitary Tissue
44 Indus trial- Thsue

Sanitary Tissue
17 Hixed Product
27 Hixed Product
14 Hixed Product

Production Profile

(tid) Type

20 Industrial Tissue
Sanitary Tissue
Sanitary Tissue
Sanitary Tissue
Sanitary Tissue

70 Sanitary Tissue
59 Sanita~y Tissue
37 Sanitary Tissue

Sanitary- Tissue
Sanitary Tissue
Sanitary Tissue

159 Sanitary Tissue
890 Sanitary Tissue
176 Hixed Product
189 Hixed Product

Hixed Product
Sanitary Tissue

6 Hixed Product
50 Sanitary Tissue

140 Sanitary Tissue

Furnish
Hill No. P~rch GWD 01 WP

090001 23 5
090005(c)
090007(c)
090008(c)
090009 (c)
090011 62 12
090012 62
090013(a) 34 3
090016(c)
090017(c)
090018(c)
090019 139 19 48
090020 887 57 5
090021 119 11 40
090022 154 7
090023(c)
090024(c)
090025 6
090026 21 5 28
090027 140
090028(c) (a)

42 23 1
090029(a) 41 14
090030(c) 263
090031 14 4
090032 26 4
090033 15 1

C:;)Flow, BODS. and TSS includes whitewate; stream. These figures are not included in the subcategory averages.
(b)Grade change per day: 0 - (0) <I - (-)

>1 - (+) u - unknown
(-/w) - (less than one grade change per week)

(c)Productioll data beld confidential.
(dH'-Mill with ~BPT flow; B-Mil1 with ~BPT BOD~.



Raw Waste Load

·162

(--)
(--)
(--)
(--)

(38.1)
(38. 1)

(65.5)

(5.3)

(72.6)

(--)

(-- )

(5.3)

(114.1)
(38.1)

(126.8)

(--)
(0.2)
(--)
(--)

(114.0)
(--)

(114.0)

(254.2)
(-- )

(31.1)
(142.7)

(299.8)
(10.3)
(51.4)

(120.5 )

TSS

2.7

2.7

0.1

36.3

32.8

57.1
19.1
63.4

57.0

57.0

19.1
i9.1

149.9
5.2

25.7
60.4

kg/kkg (lb/t)

(--)

(--)

(3.0)

(3.0)

(26.6)

(28.1)

(--)
(0.3)
(--)
(--)

(39.7)
-l..=l
(39.7)

(40.3)
(22.8)
(43.3)

(58.8) 127.1
(--)

(16.5) 15.6
(37.7) 71.4

(--)
(--)
(--)
(--)

(22.8)
(22.8)

(115.3)
(5.7)
~

(48.2)

BODS

1.6

0.2

1.6

13.3

14.1

20.2
11.4
21.7

19.9

19.9

8.3
18.9

29.4

11.4
11.4

57.7
2.9

11.8
24.1

kg/kkg (lb/t)

thermal sewer. Apparently, mill
Not included in average.

(--)

(--)

(43.6)

(38.2)

(19.0)

(17.5)

(56.8)
(76.9)
(48.7)

(56.7)
(40.9)
(48.5)
(48.7)

(53.9)
(35.3)
(50.0)
(46.4)

(14.5)
(2.6)
(--)

(30.9)
(32.4)

(124.0)
(50.5)

(107.1)
(75.0)
(64.5)

(181.0)
(60.9)
(76.9)

Flow

60.2
10.8

181. 7

72.7

159.2

78.9

236.4
320.1
202.9

129.5
134.9
516.3
210.2

236.1
170.3
201.9
202.8

224.4
147.0
208.2
193.2

kl/kkg (kgal/t)

445.9
312.3
268.5
753.6
253.6
"3'2'Q.l

(0)
(0)
(-)
(-)
(-)
(-)

(+)
(-)
(-)

(+)
(0)
(-)

(-)
(0)
(0)
(0)
(u)

TABLE V-24

SUlfltARY RAW WASTE LOAD DATA
NONINTEGRATED-LIGHTWEIGHT PAPERS SUBCATEGORY

26.3

11.2

64.2
34.0
35.0

-- 203.0

5.3 32.5
26.9

110.5
4.4(c)18.0

20.45.3

2.0

Production Profile

4.0

11.3
1.6

25.6
5.1
4.9

Furnish (tId) Product Grade
WP Misc Broke (tId) Chg/Day(d)

47.4
33.0
34.0

29.6
30.3

102.4
12.0
15.1

Purch

(a)Represents a combination of process sewer and a very high flow from a
must use high flow on thermal sewer to meet thermal discharge limits.

(b)After primary clarification; not included in average.
(c)Estimated to balance.
(d)Grade change per day 0 - (0)

<1 - (-)
>1 - (+)
u - unknown

(e)Production data held confidential.

AVerage of mills with no grade changes and BODS less
than or equal to the average wlo electrical -

Average of All Mills
Average of Electrical
Average wlo Electrical

Average of mills with less than one grade change per day
and flow less than or equal to the average wlo electrical

Average of mills with more than one grade change per day
and BOD~ less than or equal to the average wlo electrical

Average of mills with less than one grade change per day
and BOD~ less than or equal to the average wlo electrical

Average of mills wit~ more than one grade cAange per day
and flow less than or equal to the average wlo electrical

Average of mills wit~ no grade changes and
flow less than or equal to the ~verage w/o electrical

080024
08002l(b)
080022
090003
105013
105016(e)
Average

080039(e)
105014(e)
105020 203.0
Average

Carbonize. Thin. Cigarette - Less Wastepaper

090015
105057
105058
Average

Printing & Thin Paper

105003 11.2
105015(e)
1050l7(e)
1050l8(a) (e)
105071 26.0
Average

Miscellaneous Tissue and Carbonizing

Hill No.

Electrical Paper



based on product type as illustrated in the table. 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 pap~rs 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 increase with the £requency of grade
changes.

Nonintegrated-Filter and Nonwoven Papers. Data are available on 14
mills representative of this subcategory. Average production is 16
kkg/day (18 tons/day). At these mills, a wide variety of filter and
non-woven pap~rs 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 non-woven
type papers for personal, sanitary, and-disposal uses.

Table V-25 presents all available data on BODi and TSS raw waste
loadings and wastewater discharge. As with the other subcategories in
the nonintegrated segment of the pulp, paper, and paperboard category,
the major factor influencing raw waste loadings is the frequency of
waste significant grade changes. In general, wastewater discharge and
BODi raw waste loadings increase with the frequency of grade changes.

Nonintegrated-Paperboard. Data are available for 11 mills that are
representative of this subcategory. Major products manufactured at
mills in this subcategory include electrical board, matrix board (used
for typesetting), food board, press board, and other board products.
Table V-26 presents all pertinent data available on wastewater
discharge and BODi and TSS raw waste loadings. As shown in the table,
at mills where electrical grades or matrix board are produced, larger
quantities of wastewater are discharged. However, there is an
inadequate data base on which to characterize mills where electrical
board or matrix board are made.

An attempt has been made to review data on wastewater discharge and
BODS waste loadings as a function of the number of waste significant
grade changes per day. The data base is very limited and no
correlation is apparent between frequency of grade change and raw
waste characteristics.

Miscellaneous Nonintegrated Mills. Table V~27 presents available data
on wastewater discharge and BODi and TSS raw waste loadings at all
nonintegrated m.ills not previously presented. At most of these mills,
products representative of two or more subcategories or unique
products not defined by the current subcategorization scheme are
manufactured.
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TABLE V-25

StlMHARY RAW WASTE LOAD DATA
NONINTEGRATED-FILTER AND NONWOVEN PAPERS SUBCATEGORY

Production Profile Raw Waste Load
Product Grade Flow BODS TSS

Hill lIo. (t/d) Type ehg/Day(a) kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

105005 5.9 Saturated Filter & (-) 327.8 (78.8) (--) 24.3 (48.6)
Nonwoven

105029 4.1 Technical & Filter (u) 143.5 (34.5) 18.2 (36.4) 14.7 (29.3)
105030(b) Filter (0) 189.2 (45.5) (--) (--)
105031 0.7 Filter (0) 393.1 (94.5) (--) (--)
105033(b) Filter, Wall Cover (+) 222.1 (53.7) (--) (--)

Hiscellaneous
10503f.(b) Filter (+) 171.8 (41. 3) (--) (--)
105043(b) Filter, Blotting, Photo (+) 279.5 (67.2) 25.0 (49.9) 54.8 (109.5)
105044(b) Filter, Blotting, Pkg (0) 25.6 (6.2) 3.8 (7.5) 12.8 (25.5)
105045 (b) Filter, Pkg (u) 39.9 (9.6) (--) (--)
10505l(b) Filter, Sat Tech (-) 170.6 (41.0) 5.0 (9.9) 19.4 (38.8)
105052(b) Filter (0) 17.8 (4.3) (--) (--)
105053(b) Filter (0) 42.2 (10.2) (--) (--)
105054(b) Filter, Photo, Wrap (u) 6.6 (1. 6) (--) (--)
105055(b) Filter, Saturated (+) 287.5 (69.1) ~ (17.9) 38.3 (76.5)

Average of All Hills 165.5 (39.8) 12.2 (24.3) 27.4 (54.7)
Average of mills with no grade changes 133.6 (32.1) 3.8 (7.5) 12.8 (25.5)
Average of mills with less than one grade

change per day 249.2 (59.9) 5.0 (9.9) 21.9 (43.7)
Average of mills with more than one grade

change per day 240.2 (57.8) 17 .0 (33.9) 46.6 (93.0)

Average of mills with no grade changes and flow
equal to or less than the average flow for
mills with less than one grade change per day 68.7 (16.6) 3.8 (7.5) 12.8 (25.5)

Average of mills with no grade changes and BOD~ equal
to or less than the average BOD~ for all mills 25.6 (6.2) 3.8 (7.5) 12.8) (25.5)

Average of mills with less than one grade change per
day and flow equal to or less than the average flow
for mills with less than on grade change per day 170.6 (41.0) 5.0 (9.9) 19.4 (38.8)

Average of mills with less than one grade change per
day and BODi equal to or less than the average BODi
for all mills 170.6 (41.0) 5.0 (9.9) 19.4 (38.8)

Average of mills with more than one grade change per
day and flow equal to or less than the average flow
for mills with less than one grade change per day 197.0 (47.5) (--) (--)

Average of mills with more than one grade change per
day and BOD~ equal to or less than the average
BOD~ for all mills 287.5 (69.1) 9.0 (17.9) 38.3 (76.5)

(a)Grade change per day o - (0)
<1 • (-)
>1 - (+)

u • unknoWn
(b)Production data held confidential.
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SUMMARY RAW WASTE LOAD DATA
NONINTEGRATED-PAPERBOARD SUBCATEGORY

TABLE V-26

Production Profile
Furnish tId) Product Grade

Mill No. Purch WP (t/d) Type Chs/Day(a)

085001 60.0 12 84.0 Packaging, Bag (+)
085007(b) Matrix Board (u)
085008 32.0 22 50.0 Pkg, Bag, Specialty (u)
085010(b) Matrix Board (u)
105001 33.5 38.2 Food Board, Gift (0)
105002 9.2 8.4 Hi Dens Electrical
105039(b) Latex & Sat Gaskets (-)
105048 46.0 62.0 Impregnated Fiber- (-)
105049 44.0 51.0 Impregnated Fiber (-)
105070(b) Electrical Board
105073 17.1 15.0 Saturated Paper for (u)

Vulcanizing
llO021 47.4 36.6 76.0 Press Board (u)
Average
Average wlo Electrical
Average wlo Electrical or Matrix

Average of mills with no grade changes and flow less than
or equal to the average flow wlo electrical or matrix

Average of mills with no grade changes and BODS less than
or equal to the average BOD~ wlo electrical ~r matrix

Average of mills with less than one grade change per day
and flow less than or equal to the average flow wlo electrical
or matrix

Average of mills with less than one grade change per day and
BODS less than or equal to the average BODS wlo electrical
or ;atrix -

Average of mills with more than one grade change per day and
flow less than or equal Co che average flow wlo electriCal
or matrix

Average of mills with more than one grade change per day and
BOD~ less than or equal to the average BOD~ wlo electrical
or matrix

(a) Grade change per day 0 - (0)
<1 - (-)
>1 - (+)

u - unknown
(b)Production data held confidential.
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Raw Waste Load
Flow BODS TSS

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

29.5 (7.1) (--) (--)
184.2 (44.3) (--) (--)
62.5 (15.0) 10.0 (20.0) 25.0 (50.0)

167.6 (40.3) 7.0 (13.9) 46.4 (92.7)
30.0 (7.2) 8.2 (16.4) 43.2 (86.4)

272.5 (65.5) (--) (--)
48.7 (ll.7) (-- ) (--)
38.7 (9.3) (--) (--)
52.9 (12.7) (--) (--)

221.0 (53.1) 87.5 (175.0) 136.5 (272.9)
105.3 (25.3) 13.0 (26.0) 42.4 (84.7)

62.9 .ill..:..!2. -i:::l. --i:.:.2.
106.3 (25.6) 25.1 (50,3) 58.7 (ll7.3)

78.2 (18.8) 9.6 (19.1) 39.3 (78.5)
53.8 (12.9) 10.4 (20.8) 36.9 (73.7)

30.0 (7.2) 8.2 (16.4) 43.2 (86.4)

30.0 (7.2) 8.2 (16.4) 43.2 (86.4)

46.8 (ll.2) (--) (--)

(--) (--) (--)

29.5 (7.1) (--) (--)

(--) (--) (--)



TABLE V-27

SUMMARY RAW WASTE LOAD DATA
NONINTEGRATED MISCELLANEOUS MILLS

Raw Waste Load
Production Flow BODS TSS

Mill No. tId Product kl/kkg kgal/t kg/kkg Ibs/t kg/kkg Ib/t

080006(0) Print, Photo 43.3 (10.4) 4.1 (8.1) 34.7 (69.4)

080008 248 Print, Cotton Pkg Tissue 1.7 (0.4)est (---) 1.0 (1.9)

080026(0) Print, Photo, Cotton, ----------------------Self-Contained-------------------
Specialty Pkg

080036(a) Print, Thin, Tissue, Release 52.8 (12.7) 8.0 (15.9) 17.5 (35.0)
Base

085005(0) Pkg, Cony 63.2 (15.2) 4.4 (8.7) 18.1 (36.2)

105004(0) Spec Pkg, Glassine 115.6 (27.8) (-- ) (--)

105008 262 Print, Tech, Gasket, Sat ___________________Not Available------------------------

105010(0) Spec Pkg Sat 83.2 (20.0) 36.7 (73.3) (NA)

105011 12 Spec Pkg, Glassine, Grease (--) (--) (--)

Prf
105012 45 Spec Pkg, Glassine, Grease (--) (-- ) (--)

Prf
105019(0) Print, Write, Tape, Sat 96.1 (23.1)est (--) (--)

Gasket
105023(a) Spec Pkg, Auto, Separated 169.7 (40.8) 10.2 (20.4) 15.7 (31.3)

105024(0) Print, Pkg, Wet Str Glassine 159.3 (38.3) 4.5 (9.0) 25.5 (51. 0)
105026(a) Print, Poster, lnd Cony Pkg, 108.2 (26.0) 10.5 (20.9) 17 .0 (33.9)

Sat
105028 77 Print, Tech, Pkg, Sat, 59.1 (14.2) 8.1 (16.1) 24.1 (48.2)

Surgical
105032 33 Gasket, Latex Sat 31.2 (7.5)est 3.4 (6.8)est 25.8 (51. 5)

105037 43 Pkg & Ind ConY 89.0 (21.4) 2.0 ,(4.0) 3.0 (6.0)

105038 SO Pkg & Ind Cony 158.1 (38.0) (--) 29.5 (58.9)

105040(a) Pkg & Ind ConY, Sat, Bag 127.3 (30.6) 13.6 (27.1) 61.7 (123.3)

105041(a) Bristol, Cable, Index, (--) (--) (--)

Gasket
105042(a) Copybase, Release, Specialty 106.1 (25.5) 14.4 (28.7) 50.6 (lOLL)

105050(a) Tape, Spec, Panels 183.6 (44.1) 17.4 (34.8) 41.1 (82.2)

105056(a) Print, Thin, Pkg, Sat, 159.7 (38.4) 6.9 (13. If) 13.8 (27.6)
Tissue

105059 153 Print, Ctd, Release, 44.1 (10.6) 8.3 (16.5) 34.0 (68.0)

Spec
105035(0) Asbestos, Gasket, Insul 163.5 (39.3) (--) 30.2 (60.4)

105062 36 Parchment (--) (--) (--)

105065 57 Print, Pkg, Cover, Masking 109.8 (26.4) (--) (--)

105066(0) Tech, Asbestos, Pkg 222.6 (53.5) 4.3 (8.6) 156.5 (312.9)

105067(a) Tech, Pkg, Lightweight 222.1 (53.4) 4.8 (9.5) 149.0 (297.9)

105068(11) Print, Photo, Pkg, Sat 105.2 (25.3) 18.6 (37.2) 86.8 (173.6)

105069(a) Writing, Tech, Cotton 66.6 (16.0) 24.9 (49.8) 42.4 (84.7)

120053 150 Asbestos Gaskets (--) (--) (-- )

150003(a) Asbestos, Electrical Board (-- ) (--) (--)

150027(a) Phenolic Board (--) (--) (-- )

(a)Production data held confidentia1.
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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-3D 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 ~nalyzed rath~r 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.

Verification Program

As described previously, the screening survey results, industry survey
responses, and available literature were reviewed to develop a list of
parameters to be studied in verification sampling. Table 11-8
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
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TABLE V-28

SUMJ1ARY OF. INITIAL SCREENING PROGRAM ANALYSIS RESULTS

Raw Water (~g/l) Raw Wastewater (~g/l) Final Effluent (~g/l)

Not Not Not

~!l.~!lutant Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave

1. accnaphthene 11 12 11

2. acr.olein 11 12 11

3. acrylonitrile 11 12 11

4. benzene II 4 6 2 3 6 5

5. bemddine 11 12 11

6. carbon tetrachloride
(tetrach] orumethane) 11 12 11

..... 7. cblorobt:nzene 11 10 8 11

O"l 8. 1,2,4-trichlorobenzene "11 12 11
(X) 9. heK8chlocubenzene 11 12 11

10. l,2-dichloro-eLhane 11 11 1 I 10
il. I,I,I-trichloroethane 11 7 2 3 6 11

12. hexachloroethane II 12 11

13. I,I-dichloruethane II 11 10
14. I, I ,2-trichloroethane 11 12 11

15. Itl,2.2-t~lrachlor.oethane 11 11" 11

16. chloroeLhane II 12 11

17. bis(chlorOl.ethyl) ether 11 12 11

Ill. bis(2-chloroethyl) ether 11 12 11

19. 2-chloroethyl vinyl ether (mixed) 11 12 11

20. 2-chloronaphthalcne 11 12 11

21. 2,4,6-trichlorupheno1 11 11 2 11

22. purachloromcta cresol 11 12 11

23. chlo.... Eurm (trichloromethane) 9 2 2 2 2 6 269 3 5 3 16

24. 2-cltlorophenol 11 12 11

25. 1,2-dichlorobenzeue 11 12 11

26. 1,3-dichlo["obt:nzcne 11 12 11

27. 1,4-diehjorob~nzene 11 12 11

211. 3,3 1 -dj chl orobellzidi ue II 12 11

29. J J j-cUchloroetbylene 11 12 11



TABLE V-28 (Continued)

Raw Water (Ils!l) Raw Wastewater (liS! I) Fina1 Effluent (llg!1)Not Not Not
~11utallt _ Detected <10 10-100 >100 Ave Detected <10 ]0-100 >100 Ave Detected <10 10-100 >100 Ave
30. 1,2ctrans-dichloroethylene 11 12 JJ31. 2,4-dichlorophenol 11 Il 9 232. 1,2-dichloropropane Il 12 1133. J ,3-dichloropropylene

(J ,3-dichloropropene) JJ 12 JJ34. 2,4-dimethylphenol. 11 12 Il35. 2,4-dinitrololuene Il 12 Il36. 2,6-dinitrotoluene lJ 12 ·Il37. 1,2-diphellylhydrazille lJ 12 .Il38. ethylhenzene JJ 6 5 9 9 239. fluorautheue JJ 10 ·2 I 10 I
I-' 40. 4-chlorophenyl phenyl ether lJ 12 Il0) 41. 4-hrolllophenyl phenyl ether JJ '12 111.0 42. bis(2- chloroisopropyl) ether lJ 12 1143. bis(2-chloroethoxy) methane JJ 12 Il44. methylene chloride (dichloro-

methane) 3 2 4 2 54 I 6 4 81 1 2 4 4 5545. m..thyl chloride (chloromethane) JJ 12 1146. methyl bromide (bromomethane) JJ 12 Jl47. hromofor,o (tribromomethane) 1] 12 JJ48. dichlorobromomethane JJ 11 I JJ49. t rich 1oro £1 uo I"oluelhane lJ 11 23 10 1950. dichlorodifluoroUlethane JJ 12 1151. chlorodi bronwlDethane lJ JJ JJ52. hexachLorobutadiene lJ 12 JJ53. hexachLorocyclopentadiene JJ 12 1154. i::;ophoroJle 1] lJ 5 JJ55. naphthalene JJ 11 12 JJ56. nitrobenzene JJ 12 JJ57. 2-nitrophenol JJ 12 1158. 4-nitrol'heno1 Il 12 1159. 2,4-dinitrophenol II 12 1]



'fABLE V-28 (eonU nued)

Raw Water (liS/I) Raw Wastewater (flS/l) nnal Effluent (flg/l)

Not Not Not
Todc Pollntant ____._ Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave

60. 4,6-diuitro-o-cresol 11 12 11

61. N-nitrosodimethylamine 11 12 11

62. N-ui trosodiphenylanline 11 12 11

63. N-nitrosodi-n-propylamine 11 12 11
64. pentachlorophenol 11 12 11

65. ph"nol 0 9 2 6 0 2 6 4 624 0 5 5 89
66. bis (2-ethylhexyl) phthalate 7 I 3 5 2 1 6 3 66 5 0 5 22
67- butyl benzyl phthalate 11 12 11

68. di-Il-butyl phthalate 4 3 3 16 3 3 5 85 5 3 2 16
69. di-Il-octyl phthalate 10 1 1 12 11

70. diethyl phthalate 10 I 1 7 4 7 4
71. dimethyl phthalate 11 12 11

72. benzo (a)anthracene (1,2-bellzanthra-

...... cene) 11 12 11

"
73. benzo(a)~yrene (3,4-benzopyrene) 11 i2 11

0 74. 3,4-benzo fluoranthene 11 12 11

75. b£llzo(k) fluoranthene (l1,12-benzo
fluoranthene 11 12 11

76. chrysene 11 11 11

77. acenaphthylene 11 12' 11

78. anthracene 11 8 2 2 9 10
79. benzo(ghi)perylene O,12-benzo-

perylene) 11 12 11

SO. t 1uorene 11 12 11
81. phenanthrene 11 12 11

82. dibellzo (a,h) anthracene
(1,2,5,6-<Iibenzanthracelle) 11 12 11

83. indeno (1,2,3-cd) pyrene
(2,3-o-l'henylenel'yrene) 11 12 11

84. pycene 11 12 11

85. tetrachloroethylene 11 10 2 1 10 7
86. Loluene 10 2 8 2 4 4 6 4



TABLE V-28 (Continued)

Raw Water (!.lg/l) Raw Wastewater (!.lg/l) Final Effluent (Hg/l)
Not Not Not

!OX!C Poll!!.!.ant_____ Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave

87. trichloroethylene 11 10 2 11
88. vinyl chloride (chloroethylelle) 11 12 11
89. aldrin 11 12 11
90. dieldrill 11 12 11
91. chlordane (techni cal ,uixlure &

metabolites) 11 12 11
92. 4,4'-DIlT 11 12 11
93. 4,4'-DDE (p,p'-IlDX) 11 12 11
94. 4,4'-DDD (p,p'-TDE) 11 12 11
95. a-endosulfan-Alpha 11 12 11
9b. b-elldosulfan-Bela 11 12 11
97. endosulfan sulfate 11 12 11
98. endrin 11 12 11
99. endrin aldehyde 11 12 11
100.heplachlor 11 12 11..... 101. heptachlor epoxide 11 12 11'J I02:a-BlIC-AIpha 11 12 11.....
103.b-BllC-Beta 11 12 11
104.r-BllC (lilldane)-Ganuna 11 12 11
105.g-BIIC-Delta 11 12 11
lOb. PCB-1242 (Arochlor 1242) 11 12 11
107. PCB-1254 (Arod.lor 1254) 11 11 10
I08.peB-122l (Arochlor 1221) 11 12 11
I09.PCIl-1232 (Arochlor 1232) 11 12 ·11
II0.PCB-1248 (ArochLor 1248) 11 12 11
III.PCB-12bO (Arochlor 1260) 11 12 11
112.PCB-10Ib (Arochlor 101b) 11 12 If
113. Toxaphene 11 12 11
114.Ant j",ouy {Total) 0 11 1 0 10 2 7 0 10 4
115.Arsenic (Total) 0 11 3 0 11 I 5 0 10 3
Ilb.Asbestos (Fibrous) 11 12 11
1l7.Berylliuin (Total) 0 II 0 12 0 11



TABLE V-28 (Continued)

Raw Water (flg/ l ) Raw Wastewater (flg/ l ) Final Effluent (flg/l)

Nol Not Not

Toxic Pollutant Detected <10 10-100 >100 Ave Detected <10 10-100 >100 Ave DeLected <10 10-100 >100 Ave

118.Cadmiwm (Total) 0 11 I 12 2 0 11 I

119.Chrolllium (1'ota1)1:* 0 6 5 8 0 3 8 1 42 0 7 4 12

120.Copper (Tota1),("* 0 1 10 27 0 0 8 4 81 0 0 53,

121.Cyanide (Tota I) 0 11 10 0 11 I 26 0 11 10

122.Lead (To La1)-I.-1: 0 6 5 10 0 4 1 36 0 5 6 16

123 .~lercury (Total) 0 11 1.2 0 12 1.5 0 11 1.5

124.Nickel (ToLal),(-1< 0 6 5 13 0 2 10 35 0 3 38

125.Selenium (Total) 0 11 2 0 12 3 0 11 2

126.Silvee (ToLal) 0 10 5 0 12 2 0 10 6

127.ThaI Jium (ToLal) 0 11 2 0 12 2 0 11 2

128.2.1nc ('I'otal)** 0 0 9 2 55 0 0 6 6 555 0 0 4 124

129.2,3,7,B-tcLrachlol"Odibeuzo-p-
dioxin (TCOD) * * *

130.Abietic Acid 11 1 4 7 365 7 0 3 I 94

131.Dehydroabietic Acid 11 1 0 1 10 700 5 I 3 2 89

..... 132.hopimadc Acid 11 11 I. 9 11

'-l 13j.Pimaric Acid 11 2 0 5 5 87 8 I 2 12
N 134.01";0 Acid 11 3 2 4 3 99 6 '2 3 16

135.J.iuoleic Acid 11 6 I 2 3 192 10 1 6

136. Linolenic Acid 11 11 I 18 11

137.9,10-Epoxystearic Acid 11 11 5 11

13B.9,10-DichloeosLearic Acid 11 12 11

139.Molluchlorodehydeoabietic Acid 11 8 2 41 11

140.D.lchlorod..hydeoabietic Acid 11 11 I 5 11

141.3,4,5-Trichloroguaiacol 11 11 I 1 10

142 .1'elcachl orogualacol 1I 11 1 1 10

14:LXylene Jl II 44 11

- ,___,._--._.__.-_0. _.___._____•____.______.____. ~-------

1'NoL analyzed.
1;*ConsistenL discrepancies existed between split sa~llple results foe this compound.

' ......



TABLE V-29

SUMMARY OF SCREENING ANALYSIS RESULTS AT 17 VERIFICATION MILLS

Average
mpound Range Concentration
umber Com ound Name Sa Ie Location ND <10 10-100 >100 ( /1)

5 Benzidine Raw Wastewater 15 1 1 0 1.1
Final Effluent 11 1** 1** 0 1.5

3 Acrylonitrile Raw Wastewater 16 0 1 0 1.4
Final Effluent 11 0 2 0 3.2

30 1,2-dichloroethylene Raw Water l6 1 0 0 0.2

62 N-nitrosodiphenylamine Raw Wastewater 16 0 1 0 1.0

~Compounds listed are those detected during screening studies conducted at 17
verification mills that were not detected in any wastewater samples taken at
the 11 mills sampled during initial screening surveys.
~Finaleffluent from clarifier at a self contained mill~
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TABLE V-30

SUHHARY OF KPA REGIONAL S & A SCREENlHG PROGRAI1 RESULTS AT 42 /lILLS

Raw Waste Final Effluent
No. of /lilb Ho. of /lUIs

No. of /lills where pollutant No. of /llllu where pollutant was
Toxic pollutants where pollutant was detected at Concentration where pollutant detected at greater CO'llcentrations

!!£tected ~.!!!..I!&LL was detected srester than ]0 ~g/l Ranse (~Sll) was detected than 10 !lS/I Ranse (!lsi])

4. lJ~nzt=ne 10 3 NO- 30 10 2 NO- 80
I!. I,I,I-trlchloroethane 9 4 NO- 70 7 I NO- ]6
15. 1,I,2,2-tetrachloroethane 0 0 NO I I NO- 24
17. bis(ehloromethy) ether 0 0 NO I I NO- 12
18. bis(2-chloroethyl) ether I ] 4,900- 7,200
20. 2-chloronaphthalene I 0 NO- <10
21. 2,4,6-trichloropheuol 21 10 NO- 263 16 3 NO- ]4
23. chloroforlll 35 26 NO- 5,500 24 16 NO- 1,200
29. I,I-dichloroethyleue 4 0 NO- <10 4 I NO- 86
31. 2,4-dich]orophenol 16 5 NO- 223 9 ] NO- 41
34. 2,4-dimethYlphenol 9 5 ND- 85 4 0 NO- <10
35. 2,4-dlnltrotoluene 0 0 NO I I ND- 14
36. 2,6-dinitrotoluene 0 0 NO I I NO- 15
43. biu(2-chloroethoxy) methane ] I NO- 74 0 0 ND

I-' 44. meLbyl~ne chloride 16 ]3 ND-IO,OOO 15 10 NO- 3,600
"'-.I 4/. bromoform: I 0 <10 I I NO- 13
.po 48. dichloroLromomethane 8 2 NO- 88 I 0 NO- <10

49. Lcichlorofl uorometbane 5 I NO- 48 I ] 35- 260
51. chlorodibrow,oluethane 2 I NO- 14 2 0 ND- <10
5J. hc:xacblococyclopentadiene I 1 <10- 16
55. ual'hth"leue 10 2 ND- 74 4 0 NO- <10
56. nitrobenzene 3 1 NO- 50 I 0 NO- <10
58; 4-nltrol'henol I I <10- ]8 I 0 NO- <10
62. N-nitrouodipheuylamlne 2 0 ND- <10 I I 17- 32
64. pent.a ch loropheno"1 10 4 NO- 54 6 2 ND- 32
65. phenol 34 25 NO- 940 13 4 NO- 53
66. bls(2-ethylhexyl) phthalate 27 11 ND- 624 28 12 ND- 1,740
67. bntyl benzyl phthalate 9 2 NO- 240 7 2 NO- 30
68. tll-n-butyl phthalate 17 4 ND- 380 19 2 NO- 15
70. tliethyl phthalate ]2 5 ND- 67 7 0 ND- 10
71. dimethyl phthalate 5 1 ND- 31 I 0 ND- <10
82. dibenzo (a,h) anthracene ] I 38 0 0 ND
85. tetrachloroethylene 10 2 NO- 40 6 0 ND- <10
86. toluene 23 7 NO- 200 ]5 3 ND- 200
8/. trichloroethylene 8 0 ND- <10 5 1 <10- 15
112. PCIl-1016 (Arochlor 1016) I I <10- 12 0 0 ND

- --"- ..- -_.- ------_._--- .._---



TABLE V-30 (Colltinued)

---- Raw Waste Final Effluent
Meta is, Mills No. of Samp'ies No. of San.ples No. of Samples No. of Satt.ples No. of Samples No. of Samples No. of Samples

Total Cyanides where pollutant detected at detected at at greater where pollutant detected at detected at at greater
and ..!~~!'.Lfhenol ics__...' wus detected 10 to 99 !JIll __100~~&L!..- than 1 IDgII was detected 10 to 99 !Jg/I 100 to 999 ..gIl than I mgll

114. Antimony 12 14 4 0 6 lJ 0 0
115. Arsenic 8 9 0 0 2 2 0 0
I i8. Cadmiwll 9 12 0 0 5 5 0 0
119. Chromium ·40 58 24 0 24 33 J7 0
120. Copper 41 75 18 2 28 64 3 1
122. Lead 29 28 24 :0 18 19 13 0
124. Nickel 27 36 20 0 23 28 13 0
125. SeleniWll1 3 5 0 0 7 10 0 0
126_ Silver 3 6 0 0 I 3 0 0
127. Thallium 4 10 0 0 6 12 0 0
128. Zinc 50 45 52 '12 39 58 25 4

TotaJ Cyanides 15 25 6 1 6 lJ 0 0
Total Phenolics 40 16 46 ' ,29 32 45 21 2

The foVowing pollutants were detected ill at least one raw waste and one final effluent sample at a concentration of less than 10 !Jg/l:

6.
7.
24.
25.
38.
39.,

carbon. tetrachloride
ell! u"robellzene
2-ch.lorophell01
1,2-dichlorobenzene
ethyl benzene
,fluoranthene

54.
59.
69.
81.
84.

i.sophorone
2,4-dinit.rophellol
di-n-octyl phthalate
pbenanthreue/anthracene
pyrene

The following' poll.lItants were detected in at least one final effluent sample at a concentration of less than 10 !Jg/l:

14. l,I,2-tdchloroethane
20. 2-chloronaphthalene
33. 1,3-dichloropropylene

The following pollutants were detected in at least one raw waste sample at a concentration of less than 10 !Jg/l:

10. 1,2-dichloroethane
13. I,I-dichloroethane
22. para-ell] oro-mela-cresol
27. l,4,-dichlorobenzene

42. bis(2-chloroisopropyl) ether
45. methyl chloride
60. 4 ,6-dini tro-o-cresol
77., acenaphthylene
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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,
and COD. .

lists the total number of facilities sampled
and verification sampling programs by

Summary. Table V-33
during the screening
subcategory.

Supplemental Data on Nonconventional Pollutants

Color. Table V-34 presents additional color data obtained during
earlier EPA investigations (under Contract No. 68-01-3287). These
data have been 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 nine mills where ammonia is used as a
cooking chemical. Theoretical calculations of the range of ammonia
concentrations in raw wastewaters have been 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-35 presents theoretical raw waste loads of ammonia in the
subcategories where ammonia is used as the base chemical in pulping
(semi-chemical, dissolving sulfitep~lp, and both papergrade sulfite
subcategories). .

Table V-31 presents a summary of the verification program priority
pollutant analysis results by compound and subcategory. The table
shows the number of mills sampled in each subcategory and the number
at 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.

program mills to further investigate the presence of these three
compounds in pulp, paper, and paperboard discharges.

Analysis of verification samples was done 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.

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.



TABLE V-31

SUMMARY OF VERIFICATION PROGRAM ANALYSIS RESULTS
FOR TOXIC POLLUTANTS

Total Total Number Of Concentration Average
Number Of Samples Detected Analyses Range (llg/1) Concentration (llg/1) Comments

Toxic Pollutsnt/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

4. Benzene
Market Bleached Kraft 6 6 1 3 0- 3 2- 3 1 2 Biological Treatment
BCT Bleached Kraft 9 9 0 1 0 0- 2 0 1 Biological Treatment
Unbleached Kraft

Bag 6 6 1 2 0- 1 0- 3 1 1 Biological Treatolent
Seuli -Chemical 6 6 3 2 5- 6 0- 3 5 2 Biological Treatment
Unbleached Kraft

and Senti-Chemical 6 6 3 0 1- 5 0 3 0 Biological Treatment

l-I Dissolving Sulfite Pulp 4 4 2 0 0- 2 0 1 0 Biological Treatment
'! Papergrade Sulfite 12 12 7 5 0- 150 0- 96 57 16 Biological Treatment
'! Deiok

nne Papers 3 3 1 I 0- 7 0- 3 2 1 Biological Treatment
Tjssue Papers 3 3 2 3 0- 6 2- 3 3 3 Partial Final Effluent

3 3 0 1 0 0- 4 0 1 Biological Treatment
Tissue from Wastepaper 6 6 0 1 0 0- 1 0 1 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment
Paperboard from Wastepaper 15 15 I 0 0- 0 1 0 Biological Treatment

3 3 0 1 0 0- 3 0 1 Primary Treatment
Builders' Paper and

Roofing Felt 9 2 0- 4 1 POTW
3 3 0 0 0 0 0 0 Primary Treatment

"Nonintegrated-Fine Papers' 6 6 0 0 0 0 0 0 Biological Treatment
3 3 1 2 0- 0- 2 1 I Primary Treatment

Nonintegrated-Filter aod
Nonwoven Papers 3 3 0 0 0 0 .0 0 Biological Treatment

3 3 0 1 0 0- 4 0 1 Primary Treatment



TABLE V-3l (Continued)

Total Total Number Of Concentra ti on Average
Number Of Samples Detected Analyses Range (llg/1) Concentration (llg/1) COlJllllents

Toxlc Pollutant/Subcategory Influent Effluent Influent Effluent Influent Efflueut Influent Effluent Influent/Effluent

4. Benzene (continued)
Nonintegrated-Paperboard 6 6 2 1 0- 4 0- 2 1 1 Biological Treatment
Integrated-Miscellaneous 12 12 3 1 6- 11 0- 2 9 1 Biological Treatment
Nonintegrated-Miscellaneous 6 6 2 1 0- 1 0- 2 1 1 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/Holding Ponds

7. Chlorobenzene
Deillk

Tiasue Papers 3 3 3 0 37- 47 0 43 0 Partial Final Effluent
3 3 0 0 0 0 0 0 Biological Treatment

10. l,2-Dichloroethane
Deink

...... Tissue Papers 3 3 2 0 0- 5 0 3 0 Partial Final Effluent
'-J 3 3 0 0 0 0 0 0 Biological Treatment
CO Nonintegrated-Fine Papers 6 6 1 3 0- 2 1- 2 1 2 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment

n. l,l,l-Trichloroethaoe
Alkaline-Fine 9 9 0 o- n 0 24 0 Biological Treatment
Unbleached Kraft

and Semi-Chemical 6 6 3 0 3- 7 0 5 0 Biological Treatment
Papergrade Sulfite 12 12 3 3 130-2,006 6- 8 1,243 7 Biological Treatment
Deink

Fine Papers 3 3 3 0 6- 53 0 22 0 Biological Treatment
Paperboard frolll Wastepaper 15 15 7 0 0- 4 0 1 0 Biological Treat.lent

3 3 2 3 0- 5 2- 4 2 3 Primary Treatment
Builders' Paper and

Roofing Felt 9 7 0- 20 7 POTW
3 3 0 0 0 0 0 0 Primary Treatment

lntegrated-Miscellan~ous 12 12 3 0 3- 187 0 67 0 Biological Treatment
Noniotegrated-Misce:llaneous 6 6 3 3 4- 9 1- 5 6 2 Primary Treatment

3 3 3 3 7- 22 4- 17 14 10 Primary w/1l01ding Pond



TABLE V-31 (Continued)

Total Total Number Of Concentration Average

Number Of Samples Detected Analyses Range (llg/1 ) Concentration (llg/1 ) Comments

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

13. I,I-Dichloroethane
Papergrade Sulfite 12 12 3 0 5- 22 0 12 0 ·Biological Treatment

21. 2,4,6-Trichlorophenol
Market Bleached Kraft 6 6 6 6 1- 26 3- 6 11 5 lIiological Treatment

BCT Bleached Kraft 9 9 8 I 0- 21 0- 2 8 I Biological Treatment

Alkaline-Fine 9 9 9 7 3- 23 0- 8 11 3 Biological Treatment

DissolVing Sulfite Pulp 4 4 4 4 7- IS 1- 7 11 5 Biological Treatment

Papergrade Sultite 12 12 6 6 10- 370 2- 270 181 106 BiologiCal Treatment

Deink
Fine Papers 3 3 2 1 0- 16 0- 21 7 7 Biological Treatment

Tissue Papers 3 3 3 3 29- 65 39- 43 48 41 Partial Final Effluent

3 3 0 0 0 0 0 0 Biological Treatment

Paperboard from Wastepaper 15 15 5 2 O- S 0- 6 2 1 Biological Treatment
I-' 3 3 3 3 270- 420 420- 450 360 430 Primary Treatment
-....J
~

Integrated-Miscellaneous 12 12 1 1 0- 18 0- 3 6 1 .Biological Treatment

Nonintegrated-Miscellaneous 6 6 3 3 6- 30 6- 28 18 19 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/llo1ding Pond

23. Chlol'oform
Dissolving Kraft 3 3 3 3 360- 900 40- 86 647 67 Biological Treatment

Market Bleached Kraft 6 6 6 6 830-2,200 6- 20 1,405 12 Biological Treatment.

BCT Bleached Kraft 9 9 9 8 5BO-4,OOO 0- 11 1,550 6 Biological Treatment

Alkaline-~'ine 9 9 9 9 43-1,800 2- 110 1,148 52 Biological Treatment

Unbleached Kraf~

Linerboard 3 3 3 0 1- 2 0 I 0 Biological Treatment

Semi-Chemical 6 6 3 0 1- 4 0 2 0 Biological Treatment

Unbleached Kraft
and Semi-Chemical 6 6 2 0 0- 6 0 3 0 Biological Treatment

Dissolving Sulfite Pulp 4 4 4 4 1l0- 360 1- 42 268 13 Biological Treatment

Papergrade Sulfite 12 12 12 12 62-8,600 120-1,200 2,677 433 Biological Treatment

Groundwood-Fine Papers 6 6 6 6 17- 240 4- 36 99 15 Biological Treatment



TABLE V-3l (Continued)

Total Total Number Of Concentration Average
Number Of Samples " Detected Analyaes Range (1I9/1) Concentration (llg/1) Co_ents

~..Pollut...nt./Subc. tegory Influent Effluent Influent Effluent Influent. Effluent Influent Effluent Influent/Effluent

23. Chloroform (continued)
Deink

Fine Papers 3 3 3 3 670-9,700 95- 240 4,190 145 Biologicsl Tre~tment

Tissue Papers 3 3 3 3 '1,000-1,800 48- 61 1,367 55 Partial Final Effluent
Newsprint 3 3 1 1 PON

3 3 3 3 12- 46 2- 10 25 5 Biological Treatment
Tissue from Wastepaper 6 6 1 0 0- 9 0- 3 0 Biological Treatment

3 3 0 1 0 0- 1 0 1 Primary Treatment
Pal,erboard from Wastepaper 15 15 11 3 0- 40 0- 20 15 4 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment
Builders' Paper and

Roofing Felt 9 3 2- 21 10 PON
3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Fine Papers 6 6 3 3 0- 26 0- 6 6 3 Biological Treatment
f-> 3 3 3 3 4- 9 4- 6 7 5 Primary Treatment
0:> Nonintegrated-Tissue Papers 6 6 3 3 2- 4 4 3 4 Biological Treatment
0 Nonintegrated-Lightweight

Papers 3 3 3 3 15- 51 2- 3 27 3 Biological Treatment
Integrated-Miscellaneous 12 12 4 3 0-1,100 0- 14 417 5 Biological Treatment
Noninte8~ated-Mi6cellaneou6 6 6 3 3 3- 15 2- 6 8 4 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/Holding Pond

24. 2-Ch1oropheno1
Papergrade Sulfite 12 12 2 3 0- 120 21- 50 65 27 Biological Treatment
Deink

Fine Papers 3 3 0 0- 2 0 1. 0 Biological Treatment

31. 2,4-Dichloropheno1
Market Bleached Kraft 6 6 4 4 0- B 0- B 4 4 Biological Treatment
BCT Bleached Kraft 9 9 4 2 0- 4 0- 1 2 1 Biological Treatment
Alkaline-Fine 9 9 2 1 0- 6 0- 5 3 2 Biological Treatment
Dissolving Sulfite Pulp 4 4 2 7 0- 4 0- 1 2 1 Biological Treat.llllent
Papergr"de Sulfite 12 12 6 3 2- 220 0- 130 103 53 Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average

Nwnber Of Saulples Detected Analyses Range (fig/I) Concentration (flg/1) Conunents

Toxic PoUutani:/Subca.!:~_ Influent Effluent Influent Effluent Influent Effluent Inflnent Effluent Influent/Effluent

31. 2,4-Dichloropbenol (continued)
Deillk

ltine Papers 3 3 1 1 O- S 0- 3 2 1 Biological Treatment

'l'istiue Papers 3 3 3 2 I- S 0- 2 4 I Partial Final Efflnent

3 3 0 0 0 0 0 0 Biological Treatment

3B. Ethylbenzene
Market Bleached Kraft 6 6 I 0 0- 82 0 27 0 Biological Trea tnlent

BCT Bleached Kraft 9 9 0 I 0 0- 3 0 I Biological Treatment

Unbleached Kraft
Rag 6 6 3 0 1- 2 0 2 0 Biological Treatment

Semi-Chemical 6 6 2 2 0- 2 0- 2 1 1 Biological Treatment

Groundwood-'Fine Papers 6 6 1 0 0- 3 0 I 0 Biological Treatment

Deink
Ne,",sprint 3 2 0- 4 2 PON

I-' Ti::isue Papers 3 3 3 0 27- 45 0 33 0 Partial Final Effluent
CO
I-' 3 3 0 0 0 0 0 0 Biological Treatment

T1.ssue from Wastepaper 6 6 3 0 2- 74 0 27 0 Biological Treatment

3 3 I 0 0-· 5 0 2 0 Primary Treatment

lJuilders' Paper and
Roofiug Fell 9 3 I- II 5 POTW

3 3 0 0 o· 0 0 0 Prima ry Trea Unent

Nonintegrated-Ti.ssue Papers 6 6 3 3 54-39,000 36- 300 13,081 149 8iological Treatment

Nonjlltcgrated-Fillet
a£H~ Nonwoven Pape r:~ 3 3 1 0 0- 2 0 I 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment

NOl1iutegrated-Ptlperboard 6 6 3 2 2- 6 0- 2 3 1 Biological Treatment

Integrate(I-Misc~llaneous 12 12 1 0 0- 2 0 I 0 Biological -Treatment

NOllintegrtl t.ed;"'~1iscellaneous 6 6 0 2 0 0- 32 0 13 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/Holding Pond

39. Fluorantht:ne
Dissolving Kraft 3 3 0 0- 7 0 2 0 8iological Treatment

Dissolving Sulfite Pulp 4 4 1 0- 4 0- 1 l' Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average
Number Of Samples Detected Analyses Range (I/g/l) Coocentration (I/S/l) Co....eots

~~/Subcat~gory InflueoL Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

44. tletl1ylelle Chloride
Dissulving Kraft 3 3 1 0 0- 1 0 1 0 Biological Treatment
Market Bleached Kraft 6 6 3 2 1- 2 0- 2 1 1 Biological Treatment
BCT Bleached Kraft 9 9 7 6 0- 4 0- 4 2 2 Biological Treatment
Alkaline-Fine 9 9 3 2 2- 3 0- 1 3 1 Biological Treatment
Ullbleacl1ed Kraft

Lillerboard 3 3 3 0 2- 3 0 2 0 Biological Treatment
Bag 6 6 4 5 0- 290 0- 6 50 4 Biological Treatment

Semi-Chemical 6 6 4 6 0- 21 1- 14 6 5 Biological Treatment
Unbleached Kraft

and Semi-Chemical 6 6 3 1 0- 220 0- 80 58 13 Biological Treatment
Dissolving Sulfite Pulp 4 4 3 1 0- 3 0- 2 2 1 Biological Treatment
Papergrade Sulfite 12 12 10 12 0-2,500 2-3,100 291 271 Biological TreatllDent
Groulldwood-Fine Papers 6 6 1 0 0- 13 0 4 0 Biological Treatment

..... Deink
CO Tissue Papers 3 3 3 3 il- 14 1- 3 12 2 Partial Final Effluent
N Newsprint - 3 1 0- 3 1 0 POTW

3 3 0 0 0 0 0 0 Biological Treatment
Tissue from Wastepaper 6 6 3 0 17- 410 0 174 0 Biological Treatment

3 3 3 2 I- II 0- 4 5 2 Primary Treatment
Paperboacd from Wastepaper 15 15 6 3 0- 4 0- 4 2 1 Biological Treatment

3 3 0 3 0 3- 142 0 50 Primary Treatment
Wastepaper-Molded Products 3 3 2 1 0- 2 0- 1 1 1 Biological Treatment

3 0 0 0 POTW
Builders' Paper and

Roofing Felt 9 4 0- 6 2 POTW
3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated~FinePapers 6 6 1 2 0- 1 0- 1 1 1 Biological Treatment
3 3 2 3 0- 17 5- 8 7 7 Primary Treatment

Nonintegrated-Lightweight
Papers 3 3 1 2 0- 2 0- 2 1 1 Biological Treatment

NoniutegJ;'ated-Paperboard 6 6 1 0 0- 1 0 1 0 Biological Treatment
Integrated-Miscellaneous 12 12 4 4 0- 10 0- 12 2 2 Biological Treatment



TABLE V-3l (Continued)

Total Total NUlIlber Of Conceutration Average

Number Of Samples Detected Analyses Range (Ilg/I) Concentration (Ilg/ l ) CODlIDents

Tox i c Po!!.'!£!nt/~~gory Influent Effluent Infl uent Effluent Influent Effluent Influent Effluent Influent/Effluent

47. Bromoform
Paperboard from Wastepaper 15 15 0 0 0 0 0 0 Biological Treatment

3 3 1 1 0- 119 0- 62 40 21 Primary Treatment

48. Dichlorobromomethane
Dissolving Sulfite Pulp 3 3 1 0 0- 4 0 1 0 Biological Treatment

Alkaline-Fine 9 9 3 0 13- 18 0 15 0 Biological Treatment

Papergrade Sulfite 12 12 3 1 8- 40 0- 5 26 2 Biological Treatment

Paperboard from Wastepaper 15 15 0 0 0 0 0 0 Biological. Treat.oent

3 3 1 3 0- 3 1- 2 1 1 Primary Treatment

Builders' Paper and
Roofing Felt 9 1 0- 14 5 POTW

3 3 0 0 0 0 0 0 Primary Treatment

..... 49. 'frichlorofluoromelhane
CXl

Builder~t Paper tludW
Roofing Felt 9 1 0- 8 3 POTW

3 3 0 0 0 0 0 0 Priolary Treatment.

51. DibrolllOch lorowethalle
Buil ders' Pap~r and

Roofing Fell 9 1 0- 5 2 POTW :a:
3 3 0 0 0 0 0 0 Primary Treatment

54. Isophorone
Unbleached Kraft

Lill~rboard 3 ::I 3 0 8- 15 0 11 0 Biological Treatment

55. Naphthalene
Semi-Chemical 6 6 2 0 0- 5 0 3 0 Biological Treatment

Ilissolving Sulfite PilIp 4 4 3 0 3- 4 0 3 0 Biological "reat.ment

Papergrade Sulfite 12 12 3 3 22- 230 7- 88 102 36 Biological Treat.ment.



'fAilLE V-31 (Continued)

Total Total Number Of Concentro tion Average
NUI.ber Of Sa,Plples Detected Analysea Range (lJg/l) Concentration (lJg/l) Co_ents

Toldc l'ollutaut/Suucategory Influeut Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

55. Naphthalene (continued)
Deink

Fine Papers 3 3 3 0 67- 190 0 142 0 Biological Treatment
Tissue Papers 3 3 2 0 0- 78 0 48 0 Partial Final Effluent

3 3 0 0 0 0 0 0 Biological Treat.m,ent
Tissue from Wastepaper 6 6 0 0 0 0 0 0 Biological Treatment

3 3 3 2 16- 43 0- 27 26 18 Primary Treatment
Integrated-Miscellaneous 12 12 I 0 0- 4 0 I 0 Biological Treatment

64. Pentachlorophenol
IlCT Bleached Kraft 9 9 3 3 5- 31 16- 21 19 19 Biological Treatment
Alka lille-~'ine 9 9 3 2 6- 11 0- I 8 I Biological Treatment
Semi -Che",i ea I 6 6 1 I O- S 0- 2 2 1 Biological Treatment
Ulluleached Kraft

I-' and St::!:lui-Chenlical 6 6 I 0 0- 7 0 2 0 Biological Treat-ment.0:> Papergrade SuI fi te 12 12 6 I 1- 12 0- I 6 I Biological Treatment...J::>
Groundwood-Fine Papt:rs 6 6 3 2 3- 12 0- 2 6 1 Biological Treatment
Deink

lo'j ne Papers 3 3 3 3 9- 24 4- 20 15 12 Biological Treatment
Tissue Papers 3 3 3 3 10- 61 27- 38 38 34 Partial Final Effluent

3 3 0 0 0 0 0 Biological Treatment
Paperboard from Wastepaper IS IS 5 0 0- 19 0 6 0 Biological Treatment

3 3 3 3 850-1,200 1,100-1,400 1,050 1,200 Primary Treatment
Wastepaper-Molded Products 3 3 I I 0- 6 0- 4 2 I Biological Treatment

3 0 0 0 POTW
Huild~ru' Paper and

Roofiug Felt 9 6 17- 160 65 POW
3 3 0 0 0 0 0 0 Primary Treatment

Inlegrated-Miscellaneous 12 12 4. 2 0- 29 o- S 12 I Biological Treatment
Noni n legca It:d-Hi.s ce llane DUS 6 6 0 0 0 0 0 0 Primary Treatment

3 3 2 2 0- 200 0- 68 72 27 Primary w/Holding Pond

65. Phenol
Uissolving KrafL 3 3 3 3 8- 110 10- 29 54 18 Biological Treatment
Market Bleached Kraft 6 6 6 5 13- 26 0- 2 20 I lliological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average
Number Of Samples Detected Analyses Range (118/1) Concentration (llg/1) COllllllents

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

65. Phenol (continued)
BCT Bleached Krafl 9 9 9 4 25- 92 o- n 55 5 Biological Treatment

AI ka li.ne-Fine 9 9 6 2 4- 14 0- 2 11 I Biological Treatment

Unbleached Kraft
Linerboard 3 3 3 3 41- llO 3- 4 71 3 Biological Treatment

Bag 6 6 6 0 ·50- 140 0 89 0 Biological Treatment

Seuli -Chemical 6 6 6 6 160- 400 3- 24 230 14 Biological Treatment

Unbleached Kraft
and Semi-Chemical. 6 6 6 0 30- 100 0 56 0 Biological Treatment

Dissolving Sulfite Pulp 4 4 4 4 12- 19 1- 10 14 5 Biological Treatment

Papergrade Sulfite 12 12 II 8 0- 640 0- 250 176 41 Biological Treatment

Groundwood-Fine Papers 6 6 6 4 15- 51 0- 5 28 2 Biological Treatment

Deink
Fine Papers 3 3 3 0 8- 41 0 22 0 Biological Treatment

I-' Tissue Papers 3 3 3 0 76- 150 0 ll9 0 Partial Final Effluent
. 0::> Newsprint 3 I 0- 4 1 POTW

U1 3 3 0 0 0 0 0 0 Biological Treatment

Tissue from Wastepaper 6 6 6 4 4- 140 0- 6 41 2 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment

Paperboard from Wastepaper 3 3 3 3 430- 500 310- 520 457 427 Primary Treatment

15 15 15 2 6- 91 0- l3 41 1 Biological Treatment

Wastepaper-Molded Products 3 3 4- 8 6 POTW

3 3 3 7- 9 0- 3 8 Biological Treatment

Builders I Paper and
Rooting ~'elt 3 3 3 3 1,100-1,400 1,200-1,700 1,233 1,433 Primary Treatment

9 9 51- 280 134 POTW

Nonintegrated-Fine Papers 3 3 3 3 44- 150 22- 66 94 38 Primary Treatment

6 6 4 0 0- 25 0 6 0 Biological Treatment

Nonintegrated-Tissue Papers 6 6 5 4 0- 11 0- 9 3 3 Biological Treat.ment

Nonilltegrated-Lightweight
Papers 3 3 2 2 0- 4 0- 3 2 2 Biological Treatment

Nonintegrated-Filter
and Nonwoven Papers 3 3 0 2 0 0- 17 0 10 Primary Treatment

3 3 3 I 8- 150 0- 3 64 I Biological Treatment

Nonintegrated Paperboard 6 6 6 3 2- 10 0- 3 6 I Biological Treatment



TABLE V-31 (Continued)

Tota'l Total NUIllber Of Concentration Average
Humber Of Samples Detected Analyses Range (I/g/l) Concentration (I/g/l) COlllDlents

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

65. Phenol (continued)
Integrated Miscellaneous 12 12 9 7 0- 68 0- 15 15 4 Biological Treatment
Nonintegrated Miscellaneous 3 3 2 2 0- 5 0- 3 3 1 PrilDary w/Jlolding Pond

6 6 4 4 0- 14 0- 8 6 3 PrilDary Treatment

66, Bis (2-ethylhexyl) Phthalate
Dissolving Kraft 3 3 3 1 15- 180 0- 2 72 1 Biological Treatment
Market Bleacbed Kraft 6 6 6 4 6- 21 0- 94 14 22 Biological Treatment
BCT Bleached Kraft 9 9 8 1 0- 35 0- 10 8 1 Biologi.cal Treatment
Alkaline-Fine 9 9 7 3 0- 190 0- 31 29 6 Biological Treatment
Unbleached Kraft

Linerhoard 3 3 3 0 3- 130 0 49 0 Biological Treatment
Bag 6 6 2 1 0- 7 0- 4 4 1 Bi?logical Treatment

t-' Semi-Chemical 6 6 5 3 .0- 46 0- 8 21 3 Biological Treatment
CO Unbleached Kraft
O"l and Semi-Cbemical 6 6 5 3 0- 16 0- 12 10 3 Biological Treatment

Uissolviog Sulfite Pulp 4 4 4 2 2- 22 0- 11 9 5 Biological Treatment
Papergrade Sulfite 12 12 9 5 0- 200 0- 91 29 10 Biological Treatment
Groundwood-Fine Papers 6 6 4 6 0- 18 1- 14 7 5 Biological Treatment
Deink

Fine Papers 3 3 2 1 0- 10 0- 2 4 1 Biological Treatment
Tissue Papers 3 3 3 0 4- 26 0 13 0 Partial Final Effluent
Newspriot 3 3 5- 17 10 POTW

:i 3 2 1 0- 20 0- 1 8 0 Biological" Treatment
Tissue from Wastepaper 3 3 3 1 3- 5 o- J 4 1 Primary Treatment

6 6 5 3 0- 19 0- 8 10 4 Biological Treatment
Paperboard from Wastepaper 3 3 3 1 17- 34 0- 20 23 7 Primary Treatment

15 15 13 10 0- 83 0-1,173 14 83 Biological Treatment
Wastepaper-Molded Products 3 3 1- 8 4 POTW

3 3 3 0 1- 4 0 2 0 Biological Treatment
Builders' Paper and

Roofing Felt 9 9 4- 80 35 POTW
3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Fine Papers 3 3 3 3 410-2,500 22-2,494 1,193 863 Primary Treatment
6 6 3 4 0- 13 0- 25 3 6 Biological Treatment



TABLE V-3l (Continued)

Total Total Number Of Concentration Average

NWllber Of Samples Detected Analyses Range (l'g/1) Concentration (l'g/1) Comments

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

66. Bis(2-ethylhexyl)Phthalate (continued)
Nonintegrated-Tis.sue Papers 6 6 6 5 6- 73 0- 33 19 10 Biological Treatment

Nonintegrated-Lightweight
Papers 3 3 3 0 4- 0 5 0 Biological Treatment

Nonintegrated-Filter
and Non-Woven Papers 3 3 1 2 0- 1 0- 3 1 1 Primary Treatment

3 3 3 2 14- 160 0- 47 85 18 Biological Treatment

Nonintegrated-Paperboard 6 6 6 0 4- 31 0 11 0 Biological Treatment

Integrated-Miscellaneous 12 12 9 9 0- 25 0- 219 8 25 Biological Treatment

Nonintegrated-Miscellaneous 3 3 3 3 6- 15 1- 18 11 7 Primary w/Holding Pond

6 6 6 5 3- 150 o- Il 34 5 Primary Treatment

67. Butyl Benzyl Phthalate
I-' Unbleached Kraft
00 Bag 6 6 2 0 0- 39 0 23 0 Biological Treatment

-..] Semi-Chemical 6 6 1 '0 0- 1 0 1 0 Biological Treatment

Dissolving Sulfite Pulp 4 4 0 1 0 0- 2 0 1 Biological Treatment

Deink
Newsprint 3 3 3- 8 5 POTW

Paperboard from Wastepaper 3 3 3 3 17- 190 38 81 80 63 Primary Treatment

15 15 4 0 0- 170 0 51 0 Biological Treatment

Builders' Paper and
Roofing Felt 3 3 0 0 0 0 0 0 Primary Treatment

9 3 5- 12 9 POTW

Nonintegrated-Tissue Papers 6 6 3 620- 950 0- 15 797 3 Biological Treatment

68. Di-n-Butyl Phthalate
Dissolving Kraft 3 3 2 1 0- 13 o~ 1 7 1 Biological Treatment

Market Bleached Kraft 6 6 6 5 3- 4 0- 19 4 8 Biological Treatment

BCT Bleached Kraft 9 9 5 1 0- 27 0- 23 9 4 Biological Treatment

Alkaline-Fine 9 9 2 1 0- 2 0- 2 1 1 Biological Treatment

Unbleached Kraft
I.inerboa rd 3 3 3 3 1- 10 1- 2 7 I Biological Treatment

Bag 6 6 1 0 0- 1 0 1 0 Biological Treatment

Semi-Chelillicul 6 6 6 0 I- II 0 4 0 Biological Treatment



TABU: V-31 (Contlmled)

Total Total Number Of ConcentraLion AverageNumber Of SaOlples Detected Analyses Range (!Jg/l) Concentration (..,g/l) Coram,entsTOKic Pollutant Subcate or Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent Effluent
68. Di-n-Butyl Phthalate (continued)

Uubleacbed Kraft
,and Semi -Chemical 6 6 4 0 0,· 12 0 5 0 Biological TreatmentDissolving Sulfite Pulp 4 4 2 I 0- 2 0- I I Biological TrestmentPapergrade Sulfite 12 12 I 0 0- 3 0 I 0 Biologicsl TreatmentGroundwood-Fine Papers 6 6 4 4 0- 8 0- II 3 4 Biological TreatmentDeink
Fine Papers 3 3 3 2 3- 9 0- 12 5 6 Biological Treatment'fissue Papers 3 3 1 2 0- 10 0- 12 3 5 Partial Final EffluentNewsprint 3 I 0- 2 I POTW3 3 0 0 0 0 0 0 Biological TreatmentTissue feom Wastepaper 3 3 0 0 0 0 0 0 Primary Treatment6 6 I 0 0- 17 0 6 0 Biological TreatmentPaperboard from Wsstepsper 3 3 2 3 0- 85 30· 55 32 44 Primary Treatmentf-> 15 15 II 0 0- 21 0 9 0 Biological TreatmentCO Builders' Paper andCO
Roofing Felt 3 3 0 0 0 0 0 0 Primary Treatment9 5 0- 25 8 POTWNonintegrated-Tissue Papers 6 6 I 0 0- 3 0 I 0 Biological TreatmentNonintegrated-Lightweight
Papers 3 3 0- 3 0- 5 2 Biological TreatmentNonintegrated-Filter
and Nonwoven Papers 3 3 0 I 0 0- 0 I Primary Treatment3 3 0 0 0 0 0 0 Biological TreatmentNonintegrated-Paperboard 6 6 3 I llO- 230 0- 6 180 20 Biological TreatmentIntegrated-Miscellaneous 12 12 4 2 0- 7 0- 4 I I Biological Treatment

70. Djethyl Phthalate
Dissolving Kraft 3 3 I 0 0- 7 0 2 0 Biological TreatmentMarket Bleached Kraft 6 6 3 0 0- 2 0 I Ii Biological TreatmentUnbleached Kraft

and SelDi-Chemicai 6 6 2 0 0- 20 0 13 0 Biological TreatmentDissolving Sulfite Pulp 4 4 I 0 0- 9 0 9 0 Biological TreatmentPapergrade Sulfite 12 12 I I 0- 5 0- 14 2 5 Biological Treatment



TABLE V-31 (Continued)

Total Total NUIIlber Of Concentration Average

Number Of Samples Detected Analyses Range (!Jg/l) Concentration (!Jg/l) Comments

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

70. Diethyl Phthalate (continued)
Deink

Fine Papers 3 3 1 2 0- 10 0- 6 3 2 Biological Treatment

Newsprint 3 1 0- 4 1 POTW

Tissue from Wastepaper 3 3 0 0 0 0 0 0 Primary Treatment

6 6 2 0 0- 55 0 26 0 Biological Treatment

Paperboard from Wastepaper 3 3 3 3 12- 210 220- 320 79 273 Primary Treatment

15 15 6 3 0- 690 0- 310 234 71 Biological Treatment

Builders I Paper and
Roofing Felt 3 3 0 0 0 0 0 0 Primary Treatment

9 6 0- 180 . 29 POTW

Nonintegrated-Tissue Papers 6 6 1 0 0- 35 0 ' .'12 0 Biological Treatment

Nonintegrated-Paperboard 6 6 1 2 0- 12 0- 130 4 58 Biological Treatment

...... Integrated-Miscellaneous 12 12 5 2 0- 6 0- 4 2 1 Biological Treatment

CO

"" 78. Antbracene
Dissolving Kraft 3 3 1 0 0- 5 0 2 0 Biological Treatment

BCT Bleacbed Kraft 9 9 1 0 0- 3 0 1 0 Biological Treatment

Dissolving Sulfite Pulp 4 4 0 1 0 0- 0 1 Biological Treatment

84. Pyrene
Dissolving Kraft 3 3 0 0- 6 0 2 0 Biological Treatment

85. Tetrachloroetbylene
BCT Bleached Kraft 9 9 3 0 1- 5 0 3 0 Biological Treatment

AlkaUne-Fine 9 9 1 0 0- 3 0 1 0 Biological Treatment

Unbleached Kraft
Bag 6 6 2 0 0- 2 0 1 0 Biological Treatment

Papergrade Sulfite 12 12 0 2 0- 0- 6 0 3 Biological Treatment

Groundwood-Fine Papers 6 6 1 0 0- 2 0 1 0 Biological Treatment

Deink
Fine 3 3 3 0 22- 180 0 95 0 Biological Treatment

Tissue from Wastepaper 3 3 2 1 0- 220 0- 57 74 19 Primary Treatment

6 6 0 0 0 0 0 0 Biological Treatment



TABLE V-31 (Coutinued)

Total Total Number Of Concentra tion Average
Nu~ber Of Samples Detected Analyses Range (Ilg/l) Concentration> (11&11) Co...entsToxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

85. Tetrachloroethylene (continued)
Paperboard frow Wastepaper 15 15 1 0 0- 3 0 1 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary TreatmentBuilders' Paper aud
Roofing ~'elt 9 I 0- 2 I POTW

3 3 0 0 0 0 0 0 Primary TreatmentNonintegrated-Tissue Papers 6 6 0 3 0 8- 9 0 8 Biological TreatmentNonintegrated-Paperboard 6 6 3 0 2- 4 0 3 0 Biological Treatment
86. Toluene

Dissolving Kraft 3 3 2 0 0- 1 0 1 0 Biological TreatmentMarket Bleached Kraft 6 6 3 0 1- 5 0 3 0 Biological TreatmentBCT Bleached Kraft 9 9 6 0 0- 4 0 1 0 Biological Treatment
I-' Alkaline-Fine 9 9 8 0 0- 180 0 23 0 Biological Treatment
~ Unbleached Kraft
a Linerboard 3 3 3 0 1- 3 0 2 0 Biological TreatmentBag 6 6 4 0 0- 23 0 6 0 Biological TreatmentSel.i -Chemical 6 6 3 3 3- 7 1- 4 5 2 Biological TreatmentUnbleached Kraft

and Semi-Chemical 6 6 3 0 2- 4 0 3 0 Biological TreatmentDissolving Sulfite PUlp 4 4 1 0 0- 1 0 1 0 Biological TreatmentPapergrade Sulfite 12 12 9 7 0- 70 0- 66 23 14 Biological TreatmentGroundwood-fine Papers 6 6 6 3 2- 63 0- 2 13 1 Biological TreatmentDeink
.fine Papers 3 3 3 0 ll- 150 0 56 0 Biological TreatmentTissue .Papers 3 3 3 I 10- 20 0- 15 I Partial Final EffluentNewsprint 3 3 5- 20 14 POTW

3 3 3 0 1- 4 0 3 0 Biological TreatmentTissue 'from Wastepaper 6 6 5 2 0- 4 0- 6 2 2 Biological Treatment
3 3 I 0 0- 2 0 1 0 Primary TreatmentPaperboard from Wastepaper 15 15 6 6 0- 39 2- 5 10 2 Biological Treatment
3 3 3 3 1- 6 2- 5 4 3 Primary TreatmentBuilders' Paper and

Roofing ~'elt 9 6 0- 620 61 P01'W
3 3 0 0 0 0 0 0 Primary Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average

Number Of Samples Detected Analyses Range (\Jg/l) Concentra tion (\Jg/l) Comments

~_.f~!!il!ubcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

86. Toluene (conlinn"d)
Nonintegrated-fine Papers 6 6 0 3 0- 1- 2 0 2 Biolog~cal Treatment

3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Tissue Papers 6 6 3 3 2- 380 l- IS 130 6 Biological Treatment

Noninlegrated-Lightweight
Papers 3 3 2 2 o- S 0- 2 2 Biological Treatment

Nouintegrated-filter
and Nonwoven Papers 3 3 1 0 0- 6 0 2 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Paperboard 6 6 3 4 o- S 0- 1 2 1 Biological Treatment

Integrated-Miscellaneous 12 12 < 6 7 0- 660 0- 150 99 66 Biological Treatment

Nonintegrated-Miscellaneous 6 6 0 3 0 2- 6 0 4 Primary Treatment

3 3 I 2 0- 3 0- 2 1 1 Primsry w/Holding Pond

.:-.
(0 87- Trichloroethylene
f'-l BCT Bleached Kraft 6 6 3 0 1- 2 0 2 0 Biological Treatment

Semi-Chemical 6 6 3 0 4- 15 0 9 0 Biological Treatment

Unbleached Kraft
and Semi-Chemical 6 6 2 0 0- 3 0 1 0 Biological Treatment

Papergrade Snlfite 12 12 3 0 2- 33 0 15 0 Biological Treatment

Deiuk
.·iue Papers 3 3 3 3 130- 850 3- 11 493 7 Biological Treatment

Tissue Papers 3 3 3 0 8- 13 0 11 0 Partial Final Effluent

3 3 0 0 0 0 0 0 Biological Treatment

Paperboard from Wastepaper 15 15 5 0 O- S 0 1 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment

Builders' Paper and
Roofing Felt 9 5 0- 38 11 PON

3 3 1 0 0- 2 0 1 0 Primary Treatment

106. PCB-1242
Deink

Fiue Papers 3 3 0 0- 9.9 0 3 0 Biological Treatment



TABLE V-31 (Continued)

Total Total llWDber Of COllceutration Average
Number Of Samples Detected Analyses Range (Ilgll) Concentration (llg/1) COIllllIentsToxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent. Influent/Effluent

107. PCB-1254
Unbleached Kraft

and Semi-Chemical 6 6 3 3 <1 0- 2 Biological TreatmentDeiuk
Tissue Papers 3 3 I 0 0- 3.8 0 I 0 Biological Treatment3 3 0 0 0 0 0 0 Partial Final EffluentTissue from Wastepaper 6 6 4 3 0-<1 <I I I Biological Treatment3 3 0 0 0 0 0 0 Primary TreatmentPaperboard from Wastepaper 15 15 I I 0-<1 0-<1 I 1 Biological Treatment3 3 2 3 0-<1 <I I I Primary TreatmentBuilders' Paper and
Roofing Felt 9 3 0-<1 1 POTW3 3 0 0 0 0 0 0 Primary TreatmentNoniulegrated-Fine Papers 3 3 2 0 0-<1 0 1 0 Primary TreatmentI-'

6 6 0 0 0 0 0 0 Biological Treatment~
N Noniulegraled-Filter

and Nonwoven Papers 3 3 I 0 0- 28 0 9 0 Primary Treatment3 3 0 0 0 0 0 0 Biological TreatmentIntegrated-Miscellaneous 12 12 2 2 0-<1 0-<1 1 I Biological TreatmentNOlliutegraLed-tliscellaueous 6 6 I 0 0- 7.1 0 2 0 Primary Treatment3 3 0 0 0 0 0 0 Primary w/Holding Pond
110. PCB-1248

Paperboard from Wast.epaper 15 15 4 2 0- 10 0-<1 5 I Biological Treatment3 3 0 0 0 0 0 0 Primary TreatmentBuilders' Paper and.
Roofing Felt 9 2 O. 7.4 4 POTW3 3 0 0 0 0 0 0 . Primary Treatment

119. Chromium
Dissolving Kraft 3 3 3 3 5- 21 <2- 19 11 10 Biological TreatmentMarket Bleached Kraft. 6 6 6 6 7- 20 g- 73 13 26 Biological Treatment.BCT Bleached Kraft 9 9 9 9 4- 300 5- 240 85 55 Biological TreatmentAlkallne-Fine 9 9 9 9 <2- 76 2- 17 26 7 Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentrat.ion Average

Nwnber Of Samples Detected Analyses Range (Ilgjl) Concentration (llg/1) Comments

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Efflu~nt

119. Chromium (continued)
Unbleached Kraft

Linerboard 3 3 3 3 <2- II 5- 8 7 7 Biological Treatment

Bag 6 6 6 6 12- 26 5- 17 18 12 Biological Treatment

Semi-Chemical 6 6 6 6 18- 42 16- 23 29 19 Biological Treatment

Unbleached Kraft
and Semi-Chemical 6 6 6 6 8- 76 8- 47 29 19 Biological Treatment

Dissolving Sulfite Pulp 4 4 4 4 18- 46 11-1,100 33 285 Biological TreatJllent

Papergrade Sulfite 12 12 12 12 6-, 66 3- 16 23 8 Biological Treatment

Groundwood-Fine Papers 6 6 6 6 1- 20 <]- 6 5 2 Biological Treatment

Deink
Fine Papers 3 3 3 3 29- 49 2- 9 42 5 BiologIcal Treatment

Tissue Papers 3 3 3 3 12- 18 6- 20 15 12 Partial Final Effluent

...... Newsprint 3 3 <5- 54 29 POTW

1.0 3 3 3 3 4- 13 <1- 3 8 2 Biological Treatment

W Tissue from Wastepaper 6 6 6 6 <2- 63 <2- 28 20 13 Biological Treatment

3 3 3 3 8- 27 5 17 5 Primary Treatment

Paperboard from Wastepaper 15 15 15 15 <2- 870 <2- 17 91 8 Biological Treatment

3 3 3 3 180- 280 150- 195 230 165 . Primary Treatment

Wastepaper-Molded Products 3 3 3 3 5- 14 3- 4 9 3 Biological Treatment

3 3 <2- 8 5 POTW

Bu ilders' Paller and
Roofing Felt <} 9 24- 250 81 POTW

3 3 3 3 290- 370 230- 350 337 290 ·Primary Treatment

Nonintegrated-Fine Papers 6 6 6 6 <1- 6 <1 3 1 Biological Treatment

3 3 3 3 1- 8 <2- 3 5 2 Primary Treatment

,Nunintegrated-Tissue Papers 6 6 6 6 <2 3 <2- 3 12 2 Biological Treatment

Nonint egra ted- I.ightweight
Papers 3 3 3 2 2- 4 0- 3 3 3 Biological Treatment

Nonintegrated-Fil ter
and Nonwoven Papers 3 3 3 3 <1- <1- 2 1 1 Primary Treatment

3 3 3 3 5- 8 <1- 4 6 3 Biological Treatnlent .

Nonintegrated-Paperboard 6 6 6 6 5-1;800 <2- 13 675 6 Biological Treatment

Integrated-Miscellaneous 12 12 12 12 <1- 12 <1- 18 5 5 Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average
Number Of Samples Detected Analysea Range (flg/l) Concentration (flg/l) COlllllllentaToxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

119. Chrouli"", (continued)
Nonintegrated-Hiscellaneous 6 6 6 6 <)- 22 1- 20 11 5 Primary Treatment

3 3 3 3 5- 39 <2- 2 18 2 Primary w/Holding Pond

120. Copper
Di~~olving Kraft 3 J 3 3 39- 42 <2- 42 40 17 Biological TreatmentHarket Bleacbed Kraft 6 6 6 6 24- 37 4- 26 31 14 Biological TreatmentBCT Bleached Kraft 9 9 9 9 18- 70 <2- 42 46 17 Biological TreatmentAlkaline-Fine 9 9 9 9 9- 48 <1- 23 22.4 8 Biological TreatmentUnbleached Kraft

Linerboard 3 3 3 3 <2- 16 <2- 7 9 5 Biological' TreatmentBag 6 6 6 6 12- 46 4- 15 24 9 'Biological TreatmentSemi-Chemical 6 6 6 6 . 44-' 120 5- 37 79 23 Biological TreatmentUnbleached Kraft
f-I and Semi-Chemical 6 6 6 6 16- 64 2- 28 38 15 Biological Treatment~

DissolVing Sulfite PUlp 4 4 4 4 8- 35 6- -28 17 20 Biological Treatment.j::>
Papergr.de Sulfite 12 12 12 12 <2- 220 8- 100 71 33 Biological TreatmentGroundwDod-Fine Papers 6 6 6 6 12- 62 5- 24 28 14 Biological TreatmentDeiuk

Fine Papers 3 3 3 3 42- 80 <2- 11 61 6 Biological Treatment
Tissue Papers 3 3 3 3 22- 37 12- 40 29 22 Partial Final EffluentNewsprint 3 3 57- 89 76 POTW

3 3 3 3 8- 21 <} 13 I Biological Treatment
Thisue from Wastepaper 6 6 6 6 24- 100 3- 110 55 '47 Biological Treatment

3 3 3 3 8- 15 <2- 18 13 8 Primary Treatment-
Paperboard from Wastepaper 15 IS 15 15 2- 650 <2- 42 96 15 Biological Treatment

3 3 3 J 150- 188 143- 162 169 152 Primary
Wastepaper-Molded Products 3 3 3 3 3- 34 2- 5 16 • 4 Biological Trea'tment

3 3 25- 44 37 POTWBuilde"rs' Paper and
Roofing Felt 9 9 30- 270 145 POTW

3 3 3 3 185- 210 87- 97 ' 202 . 93 Primary Treatment
Nonintegrated-Fine Papers 6 6 6 6 <1- 20 <1- 81 13 '18 Biological Treatment

3 3 3 3 6- 62 16- 26 43 19 Primary Treatment
Nonintegrated-Tissue Papers 6 6 6 6 17- 88 13- 33 48 20 Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average

Number Of Samples Detected Analyses Range (llg/1) Concentration (llg/1) Corwnents

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

120. Copper (continued)
Nonintegrated-Lightweight

Papers 3 3 3 2 10- 54 0- <10 37 4 Biological Treatment

Nonintegrated-Filter
and Nonwoven Papers 3 3 3 3 14- 28 9- 10 19 10 Primary Treatment

3 3 3 3 6- 120 6- 13 61 9 Biological Treatment

Nonintegrated-Paperboard 6 6 6 6 17- 300 <1- 10 78 4 Biological Treatment

Illtegrated-Hiscellalleous 12 12 12 12 2- 68 <1- 31 33 13 Biological Treatment

Nonintegrated-Hiscellaneous 6 6 6 6 4- 59 <1- 12 29 8 Primary Treatment

3 3 3 3 60- 100 <2- 31 81 12 Primary w/Ho1ding Pond

121. Cyanide
Semi-Chemical 3 3 3 3 <10 <10 10 10 Biological Treatment

Unbleached Kraft
...... and Semi-Chewical 6 6 6 6 <10- 25 <10- 15 16 11 Biological Treatment

\0 Ddnk
U1 Fille Papers 3 3 3 3 32- 162 40- 95 108 72 Biological Treatment

Tissue Papers 3 3· 3 3 72- UO 170- 200 88 185 Primary Treatment

NewsprinL 3 3 720-2,600' 1,560 POTW

3 3 3 3 <10 <10 10 10 Biological Treatment

Tissu.e from Wastepaper 6 6 6 6 <10 <10 10 10 Biological Treatment

3 3 3 3 <10 <10 10 10 Primary Treatment

Paperboard from Wastepaper 15 15 15 15 <10- 143 <10- 34 29 14 Biological Treatment

3 3 3 3 29- 155 <10- 25 74 18 Primary Treatment

Wastepaper-Holded Products 3 3 3 3 <10 < 10 10 Biological Treatment

3 3 <10 10 POTW

Builders' Paper and
Roofing Felt 9 9 90-1,200 368 POTW

3 3 3 3 25- 170 25- 190 108 U7 Primary Treatment

Nonintegrated-Lightweight
Papers 3 3 3 3 <10 <10 10 10 Biological Treatment

Nonintegrated-Filter
and Nonwoven Papers 3 3 3 3 <10- 13 <10 11 10 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment



TABJ.E V-31 (ConUnued)

Total Totlll Number Of Concentration Avenge
Nllmber Of S.mples Detected Allalyse. Range (Ilg/l) Concentration (llg/1) Co....ents

~f2!llItaDt~ubc.tegory fnl!uellt_ Effluent Influent Effluent Influeot Effluent lnflnent Effluent Inflnent/Efflnenl_

121. CyanIde (continued)
Nonlntegrated-Paperboard 6 6 6 6 <10-1,650 <10- 80 310 26 Biological Treatment
Integrated-Miscellaneous 9 9 9 9 <10- 20 <10 II 10 Biological Treatment
Non integra ted-Miscellaneous 3 3 3 3 <10 <10 10 10 Primary w/Holding Pond

6 6 0 0 0 0 0 0 Primary Treatment

122. Lead
Dissolving Kraft 3 3 3 3 5- 7 <2- 15 6 8 Biological Treatment
Market Bleached Kraft 6 6 6 6 <1- 18 <1- 29 9 9 Biological Treatment
Be'f Bleacbed Kraft 9 9 9 9 <t- 54 3- 45 17 18 Biological Treatment
Alkaline-Fiue 9 9 9 9 <2- 10 <1- 15 6 6 Biological Treatment
Unbleached Kra ft

Linerboard 3 3 3 3 <2- <20 2- 10 13 5 Biological Treatm,ent
Bag 6 6 6 6 5- 24 2- 34 14 16 Biological TreatOl,ent

I-' Senti -Chemical 6 6 6 6 47- 31 22- 50 95 35 Biological Treatment
\.0 Unbleached Kratt
O'l and Sel'; -Chemi ca 1 6 6 6 6 9- 42 <2- 24 24 13 Biological Treatment

Dissolving Snlfite Pulp 4 4 4 3 11~ 25 0- 30 16 15 Biological TreatmenLPapergrade Sui file 12 12 12 12 <2- 86 <]- 42 25 11 Biological Treatment
Groundwood-Fine Papers 6 6 6 6 4- 16 4- 19 9 8 Biological Treatment
Delnk

Fine P.pers 3 3 3 3 64- 320 24- 30 149 28 Biological Treatment
Tissue Papers 3 3 3 3 <2- 44 <]- 22 22 10 Partial Final Effluent
Newsprint 3 3 28- 260 163 POTW

3 3 3 3 <]- 30 <]- 3 12 2 Biological Treatment
Tissue from Wastepaper 6 6 6 6 4- 120 4- .)20 44 38 Biological Treatment

3 3 3 3 <2- 8 <2- 3 5 2 Primary Treatment
Paperboard from Wastepaper 15 15 15 15 <2- 900 <2- 140 137 23 Biological Treatment

3 3 3 3 135- 230 60- 130 198 92 Primary Treatment
Wastepaper-Holded Products 3 3 3 3 2- 33 7- 18 22 12 Biological Treatment

3 3 <2- <20 13 POTW
Builders' Paper and

Roofing Felt, 9 9 36- 880 264 POTW
3 3 3 3 210- 360 50- 190 273 137 Primary Treatment



TABLE V-31 (Continu"d)

Total Total Number Of Concentration Average

Number Of Samples Detected Analyses Range (llg/1) Concentration (llg/1) Comments

Toxic Pollutant/Subcategory Influent Efflu"nt Influent Effluent Inflnent Effluent Influent Effluent Influent/Effluent

122. Lead (continued)
Nonintegrated-Fine Papers 6 6 6 6 <}- 8 <}- 5 3 3 Biological Treatment

3 3 3 3 <}- 10 6- 21 5 13 Primary Treatment

Nonintegrated-Tissue Papers 6 6 6 6 <1- 32 <2 8 2 Biological Treatment

Nonintegrated~Lightweight

Papers 3 3 3 2 5- 12 0- <1 9 Biological Treatment

Nonintegrated-Filter
and Nonwoven Papers 3 3 3 3 <1- 22 <I- I 8 I Primary Treatment

3 3 3 3 1- 6 <2- 10 4 6 Biological Treatment

Nonintegrat!'d-Paperboard (, 6 6 (, <2-9,000 <2- 20 3,334 9 Biological Treatment

lntegrated-Miscellan"ous 12 12 12 12 <1- 40 <2- 26 . 12 7 Biological Treatment

Nonintegrated-Miscellaneous 6 6 6 6 <2- 40 <2- 10 16 7 Primary Treatment

3 3 3 3 <2- 30 <2 11 2 Primary w/Holding Pond

...... 123. Mercury
~. Dissolving Kraft 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment
'J Market Bleacbed Kraft 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

Alka line-Fine 9 9 9 9 <0.5 <0.5- 0.9 <0.5 <0.5 Biological Treatment

Unbleached Kraft .'

Linerboard 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment "

Bag 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment

Semi_Chemical (, 6 6 6 <0.5- ,0.6 <0.5 <0.5 <0.5 Biological Treatment

Unbleached Kraft
and Semi-Chemical 6 6 6 5 <0.5 0- <0.5 <0.5 <0.5 Biological Treatment

Dissolving Sulfite Pulp 4 4 4 4 <0.5 <0.5 <0.5 <0.5 Biological Treat..ment

Papergrade Sulfite 12 12 12 12 <0.5- 1.8 <0.5- 1.5 <0.7 0.7 Biological Treatment

Groundwood-Fine Papers (, (, 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment

Ueink
Fine Papers 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment

Tissue Papers 3 3 3 3 <0.'5 <0.5 <0.5 <0.5 Partial Final Effluent

Newsprint 3 3 <0.5- 2.4 1.2 POTW

3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment

Tissue frOID Wastepaper 3 3 3 3 0.6- 1.2 <0.5- 0.9 1.0 0.8 Primary Treatment

6 6 6 6 <0.5- 1.2 <0.5- 2.0 0.6 0.8 Biological Treatment



TABLE V-31 (Continued)

Total Total Nwmber Of Concentratio,n Average
Number Of Samples Detected Analyaes Range (jlg/l) Concentration (jig/I) COlmllJilents

Toxic Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

123. Mercury (continued)
Paperboard from Wastepaper 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Primary Treatment

15 15 15 15 <0.5- 1.0 <0.5- 2.2 <0.5 0.7 Biological Treatment
WasLepaper-Molded Products 3 3 <0.5 .. <0.5 POTW

3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological TreatmentBuilders I Paper and
Roofing Felt 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Primary Treatment

9 9 <0.5- 1.0 0.6 POTW
Noni ntegrated-k'ine Papers 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Prima ry Treatment

6 6 6 6 <0.5- 0.8 <0.5- 0.7 0.6 0.6 Biological Treatment
NonintegraLed-Tiasue Papera 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment
Nonint"graled-Lightweight

Papers 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment
I-' Nonintegrated-Filter
c.o and Nonwoven Papers 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Primary Treatmentex> 3 3 3 3 <0.5 <0.5 <0.5 <0.5 Biological Treatment

Nonintegrated-Paperboard 6 6 6 6 <0.5 <0.5 <0.5 <0.5 Biological Treatment
Integrated-Miscellaneous 12 12 12 12 <0.5- 0.6 <0.5 <0.5 <0.5 Biological Treatment
Nonintegrated-Miscellaneous 3 3 3 3 <0.5 <0.5- 0.6 <0.5 <0.5 Primary w/Holding Pond

6 6 6 6 <0.5- 1.5 <0.5 0.8 <0.5 Primary Treatment

124. Nickel
Dis~olving Kraft 3 3 3 3 2- 8 2- IS 5 10 Biological Treatment
HarkeL Bleached Kraft 6 6 6 6 16- 59 8- 18 31 14 Biological Treatment
lIeT Bleached Kraft 9 9 9 9 <2- 120 <2- 30 36 12 Biological TreatmentAlkaline-nne 9 9 9 9 <2- 33 1- 16 16 8 Biological 1'reatwentUubleached Kraft

Lincrboard 3 3 3 3 <2- 9 3- 6 5 5 Biological TreatmentBag 6 6 6 6 <2- 12 <2- 10 6 5 Biological TreatmentSemi -Chelnical 6 6 6 6 <2- 22 6- 17 12 10 Biological TreatmentUnb leached Kraft
and tiemi-Chemical 6 6 6 6 <2- 29 <2- 12 10 5 Biological Trea tm,ent

Oissulving Sulfi te Pulp 4 4 4 4 8- 45 <2- 269 25 130 Biological TreatmentPapergrade Sulfite 12 12 12 12 3- 48 <2- 18 15 9 Biological Treatment
GroundWoud-Fine Papers 6 6 6 6 <2- 8 <1- 10 5 5 Biological Treatment

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



TABLE V-31 (Continued)

Total Total Number Of Concentration Average

Number Of Samples Detected Analyses Range (lJg/l) Concentration (lJg/l) COlDlllents

Toxic .Pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Effluent

124_ Nickel (continued)
Deink

Fine Papers 3 3 3 3 5- 20 <2- 7 15 4 Biological Treatment

Tissue Papers 3 3 3 3 4- 9 <2- 6 6 3 Partial Final Effluent

Newsprint 3 3 5- 30 15 POTW

3 3 3 3 <1- 4 <1- 4 2 2 Biological Treatment

Tissue from Wastepaper 3 3 3 3 5- 25 2- 6 15 3 Primary Treatment

6 6 6 6 2- 92 3- 25 21 12_5 Biological Treatment

Paperboard from Wastepaper 3 3 3 3 42- 139 33- 69 84 56 Primary Treatment

15 15 15 15 <2- 130 2- 44 37 14 Biological Treatment

Wastepaper-Molded Products 3 3 <2- 2 2 POTW

3 3 3 3 10- 48 <1- 5 23 3 Biological Treatment

Buil ders' Paper and

...... Roofing Felt 3 3 3 3 84- 160 100- 140 115 120 Primary Treatment

'.0 9 9 12- 65 40 POTW

lO Nonintegrated-Fine Papers 3 3 3 3 <2- 12 <2 5 <2 Primary Treatment

6 6 6 6 <1- 10 1- 13 5 6 Biological Treatment

Nonintegrated-Tissue Papers 6 6 6 6 <2- 2 <2- 3 2 2 Biological Treatment

Non integrated-Lightweight
Papers 3 3 3 3 <2 0- <2 2 Biological Treatment

NoniDLegcated-Filter
aiLd NOll.woven Papers 3 3 3 3 <1. <1- 3 1 2 Primary Treatment

3 3 3 3 <1- 3 <1- <2 2 I Biological Treatment

Nonintegrated-Paperboard 6 6 6 6 <2- 29 2- 10 13 5 Biological Treatment

Inlegrat"d-Mist-e11aneous 12 12 12 12 <2- 9 1- 12 5 5 Biological Treatment

Nonj llt.egrated-tfi see llaneou::i 3 3 3 3 <2- 8 <2- 7 4 4 Primary w/Holding Pond

6 6 6 6 8- 44 <2- IS 28· 6 Primary Treatment

128_ Zinc
Dissolving Kraft 3 3 3 3 73- 78 44- 51 75. 48 Biological Treatment

Market Bleach"d Kraft 6 6 6 6 100- 185 46- 91 154 61 Biolog1cal Treatm"nt

BCT Bl"ach"d Kraft 9 9 9 9 74- 200 45- 360 138 110 Biological Treatment

Alkaline-Fine 9 9 9 9 67- 290 36- 208 149 72 Biological Treatment



TABLE V-31 (Continued)

Total Total Number Of Concentration Average
Number Of Samples Detected Analyses Range (Ilg/ l ) Concentrlition (Ilg/I) COllllllents

Toxic PoII utaut/Subcateg0EL-Iufluellt Effluent Influent Effluent Influent Effluent Influent Effluent Influent/Efflueut

128. Zinc (continued)
1I1l~1eaclu,d Kraft

Lillerboard 3 3 3 3 37- 120 27- 100 71 67 Biological Treatillent

Bag 6 6 6 6 41- 230 16- 150 136 81 Biological Treatment

Semi-Chemical 6 6 6 6 78- 230 31- 120 143 69 Biological Treatment

Uub leached Kraft
and Semi-Chemical 6 6 6 6 24- 58 15- 46 40 25 Biological 1'reatment

Dissolving Sulfite Pulp 4 4 4 4 42- 85 37- 77 70 60 Biological Treatment

Papergrade Sulfite 12 12 12 12 5- 150 25- 420 104 118 Biological Treatment

Grouudwood-Fine Papers 6 6 6 6 53- 90 9- 86 74 45 Biological Treatment

Deink
Hne Papers 3 3 3 3 97- 352 30- 38 206 33 Biological Treatment

Tissue Papers 3 3 3 3 170- 260 51- 82 200 71 Partial Final Effluent

Newsprint 3 3 300- 375 335 POTW

3 3 3 '3 30- 46 5- 36 40 19 Biological Treatment
N Ti S8ue teonl Wa::tLt:paper 3 3 3 3 52- 59 22- 33 54 27 Primary Treat.ment
0 6 6 6 6 31-3,560 <5- 183 677 88 Biological Treatment
0

Paper~oard from Wastepaper 3 3 3 3 1,100-1,600 1,000-1,900 1,433 1,500 Primary Treatment

15 15 15 15 26-4,720 40- 210 1,206 113 Biological Treatment

Wastepaper-Molded Products 3 3 120- 330 200 POTW
3 3 3 3 262- 465 26- 53 392 52 .Biological Treatment

lluilders l Paper and
Roofing Felt 3 3 3 3 2,500-3,000 1,900-2,900 2,800 2,400 Primary Treatment

9 9 5-2,100 999 POTW
Nonintegrated-Fine Papers 3 3 3 3 49- 91 75- 160 71 118 Primary Treatment

6 6 6 6 6- 185 <3- 35 55 18 Biological Treat.ment

Nonintegrated-Tissue Papers 6 6 6 6 46-54,000 19- 140 26,713 56 Biological Treatment

Nonilltegrated- Lightwei ght
Papers 3 3 3 3 12- 22 0- 8 16 4 Biological Treatment

Nonintegrated-Filter
and Nonwoven Papers 3 3 3 3 11'- 15 9- 17 13 12 Primary Treatment

3 3 '3 3 118-' 193 40- 66 159 56 Biological Treatment

Norli llt egrated-Paperboard 6 6 6 6 72-2,050 <5- 210 710 72 Biological Treatment

lUlegrated-Hiscellaneous 12 12 12 12 12- 710 15-1,BOO 259 443 Biological Treatment

Noni ntegra led -~Iiscellaneous 3 3 3 3 10- 48 1- 7 25 3 Primary w/Uoldiug Pond
6 6 6 6 40-3,840 <2-1,000 802 217 Primary Treatment

-_._----_.,--_._--------_._----------------._---_.

- ~ - -~ - -- -- ------------------- - - - ~~-------

~ _ ~ _ __ _ __ _ ~ n ~ ~. ~ _



TABLE V-32

SIlIfI1ARY OF VERIFICATION PROGRAIf ANALYSIS
RESULTS FOR NONCONVENTIONAL POLLUTANTS

Average
Total NWllber Total NUlIber of Concentration Concentration

Toxic Pollutant/ of Samples Detected Analyais Range <I-Ig/l) <l-Ig/1)
Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent COlOlllents

130. Abietic Acid
Dissolving Kraft 3 3 3 3 8600-18000 100-2500 ,11800 1461 Biological Treatment

Market Bleached Kraft 6 6 5 3 0- 390 0-1800 177 761 Biological Treatment

BCT Bleached Keaft 9 9 7 6 0- 2700 15- 520 1043 119 Biological Treatment

Alkaline-Fine 9 9 6 3 190- 1100 0- 11 470 3 Biological Teeatment

Unbleached Kraft
Linerboard 3 3 3 2 350- 1200 0- 21 153 10 Biological Treatment

Bag 6 6 6 6 3700-12000 30- 250 6983 165 Biological Treatment

N Semi-CheDlica1 6 6 3 3 220- 290 35- 43 257 39 Biological Teeatment
0 Unbleached KeafL and.....

Semi-Chemical 6 6 6 6 650- 2000 580-1000 1392 710 Biological Teeatment

Dissolving Sulfite Pulp 4 4 4 3 94- 5200 0- 940 1949 383 Biological Teeatment

Papergeade Sulfite 12 12 8 9 0- 490 8- 340 137 76 Biological Teeatment

Groundwood-Fine Papees 6 6 6 4 11- 600 0- 26 182 7 Biological Treatment

Deink
Hne Papers 3 3 3 2 700- 990 0- 31 837 12 Biological Treatment

Newsprint 3 3 2300- 4100 3467 POTW

Tissue Papers 3 3 3 3 370- 680 50- 140 557 97 Partial Final Effluent

3 3 3 3 330- 740 40- 90 513 72 Biological Treatment.

Tissue from Wastepaper 6 6 4 0 0- 150 0 54 0 Biological Treatment

3 3 3 3 120- 260 35- 140 203 84 Primary Treatment

Paperboard from Wastepaper 15 15 15 6 18- 1900 0- 96 651 19 Biological Treatment

3 3 3 0 120- 710 0 407 0 Primary Treatment

Wastepaper-Molded Products 3 3 3 1 190- 250 0- 21 210 7 Biological Treatment

3 3 540- 680 633 POTW

Builders' Paper an"
Roofing Felt 9 9 930-14000 7559 POTW

3 3 0 0 0 0 0 0 Primary Treatment



TADLE V-32 (Continued)

Averas"
Total Number Total Number of Concentration Concentration

Toxic Pollutant/ of Sa,mples Detected Analysis Range (liS/I) (lIgfO
Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent COllDllents

130. Abietic Acid (continued)
Nonintegrated-Fine Papers 6 6 5 2 0- 660 0- 18 207 6 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment
Nonintegrated-Tissue Paper 6 6 3 0 39- 75 0 53 0 Biological Treatment
Nonintegrated-Paperboard 6 6 5 0 0- 1800 0 748 0 Biological Treatment
integrated-Miscellaneous 12 12 8 6 0- 4100 0- 160 1029 61 Biological Treatment
Nonintegrated-Miscellaneous 6 6 3 1 140- 240 0- 24 177 8 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/ll01ding Pond

131. Dehydroabietic Acid
Dissolving Kraft 3 3 3 2 300- 5200 0- 800 3500 520 . Biological Treatment
Mark"t Bleached Kraft 6 6 6 4 10- 560 0-1000 232 430 Biological Treatment
BCT Bleached Kraft 9 9 9, 9 280- 1400 48- 310 861 123 Biological Treatment
AI kaline-Fine 9 9 6 6 140- 430 3- 7 273 5 Biological TreatmentN Unbleached Kraft0

N Linerboard 3 3 3 3 330- 640 6- 15 470 11 Biological Treatment
Bag 6 6 6 6 950-27600 30- 200 7142 85 Biological Treatment

Semi-Chemical 6 6 6 4 79- 230 0- 27 168 14 Biological Treatment
Unbleached Kraft and

Semi-Chemical 6 6 6 6 230- 1000 200- 330 607 235 Biological Treatment
Dissolving Sulfite Pulp 4 4 4 4 190- 1870 6- 400 1000 171 Biological Treatment
Pal'ergrade SulHte 12 12 12 9 2- 1300 0- 950 464 246 Biological Treatment
Grollndwood-Fine Papers 6 6 6 6 28- 360 10- 50 148 26 Biological Treatment
Deink

Fine Papers 3 3 3 3 1400- 2900 42- 62 2267 49 Biological Treatllllent
Newsprint 3 3 2600- 4800 3700 POTW
Tissue Papers 3 3 3 3 2200- 4700 130- 630 3267 343 Partial Final Effluent

3 3 3 3 1400- 2400 180- 300 1833 253 Biological Treatment
Tissue from Wastepaper 6 6 6 4 150- 840 0- 37 372 20 Biological Treatment

3 3 3 3 220- 650 160- 300 417 250 Primary Treatment
Paperboard froUl Wastepaper 15 15 15 12 130- 920 15- 140 479 55 Biological Treatment

3 3 3 3 410- 530 59- 120 467 96 Primary Treatment
Wastepaper-Molded Products 3 3 3 3 340- 530 2- 170 453 61 Biological Treatment

3 3 550- 620 573 POTW



TABLE V-32 (Continued)

Average
Total Number Total Number of Concentration Concentration

Toxic Pollutantl of Samples Detected Analysis Range (...g/l) ( ...g/l)
Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

l3J. Dehydroabietic Acid (continued)
Builders' Paper and

Roofing Felt 9 9 670- 6000 2199 POTW
3 3 3 3 110- 170 60- 200 143 117 Primary Treatment

Nonintegrated-Fine Papers 6 6 6 6 58- 720 17- 66 433 45 Biological Treatment
3 3 3 3 160- 660 49- 150 483 93 Primary Treatment

Nonintegrated-Tissue- Papers 6 6 3 3 190- 230 85- 112 213 98 Biological Treatment
NoninLegrated-Fil ter

and Nonwoven Papers 3 3 2 0 0- 50 0 33 0 Biological Treatment
3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Paperboard 6 6 6 4 110- 780 0- 180 413 64 Biological Treatment
Illtegrated-riiscellaneous 12 12 10 9 0- 2000 0- 310 585 96 Biological Treatment
Nonintegrated-Miscellaneous 6 6 6 4 2- 400 0- 220 174 67 Primary Treatment

N 3 3 3 3 10- 16 160- 270 14 200 Primary w/Holding Pond
0
W 132. Isopimaric Acid

Dissol ving Kraft 3 3 3 3 660- 1300 160- 590 887 380 Biological Treatment
Harket Bleached Kraft 6 6 3 3 66- 180 230- 500 115 407 Biological Treatment
BCT Bleached Kraft 9 9 8 7 0- 250 0- 86 107 21 Biological Treatment
Alkaline-Fine 9 9 6 3 54- 110 0- 3 74 I Biological Treatment
Unbleached Kraft

Lillerhoa t"d 3 3 3 2 78- 450 0- 10 283 6 Biological Treatment
Bag 6 6 6 3 380- 1600 0- 32 770 15 Biological Treatluent

Semi-Chemical 6 6 6 3 23- 48 0- 16 34 7 Biological Treatment
llnbleached Kraft and

Senti-Chemical 6 6 6 6 260- 850 140- 260 547 187 Diological Treatment
!Jissolving Sulfite Pulp 4 4 4 3 15- 1760 0- 230 774 115 Biological Treatment
Papergrade Sulfite 12 12 6 7 0- 230 0- 84 62 17 Biological Treatment
Groundwo()d-}t~ine Papers 6 6 4 5 O- lIO 0- 6 29 3 Biological Treatment
!Jeink

Fine Papers 3 3 3 3 420- 900 1- 9 587 5 Biological Treatment
Newsprint 3 3 240- 690 510 POTW
Tissue Papers 3 3 3 3 110- 180 14- 24 150 18 Partial Final Effluent

3 3 3 3 120- 270 1- 20 193 13 Biological Treat"lent



TABLE V-32 (Continued)

Average
Total Number Total N....ber of Concentration Concentration

Toxic Pollutant/ of S....ples Detected Analysis Range (llg/1) (llg/1)
Subcategorl. Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

132. luopi..aric Acid (continued)
Tissue from Wastepaper 6 6 3 0 21- 43 0 32 0 Biological Treatment

3 3 3 0 13- 45 0 .2g 0 Primary Treatment
Paperboard from Waatepaper 15 15 15 4 12- 600 0- 15 12g 3 Biological Treatment.

3 3 3 I 65- 100 0- 23 84 8 Pri..ary Treatment
Waatepaper-Molded Products 3 3 3 0 41- 56 0 48 0 Biological Treatment

3 3 gO- 120 94 po'rw
Builders' Paper and

Roofing Felt 9 9 160- 3000 1164 POTW
3 3 0 0 0 0 0 0 Primary Treatment

Nonintegrated-Fine Papers 6 6 6 0 8- 140 0 39 0 Biological Treatment
3 3 0 0 0 0 0 0 Primary. Treatment

Nonintegrated-Tissue Papers 6 6 3 1 23- 46 0- 6 37 2 Biological Treatment
N Nonintegrated-Paperboard 6 6 6 0 8- 190 0 62 0 Biological Treatment
0 Integrated-Miscellaneous 12 12 8 6 0- 1400 0- 77 374 31 Biological Treatment.f:o

Nonintegrated-Miscellaneous 6 6 3 2 69- 110 0- 22 84 11 Primary Treatment
3 3 0 0 0 0 0 0 Primary w/Holding Pond

133. Pimarii: Acid
Dissolving Kraft 3 3 3 3 970- 1900 620- 790 1357 710 Biological Treatment
Market Bleached Kraft 6 6 3 3 120- 200 320- 530 157 430 Biological Treatment
BCT Bleached Kraft 9 9 7 6 0- 350 0- 74 115 22 Biological Tceatolent
Alkaline-Fine 9 9 6 0 20- 93 0 63 0 Biological Treatment
Unbleached Kraft

Linerboard 3 3 3 I 38- 51 0- 3 43 I Biological Treatment.
Bag 6 6 6 6 420- 2500 10- 60 1168 32 Biological Treatment

Semi-Che..ical 6 6 4 2 0- 130 0- 13 36 4 Biological 'freatment
Unbleached Kraft and

Semi-Chemical 6 6 6 6 37- 370 39- 190 152 106 Biological Treatment
Disuolving Sulfite Pulp 4 4 3 3 180- 450 20- 38 277 31 Biological Treatment
Papergrade Sulfite 12 12 2 I 0- 64 0- 52 25 I7 Biological Treatment
Groundwood-Fine Papers 6 6 3 I 31- 150 0- 15 76 5 Biological Treatment



TABLE V-32 (Continued)

Average
Total Number Total Number of Concentration Concentration

Toxic POllutant/ of Sal.vles Detected Analysis Range (118/ 1 ) (I'g/l)
Subcategory Influent Effluent' Influent Effluent Influent Effluent Influent Effluent Conaments

133. Pima ric 'Acid (continued)
Deink

Fine Papers 3 3 3 0 92- 160 0 127 0 Biological Treatmen't
Newsprint 3 3 220- 310 257 POTW
Tissue Papers 3 3 3 0 ,31- 52 0 39 0 Partial Final Effluent

3 3 3 0 36- 160 0 80 0 Biological Treatment
Tissue from Wastepaper 6 6 3 0 2- 18 0 12 0 Biological Treatment

3 3 3 0 19- 78 0 43 0 Primary Treatment
Paverboard from Wastepaper 15 15 11 0 0- '210 0 78 0 Biological Treatment

3 3 3 0 35- 48 0 41 0 Primary Treatment
Wastepaper-Molded Products 3 3 3 0 48- 64 0 57 0 Biological Treatment

3 0 0 0 POTW
Builders' Paper and

N Roofing Felt 9 9 130- 1600 576 POTW
0 3 3 0 0 0 0 0 0 Primary Treatment
tTl Nonintegrated-Fine Papers 6 6 5 0 0- 40 0 19 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary "Treatment
Nonintegrated-Tissue Papers 6 6 2 0 0- 15 0 10 0 Biological Treatment
Nonintegrated-Paperboard 6 6 3 0 22- 29 0 25 0 Biological Treatment
Integrated-Miscellaneous 12 12 4 4 0- 1300 0- 48 384 25 Biological Treatment
Nonintegrated-Miscellaneous 6 6 3 0 40- 65 0 54 0 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/Holding Pond

134. Oleic Acid
Dissolving Kraft 3 3 3 2 3000- 4500 0- 810 3667 333 Biological Treatment
Market Bleached Kraft 6 6 6 6 250- 520 22- 250 345 153 Biological Treatment
BCT Bleached Kraft 9 9 7 4 0- 2900 0- 92 1084 17 Biological Treatment
Alkaline-Fine 9 9 6 6 16- 970 15- 130 276 41 Biological Treatment
Unbleached Kraft

Linerboard 3 3 3 3 160- 500 4- 65 337 38 Biological Treatment
Bag 6 6 6 3 1700- 6700 0- '150 3133 70 Biological Treatment

Semi-Cbemi cal 6 6 6 4 21- 200 0- 56 115 33 Biological Treatment
Unbleached Kraft and

SelDi-Chemical 6 6 6 6 210- 1200 130- 800 618 407 Biolo'gical Treatnlent



TABLE V-32 (Continued)

Average
Total Number Total NUI!lber of Concentration Concentration

Toxic Pollutantl of Sa,lIples Detected Analysis Range <l-Ig/l) <l-Ig/l)
Subcategory Influent Effluent Influent Effluent Influent Effluellt Influent Effluent Coments

134. Oleic Acid <continued)
Diusolving Sulfite Pulp 4 4 4 4 28- 1860 31- 120 1157 81 Biological Treatment
Papergrade Sulfite 12 12 12 12 14- 330 13- 220 130 76 Biological Treatment
Groundwood-Fine Papers 6 6 6 4 17- 450 '0- 46 174 23 Biological Treatllent
Deiok

Fine Papers 3 3 3 3 500- 1200 30- 75 967 49 Biological Treatment
Newsprint 3 3 1300- 1500 1367 POTW
Tissue Papers 3 3 3 3 190- 710 470- 750 400 590 Partial Final Effluent

3 3 3 3 310- 560 220- 280 410 243 Biological Treatment
Tissue from Wastepaper 6 6 6 5 98- 270 0- 310 183 193 Biological Treatment

3 3 3 1 81- 200 0- 74 147 25 Prim~ry Treatment
Paperboard from Wastepaper 15 15 15 10 34- 940 0- 310 339 i8 Biological Treatment

3 3 3 0 180- 450 0 290 0 Primary Treatment
Wastepaper-Molded Products 3 3 '3 3 460- 540 5- 80 493 48 Biological Treatment

N 3 3 340- 360 353 POTW
0 Builders' Paper and
O"l Roofing Felt 9 9 830- 3500 2237 POTW

3 3 0 0 0 0 0 0 Primary Treatment
Nonintegrated-Fine Papers 6 6 3 0 55- 80 0 65 0 Biological Treatment

3 3 0 O. 0 0 0 0 Primary Treatment
Nonintegrated-Tissue Papers 6 6 6 4 4- 290 ' 0- 61 136 27 Biological Treatment
Nonintegrated-Paperboard 6 6 3 0 250- 270 0 260 0 Biological Treatment
Integrated-Miscellaneous 12 12 11 5 0- 1900 0- 230 450 38 Biological Treatment
Nonintegrated-Miscellaneous 6 6 3 2 '48- 68 0- 13 55 8 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/Holding Pond

135. Linoleic Acid
Dissolving Kraft 3 3 3 1 2200- 3900 0- 510 2900 170 Biological Treatment
Harket Bleached Kraft 6 6 6 4 220- 2300 0- 100 792 53 Biological Treatment
B~r Bleached Kraft 9 9 6 0 180- 1300 0- 762 0 Biological Treatment
Alkaline-Fine 9 .9 3 3 170- 470 2- 7 283 4 Biological Treatment
Unbl ea clled Kra ft

I.inerboard 3 3 3 0 150- 270 0 203 0 Biological Treatment
Bag 6 6 6 0 610- 1700 0 958 0 Biological Treatment

Semi-Chemical 6 6 3 3 66- 160 13- !7 122 14 Biological Treatment.

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



TABLE V-32 (Cont.iuued)

Average
Total Number Total Number of Concentration Concentrat:lon

Toxic Pollut.ant/ of Samples Detected Aualysis Range (Ilg/I) (llg/1 )
Subcateg~ Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

135. Linoleic Acid (continued)
Unbleached Kraft and

Se.,i -Cheoui cal 6 6 6 3 98- 820 0- 170 441 59 Biological Treatment
DissolVing Snlfite Pulp 4 4 3 I 240- 1000 0- 25 510 8 Biological Treatment.
Pap~rgrade Sulfit.e 12 12 9 4 8- 270 0- 160 63 34 Biological 'f rea tment
Groundwood-Fine Papers 6 6 3 3 180- 620 11- 150 337 72 Biological Treatment
Dei Ilk

i'j £Ie Papers 3 3 3 0 260- 650 0 470 0 Biological Treatment
NewsprinL 3 3 160- 1200 750 POTW
Tissue Papers 3 3 3 0 38- 86 0 55 0 Partial Final Effluent

3 3 3 0 74- 320 0 178 0 Biological ~reatment
Paperboard from Wastepaper IS 15 5 0 0- 87 0 63 0 Biological Treatment

3 3 0 0 0 0 0 0 Primary Treatment
Wastepaper Molded.Products 3 3 3 0 170- 240 0 207 O' Biological Treatment

3 3 110- ISO 123 POTW
N Builders' Paper and
0 Roofing ~'elt 9 8 0- 3600 897 POTW

" 3 3 0 0 0 0 0 0 Primary Treatment
Nonintegrated-Fine Papers 6 6 I 0 0- 200 O. 67 0 Biological Treatment

3 3 0 0 0 0 0 O. Primary Treatment'
Nonintegrated-Fil ter

.and Nonwoven Papers 3 3 0 1 0 0- 9 0 3 Biologi'cal Tre'atment
Integrated-Miscellaneous 12 12 7 I 0.,- 83.0 0- 6 290 I Biological Treatment
NOllintegrated-Miscellaneous 6 6 2 0 0- 77 0 33 0 Primary Treatment

3 3 0 0 ,0 o . 0 0 Primary w/Holding Pond

136. l.i.llulenic .Acjd
~la r!tet 81 eached Kraft 6 6 I 0 0- 210 0 70 0 Biological Treatment
Alkaline-~'ine 9 9 3 0 42- 93 0 71 0 Biological Treatment'
Unbleached Kraft

Bag 6, 6 3 0 670- 3170 0 1543 0 Biological 11reattllent >

Semi-CbcUlical 6 6 3 3 54- 140 31- 39 98 35 Biological Treatment
Papergrade Sulfite 12 12 5 0 0- 130 0 58 0 Biological Treatmellt
Grollndwuod-Fine Papers '6 6 3 0- 120- 480 0 250 0 Biological Treatment

--........,



TABLE V-32 (Continued)

Average
Total NUlllber 'rotal N\IIIlber of Concentration Concentration

Toxic Pollutant/ of Salllpies Detected Analysis Range (lJg/1) (lJg/l)
__Subca t ..gory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

136. Linolenic Acid (coutinued)
Deink

Fine Papers 3 3 3 3 85- 330 79- 120 212 99 Biological 1'rea tAlent
Newsprint 3 3 <100- <200 167 POTW

Paperboard from Wastepap.. r 15 15 3 1 55- 83 0- 14 69 5 Biological Treatment
3 3 0 0 0 0 0 0 Primary Treatment

Builders' Paper and
Roofing Felt 9 3 84- 170 138 pOTW

3 3 0 0 0 0 0 0 Primary Treatment

137. Epoxystearic Acid
Dissolving Sulfite Pulp 3 3 3 0 800- 850 0 817 0 Biological Treatlllent
Unbleached Kraft and

SeDli-Che",ical 6 6 3 2 99- 380 0- 190 266 113 Biological Treatment
Papergrade Sulfite 12 12 1 1 0- 120 0- 20 40 7 Biological TreatmentN Pape rboa rd' from Was tepaper 15 15 3 0 310- 490 0 413 0 Biological Treatmenta

0::> 3 3 0 0 0 0 0 0 Primary Treatment

139. Chlorodehydroabietic Acid
Oi ssol ving Kraft 3 3 3 3 1300- 1600 330- 700 1433 473 Biological Treatment
Mark.. t Bleached Kraft 6 6 4 3 0- 120 0- 140 50 42 Biological Treatment
B(.,' 1l1 ..ached Kraft 9 9 5 5 0- 190 0- 31 78 11 Iliological Treatment
AI ka1ine-~'j ne 9 9 9 0 2- 240 0 44 0 Biological 'freatment
Seoli-Ch....ical 6 6 0 3 0 4- 18 0 9 Biological .Treatment
lJissolving Snlfite Pulp 4 4 4 3 45- 360 0- 241 161 108 Biological Treatment.
Papergrade Sulfite 12 12 6 3 8- 340 0- 93 123 39 Biological Treatment
lJeink

~'ine Papers 3 3 3 0 330- 730 0 467 0 Biological Treatment
Tis'sue 'Papers 3 3 3 2 18- 28 .0- 26 24 14 Partial Final Effluent

6 6 0 3 0 0 0 0 Biological Treatment
Integrated-Miscellaneous 12 12 4 1 0- 84 0- 3 33 1 Biological Treatment



TABLE V-32 (Continued)

Average
Total Number Total Number of Concentration Concentration

Toxic Pollutant/ of Samples Detected Analysis Range (I'g/l) (I'g/l)
Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Efflnent Comments

140. Dichlorodehydro~bieticAcid
Markee Bleached Kraft 6 6 3 3 30- 86 11- 65 57 39 Biological Treatment
BCT Bleached Kraft 9 9 2 1 0- 15 0- 4 3 1 Biological Treatment
Alkaline-Fine . 9 9 2 0 0- .32 O. 6 0 B~ological Treatment
Semi-Chemical 6 6 0 2" 0 0- 30 0 13 Biological Treatment
Dissolving Sulfite Pulp 4 4 1 0 Q- 280. 0 00 93 0 Biological Tr.eatment
Papergrade Sulfite 12 12 3 1 o- S 0- 3 2 1 Biological Treatment
Deink

Fine Papers 3 3 2 0 0:- 12 0 6 0 Biological Treatment
Integrated-Miscellaneous 12 12 1 0 0:" 5 0 2 0 Biological Treatment

141. Trichloroguaiacol
Market Bleached Kraft 6 6 3 0 15- 21 0 18 0 Biological Treatment
BCT 81eached Kraft 9 9 1 0 0- 1 0 1 0 Biological Treatment
Al ka line-Fine 9 9 4 J 0- 9 07 2 4 1 Biological Treatment
Dissolving Sulfite Pulp 4 4 1 0 6 0 6 O. Biological Treatment

N Papergrade Sulfite 12 12 3 2 2- 6 0- 2 4 1 Biologi",al Treatment0
~ Deiuk

Fine Papers 3 3 2 3 0- 2B 10- 17 14 14 Biological Treatment

142. Tetrachloroguaiacol
Market Bleached Kraft 6 6 6 0 4- 23 0 11 0 Biological Treatment
BCT Bleached Kraft 9 9 6 1 2- 17 0- 1 B 1 Biological Treatment
Alkaline-Fine 9 9 9 5 4- 17 0- 8 7 3 Biological Treatment
Dissolving Sulfite Pulp 4 4 1 1 4 2 4 2 Biological Treatment
Papergrade Sulfite 12 12 1 0 0- 2 0 1 0 Biological Treatment
Deink

Fine Papers 3 3 3 3 4- 16 6- 13 8 9 Biological Treatment

143. Xylenes
Alkaline-Fine 9 9 2 0 0- 8 0 4 0 Biological Treatment
Unbleached Kraft

Linerhoard 3 3 3 0 22- 44 0 33 0 Biological Treatment
Bag· 6 6 3 0 8- 10 0 9 0 Biological Treatment

Semi-Chemical 6 6 2 ;3 0- 4 1- 3 2 2 Biological Treatment



TABLE V-32 (Continued)

Average
ToLal· Nu..ber ToLal NUlIlber of COAcentratiou Concentration

Tox Ic Po llutanLI of Sallples Detected AIlalysis Range (lIg/1 J (lIg/ l )
Snbcategory Influent Effluent Influent Effluent Influent Efflnent Influent Effluent COllllllents

143. Xylenes (continued)
Unbleacbed Kraft aAd

Semi-Chemical 6 6 3 0 19- 27 0 22 0 Biological Treatment
Papergrade Sulfite 12 12 3 0 0- 4 0 1 0 Biological Treatment
Oeink

Fine Papers 3 3 1 0 0- 20 0 7 0 lIiological Treatment
Newsprint 3 3 5- 110 46 0 P01'W
Tissue Papers 3 3 2 0 0- 9 0 5 0 Biological Treatment

3 3 0 0 0 0 0 0 Partial Final Effluent
Tiasue from Wastepaper 6 6 5 1 0- 140 0- 13 28 2 Biological Treatment

3 3 1 0 0- 31 0 10 0 Primary Treatment
Paperboard from Wastepaper IS 15 5 0 0- 6 0 3 0 Biological Treatment

3 3 1 0 0- 3 0 1 0 Primary Treatment
Builders I Paper and

Roofiug FeIt 9 9 3- 63 18 POTW
N 3 3 2 0 0- 32 0 16 0 Primary Treatment
I-' Nonintegrated-Tissue Papers 6 6 3 3 140-37000 160-1600 13547 800 Biological Treatment
0 Nonintegrated-Lightweight

Papers 3 3 2 0 0- 8 0 5 0 Biological Treatment
NoninLegrated-Paperboard 6 6 3 3 5- 14 1- 4 8 3 Biological TreatmeAt
Integra ted-tli scellaneous 12 12 . 7 I 0- 160 0- 4 23 1 Biological TreatDlent
Nonintegrated-Miscellaneous 6 6 3 3 7- 10 6- 340 9 147 Primary Treatment

3 3 0 0 0 0 0 0 Primary w/H~lding Pond

149. Color (PIa tinum Coba1t Unita) (Platinum Cobalt Units)
Dissolving Kraft 3 3 3 3 1086- 2220 935-1326 1475 1160 Biological Treatment.
tlarket Bleached Kraft 6 6 6 6 1420- 1920 1310-1920 1680 1597 Biological. Trea"tment
BCT Bleached Kraft 9 9 9 9 875- 2030 1340-2040 1233 1610 Biological Treatment
AI kaline-Fine 9 9 9 9 630- 1210 430-1380 850 826 Biological TreatmenL
Unbleached Kraft

Liuerboard :.I 3 :.I :.I 70- 290 190- 240 173 213 Biological. Treatment
Bag 6 6 6 6 340- 1900 350-2400 1130 1208 Biological Treatment

Semj -CIIt~lDicCiI 6 6 6 6 1820- 8000 2350-6400 3915 3825 Biological TreaLment

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

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



TABLE V-32 (Continued)

Average
Total Number Total Number of Concentration Concentration

Toxic Pollutant/ of Samples Detected Analysis (Platinum Cobalt Units) (Platinum Cobalt Units)
Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comm~nts

149. Color (continued)
Unbleached Kraft and

Semi-Chemical 6 6 6 6 200- 1080 ::170-, ~90 425 258 Biol"gical Treatmel\t
DIssolving Sulfite Pulp 4 4 4 4 1070- 2600 850-3600 1506 1668 Biological Treatment
Papergrade Sulfite 12 12 12 12 14- 7100 <5-3150 3046 1500 Biologic!,l Treatment
Groundwood-Fine Papers 6 6 6 6 <5- 300 <5- 48 139 21 Biological Treatment.
lleillk

~'ine Papers 3 3 3 3 48- ~40 31- 90 103, 68 Biological Treatment
Newsprint 3 3 160- 420 320 POTW
Tissue Paper~ 3 3 3 3 210- 220 100- 190 217 153 Partial Final Effluent

3 3 3 3 <5 <5 5 5 Biological Treatment
Tissue from Wastepaper 6 6 6 6 <5- 470 14- 50 88 31 Biologi~al Tre!'tment

3 3 3 3 5- 40 14- 50 23 38 Primary Treatment
Paperboard from Wastepaper 15 15 15 15 <5- 570 <5- 200 159 86 Biological.Treatment

3 3 3 3 950- 970 '880- 920 960 897 Primary Treatment

~ Wastepaper-Molded Products 3 3 3 3 82- 170 23- 810 121 302 Biological Trea~ment

~ 3 3 <5- 125 53 POW
t-'" Builders' Paper

and Roofing Felt 9 9 370- 1980 -- 936 POW
3 0 0 .. -- 0 Primary'.Treatment

Noninlegraled-Fine Papers 6 6 6 6 <5 <5 5 5 Biological Treatment
3 3 3 3 48· 830 6- 82 311 34 Pr imary ,Trea tment

Noninlegrated-Tissue Papers 6 6 6 6 <5 <5 5 5 Biological Treatment
Nonintegrated~Lightweight

Papers 3 3 3 2 <5 0- <5 5 3 BiolOgical Tr~atment
Nonintegrated-HIler

Primary Treatme~t,and Nonwoven Papers 3 3 3 3 <5 <5 5 5
3 3 3 3 10- 100 <5- 20 43 10 Biological Treatment

Nonintegrated-Paperboard 6 6 6 5 <5- 14 0- 50 7 15 Biological Treatment
Integrated-Miscellaneous 12 12 12 12 <5- 4660 <5-4590 1060 938 Biological Treatment
Nonintegrated-Miscellaneous 6 6 6 6 <5 <5 5 5 Primary Treatment

3 3 3 3 <5 <5 5 5 Primary w/Holding Pond

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



TABLE V-32 (Continued)

Total HWIlber Total NlIDber of Concentration Average
Toxic Pollutant/ of Sa,mples Detected Analysis Range Concentration

S"bcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Co....ents

150. Anuonia (..gil) (mg/l)
Dissolving Sulfite Pulp 4 4 3 3 6.2- 24.3 3.45- 9.5 12 7 Biological Treatment
Papergrade Sulfite 12 12 2 3 0- 260 6.8- 48 105 21 Biological Treatment

151. COD
Dissolving Kraft 3 3 2 3 0- ·1510 330- 780 933 497 Biological Treatment
Harket Bleached' Kraft 6 6 6 6 530- 920 370- 440 735 407 Biological Treatment
BCT Bleached Kraft 9 9 9 9 300- 1270 290- 470 765 397 Biological Treatment
Alkaline-Fine 9 9 9 9 400- 820 110- 310 576 244 Biological Treatment
Unbleached Kraft

Linerboard 3 3 3 3 550- 670 220- 490 617 310 Biological Treatment
Bag 6 6 6 6 590- 1840 345-1000 1113 663 Biological Treatment

Seuli-Chemical 6 6 6 6 1940- 2820 1045-1930 2410 '1493 Biological Treatment
Unbleached Kraft and

N Semi-Chemical 6 6 6 6 648- 1296 80- 464 897 310 Biological Treatment

I-' Dissolving Sulfite Pulp 4 4 4 4 1744- 3170 1040-2170 2251 1404 Biological Treatment
N Papergrade Sulfite 12 12 12 12 780- 8700 690-2370 4901 1342 Biological Treatment

Groundwood-Fine Papers 6 6 6 6 450- 1020 77- 200 625 136 Biological Treatment

Deink
Fine Papers 3 3 3 3 700- 2850 50- 260 1600 170 Biological Treatment
Newsprint 3 3 1980- 4720 3733 POTW
'l'i ssue Papers 3 3 3 3 1700- 2400 360- 500 2063 430 Partial Final Effluent

3 3 3 3 370- 512 72- 87 435 80 Biological Treatment
Tissue from WasLepaper 6 6 6 5 230- 500 0- 220 363 160 Biological Treatment

3 3 3 3 160- 250 110- 156 190 131 Primary Treatment
Paperboard from Wastepaper 15 15 14 15 0- 6400 5- 540 1244 201 "Biological Treatment

3 3 3 3 8440- 9060 2980-8320 8833 4797 Primary Treatment
Wastepaper-Molded Products 3 3 3 3 ' .. 262- 346 66- 101 291 82 Biological Treatment

3 3 560- 880 693 POTW
Dul.lders ' Paper

and Roofing Felt 9 8 0- 5120 3487 POTW

3 3 0 il 0 0 0 0 Primary Treatment
Nonintegrated-Fine Papers 6 6 '6 6 87- 220 73- 110 168 87 Biological Treatment

3 3 3 3 ' '254- 763 22- 26 437 25 Primary Treatment
Nonintegrated-Tissue Papers 6 6 6 6 16- 666 85- 142 209 107 Biological Treatment



TABLE V-32 (Continued)

Toxic Pollutant/
Subcategory

Total Number
of Samples

Influent Effluent

Total Number of
Detected Analysis
Influent Effluent

Concentrati.on
Ra'nge (mg/l)

Influent Effluent

Average
Concentration

(mg/l)
Influent Effluent COllllllents

N.....
W

151. COD (continued)
Nonintegrated-Lightweight

Papers
Nonintegrated-Filter

and Nonwoven Papers

Nonintegrated-Paperboard
Integrated-Miscellaneous
Nonintegrated-Miscellaneous

3 3 3 3 230- 475 45- 90 313 69 Biological' Treatment

3 3 3 3 77- 136 13- 57 104 28 Primary Treatment
3 3 3 3 230- 250 40- 56 240 49 Biological Treatment
6 6 6 6 <5- 370 12- 97 203 46 Biological TreatDlent

12 1~ 12 12 140- 2240 92-590 848 255 Biological Treatment
6 6 6 125- ' 230 28- 80 184 48 Primary Treatment
3 3 3 3 130- 810 81- 98 493 89 Primary w/Holding Pond



TABLE V-33

TOXIC POLLUTANT SAMPLING
DATA BASE

No. Mills Sampled
EPA Region Total

SUbcategory or Mill Grouping Screening Screening Verification Mill Visits

Dissolving Kraft 1 0 1 2
Market Bleached Kraft 4 0 2 6
BeT Bleached Iraft 2 1 3 6
Alkaline-Fine 5 0 3 8
Unbleached Kraft

Linerboard 4 1 1 6
Bag 0 0 2 2

Semi-Chemical 3 1 2 6
Unbleached Kraft & Semi-Chemical 2 1 2 5
Dissolving Sulfite2Pulp 4 0 2 6
Papergrade Sulfite 0 1 4 5
Groundwood-Thermo-Mechanical 2 0 0 2
Groundwood-CMN Papers 1 0 0 1
Groundwood-Fine Papers 0 1 2 3
Deink

Fine Papers 0 0 1 1
Tissue Papers 0 1 2 3
Newsprint 1 0 1 2

Tissue from Wastepaper 0 0 3 3
Paperboa~d from Wastepaper 5 0 6 11
Wastepape~-Molded Products 0 0 2 2
Builders' Paper and Roofing Felt 2 0 4 6
Nonintegrated-Fine Papers 0 1 3 4
Nonintegrated-Tissue Papers 0 1 2 3
Nonintegrated-Lightweight Papers 0 0 1 1
Nonintegrated-Filter &

Nonwoven Papers 1 0 2 3
Nonintegrated-Paperboard 0 0 2 2
Integrated-Miscellaneous 7 1 4 12
Secondary Fibers-Miscellaneous 1 1 0 2
Noninteg~ated-Miscellaneous 2 0 3 5

Total 47 11 60 1183

1Includes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash)
subcategories.

3Some mills sampled for screening and verification; 106 different facilities were
sampled.
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TABLE V-34

SUPPLEMENTAL COLOR DATA

SUbcategory
Total Number of Samples

Influent Effluent

Concentration Range
(Platinum Cobalt Units)

Influent Effluent

Average Concentration
(Platinum Cobalt Units)

Influent Effluent Comments

Gissolving Kraft
Market Bleached Kraft
BeT Bleached !raft
Alkaline-Fine

6
12
12
21

6
12
12
23

1310-1780
1010-2360
1040-3380
650-1480

1170-1710
1040-2360
1160-1830
480-1830

1545
1733
1625

953

1460
18.30
1480

953

Biological Treatment
Biological Treatment
Biological Treatment
Biological Treatment

lrncludes Fine Bleached Kraft and Soda SUbcategories.



TABLE V-35

THEORETICAL RAW WASTE AMMONIA LOAD

Assumed
Ammonia Recovery

Required (a) (b) BPT RWL Flow Efficiency
Subcategory (lb/t) (kgal/t) %

Semi-Chemical 67 10.3 50
10.3 90

Dissolving Sulfite Pulp 125 66.0 50
66.0 90

Papergrade Sulfite 100 44.5 50
44.5 90

(a) Reported average figure required per ton of pulp produced (25).

(b) As nitrogen.

216

Raw Waste Load
NH3-N

(lb/t) (mg/l)

33.5 390
6.7 80

62.5 114
12.5 23

50.0 135
10.0 27



Limited data are available on actual ammonia raw waste loads. Table
V-36 presents available ammonia data for five of the nine mills where
ammonia is used for pulping. These data are generally within the
range presented in Table V-35 and tend to support the theoretical
calculations.
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(c) "Aerated Lagoon Treatment of Sulfite Pulping Effluents," Report to U.S. Environmental
Protection Agency, Water Pollution Control Research Series Program 12040 ELW,
December 1970.(36)

TABLE V-36

Verification Survey data

(c)

Data Source

Verification Survey data

DMR data

DMR data

4.0

6.9

26.1

32.5

20.4

47

Ammonia (a)

20

98

157

337

(mg/l) (lb/t)
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AVERAGE RAW WASTE LOAD DATA
FOR MILLS USING AMMONIA AS

THE CHEMICAL PULPING BASE

(a) As nitrogen.

(b) Pulp mill only.

Papergrade Sulfite
040001
040008
040012
040016
040019(b)
040020

Dissolving Sulfite Pulp
046005
046006

Semi-Chemical
020014

Subcategory and Mill No.
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SECTION VI

BODi, TSS, and pH.

Trichlorophenol, pentachlorophenol,
chloroform, and zinc.

Toxic Pollutants:

Conventional Pollutants:

WASTEWATER PARAMETERS OF SIGNIFICANCE

The Agency is in the process of an exhaustive study of the pulp,
paper, and paperboard industry, the purpose of which is to establish
effluent limitations reflecting the best conventional pollutant
control technology (BCT) 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
BCT and BAT regulations, NSPS, PSNS, and PSES, as appropriate.

SELECTION OF POLLUTANT PARAMETERS

In addition, the Agency is seeking public comment on the
nonconventional pollutant ammonia because only limited information is
available on the discharge of this pollutant. Ammonia is known to be
used as a pulping chemical at nine mills in four subcategories of the
pulp,_ paper, and paperboard industry: semi-chemical, dissolving
sulfite pulp, and both papergrade sUlfite, subcategories.

1. The pollutant is indirectly measured by measurement for another
parameter.

SELECTION OF WASTEWATER PARAMETERS OF SIGNIFICANCE

2. The pollutant is indirectly controlled when a selected parameter
is controlled.

3. Insufficient data are available on which to base limitations.

The 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



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 guidelines, standards of
performance, .and pretreatment standards:

"8(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
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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
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 pf 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 indi~ectly controlled when a selected parameter
is controlled.
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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
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 Existing Regulations

Conventional; toxic, and nonconventional pollutants have been limited
under promulgated effluent limitations guidelines and performance
standards applicable to wastewater discharges from the pUlp, paper,
and paperboard point source category. Table VI-l presents a summary
of the pollutants that have been regulated or have been proposed to be
regulated in previous Agency rulemaking for each of the subcategories
of the industry. '

Conventional Pollutants. Regulations limiting the discharge of BODi,
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
sections 301(b)(2)(E) and 304(a)(4) through identification of the
"best conventional pollutant control technology" (BCT).

Toxic Pollutants. The only toxic pollutant presently regulated is
zinc. This pollutant has been 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 a limited number of mills in the
industry. Since the potential exists for the discharge of zinc due to
the continued use of zinc hydrosulfite, this pollutant will be
regulated in those subcategories where zinc is currently regulated.

Nonconventional Pollutants. Two nonconventional pollutants are
currently controlled under existing regulations: settleable solids and
color. Settleable solids are limited under regulations applicable to
the builders' paper and roofing felt subcategory' of the builders'
paper and board mills point source category. Settleable solids are
measured during the analysis for suspended solids (TSS), a
conventional pollutant. Therefore, it has been concluded that
settleable solids will be controlled by limitations reflecting the
best conventional pollutant control technology (BCT) and that BAT
limitations for control of settleable solids are unnecessary and
redundant.
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TABLE VJ-I
SUMMARY OF PARAMETERS PROPOSED OR PROMULGATED

FOR KFFLUENT LIMITATIONS GUIDELlNKS BY SUBCATEGORY

COllvent'ional Pollutants
BOllS TSS ~ Settleable Solids

Nonconventional Pollutant
Color

N
N
W

Dissolving Kraft
Market Bleached Kraft
BCT Bleached ~raft

AI ka llne-Fine
Unbleached Kraft
Semi -Chemi cal
Ullbleached Kraft and Sel?li-Chemical
Dissolvillg Sulfite

3
Puip ,

Papergrade Sulfite
GrOIUldwQod-Thermo-Mechanica 1.
Groundwood-CMN Papers
Groundwood-fille Papers

Ueink
'f.j 6SUC from Wastepaper
Pdpel'lward from Wastepaper
Wastepap~r-MoldedProducts
Bui Idecs' Paper and Roofing Felt

Nonintegrated-Hne Papers
Non i lltegrat ed-Tissue Pape rs
Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

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 X

X X X
X X X
X X X
X X X
X X X

*
*
*
*
X
X
X

X Regulati on" were proposed and promulgated foe this pollutant or pollutant parameter.
1. Regulations were .proposed for this pollulant or pollut.an.t parameter.

ITncLud"" Fine BLeached Kraft and Soda SUbca'tegodes.

2The BPT BOD.? effluent limitation for' acetate grade production in the Dissolving Sulfite Pulp Subcategory was
remanded too ~PA.

3IIIcLu<.les Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum ,Wash) Subcategorie,s.



BAT limitations have been 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. It has also been proposed that the discharge of color
should be limited in discharges from the dissolving kraft, market
bleached kraft, BCT (paperboard, coarse, and tissue) bleached kraft,
fine bleached kraft, and soda subcategories through implementation of
BAT limitations. However, as discussed in Section II, BAT limitations
were never promulgated for these subcategories. Additional
subcategories where highly-colored effluents are discharged include
both papergrade sulfite subcategories and the dissolving sulfite pulp
subcategory.

As a result of further investigations by the Agency since the current
BPT and BAT limitations were proposed and promulgated, it has been
concluded that the discharge of color in pulp, paper, and paperboard
effluents is not of uniform national concern. Therefore, color will
be controlled 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 will be presented in
Sections VII, VIII, and IX 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, the
potential for discharge of other toxic and nonconventional pollutants
has been investigated as a part of EPA's ongoing studies. A total of
129 specific toxic pollutants and 14 additional nonconventional
pollutants have been the subject of extensive study (See Section II).
Screening and verification studies have been conducted that have 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 11-3
presents the -rist of toxic and additionalnonconventional 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, it was determined that the
specific toxic pollutants to be investigated during the verification
program would be 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
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program only if the pollutant was not detected in wastewater samples
collected during the initial contractor screening program, with the
exception of seven metals: antimony~ arsenic,' beryllium, cadmium,
selenium, silver, and thallium. Based on initial screening results,
it was 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 Qll the
Results of the Screening Program-Table VI-2 presents a,list of those
specific toxic pollutants that have been excluded from regulation
based on screening program results.

Verification Program. Table 11-8 presents a list of all compounds for
which chemical analyses were obtained during the,verification program.
A summary of the analysis results has been presented in Table V-31.

Toxic Pollutant Assessment. Analytical results ,of those toxic
pollutants detected in verification program samples have been assessed
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 specifi·t toxic pollutants were
developed by personnel in the Office of Quality Review, Effluent
Guidelines Division.(37) 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. (38) The basis for comparing the results for
mercury was its solubility concentratipn. Table VI-3 presents
projected treatability levels for those compounds included in the
pulp, paper, and paperboard verification program. Verification
analysis results have been compared 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, 20 toxic pollutants were eliminated 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)i it has been determined that these pollutants are "present
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TABLE VI-2
CRITERIA FOR AND ELIMINATION OF TOXIC POLLUTANTS

BASED ON SCREENING PROGRAM RESULTS

"For a specific pollutant, the pollutant is not
detectable ..... "

vinyl chloride (chloroethylene)
aldrin
dieldrin
chlordane (technical mixture and
metabolites)
4,4'-DDT
4,4'-DDE (p,p'-DDX)
4,4'-DDD (p,p'-TDE)
a-endosulfan-Alpha
b-endosulfan-Beta
endosulfan sulfate
endrin
endrin aldehyde
heptachlor
heptachlor epoxide
a-BHC-Alpha
b-BHC-Beta
r-BHC (lindane) - Gamma
g-BHC-Delta
toxaphene
asbestos (fibrous)
2,3,7,8-tetrachlorodibenzo-p-dioxin (TeDD)
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88.
89.
90.
91.

92.
93.
94.
95.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
113.
116.
129.

1. acenaphthene
2. acrolein
8. 1,2,4-trichlorobenzene
9. hexachlorobenzene
12. hexachloroethane
16. chloroethane
18. bis(2-chloroethyl) ether
19. 2-chloroethylvinyl ether (mixed)
26. l,3-dichlorobenzene
27. 1,4-dichlorobenzene
28. 3,3'-dichlorobenzidine
32. 1,2-dichloropropane
37. 1,2-diphenylhydrazine
40. 4-ch1orophenylphenyl ether
41. 4-bromophenylphenyl ether
42. bis(2-chloroisopropyl) ether
43. bis(2-chloroethoxy) methane
45. methyl chloride (chloromethane).
46. methyl bromide (bromomethane)
50. dichlorodifluoromethane
52. hexachlorobutadiene
53. hexachlorocyc1opentadiene
57. 2-nitrophenol
60. 4,6-dinitro-o-cresol
61. N-nitrosodimethylamine
63. N-nitrosodi-n-propylamine
72. benzo (a) anthracene

(1,2-benzanthracene)
73. benzo (A) pyrene (3,4-benzopyrene)
74. 3,4-benzofluoranthene
75. benzo (k) fluoranthene

(11,12-benzo fluoranthene)
79. benzo(ghi)perylene

(1,12-benzoperylene)
82. dibenzo (a,h) anthracene

(1,2,S,6-dibenzanthracene)

Paragraph 8 (a) (iii)



TABLE VI-2 (Continued)

"For a specific pollutant ..... is present in amounts
too small to be effectively reduced by technologies
known to the Administrator ..... "

nitrobenzene
4-nitrophenol
N-nitrosodiphenylamine
dimethyl phthalate
fluorene
indeno (1,2,3,-c,d) pyrene
antimony
arsenic
beryllium
cadmium
selenium
silver
thallium

227

56.
58.
62.
7l.
80.
83.

114.
115.
117.
118.
125.
126.
127.

3. acrylonitrile
5. benzidine
14. 1,1,2-trichloroethane
17. bis(chloromethyl)ether
20. 2-chloronaphthalene
25. 1,2-dichlorobenzene
29. 1,1-dichloroethylene
30. 1,2-dichloroethylene
33. 1,3-dichloropropylene

(1,3-dichloropropene)
34. 2,4-dimethylphenol
35. 2,4-dinitrotoluene
36. 2,6-dinitrotoluene

Paragraph 8 (a) (iii)



TABLE VI-3

PROJECTED TREATABILITY FOR VERIFICATION PROGRAM TOXIC POLLUTANTS

N
N
co

Verification Compound
Toxic Compounds (Priority Pollutants)

benzene
chlorobenzene
1,1,I-trichloroethane
1,1,2,2-tetrachloroethane
1,I-dichloroethane
2,4,6-trichlorophenol
chloroform
2-chlorophenol
2.4-dichlorophenol
ethylbenzene
fluoranthene
methylene chloride
bromoform
dichlorobromomethane
trichlorofluoromethane
dichlorodifluoromethane
chlorodibromomethane
isophorone
naphthalene
phenol
bis (2-ethylhexyl) phthalate
butyl benzyl phthalate
di-n-butyl phthalate
di-n-octyl phthalate
diethyl phthalate
anthracene
tetrachloroethylene
toluene
acenaphthylene
trichloroethylene
PCB 1242 (Arochlor 1242)
PCB 1254 (Arochlor 1254)
PCB 1221 (Arochlor ]221)

Compound Concentration
Used For Comparison (~g/l)

50
50

~100

50
~100

.25
~100

50
50
50
10

~100

50
~100

~100

~100

~100

50
50
50
10

1.0 - 10.0
25
10
25
10
50
50
10

~100

1.0
1.0
1.0

Source for
Concentration Used

*
~":

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*



TABLE VI-3 (continued)

Verification Compound
Toxic Compounds (Priority Pollutants)

chrysene
phenathrene
parachlorometa cresol
2,4-dinitrophenol
PCB 1232 (Arochlor 1232)
PCB 1248 (Arochlor 1248)
PCB 1260 (Arochlor 1260)
PCB 1016 (Arochlor 1016)
carbon tetrachloride
1,2-dic~loroethane

pentachlorophenol
pyrene
zinc
nickel
copper
lead
chromium
cyanide
mercury

References

Compound Concentration
Used For Comparison (~g/l)

1.0
10.0
50.0
25.0"
1.0
1.0
1.0
1.0
50

100
10

1
1800
1800
1800
300

2500
230
100

Source for
Concentration Used

*
*
*
*
*
*
*
*
*
**
"k-k

**
**

*Murray P. Strier, "Treatability of Organic Priority Pollutants - Part C - Their Estimated
(30 Day Average) Treated Effluent Concentration - A Molecular Engineering Approach,"
Table I, 1978."

"/"'''Treatability levels as specified in the Pretreatment Regulations for the Electroplat.ing
Industry point source category.

*1.kBased on solubility of mercury.



in 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:

l,l,2,2-tetrachloroethane
2,4-dinitrophenol
Chrysene
Phenanthrene
Para-chloro-meta-cresol

Chrysene and l,l,2,2-tetrachloroethane had been included 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, l,l,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.

The compound 2,4-dinitrophenol was included 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, both
anthracene and phenanthrene were included 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.

Para-chloro-meta-cresol was added to the list of verification
compounds because it is a chlorinated phenolic. Based on literature
reviews, it was determined that potential existed for the presence of
chlorinated phenolics in pulp, paper, and paperboard effluents.
However, para-chloro-meta-cresol was not detected in wastewater
samples at any of the 60 verification mills.
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TABLE VI-4

231

. . 1
2,4-dinitrophenol 3
bis(2-ethylhexyl)phthalate
di-n-octyl phthalate
chrysene
acenaphthylene
anthracene 4
phenathrene
pyrene
PCB-1221 (Arochlor 1221)
PCB~1232 (Arochlor 1232)
PCB-1016 (Arochlor 1016)
chromium (total)
copper (total)
mercury (total)
nickel (total)

59.
66.
69.
76.
77.
78.
8l.
84.
108.
109.
112.
119.
120.
123.
124.

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
1,1,2,2-tetrachloroet2ane
parachlorometa cresol
fluoranthene 3
methylene chloride
(dichloromethane)
dichlorobromomethane
trichlorofluoromethane
chlorodibromomethane
isophorone

2Not detected in final effluent(s) during screening or verification program.

3Laboratory contaminant.

1Not detected during verification sampling; detected in final effluent(s)
during screening program below treatability level.

4Not detected during verification sampling; co-elutes with anthracene using
screening procedures.

48.
49.
51.
54.

7.
10.
13.
15.
22.
39.
44.

6.



Additional PCB data were obtained from the New York state Department
of Environmental Conservation to supplement that obtained during
verification sampling. (39) All available PCB data have been summarized
to form the basis of decisions on the necessity for establishment of
uniform national guidelines for the control of PCBs. Table VI-7
presents a summary of the PCB data obtained from the New York State
Department of Environmental Conservation.

As a result of this evaluation, 20 toxic pollutants were eliminated
from further consideration in the assessment of the necessity for
development of uniform national guidelines. Paragraph 8(a) of the
Settlement Agreement provides guidance for the elimination of these
specific toxic pollutants. Table VI-8 lists those criteria cited in
Paragraph 8(a) and the specific toxic pollutant(s) eliminated based
upon the criteria.
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determined that uniform national standards should be
for the control of three additional specific toxic
chloroform, trichlorophenol, and pentachlorophenol.

was consistently detecte~ at levels in excess of the

It has been
established
pollutants:
Chloroform

Upon determining the toxic pollutants of potential concern, an
evaluation of available data was performed. 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.

The toxic pollutants bis(2-ethylhexyl) phthalate and methylene
chloride have been eliminated from further consideration at this time
because they were 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, those
toxic pollutants with concentrations equal to or in excess of
specified treatability levels in either the raw wastewater or treated
effluent have been identified for each subcategory. Table VI-5
presents a summary of the toxic pollutants of potential concern for
each subcategory based on this comparison.



TABLE VI-5
SlJUUARY OF TOXIC POLLUTANTS

OF CONCERN BY SUBCATEGORY

!.!!..!::E8E~!:!:~!:gnlent

Dissolving Kraft
Ua "ket IHeached Kraft
BeT Bl~ached fra£t
AJ kalille-Fiue
Uubleached Kraft

Liuerboard
Bag

Semi-Chemical
Uubleached Kraft and

Sell'!i -Chemi cal
Dissolving Sulfite2Puip
Papergrade Sulfite
Grouudwood-CHN Pap~r5

Gruulldwood-.Fiue Papers

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

XXX

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

_ ..._---_ .. -_._.------_.- -------- .._-----_._----------_._-------------

~~!!!:!~~gL'ated Se~!!E:

Noniulegrated-Fille Papers
Nunintegrated-Tissue Papers
Nonintegrated-Lightweight

Papers .
NouilILegr<..Itecl-F.i Iter and

Nonwoven PiJl'ers
Nunj 11 teg ra Led-~aperboa rd

~!:£~t.!..a..EL~~!p.~E~§.egrnent

Deink
.,Fine Papers
New~lJrjnt

Ti~~Lle Papers
Tjs~'le from Wast~water

Pupcrboard from Wast.epaper
Wastepaper-Molded Products
Builders' Paper and Roofing

Felt

N
W
W

~I~'l'oxic Pollutants are as follows:

4.
11.
21
23.
24.

llen:lene
l,J,I-Tricbloroethane
Teichloraphenol
ChloI"otorm
2-Chloruphenol

3l.
3B.
47.
55.
64.

2,4-Dichlorophenol
EthyJben~eue

Bromoform
Naphthalene
Pen ta ch 10 copheno I

65.
67
68.
70.
85.

Phenol
Butyl Benzyl Phthalate
Di-N-Butyl Phthalate
Diethyl Phthalate
Tet rachloroethylene

86.
87.
106.
107.
110.

Toluene
Trichloroethylene
PCB 1242
PCB 1254
PCB 1248

11l.
12l.
122.
128.

PCB 1260
Cyanide
Lead
Zinc

I Iud IIdes Fine Bleached Kra ft and Soda Subcategories.

21ucludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drwn Wash) Subcategories.



TABU VJ-6

SUHnARY OF DA'fA ASSESSilEliT - TOXIC POLJ.UTAtI1'S 01' COUCElttl

/lu..ber of Su.,ples iu Excess Conc~nlr.u.tion Average
~ of Sum!!les Ana~zed of TreatabU.i!LLevels Hange .l!llLl.__" goncentrations J!ill.

!!!&£..~2.!!!!!c!!!!:L~ub,'ategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comnl,enLs

4. B~uz~ne

Papergrade Sulfite 12 12 3 140-150 7-96 147 40 Detected in final efflu-
ent sumples of one mill
at low levels.

II. I,.I,I-Trichloroethane (a)
Papergrade Sulfite 12 12 3 0 130-2,000 6-8 1,243 7
Jntegrated Miscellaneous 12 12 I 0 3-187 0 67 0

21. 2,4 ,6-Td chlorophenol
l1arkl:'l Bleached Kraft 6 6 1 0 13-26 5-6 20 5
Pape ..g..a<le Sui fite 12 12 3 3 330-370 170-270 350 210
neink

Tissue Papers 6 6 3 3 29-65 39-43 48 41
Paperboard from Wastepaper 18 18 3 3 270-420 420-450 360 430
Nonintegrated Miscenaneous 9 9 1 1 6-30 6-28 18 19

N
W 23. Chloroform
.j:::> Dis.olving Kraft 3 3 3 0 360-900 40-86 647 67

l1ark"t Bleached Kraft 6 6 6 0 830-2,200 6-20 1,405 12
BCT Bleached Kraft 9 9 9 0 580-4,000 0-11 1,550 6
AlkaJioe-Fine 9 9 8 3 43-1,800 2-110 1,148 52
Dissolving Snlfite Pulp 4 4 4 0 110-360 1-42 268 J3
Papergrade Sulfite 12 12 JJ 12 62-8,600 120-1,200 2,677 433
Groundwood-Fine Papers 6 6 3 0 130-240 16-36 170 26
Deink

I!'j lie Papt:rs 3 3 3 2 670-9,700 95-240 4,190 145
Tissue Papers 6 6 3 0 1,000-1,800 48-61 1,367 55

Integrated Miscellaneous 12 12 3 0 450-1,100 2-14 833 10

24, 2-Chlorophenol
. Pdpergrade Sulfite 12 12 2 0 0-120 21-50 65 37 (a)

31. 2 ,'4-l)i chlorophenol
Papergrade Sulfite 12 12 3 3 180-220 90-130 203 106 (b)

38. Elhylbenzene Detected in two final
~l. rket Bleached Kraft 6 6 1 0 0-82 0 27 0 effluent samples at one
Tissue from Wastepaper 9 9 1 0 2-74 0 27 0 mill where biological
Non"inlegrated-Tissue Papers 6 6 3 2 54-39,000 36-300 13,081 149 treatment is not

employed.

(aJ Detected in filial effluent salnples at levels lower than the 30-day average treatability comparison value.

(b) Detected in final effluent samples at levels higher than the 30-day average treatability co.nparison value only at mill(s) where BPT effluent
] imi t..ttions are not at-tained.



TABLE VI~6 (Continued)

Number of Samples in Excess Concentration Average

NWllber of Salaples Analyzed of Treatability Levels Range fig/I Concentrations flg/I

Toxic pollutant/Subcategory Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

44. Methyleue Chloride
Laboratory contaminant

Unbleached Kraft
Bag 6 6 0 1-290 0-5 98 3

Unbleached Kraft and
Semi-Chemical 6 6 2 0 0-220 0-80 113 27

Papergrade Sulfite 12 12 4 1 0-2,500 2-3,100 379 357

Tissue froln Wastepaper 9 9 1 0 17-410 0 174 0

Paperboard from Wastepaper 18 18 0 1 0 3-142 0 50

47. BrolDoform
Paperboard from Wastepaper 18 18 0-119 0-62 40 21 (b)

55. Naphthalene
Papergrade Sulfite 12 12 2 22-230 7-88 102 36 (b)

Ueink
Fine Papers 3 3 3 0 67-190 0 142 0

Tissue Papers 6 6 2 0 0-78 0 48 0

64. Pentachlorophenol
N BCT Bleached Kraft 9 9 2 3 5-31 16-21 19 19

W Alkaline-Fine 9 9 1 0 6-11 0-1 8 1

U,.
Papergrade Sulfite 12 12 2 0 9-12 0 11 0

Groundwood-Fine Papers 6 6 1 0 3-12 0-2 6 I

Ueink
Fine Papers 3 3 2 2 9-24 4-20 15 12

Tissue Papers 6 6 2 3 10-61 27-38 38 34

Paperboard from Wastepaper 18 18 5 3 0-1,200 0-1,400 356 400

BuiIllers' Paper & Roofing Felt 12-k 0 6 17-160 65 *1 mill was self-

Iutegrated Hiscellaneou. 12 12 3 0 12-29 0-5 23 3 contained and 3 dis-

Nonintegrated Miscellaneous 9 9 2 2 0-200 0-6B 72 27 charge to POTWs.

65. Phenol
(b)

Dissulving Kraft 3 3 I 0 8-110 10-·29 54 18

BCT Bleached Kraft 9 9 5 0 44-92 0-17 67 7

Unbleached Kraft
I.lnerboacd 3 3 2 0 41-110 3-4 77 3

Bag 6 6 5 0 50-140 0 89 0

Semi -Chellili ca 1 6 6 6 0 160-400 3-24 230 14

Uubleached Kraft and
Semi -Chelldcal 6 6 3 0 30-100 0 56 0

Pal'ergrade Sulfite 12 12 6 2 78-640 0-250 333 80

Groundwood-Fine Papers 6 6 1 0 15-51 0-5 34 2

·lJeillk
T~ssue Papers 6 6 3 0 76-150 0 119 0

Tissue trolll Wastepaper 9 9 2 0 24-140 0-6 77 2

-'--_.~ -. ~ .._... _--_.- _.- -----_.--_•..__. ~.-.._.~_ ..- ~.. .... ._------- ----_._--_.__.-
___- _.___ ••___ ••_____M.________________.._····______

(a) Detected in fifiC:Jl effluent saolples at LeveL6 lower than the 30-day average treatability comparison value.

(bJ Detected ill final effluent samples at level" higher than the 30-day average treatability comparisoll value only at III; lJ (s) where BPT effluent

I Iud La l.i oHS at'~ not kttained.



TABLE VI-6 (Contfnu~d)

N""'ber oC Sa..ples in Excess Concentration
Nl>Olber DC SaOlpl"" Analyzed of Treatability Levels Range !lg/l

Toxi C PoUutant/Subca teI:iK:!.o~rYL- ...:.1nfl uent,-,E2;f!.;f~l~u:::e:::n~t,-- -,I~n~C~l~u~e!!n=t--,E~f~f~l~u~e~n~t:......__~In~f~l~u~e~nt BCCl uent

Average
Conc"nt ra tions !lg/l
Infhlent Effluent COllllllcnts

N
W
C'l

65. Phenol (cont.)
Paperboard Crow Wautepaper
8uilders I Paper & Roofing Felt
NonlnLegrated-~'lnePupers
Nonintegrated-niter &Nonwoven

Paper.
Integrated l'Iiacel1 Dneoua

66. 8is(2-eLhylhexyl)l'hthalate
Disaolving Kraft
l1arket 8lt.,ached Kraft
8CT 8leached Kraft
Alkaline-Fine
Unbleached KrafL

Linerboard
Semi-Chemical
Unbleached Kraft and Semi-

Chemical
Dissolving Sulfite Pulp
Papergrade Sulfite
Groundwood-~'ine Papers
lJeink

Newsprint
Tissue Papers

Tissue from Wastepaper
Paperboard fl"om Wastepaper
8ui Lders' Paper & Roofing Felt
Nouil~tegrated-Ifille Papers
Nouiulegrated-']'issue Papers
Nonintegrated-FiLter &Nonwoven

Papers
Nonintegrated-Paperboard
InLegrated ~li.scellaneous

Noni utegrated ~Ij see] laneous

67. Butyl Benzyl Phthalate
Unh leached Kraft

8ag
Dissolving Sulfite Pulp
lJeink

N~wsprint

Paperboard frOID Wastepaper
8uilders' Paper & Roofing Fel t
Nouintegraled-Tissue Papers

18
12

9

6
12

3
6
9
9

3
6

6
4

12
6

3
6
9

18
12
9
6

6
6

12
9

6
4

3
18
12
6

18
o
9

6
12

3
6
9
9

3
6

6
4

12
6

o
6
9

18
o
9
6

6
6

12
9

6
4

o
18
o
6

9
12
2

3
3
2
5

2
4

3
I
3
1

1
2
2
8
6
4
2

3
2
4
6

2
.0

3
7
3
3

3
3
1

o
o

o
3
o
2

o
o

1
1
2
1

o
o
4
o
4
2

1
o
5
2

o
1

3
o
1

59-500

44-150

8-150
10-68

15-180
6-21
0-35
6-190

3-130
0-46

0-16
2-22
0-200
0-18

5-17
0-26
6-19
0-83
20-80
0-2,500
6-73

14-160
4-31
0-25
3-150

0-39
o

3-8
0-190
5-12
620-950

0-520

22-66

0-3
o

0-2
0-75
0-10
0-31

o
0-8

0-12
0-11
0-91
2-14

0-1
6-8
0-1,173

4-2,494
0-33

0-47
o
0-219
0-18

o
2

204
409

94

64
31

72
14
16
42

49
21

10
9

38
9

10
11
14
17
49

599
19

85
11

8
26

23
o

5
61

9
797

144

38

1
o

1
22

3
9

o
:3

3
5

13
7

1
7

83

438
10

18
o

25
6

o
2

21
o
5

Laboratory contaminant

Detected in final
effluent samples at
very low levels.

- -..--.----"_._--- - .._--- ._~~ .._---- .~.._'_._~------_. -._---_._--------- --------------._- - ----_.~-_.- _.
(a) Detected ill tinal effluent samples at. levels -low~r than Lhe 3D-day average treaLahility comparison v~lue.

(II) Ddect"d iu fiual efflu,,"t sampl"s at lev.,ls higher thau the 30-day average treaLahi lily comparison value only .L mill(s) where 8PT efflut'uL
LJmilatio1l5 are lIuL atl~i.nt::d.



TABLE VI-6 (Continued)

Nwnber of Samples i.n Excess Concentration Average

Nwnber of ~~es_~.!!~'!E. ~eatabi!ityLevels Range J.lll_/1___ Conce;ltrations J.lg/l

'!2xi c. Poll ~~Subca~l!~~Y Influent Effluent Influent Effluent Influent Effluent Influent Effluent Comments

68. Di-N-Blltyl Phthalate
BCT Bleached Kraft 9 9 1 0 0-27 0-23 16 8 Detected in final

PaperiJOa rd from Wastepaper 18 18 1 3 0-85 30-55 32 44 effluent samples at

Nonintegrated-Paperboard 6 6 3 1 110-230 0-61 IBO 20 very low levels.

70. Diethyl Phthalate
Tis::me froID Wast~paper 9 9 1 0 0-55 0 26 0 Detected at low levels

Paperboard frow Wastepaper 18 18 7 5 12-690 0-320 183 138 in final effluent

Builders' Paper & Roofing Felt 12 0 3 0-180 42 samples of only two

Nonintegrated.-Tissue Papers 6 6 1 0 0-35 0 12 0 mills where BPT limits

Nonintegrated-Paperboard 6 6 0 2 0-12 0-130 4 58 are attached.

84. Pyrone
(a)

Dissolving Kraft 3 3 0 0-6 0 2 0

85. Tetrachloroethylene
Deink

Fine Papers 3 3 2 0 22-180 0 95 0 Only 'detected in one

Tissue from Wastepaper 9 9 1 1 0-220 0-57 74 19 final effluent'sample.

N 86. TolueneW
-...J Alkaline-Fine 9 9 1 0 1-180 0 62 0

Papergrade Sulfite 12 12 2 1 10-70 3-66 44 29 (b)

GrOll.lldwood-Fine Papers 6 6 1 0 1-63 0 23 0

Deink
Fine Papers 3 3 1 0 II-ISO 0 58 0

Duild~rst Paper & Roofing Felt 12 0 2 0-620 120

Nonintegrated-Tissue Pttpers 6 6 I 0 2-380 I-IS 130 6

Tnt~grated Miscellaneous 12 12 3 6 0-660 70-150 147 99

87. Tri chlorol:thylene
(a)

Dei.nk
:If.ine Papers 3 3 3 '0 1,30-850 3-1~t, 493 7

PCB-1242
"\ >

,106.
(a)

Deink
Fine Papers 3 3 0 0-9.9 0 3 0

'107. PCB-1254
Unbleached Kraft and Semi-

Chemical 6 6 0 0 0-2 0 Only detected in one final

Deink
effluent sample at very

Tissue Papers 6 6 0 0-3.8 0 0 low levels.

Nonintegrated-Filter & Nonwoven
Papers 6 6 0 0-28 0 9 0

Nord Illegrated-Mi seel] aneous 9 9 0 0-7.1 0 2 0
• ___ •••w ___~·_____ ~.__.. __•• ___• ______•__~_.____ ----_.

<a) Detected in final effluent sal1ilples at levels lower than the 3(}-day average lreatabilit.y comp.u;,ison value.

(b) Detected in final effluent samples at levels higher than the 30-day average treatability comparison val ue only at mil1(s) where BPT effluent

limitations are not attained.



IJO. PCB-1248
(a)Paperhoard fro.. Wastepaper 18 18 3 0 8.3-10 0 9 0Builders' Paper & Roofing Felt 12 0 2 0-7.4 4

121. Cyanide
Deink

(a)Newsprint :3 0 3 720-2,600 1,560Builders' Paper &Roofing Felt 12 0 4 155-1,200 499
Nonintegrated-Paperboard 6 6 I 0 21-1650 16-80 610 42

122. Lead
(a)Deink

Fine Papers 3 3 1 0 64-320 24-30 149 28Paperboard from Wastepaper 18 18 1 0 130-900 <2-140 443 51Builders' Paper & Roofing Felt 12 0 2 0 180-880 50-190 355 137
Nonintegrated~Paperboard 6 6 3 0 3,300-9,000 6-20 6,667 11

128. linc
N Tissue trom Wastepaper 9 9 1 0 118-3,560 110-183 1,316 148W PapedJoard frolll Wastepaper 18 18 5 1 550-4,720 75-1,900 1,811 469 (b)CO Builders' Paper & Roofing Felt 12 0 5 1,200-3,000 2,267Noninlegrated-Tissue Papers 6 6 3 0 52,000-54,000 60-140 53,333 88Nord ntegr. ted-Paperboa rd 6, 6 1 0 170-2,050 54-210 1,273 138Nonjntegrated-Miscellaneous 9 9 1 0 42-3,840 <2-1,000 1,347 401

- ___• __.•_______0 __ -

(a) Detected in final effluent samples at levels lower than the 30-day average treatability comparison value.
(1)) Detected in final effluent samples at levels higher than the 3D-day average treatability comparison value only at millis) where BPT effluent1hili tations are not attained ..

Number of Samples Analyzed
Influent Effluent

TABLE VI-6 (Continued)

N"",uer of So,,,,ple5 in Excess Concentration
of Treatability Levels .__ Range Hg/l

--"~In-f;'l;':u:':e:':n":t='=E: ;f~ffl-'ue::;n~t~:"::"'- In fJ uen t Ef fJ uen t

Average
Concentrations 1!.8L!
Influent Effluent Co....ents



TABLE VI-7

SUMMARY OF NEW YORK STATE
PCB ANALYSIS RESULTS

D/S
1

Effluent (/-lg/l)

Treatment Type/Type of Product Range Median Comment

Biological

Board 6 / 6 <0.01 - 14 <0.25 75 Samples

Groundwood Pulp/Board 1 / 1 <0.06 - 5 0.23 12 Samples

Groundwood Pulp/Molded 1 / 1 <0.1 - <0.3 <0.2 13 Samples

Deinked Pulp/Fine Paper 1 / 1 <0.05 - <1 <0.05 12 Samples

Primary Only

Tissue 4 / 4 0 - 18 <1.0 43 Samples

Deinked Pulp/Tissue Paper 1 / 1 <0.1 - 4.5 1.1 11 Samples

Deinked Pulp 1 / 1 0.56 - <1 <1 12 Samples

No Treatment

Tissue 2 / 2 0.2 3.6 <1.0 17 Samples

Board 1 / 1 0.7 5 .. 7 2.6 10 Samples

1 of mills where PCB's were detected /Number of mills sampled.D/S - Number

239
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TABLE VI-8

70. diethyl phthalate
85. tetrachloroethylene
86. toluene
87. trichloroethylene

106. PCB 1242*
107. PCB 1254*
110. PCB 1248*
111. PCB 1260*
121. cyanide
122. lead

CRITERIA FOR, AND ELIMINATION OF TOXIC POLLUTANTS
BASED ON VERIFICATION PROGRAM RESULTS

Paragraph 8(a) (iii) "For a specific pollutant . . . . is present in amounts
too small to be effectively reduced by technologies
known to the Administrator ..."

*PCBf s have been found at part per billion levels at mills where wastepaper
is used as a raw material. Under Paragraph 12 of the Settlement Agreement,
the Administrator may establish more stringent effluent limitations, guide
lines, standards, or other necessary controls upon a determination that the
discharge of PCB 1 s would interfere with attainment or maintenance of water
quality in a specific portion of the navigable waters~

4. benzene
11. 1, 1, I-trichloroethane
24. 2-chlorophenol
31. 2,4-dichlorophenol
38. ethylbenzene
47. bromoform
55. naphthalene
65. phenol
67. butyl benzyl phthalate
68. di-n-butyl phthalate



anticipated treatability in the raw waste discharge at those mills
where pulp is bleached with chlorine or with a chemical containing
chlorine. The chlorophenolics (trichlorophenol and pentachlorophenol)
were consistently detected in excess of treatability levels at those
mills where slimicide and biocide formulations containing these
compounds were used.

In addi tion, available, data show that. PCBs have been found at levels
ranging from <.1 to 69 ug/l in discharges fromdeink mills and other
mills where recycled paper is used as a raw material. (10)(39) The
higher djscharge levels occurred prior to July of 1977, the statutory
deadline for attainment of . BPT effluent. limitations. Upon
implementation of BPT, the. discharge of PCBs has been reduced to
substantially lower levels (with the upper range on the order of 10
ug/l). Due to the large.flows involved in the production of paper,
even these lower levels may result in the discharge of significant
quantities of PCBs from deink and other recycle mills.

Under Paragraph 12 of the Settl~ment Agreement., the Administrator may
establish more stringent effluent limitations, guidelines, standards,
or other necessary controls upon a determination that the qischarge of
PCBs would interfere with the attainment or maintenance of water
quality in a specific portion of the navigable waters.

It has been demonstrated that improved removal of suspended solids
will result in additional reductions in the discharge of PCBs and it
may be inferred that tighter suspended solids control may lead toa
reduction in the discharge of PCBs.(lO) Available data, however, do
not allow the establishment of national guidelines because a definite
correlation between TSS and PCBs cannot be established at the present
time. Because of ·thepotential for significant environmental harm
from the discharge of PCBs, the Agency intends to obtain additional
data concerning treatment technology and ~he·discharge levels of PCBs.
EPA will evaluate all ,available data between proposal and promulgation
to determine whether BAT limitations for control of PCBs are
appropriate.

Nonconventional Pollutant Assessment. During the screening and
verification programs, investigations included a total 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 nine 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 an internal process sewer sample at a market bleached kraft
facility. Therefore, it has been eliminated 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, it is recommended that
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uniform national regulations not be established 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 it is known that xylene is used at a mill, it is
recommended that the permit writer undertake a closer examination of
the levels being discharged to determine if xylene should be limited
in th~ NPDES permit.

Data on the remaining four resin acids, three fatty acids, and five
bleach plant derivatives have been evaluated. 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.

As shown in Table VI-13, in almost all cases, significant reductions
of resin acids, fatty acids, and bleach plant derivatives are attained
through application of existing biological treatment systems employed
at the mills where verification sampling was conducted. Low levels of
these compounds were generally present in final treated effluents.
Other than verification data, very little additional information is
available on the levels of resin acids, fatty acids, and bleach plant
derivatives present in wastewater discharges from the pulp, paper, and
paperboard industry. Data are generally limited to assessment of the
removal capability of biological treatment systems. Almost no data
are known to exist that relate to other applicable treatment
technologies such as foam separation, chemically assisted
clarification, ion exchange, or activated carbon. EPA's Office of
Research and Development has only just begun investigations into the
capabilities of various control and treatment systems in removing
resin acids, fatty acids, and bleach plant derivatives. This sparcity
of data makes it impossible at this time to establish uniform national
standards limiting the discharge of these compounds.

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 nine
mills in the semi-chemical, dissolving sulfite pulp, and both
papergrade sulfite subcategories where ammon~a is used as the base
chemical in pulping. Sources of ammonia discharges at these mills are
blow condensates and unrecovered cooking liquors.

At the present time, no treatment processes are known to be utilized
in the pulp, paper, and paperboard industry to specifically remove
ammonia. Few data are available on the levels of ammonia being
discharged at these nine mills; therefore, BAT - limitations for the
control of ammonia will not be proposed at this time. The Agency is
seeking all available information on the levels of ammonia discharged
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TABLE VI-9

SUmlARY OF INFLUIiliT CONCEN'I'RA1'IONS-:" FOR RflSIN AND FATTY ACIDS
AND CJlLORINA'l'ED DERIVATIVES FOR ALL VERIFICATION FACILITIES

1- 2-

Dehydro- Iso- Lillo- Lino- Epoxy- Dichloro- Chlorodehy- Chlorodeby- Trichloro- Tetrachloro-

TreatmenL Abi~ti c abieti.c pioJaric Pima ric Oleic leic lenic stearic stearic droabietic droabietic guaiacol guaiacol

____________-'!Y~ 130 131 132 133 134 135 136 137 138 139 140 141 142 Total

Integ!!ted ~gment

Dissolving Kraft Biological 11 ,800 3,500 887 1,357 3,667 2,900 817 1,433 26,361

Market Bleached
Biological 26 383 70 5 1,818

Kraft 11 1,320 3

BC'I' Bleached ~raft Biological 1,043 861 107 115 1,084 762 78 3 1 8 4,062

Alkaline-nne Biological 470 273 74 63 276 283 71 44 6 4 7 1,571

Unbleached Kraft
Linerboard Biological 753 470 283 43 337 203 2,089

Bag lIiological 6,983 7,142 770 1,168 3,133 958 1,543 21,697

Semi -Cheud ca I Biological 257 168 34 36 115 122 98 830

Unbleached Kraft
and Senli-Chemical. Biological 1,392 607 547 152 618 441 266

:':, 4,023

-Dissolving Sulfite
Pulp 3

Biological 1,949 1,000 774 277 1,157 510 161 93 6 4 5,931

N 'Papergrade SulfiLe Biological 137 464 62 25 130 63 58 40 123 2 4 I 1,109

.j:::> Groundwood-Fine
W Papt::rs Biological 182 148 29 76 174 337 250 1,196

,§.~U.ibers Segment

Deink

",'

Fine Papers Biological 837 2,267 587 127 967 470 212 467 6 14 8 5,962

Newsprint POTW 3,467 3,700 510 257 1,367 750 167 10,218

Tissue Papers ParLial Flow, 557 3,267 ISO 39 400 55 24 4,492

Biological
Biological 513 1,833 193 80 410 3,029

-Ti ssue from
WasLel)C;·per Primary 203 417 28 43 147 838

Biological 54 372 32 12 183
653

'Paperboard from
WasLepaper Priola [y 407 467 84 41 290 1,289

Biological 651 479 128 78 339 63 69 413 2,,220

?Data at one OIi 11 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.



1- 2-
llehydru- Isu- Lino- Llnu- Epoxy- Dlcbloru- Chlurodehy- Cblorodeby- Tricbloro- TeLracbloro-

Treatment AbieLic abi"Lic pi..nic Pi.,aric Oleic leic len!c stearic sLead c druabietic droabietfc guaiacol guaiacol
.-<.~_ .._---~ ___~_!Ya 130 131 132 133 }34 135 136 137 138 139 140 141 142 Total

TAIlU! VI-9 (CunLinue,l)

WasLepllp'er-~folded
ProducLs Biulogical 210 453 48 57 493 207

POTW 633 573 91, 353 123
Builders' Paper and

Roofi ng ~'el L POTW 7,559 2,199 1,164 576 2,237 897 138
Primary 143

!i!1.!!int'::jlraLe.!! Se~!:

Non'i nlcgra ted-1-"jue Prim,ary 483
Papt:rs Biulugical 207 433 39 19 65 67

NOlli nlcgra Led-
'fissue Papers Biulogical 53 213 37 10 136

NoninLegrated-Light-
weight l:'aIlCL"'s Biological

NonintegraLed-Filler
and NOIIWOV&::l1

N
Papers Biological 33

~ NOllintegraled-
~ Paperboard Bio1ugical 748 413 62 25 260

IutegraLcd-
Miscellaneous Biological 1,029 585 374 384 450 290 33 2

Nouintegrated-
MisceJ laneous Priola toy wi 14

Holding
Pond
PriuliJry 177 174 84 54 55 33

'-'~-_.'~'_._-"-'-- --- _.. _-_ .._--,-~---~- --_.__.._.._--------._--------------------- ._--_._-
··...·Averag~ concentrati OI!t) IIg/ I.

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

1,468
1,776

14,770
143

483
830

449

33

1,508

3,147

14

577



TABLE Vi-IO

SUUMARY OF EFFI.IIENT CONCENTRATlONS* FOR RESIN AND FATI'Y ACIDS
ANn CHLORINATED DERIVATIVE!l FOR ALL VERIFICAT!ON FACILl1'IES

Treatment
~._-

Dehyd ro- Iso
Abietic abietic pimaric

130 131 132

1- 2-
Lino- Lino- Epoxy- Dichloro- Chlorodehy- Chlorodehy- Trichloro- Tetrachloro-

Pimaric Oleic leic lenic stearic stearic droabietic droabietic guaiacol guaiacol
....1~3__..lJi..__!~_...!.:!L.._13_7 !lL__--!12. ~1~4~0 .!.1::!.4!..1 .2.:14~2=-__Total

Dissolving Kraft Biological 1,467 520 380 710 333 170 473 4,053

~larket Bleached
Biological 69Kraft 3 72

BCT 81eache,1 ~rafl Biological 119 123 21 22 17 11 1 315

Al ka 1 i ne-i" i ue 8iologica I 3 5 I 41 4 3 58

UnbJ ead..,d KrafL
LineL"lJoc.ard Diological 10 II 6 1 38 66

Bag Biological 165 85 15 32 70 367

SemJ-Che.. ical Biological 39 14 7 4 33 14 35 9 13 166

Unbleached Kraft and
Smui -elle,.i ca 1 8iological 710 235 187 106 407 59 113 1,817

Dissolving Sulfite
Pulp 2 Biological 383 171 115 31 61 8 106 2 899

Papergrade·Snlfite Biological 76 246 17 17 76 34 7 39 514

Grounc.Jwootl-f.o~ine

Pdpe.l'S Biologica I 7 26 3 5 23 12 136

~£~.!!~~Ei'._Xi~~~.1L.Segment

Deillk
l"illt' Paper~ Biological 12 49
Newsprinl POTII
'J'i~t:tuc Paper ParLial lo'low, 97 343

Biological
Biological 72 253

Tissue [rum
Waslel'aper Pr illlary' 84 250

Biological 20
~apcrboa r.d. froUi

lIastepaper Primary 96
8iological 19 55

lias Lepapel'-Nol cted
Products Biological 61

POTII

5

16

13

8
3

49

590

243

25
193

78

48

99

5

14 9 237

14 1,062

581

359
213

104
160

116

'A:Av-';r~g~·-;,oli·~~;;i.-~·ai. iOll fl&/J-:---------·- - ..- -----.-.--.-------------..--.---------.-.-------------------------

IUaLa at 1J1l~ mill w.en~ lIot included due to upseL corulilious being reflected in the finaJ effluent.

2Includes to'tlle IH~<Jcheti Krafl and Soda Subcategories.

:J Includ"" Papergrad" Sulfite (Blow Pit lIash) and Papergrade Sulfite (nrum Wash) Subcategories.



TABr.E VJ-10 (Co"'ltlnued)

SUHtlARy OF KFFLUEIlT CONCEHTRATIONS* FOR RESIN AND ~'ATI",{ ACIDS
AND CIILORINAT£D DHRIVATIVES FOR ALL VERIFICATION ~·ACILITJES

Trichloro- Tetrachloro-
guaiacol guaiacol

141 142 ToLal

2-
Ch lorodehy
droabietlc

140

1
Chlorodehy
droabietic

__~2

Lino- Lino- Epoxy- Dich10ro
leic lenic stearic stearic

135 136:__~13~1~_~1~38~

Oleic
134

Pima ric
133

O"hydro- Iso
1'rea&men& Abietic abietic pimuric

___.. _. <.<.'!'y~ 130 131 132

Bullden,' Paper and
Roofing ~'el & l'0'fW

Primary 111 111

NOllintegr..Led SegmenL

Biologic!,1

Biological

Biological

l'riu.ary wi
Holding
Poud
Primary

3

94

64

93
51

253

200

121

3

8

21

3825

2

31

1167

64

93
45

96

98

200

8

6

61

Nonintegrated-Fine Primary
Papers Biological

NoninLegrated-
Tissue Papers Biological

Noni nt"grated-LighL-
weigh& Papers Biological

Nonintegrated-Filter
and Nonwoven
Papers

Nonintegrated
Paperboard

[ntegrated
Miscellaneous

Noniulegrateo
Miscellaneous

N
~
01

*Avcrage conccoLrations ~g/l



TABLE VI-ll

SUMMARY OF INFLUENT CONCENTRATIONS* FOR RESIN AND FATTY ACIDS
AND CHLORINATED DERIVATIVES FOR VERIFICATION MILLS MEETING BPT EFFLUENT LIMITATIONS



'rAHLE VJ-12

SUnnAK~ OF KFFLUENT COHCEHTRATIOHS* FOR RESIN AND FAT1~ ACIDS
ANU CIlI.OIUHA'fED DERIVA1'IVES FOil VI!RIFICA1'ION IIIUS HI!I:.'1'ING BpT E~'FLUEHT LHlITA'f10NS

TnL~graled Segmeul

Treatment
Type

Dehydro- Iso
Abietic abietic pima ric

130 131 132
Pima ric Oleic

133 134

Lino- Lino
leic lenlc

135 136

Epoxy- Dichloro
stearic stearic

137 138

1
Chlorodehy
droabietic

139

2
Chlorodehy
droabietic

140

Trichloro- Tetrachloro-
Guaiacol guaiacol

141 142 Tolal

Markel Bleached
Biological 69Kraft 3

IICT Bl eached ~ra it Biological 55 122 19 29 15 5

Alka1ine-~'jne Biological 3 5 1 41 4

Unbleached Krall
Linerboard Biological 10 11 6 38

Se,ol -ehelui ca1 Biological 2 11

Unbleached Kraft and
Semi-Chemical 3 Biological 830 263 203 167 613 118

Papergrade Sulfile Bi,ological 25

Grolilldwood-Fine
Papers lIiologi ca 1 . 12 36 5 5 11

N
~
CO ~~ondary Fiber~ Segment

Deink
Fin.e Papers Biological 12 49 5 49 99

Tissue Paper~ Biological 72 253 13 243

Tissue frol'll
Waslepaper Primary 84 250 25

Biological 20 193
Paperboard .from

WaslepaL)er Biological 16 42 5 70

~C!!!in>tegral~~~egl.nenl

Noni.nlegra ted':"~'ine Primary 93
Papers Biological 6 45

Noninlegrated-
'[issue Papers Biological 98 2 27

----_._--
*Average conceutra lions flgfl

IData al one mill were not included due to upset conditions beillg .reflected in the final effluent.

2 Fine Bleached Kraft and Soda11lcll1cJe~ Subcategories.

3
(llclude~ Pa~~~.rgrade Sulfite (Blow Pit Wa~h) and Papergrade Sulfite (Drum Wash) Subcategories.

72
245

3 58

66
13

2,194
25

69

14 9 237
581

359
213

133

93
51

127

----- ~ ~ ~

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



TABLE VI-13

4Treatment system detention time is three days.

Biological 5,962 237 96 5,962 237 96
POTW 10,218
Partial Flow, 4,492 1,062 76
Biological
Biological 3,029 581 81 3,207 581 82
Primary 838 359 57 838 359 57
Biological 653 213 67 653 213 67
Primary 1,289 104 92
Biological 2,220 160 93 1,861 133 93
Biological 1,468 116 92
POTW 1,776
POTW 14,770
Primary 143 117 18

Verification Mills
All Verification Mills Meeting BPT Limitations

Concentration (~g/l) Percent Concentration (Hg/I) Percent
Treatment TyPe Influent Effluent Removal Influent Effluent Removal

Biological 26,361 4,053 85
Biological 1,818 72 96 1,818 72 96
Biological 4,062 315 92 1,912 245 87
Biological 1,571 58 96 '1,571 58 96

Biological 2,089 66 97 2,089 66 97
Biological 21,697 367 98
Biological 830 168 80 262 13 95

Biological 4,023 1,817 55 4,883 2,194 55
Biological 5,931 899 85
Biological 1,109 514 54 280 25 91
Biological 1,196 136 89 719 69 90

Nonintegrated Segment

Nonintegrated-Fine Papers Primary 483 93 81 483 93 81
Biological 830 51 94 830 51 94

Nonintegrated-Tissue Papers Biological 449 127 72 449 .l27 72
Nonintegrated-Lightweight Papers Biological
Nonintegrated-Filter and

Nonwoven Papers Biological 33 3 91
Nonintegrated-Paperboard Biological 1,508 64 96
Integrated-Miscellaneous Biological

Pond4
3,147 253 92

Nonintegrated-Miscellaneous Primary w/Holding 14 200 0
Primary 577 94 84

2Includes Fine Bleached Kraft and Soda Subcategories.

1Data at one mill were not included d~e to upset conditions being reflected in the final effluent.

3Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.

Builders' Paper & Roofing Felt

Paperboard from Wastepaper
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Deink
Fine Papers
Newsprint
Tissue Papers

Secondary Fibers Segment

Integrated Segment

Dissolving Kraft 1
Market Bleached Kraft
BCT Blea~hed !raft
Alkaline-Fine
Unbleached Kraft

Linerboard
Bag

Semi-Chemical
Unbleached Kraft and

Semi-Chemical
Sulfite Dissolving

3
Puip

Papergrade Sulfite
Groundwood-Fine Papers

Subcategory

Wastepaper-Molded Products

REMOVALS OF RESIN AND FATTY ACIDS
AND CHLORINATED DERIVATIVES

Tissue from Wastepaper



at mills in the pulp, paper, and paperboard industry and on available
methods for control of ammonia. Section VII of this document
summarizes available information on applicable techniques for control
of ammonia and Section IX presents preliminary estimates of the cost
of ammonia removal through end-of-pipe treatment or chemical
substitution.
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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) 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 resul~s. For example,
suspended solids removal equipment may be employed internally at 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 have been identified that are commonly employed within
the industry to control bleaching, washing, liquor recovery, and
papermaking processes. (40) Tables VII-l 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, 632 of which are
still in operation. 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-l

PRODUCTION PROCESS CONTROL TECHNOLOGIES
IDENTIFIED AS THE

BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE

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

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
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Cooling Water Segregation and Reuse
Dry Barking
Evaporator Surface Condenser
Evaporator Boilout Tank
Caustic Area Spill Collection
Reuse Vacuum Pump Seal Water

TABLE VII-2

PRODUCTION PROCESS CONTROL TECHNOLOGIES
IDENTIFIED AS THE

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE

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 Savea1l
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o washers/screen room,

degree of
mills. In
that are

Additional
than all

summarizes

Woodyard/Woodroom

Production process controls that reduce raw waste loading in the
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-Qg Q£ 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-l 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.

In order to comply with BPT effluent limitations, some
production procesi control has been implemented at most
this section, some specific production process controls
applicable to each industry subcategory are described.
controls that may be applicable at individual mills, rather
mills in a subcategory, are also-described. Table VII-3
the control items that have been identified and discussed.

o substitution of chemicals.

o recycle of effluent, and

o liquor preparation area,

o steam plant and utilities,

o bleachery,

o papermill,

o pulp mill,

o evaporation and recovery area,



TABLE VII-3

PRODUCTION PROCESS CONTROL TECHNOLOGIES
UNDER CONSIDERATION FOR ESTABLISHMENT OF THE

BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY

Woodyard/Woodroom
Close-up or dry operation
Segregate cooling water

Pulp Mill
Reuse relief and 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 jump-stage wash
Evaporate caustic extraction stage filtrate

Evaporation and Recovery
Recycle of condensates
Replace barometric condenser with surface condenser
Boilout 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
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Close-up of the woodroom by conversion to dry debarking or a closed
cycle hydraulic system'typically results in flow reductions of 8.3 to
12.S kl/kkg (2 to 3 kgal/t) and TSS reductions in the range of S to 10
kg/kkg (10 to 20 Ib/t).(25)(41)(42) 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.

Segregate 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
stearn 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 typically
reduces effluent flow by approximately 2.1 kl/kkg (0.5 kgal/t). Flow
reduction ranges from about 1.3 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 BODS discharge from
a mill. Particularly with continuous digesters, the rilatively small
flows are highly contaminated with foul smelling organic mercaptans
and other organic compounds. Figure VII-4 illustrates a system for
controlling relief and blow condensates. This control is an
applicable technology for all of the kraft and soda subcategories.
Digester condensate is collected in a tank and pumped to the area of
greatest benefit, and could be (in order of general preference):

1. added at the first shower of the last stage brown stock washer,

2. added at the salt cake dissolving tank,

3. used for mud washing or smelt dissolving, or

4. added directly to the black liquor (extra evaporation costs).
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The collection tank should be equipped with a conductivity alarm to
alert the operator of unusually strong condensate.

If digester condensates are stripped or further treated (i.e., reverse
osmosis) to reduce BODi, they can be reused in other process areas.

Wastewater BODS reductions ranging from 0.9 to 3.0 kg/kkg (1.8 to 6.0
Ib/t) can be achieved by incorporating digester relief and blow
condensates back into the black liquor recovery cycle. (43)(44)(45).
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. (46) This overflow represents a small source of fiber
loss and contributes 5.0 kg/kkg (10.0 Ib/t) of TSS at a typical mill.
Modifications shown in Figure VII-5 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 1.5 to 3.5 kg/kkg (3.0 to
7.0 Ib/t) of BOD5.(47) 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
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storage tanks. Any liquor recovered could be diverted to its
appropriate tank or to a spare liquor tank. This technology is
considered applicable for t~e dissolving, market, BCT (paperboard,
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 S~reen 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.

Add Third Q£ 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 2.5 kg/kkg (5.0 lb/t) for
dissolving kraft mills to as much as 4.0 kg/kkg (48)(49)(50) The
average expected reduction would be about 2.9 kg/kkg (5.9 lb/t).

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 BODS. 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-B.

Typically, reductions of about 4.2 kl/kkg (1.0 kgal/t) of flow and 0.5
to 1.0 '.kg/kkg (1.0 to 2.0 lb/t) of BODS can be real i zed through
implementation of this production process-control. (51)(52) Use of this
technology requires a detailed study at each mill; the efficiency of
the existing washing and screening systems shoulQ be taken into
account' prior to further modification. Because this technology was
identified in establishing BPT limitations, it is not reconsidered as
an available technology for establishment of BAT or BCT. This
production process control is being practiced to a limited degree 'and
should be considered in establishment of NSPS.
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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
secondary clarifier. Dry collection of screen and cleaner rejects
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.
It is assumed that adequate clarification is 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 ~roundwood and deink mills, while
three bleaching stages (Le.,· 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 o~,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.
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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 papermachine white water is used
for the last stage washer showers and for dilution after high density
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 have proposed the use of full countercurrent washing
or jump-stage washing in multi-stag~ 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).(45)(53)(54)

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 BOD2 loadings,
from 40.0 to 123.0 kg/kkg (80.0 to 246.0 lb/t), depending upon the
grade of dissolving sulfite pulp produced. (SS) 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)
additLon of a boil-out tank, d) neutralization of spent sulfite
liquor" e) segregation of cooling water, and f) various spill
colle~tion measures. These controls are discussed below.
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Recycle of Condensates. Reuse of evaporator condensates was
identified as part of the best practicable control technology
currently available. (40) 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
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 fa~ lowe~ BODS saving, generally less than 0.25 kg/kkg (0.50 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 stearn 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
retu~n 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 0.5 kg/kkg (1.0 lb/t) BODi
reduction and less than 4.2 kl/kkg (1.0 kgal/t) flow
reduction. (45)(56) 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-15.
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Neutralize Spent Sulfite Liquor. 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 BODi. Neutralization
gives a significant reduction in the carry-over of organic compounds
to the condensate. Depending on the mode of operation, this reduction
can range from 1.0 to 1.5 kg/kkg (2.0 to 3.0 lb/t) of BODi at
papergrade su~fite mills and up to 25.0 kg/kkg (50.0 lb/t) of BODi at
dissolving sulfite mills. Figure VII-16 shows the modific~tions. 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.

Segregate 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. (45)(46) 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
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spills to be sent to the spill tank for recovery. A flow diagram for
a typical system is shown in Figure VII-17.(49)(57)(58)

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.(25) 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.

Lime Mud Pond. At kraft pulp mills, the use of a lime mud pond can
reduce 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.(50) 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.
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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)
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 ~ourth 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 0.7 kg/kkg
(1.4 lb/t) of BODi.

Collection of color plant spills can be implemented at mills in all
subcategories where ~ine coated papers are manufactured. Onel~pill

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. Im~rementation of this
control ~lould 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,
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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
exhibi thigh separatiori< efficiencies. As a control i tern, their use
results in flow and solids reductions. Nearly all stock saved is
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,'rnaking use of existing pumps,
tanks, and piping. The existing saveall could be repiped for the next
smaller machine, and so on down the lirie, so that each machine may
have a larger, more effective saveall. Figures VII-24 through VII-26
illustrate typical saveall installationsy ~he resulting overall white
water balance determines the net saving~,~but flow reductions of from
about 0.8 to 41.7 kl/kkg (0.2 to 10.0 kgaJ?'t) are possible depending
on the type of mill and level of white waJ~r reuse.(52)

Use of High Pressure Showers for write and Felt Cleaning. High
pressure showers to replace low pressure,ih:igh volume showers (i. e.,
those used for felt cleaning, return Wire cleaning, and couch roll
cleaning) may save up to 90 percent' 6f th~;water used in conventional
shower applications and may be more;'¢ffective. It is generally
considered that felt cleaning showers are ~perated at 35.2 kg/sq cm
(500 psi) and Fourdrinier showers at ";ZL.l kg/sq cm (300 psi). A
typical installation is shown in Figure VI]t~24. High pressure showers
are applicable at mills in the dissolving \lcraft, ,dissolving sulfite
pulp, deink, no.nintegrated-fine papers,},nonintegrated-filter and
nonwoven papers, and nonintegrated-l ightweigh,t papers subcategories.
Application is, however, generall~ universal in the
industry. (52) (59) (60) (61) (62) ;,::

White Water Use for Vacuum Pump Sealing. E~~ess clarified white water
has been successfully used to replace fre~D water on mill vacuum
pumps. The vacuum pump seal water may then ~e recycled or discharged.
At a minimum, the equivalent quantity of fF~sh water use is directly
displaced. Corrosion and abrasion may be de'J:errents to implementation
of this system, particularly at low pH or ~i~h filler levels, As
shown in Figure VII-27, fresh water additi9n may be required and can
be provided to maintain temperatures be.low 320C (90°F). This
technology can be applied at mills in alltsubcategories. Resulting
reductions in waste loadings depend on the oyerall water balance, but
flows of 94.6 to 380 liters/minute (25'> to 100 gpm) per pump are
common. (59) (60) (61) (63) (64) '::~~_:

Papermachine White Water Use on Wire Clearhng Showers. Clarified
white water from the papermachine saveall~containing low levels of
additives and fillers, can be used on wire c'J-eaning showers. White
water can be used on Fou~drinier showerS{~nd knock-off showers as

;;;
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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
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.(52)

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 fot 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
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be saved. (41) 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
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.
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clarifier capacity is provided,
may not result in significant
plant performance. These fiber

For mills where ample primary
implementation of this technology
improvement in overall treatment

Segregation of Cooling Water. Improvements in cooling water
segregation in the papermill could .be employed resulting in redu.ctions
in water usage. Implem~ntation of this control requires modifications
to eliminate the discharge of pump seal, calendar 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 ~ost

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 sQlids
to the treatment plant from these sources. (44)(52) 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.

Installation of Wet Lap Machines or Other Screeninq 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 screen for removal
of rejects and dirt from spilled stock. Rejects would be hauled to
landfill. The accepts would be fed to the wet lap machine, allowing
recovered stock to be stored in a convenient form for later
reintroduction to the system or for use at another mill.

At some mills, devices such assidehill 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.



losses may aid in the dewatering of combined primary/biological
sludges.

Fourth stage Cleaners. The addition of a fourth cleaner stage can
reduce the flow and solids being discharged from a three 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.

Steam Plant and utility Areas

Production process controls that reduce raw waste loads in the steam
plant and utility are-as include: a) segregation of cooling waters and
b) installation of lagoons for boiler blowdown and b~ckwash waters.
These controls are discussed below.

Segregation 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 coolihg 'waters. This control is a flow
reduction measure, but will also result in energy savings.

Laqoon 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 anew 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. (45)

Recycle of Effluent

At mills in several secondary fiber 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
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and
are

minimize the discharge of toxic
through chemical substitution and

Other opportunities exist to
nonconventional pollutants
discussed below.

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 least
costly and equally effective control option would be chemical
substitution. This substitutiQn of chemicals has resulted in
attainment of BPT effluent limitations.

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:

can yield savings in the cost of raw materials and the cost of
handling and disposing of the primary waste solids.

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 heade,rs. 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. ~his 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.(59)

At some secondary fiber mills, effluent is now recycled. Saveall
improvements could petmit the use of more effluent on machine showers
and eliminate the use of fresh ~ater 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.
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1. Organo-bromides,
2. Organo-sulfur compounds, and
3. Carbamates.

commonly
have been

have been
generally

the mill.

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

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.(65)(66) 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. (67) (68) (69) (70)

Substitution to the use of alternate slimicide and biocide
formulations can lead to the virtual elimination of pentachlorophenol
and trichlorophenol.

Nonconventional Pollutants. Ammonia is used as a cooking chemical at
nine mills in the semi-chemical, dissolving sulfite pulp, and both
papergrade sulfite subcategories. One method for reducing ammonia
(NHl) discharges is the substitution of a different chemical, such as
sodium 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. At most mills where NH3 is
currently used, the conversion to a different chemical base is -not
difficult if the design features and capacity for spent liquor
incineration are adequate. The current practice of incinerating spent
liquor can continue. The recovery of sulfur dioxide, sodium sulfate,
carbonate, or sulfide mayor may not be practiced. These compounds
could be sold for use at nearby kraft mills or for other industrial
uses, but markets are not likely to be readily available. The
equipment changes necessary to receive and feed a 50 percent solution
of NaOH are not likely to be significant. The type of furnace
currently being used for spent liquor incineration at ammonia-based
mills is not presently known; the possibility exists that older
furnaces may need to be replaced be~ause of a lack of sufficient
capacity or features not compatible with sodium-based liquor
incineration.



Oxygen Bleaching. Oxygen bleaching is currently used at only one mill
in the United States, the Chesapeake Corporation in Virginia. (71)
Oxygen bleaching is used outside the U.$., at one mill in Canada, one
in South Africa, one in France, one in Japan, and three in Sweden. (72)

The advantage of oxygen bleaching comes from the recycling of the
alkaline 02 stage effluent to the black liquor recovery system. In
order to -recycle the effluent, it is necessary to keep the chloride
content of the 01 stage at a low level. For this reason, the 01
bleaching sequences being used generally have the o~ stage preceding
any CI~ or CI01 stage. The exception to this is at the Chesapeake
Corporation, where a CDOD sequence is used that does not allow for
recycle of the 01 stage t~ 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 01 stage effluent, a BODi reducton 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 BOD5 and 92 percent of color were achieved. (73)

At the Cellulose d'Aquitaine mill in St. Gaudens, France, total BODi
load and the total color load have reportedly been reduced by about 30
and 50 percent, respectively. An existing CEDED sequence has been
converted to an OCEDED sequence. (65) The claimed operating cost for
the new oxygen bleach sequence is $2.10/ton (1975) 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 given as $2.0 million
(1972) for a 270 kkg/day (300 tons/day) mill and $4.0 million (1972)
for a 680 kkg/day (750 tons/day) mill.(66) The 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. (68)(74) The
concepts of the closed-cycle mill, as proposed by ERCO-Envirotech,
Ltd. and illustrated in Figure VII-31,are included in the system
under development 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
BODi, color, chemical oxygen demand (COD), dissolved solids, and
toxicity even at a mill that is not completely closed. (75) The bleach
sequence for the closed-cycle bleached kraft. mill is DCEDED. 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 CI02; however, some must be purged
from the cycle. Figure VII-32 is a schematic of the salt recovery
process.

ERCO-Envirotech have stated that use of the design features of the
closed-cycle mill will 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 CI02 generating capacity and any major bleachery
modifications requiring more corrosion resistant materials will result
in yet higher costs. (69) 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 s~lt recovery system has been operated, the
recovered salt has not been used on-site.(67)(6B) 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. (75)

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 te~peratures (3900C (7300F».
This has permitted operation of the system without noticeable
pitting.(76)

The Thunder Bay facility was designed to operate effluent-free at a
production rate of 730 kkg/day (BOO t/d). However, actual production
has been increased to about 870 kkg/day (960 t/d) and the SRP has been
unable to handle the resulting increased load.(75) Liquor pump
failures and evaporator scaling are the primary problems now being
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experienced in the SRP. At the request of representatives of the
government of the province of Ontario, mill personnel are now planning
the construction of a biological treatment system to be completed by
the end of 1981. While the goal of an effluent-free mill has not been
realized, reductions in the BOD5 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.(76).

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 CIO£ 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. (77)

MacMillian Bloedel Research views the use of sequential chlorination
as an interim solution while oxygen bleaching technology, Cl02
generation, and salt recovery systems are developed. When these
technologies are fully developed, lower capital expenditures may be
realized. (78)

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 BODS are
reported. (77) ;;-

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 £rom 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 BOD5 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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TABLE VII-4

Step No., Operation
Effluent

kl/kkg (kgal/t)
BOD5

kg/kkg (lb/ton)
%BOD5

ReductIon
Color

kg/kkg Obit)
%Color

Reduction

Control standard

APS-II

75.1-83.4 (18 - 20) 12.5 (25) 325 (650)

1. Countercurrent wash-jump 45.9-54.2 (11 - 13) 12.5 (25) 325 (650)
stage, split flow

2. Replace chlorination with 45.9-54.2 (11 - 13) 11.0'. (22) 12 188 (376) 42
sequential chlorination -
75:25 D:C ratio

3. Recycle Die effluent to dilute ,25.0-33.4 ( 6 - 8) 11.0 (22) 12 188 (376) 42
w

incoming brown stock
0
U1 4. Dilute sequential chlorination 16.7-25.0 . ( 4 - 6) 5.0 (10) 60 43.5 ( 87) 87

stock with part EI and recycle
remainder to recovery via brown
stock washers and smelt dis-
solving system

5. Use salt separation process.to 16.7-25.0 . ( 4 - 6) 5.0 (10) 60 43.5 ( 87) 87
purge NaCI and separate Na2S04
from precipitator catch --

APS-lII

6. Treat D/C effluent in a resin 16.7-25.0 ( 4 - 6) 4.5 ( 9) 64 11.5 ( 23) 96
packed column and regenerate
resin with a portion of E!.
effluent

*Garr;--R. J . , "The Anti-Pollution Sequence - A New Route to Reduced Pollution in Bleach Plant Effluent," TAPPI,
56(11), 1973.(77)



Preliminary/Primary Treatment

END-OF-PIPE TREATMENT TECHNOLOGIES COMMONLY EMPLOYED BY THE:! 'PULP,
PAPER; AND PAPERBOARD INDUSTRY
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be screened to remove materials that·~ould

clog downstream treatment equipment.
screens are commonly employed prior to' primary
represent the preferred practice.

Wastewater must often
seriously damage or
Automatically cleaned
treatment and generally

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.

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 ClO£ to be reused on the D1 and D2 stages.
Overflows from the seal tanks are sewered. water use for aD/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).(79)

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. (79) ;,,:

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.(79) 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 (D t ) 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. (80) A final displacement tower (D 2 ) provides up to 4 hours
detention and washing using paper machine white water at the Plymouth
mill.



The ini tial pro:cess, ,of removing organic and inorganic sol ids can be
accomplished i~Y sedimentation (with or without flocculants or
coagul,ants) , , ,f Ipti3:tion, or f i 1tration. ,Pr.imary treatment can invol ve
mechanical clarifiers, flotation units, or sedimentation lagoons.

The most wide}y. applied • te~hnology .fo~ removing solids from pulp,
paper, and paperboard mill wastewaters is the; ,m~chanical , clarifier.
In the m~cha,niGal clarifier, ,sol ids are removed by simple
sedimentation'., D~ssolved air: f lotat io.n (DAF ) units' have also beel')
appl led to remoyesol iqsfrompape~mi.ll eff!uents. :(8 U DAF units are
somewhi3.t limited;in use ,because o~ their ,inability to handle high
pol14tant cpncentratipns and shock loads. Fine screens,
microstrainers;, and, pressurefi 1ters ,are not commonly used in the
industry for,solids r,emoval.Adequate fine screening systems cost
approximately the,sameas an equiv:alent clarifier a.nd reportedly have
more inherent operating probl~ms.(82)

, ",.
Becau,se of the biodegradab,le nature of a, portion of the settleable
solids present· in pulp, paper, and paperboard, m(ll wastewaters,
clarif,ic:ation can result in some Bapi reduction. Typical BaDi removal
through primary clarification of integrated pulp and paper mill
effluent can vary between 10 and 30 percent. The exact BODS removal
depends on thepercenta.ge of soluble BODi present in- the raw
wastew,ater. Primary c;:l,arifica.tioncan result in significantly higher
BODii reductions -at nonintegratedmil.ls' than at. integrated mills.
Responses to the data request program indicate that approximately 50
percent of the raw wastewater BODS is Gommonly removed at
nonintegrated mills through the ,application of primary clarification.

< ~. ... .. ' ", ""

EastY-.· h~as recently observed that very. 1 ittle, ,reduction of fatty acids,
resin acids, or their chlorinated 'derivatives . occurs during primary
clarifiqation.(83) This obs~rvation suggests that these compounds are
not associated with the raw wastewater solids ,measured io the TSS test
procedure. Polychlorinated bi-phenyls (PCBs) have been observed to
under:go: significant ,reductions through'prfmary treatment. (10) At a
wast~paper tissue mill., PCBs were requced from 25 to 2.2, micrograms
per ~:i:.ter (ug/l) through primary clarification, while TSS were reduced
from 2,020 to 77 milligrams per liter (mg/l).{10) It has not yet been
established whether reductions occur for other chloro-organic
compoun£l.s. , ,. , .. , . .. ., ~ .,.. . ....... " '

. Biological Treatment
,. , ;

Currently, the most common types of biological treatment, used in the
pulp~.paper, and paperboard industry includ~ oxidation basins, 'aerated
stabilization basins7 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
reduc~ioo 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
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V). Biological treatment systems have been designed and :operated to
achieve 80 to 90 percent and higher BODS reduttioris when applied to
pulp, paper, and paperboard mill effluents~' Biological treatment can
also yield a nontoxic effluent a high percentage of the time.(84)

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. (85) The relative ease with ,which
these six compounds were degraded was, in descending order:
dehydroabietic acid, pimaric acid, tetrachloroguiacol,
monochlorodehydroabietic acid, dichloro,dehydroabietic acid, and
trichloroguaiacol. The researchers reported that: chlorinated bleach
plant derivatives are more d~fficult 'to degrade than are the
nonchlorinated wood derivatives.

A recent study involved investigation of influent and effluent
concentrations of toxic and nonconventional pollutants afte~;full
scale biological treatment. (83) Removal rates of these pollutants, as
derived from the published design and treatment data, are shown in
Table VII-5.(83) The relative removal rates generally agree- with
those obtained in laboratory studies.(83)(85) .. -

BODS 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 re~ation

between pollutant concentration and toxicit~.(B4) The a~thors

concluded that, in: general',' a reduction' in B001. to about 45 mg(l was
sufficient to achiev~;deto~ificationof ~ the waste. Also, a :'total
resin and fatty acid concentration of less than 1 mg/l was necessary
to effect detoxification. The correlation between total reshn and
fatty acid' content and toxicity was better than the corre.~ation
between BODi and toxicity. i~, '

I :

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; n~tural

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 t~e basin' ~onfi~uration (depth) and its restriction
in light penetration. Since oxidation through natural aeration is a
relatively low-rate proGess, large land areas are required to
effectively treat high strength wastes. Because of availability of
land and a warm climate that enhances bioactjvity, most oxidation
basins are found in southern·states. This technology can be more
effective if settleable solids are remoyed from the wastewater prior
to discharge to the basins. Solids can contribute significantly to
the BODS wastewater loads. In addition, excess settleable solids tend
to fill-the basins, thus reducing detention time.
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TABLE VII-5

. CALCULATED TOXIC AND NONCONVENTIONAL POLLUTANT REMOVAL RATES(a)i(

Mill 9(b) Mill l1(b) Mill 12(c) Mill 13(b) Mill 14(b)
10-Day 6-Day 3.S-Hr 12-Day 7-Day

ASB ASB AS ASB ASB

Resin Acids
Abietic 0.8S 0.86 0.3 1.5 1.0
Dehydroabietic 1.05 2.65 0.6 1.85 1.1
Isopimaric 0.30 0.37 0.26 J.2S 3.0
Pimaric 0.10 0.14 0.3 0.3 0.1

Unsaturated Fatty Acids
Oleic 0.7 0.35 0.55
I.inoleic 2.6 0.30 0.15·
Linolenic 0.4

Other Acidics
Epoxysteric Acid

w Dichlorosteric Acid 10.4
0
~

Chlorinated Resin Acids
Monochlorodehydroabietic 0.10 0.006 0.03
Dichlorodehydroabietic 0.05 0.019 0.10 .

Chlorinated Phenolics
TrichloroguaiacoJ 0.03
Tetrachloroguaiacol 0.02

Chloroform 2.2 2.1

Mill 15(b)
IS-Day

ASB

0.45
0.72
0.12
0.15

0.67
0.47

0.03
0.12

0.01
0.03

(a) Removal rates sliown as micrograms removed per milligrams/liter (mg/l) of biomass per day.
lb) Aerated stabilization basin (ASB) biomass assumed to be 200 mg/l. .
(c) Activated sludge (AS) biomass reported to be 2,500 mg/L
NOTE: Blank spaces indicate no data.
*Source: Easty, Dwight B., L.G. Borcharot, and B.A. Wabers, Institute of Paper Chemistry, Removal of Wood

Derived Toxics from Pulping and Bleaching Wastes, U.S. Environmental Protection Agency,
Cincinnati, OH, EPA 60012-78-031, 1978.(83). .



Typical design BODS loads range from 56 to 67 kilograms per hectare
(kg/ha) of surface area/day (50 to 60 Ib/acre/day).(40) Retention
times can vary from 20 to 60 days or more. (40) 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 appli~ation 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 determined to be nutrient
deficient. These additions are commonly'made in the form of ammonia
and phosphoric acid. The longer the retention period of the waste
undergoing biological oxidation, the lower the nutrient requirement.
The specific detention time used depends upon the characteristics of
the wastewaters to be treated. Retention times of 8 to 10 days, and
sometimes up to 15 days, have been used in order to obtain BOD~ levels
of less than 30 mg/I.(87)(88)(89) 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.(90)(91) It is necessary to
maintain a dissolved oxygen (DO) level of 0.2 to 0.5 mg/l in the basin
to sustain aerobic conditions.

BOD~ 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.(92)

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 6rie-month- ~eriod in late 1976.(93)
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 BOD5, 90
percent toxicity, and 96 percent total resin acids were aChIeved.
Dehydroabietic acid was the only resin acid identified in the treated
effluent; pimaric, isopimaric 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. (84) 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 509 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 8 mg/I.(84) 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
59 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 BODi values for the five day and three day
basins without equalization were 51 mg/l 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 stabilizatio~ 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 BODi 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 ASB's than for higher rate
processes (i.e., activated sludge).

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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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, and the activated sludge is returned at a
typical rate of 25 to 100 percent of influent flow rate.

Loadings in excess of 1.6 kilograms of
Ibs of BOD5 per 1,000 ft3) of aeration
used, allowing' for relatively small

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.

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.

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.

aerated stabilization basins.
BOD5 per cubic meter (100
capacity per day are sometimes
aeration basins.



TABLE VII-6

TYPICAL DESIGN PARAMETERS FOR ACTIVATED SLUDGE PROCESSES

Process Modification
Volumetric loading

(lb BOD5/1,000 cu ft)

Parameter

MLSS (mg/l)
Detention Time

V/Q (hr)

Conventional
Complete mix
Step aeration
Modified aeration
Contact stabilization

Extended aeration
Pure oxygen systems

20-40
50-120
40-60
75-150
60-75

10-25
100-250

1,500-3,000
3,000-6,000
2,000-3,500

200-500
(l, 000-3, 000 )~.(

(4,000-10,000).
3,000-6,000
6,000-8,000

4-8
3-5
3-5

1.5-3
(0.5-1.0)*

(3-6).
18-36
1-3

~\'Contact unit.
.Solids stabilization unit.
MLSS =Mixed Liquor Suspended Solids
V=Volume
Q =Flow



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. ~ach

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 proceps takes advantage of the absorptive
properties of activated sludge thr6ugh 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 20 to 40
minutes, 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 in a stabilization basin., A portion of the
solids are wasted to maintain a constant mixed liquor volatile
suspended solids (MLVSS) concentration in the stabili~ation 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 (24 to 48
hours) 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 clarifiers
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 extended-aeration
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process offers the stability of an ASBsystem and the high treatment
efficiency of the activated sludge proces~.

The oxidation ditch activated sludge process is an extended-aeration
process in which aera~ion 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 (1 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. (84) Two pilot-scale
activated sludge systems (8-hr and 24-hr detention) were operated with
and without surge equalization. Raw wastewater BOD5 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 8 mg/l. ,
Mean BOD5 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 BOD~ removal, respectively. Effluent BOD~

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 BOD~ concentrations for the 8-hr
system ranged from 14 to 270 mg/l with a mean of 70mg/l. The
effluent was detoxified 89 percent of the time.(84}

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 BOD5 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
BOD5 removal was obtained, although detoxification was attained only
55 -percent of the time.(84) The authors concluded that equalization
did not affect BOD5 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. (84) Failures to detoxify were attributed in some instances
to hydraulic shocks, black liquor spills, or inadequate treatm~nt

system operation, although in many instances no cause could be
determined. (84)

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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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

must be
by air

secondary solids volumes that
are similar to those produced

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/I.(83) 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.

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. (83) 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. (96)

power requirement. Waste
dewatered and disposed of
activated sludge systems.

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 t~
unbleached kraft wastes. (94) Effluent TSS after clarification was
generally in the range 9f 40 to 60 mg/I.(94) 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. (95) Final BODS and TSS
concentrations ranged from 23 to 42 mg/l and 61 to 111 mg/l,
respectively. (95) The effluent from the oxygen activated sludge
system was found to be acutely toxic.(9S) Total resin acids before
and after oxygen activated sludge treatment were 25 and 6 mg/l,
respectively. (95) 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 the 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.



TABLE VII-7'

OXYGEN ACTIVATED SLUDGE TREATABILITY
PILOT SCALE':'~

Retention BODS (mg/l) TSS (mg!D
Production Process (Hr) Influent Effluent Influent Effluent

Alkaline-Unbleached 1.3 - 2.2 277 - 464 20 - 41 57 - 86 46 - 61

Alkaline-Unbleached 1.8 - 3.0 214 - 214 16 - 22 123 - 123 36 - 36
,

Alkaline-Unbleached 2.0 - 2.9 265 - 300 2S - 30 95 - 120 60 - 70

*Source: Technical data supplied by Union Carbide Corp. (94)
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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:

(5 mills)
(1 mill)
(1 mill)

Deink(Fine or Tissue)
Papergrade Sulfite
Groundwood-Fine Papers

Pilot-scale evaluations of an RBe system treating bleached kraft
wastewater with an average influent BOD5 concentration of 235 mg/l
have resulted in substantial BOD5 reductions. (101 ) 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 0.5 kg of solids per kg of BOD~ removed (0.3 to 0.5 lb of solids
per lb of BODi removed).(lOl)

Two pilot plant evaluations reported essentially complete
detoxification of board mill, integrated kraft, and magnesium-based
sulfite mill effluents.(102) Final effluent BOD5 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 BOD~ levels-for these mills were
290 mg/l, 285 mg/l, and 1,300 mg/l, respectively. No ~SS data were
reported. (102) This pilot plant work indicates good toxicity and BOD~

reduction capabilities. However, to date, mill-scale systems in the
United States treating pulp mill wastewater have encountered operating
difficulties.

At most of the mills where the Zurn/Attisholz process is used, final
effluent BOD5 and TSS concentrations are attained in the range of 20
to 25 mg/l.(97) At one mill, BOD~ and TSS levels in the range of 5 to
10 mg/l are attained. (97) At another mill, 96 percent BOD~ and 99
percent TSS reductions are attained using the Z/A process. (98)

A pilot study comparing a two-stage to a single-stage activated sludge
system has recently been performed. It was concluded that the two
stage system achieved a higher toxicity reduction in treating bleached
kraft wastewater than did a single-stage system.(99)(100)

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 (25 ft) shaft can result in 9,300 square meters (100,000 sq ft)
of surface area.

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 BOD5 and TSS reductions
comparable to activated sludge and aerated stabilization basin
systems.
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TABLE VII-8

Note: Raw Effluent BODS: 235 mg/l.

45

39

90

90%.0£ Time
Final Effluent
BODS Less Than

- (mg/l)

30

22

70

70% of Time
Final Effluent
BODS Less Than

-(mg/l)

PILOT RBC FINAL EFFLUENT QUALITY FOR
. BLEACHED KRAFT WASTEWATER*

3

1

2

Hydraulic
Loading Rate

(gpd/sq ft)

*Source: 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, Technical Bulletin No. 278, 1974.(101)



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 350C (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
pretreatments.

A laboratory study of the process showed that 80 to 88 percent BOD5
removal from sulfite wastewaters to levels as low as 34 mg/l have been
achieved. (103) The major advantage of the process is a low solids
production rate of 0.08 kilograms of solids per kilogram of BODi
removed (0.08 pounds of solids per pound BODS removed). This results
because methane gas is the by-product of anaerobic digestin rather
than biological solids. The author concludes that the cost for the
anaerobic process was approximately the same as that for aerated
stabilization. (103)

Partial detoxification of sulfite mill wastewater was obtained in a
laboratory-scale system. (88) The anaerobic contact filter altered the
LC-50 from 4.5 percent to 7.8 percent for rainbow troat. No specific
data concerning specific toxic pollutants were reported.

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 has stated that all
processes of growth are dependent on chemical reactions and the rates
of these reactions are influenced by environmental conditions,
including temperature. (104) 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 BODi and TSS removals.

BODi is a measurement 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,
growth of microorganisms will follow a predictable and reproducible
pattern closely allied to the amount of organic matter present in a
wastewater, measured as BODi, and its rate of utilization by the
microorganisms present. (105)

The heterogeneous population of bacteria found in aerobic biological
systems treating wastewaters at temperatures such as those resulting
from the production of pulp, paper, and paperboard encompass three
classified groupings of bacteria: psychrophilic, m~sophilic, and
thermophilic organisms.
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Seasonal wastewater temperature variations change the specific growth
rate of the heterogeneous population, an4 to • a lesser extent, the
relative distribution of the types of bacteria comprising the
population. McKinney (104) has depicted the rate of growth for
mesophilic organisms with the maximum rate occurring in the rangeof
350 to 400C (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
(500 to 590F) for psychrophiles, and 600 to 650C (1400 to 1490F) for
thermophiles.(96) However, the predominant group found at all normal
operating temperatures in aerobic systems are the mesophiles.(106)

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.(107)(108)(109)(110)(111)(112)(113)(114)

Soluble BOD5 reduction by microorganisms approximates first-order
kinetics. (106) A temperature decrease of 100C (180F) 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 100C (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.,
increasing microbial (solids) recirculation rates will increase
waste/microbe contact time wheA microbial activity is reduced in
colder temperatures). Additional studies relate the specific effects
of changes in temperature on BOD5 and suspended solids reduction to
performance for specific systems~(115)(116)

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,
Nitrosommanas and Nitrobacter, convert ammo'nia 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., ~ODi reduction). It is possible,
however, to design and operate these systems to accomplish BODi 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
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dioxide, carbonates, 'and bicarbonate have a large influence on
microbial growth rates.(117)

Aerobic nitrifiers require relatively large quantities of molecular
oxygen to complete the oxidation of ammonia. The theoretical oxygen
requirements, based on the biochemical equations of nitrification,
have been determined to be 4.57 kg 02 required/kg ammonia nitrified
(4.57 lb 01 required/lb 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

o 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 BOD5
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 4.1 kg O~kg ammonia nitrified (4.1 lb O~lb ammonia
nitr if i ed) . ( 118 )

Since the nitrifiers have slower growth rates, a biological system
designed for nitrification requires a longer detention time (i.e.,
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 200C (68 0F).(118) Laboratory
experiments conducted on pulp and paper wastewaters (weak black
liquor) with influent ammonia and BOD5 concentrations of 264 mg/l and
511 mg/l indicate that a sludge age of approximately 14 days is
required for conversion of 90· percent of the ammonia to nitrate. (117)

In the absence of severe inhibitors, a single-stage activated sludge
system can be properly designed to achieve BODS removal and
nitrification in a single aeration basin. Available literature
indicates that 90 percent ammonia removal can be achieved through
nitrification.(107)(112)(119)(120)(121)(122) In low strength wastes,
ammonia removal to levels of less than 10 mg/l is achieveable
depending on the variability of the influent ammonia concentration.
( 11 8 )

Chemically Assisted Clarification

Dissolved and colloidal particles in treated effluents are not readily
removed from solvtion by simple settling. These particles can be
agglomerated by the addition of chemical coagulants. Coagulants in
common use include lime, alum, ferric chloride, ferric sulfate, and
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magnesia. Detailed discussions of the chemistry of coagulants are
available.(123)

Rebhum and others suggest that the most efficient method of pulp and
paper mill effluent flocculation is a solids-contact type
clarifier.{124) Ives suggests a theory tor the operation of solids
contact clarifiers that considers their integrated role as
flocculators, fluidized beds, and phase separators. (125) His theory
suggests that the criterion for good performance is the dimensionless
product of velocity gradient, time, and floc concentration. He
suggests that model floc blanket studies can be meaningful for full
scale operation provided that the concentration of floc in the blanket
and the blanket depth are the same in both model and prototype. (125)

Ives also suggests a number of design considerations for solids
contact clarifiers. For floc particles to form a blanket in a
circular tank, the upflow velocity of the water must be equal to the
hindered settling velocity of floc suspension. It is important that
the floc removed from the blanket balance the rate of floc 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 floc formation, settling is accomplished in a quiescent zone.
The clarification process results in waste solids that ~ust be
collected, dewatered, and disposed of. 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 BOD~

and TSS can be achieved. The desired alum dosage to attain these
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 of 6.1. Polyelectrolyte is also
added at a rate of 0.9 to 1.0 mg/l to improve flocculation.
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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 BOD~

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.(126) Data obtained over 22 months shows
average final effluent BODS and TSS concentrations of 13 and 11 mg/l,
respectively. As part of -this study, four full-scale chemically
assisted clarification systems in other industries were evaluated.
Alum coagulation at a canned soup and juice plant reduced final
effluent BODi concentrations from 20 mg/l to 11 mg/l and TSS levels
from 65 mg/l to 22 mg/l. Twenty-five mg/l of alum plus 0.5 mg/l
polyelectrolyte are added to the biologically treated wastewater to
achieve these final effluent levels. 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 15.2 mg/l TSS from a raw wastewater of
2,368 mg/l BODi 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 15 mg/l of polymer. (126) A
detailed summary of the results of the study of full-scale systems is
presented in Table VII-9.(126) ,

In October, 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 completion of extensive pilot-scale
studies. The purpose of 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 alkal{nity and alum
demand. High alkalinity (up to 500 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/I).(127)
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TABLE 3ZII - 9

SUMMARY OF CHEMICALLY ASSISTED CLARIFICATION
TECHNOLOGY PERFORMANCE DATA
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The effluent quality attained is as follows:

2
5

6.8 - 7.0

Final Effluent

300
60

Raw WasteParameter

BODS (mg/l)
Suspended Solids (mg/l)
pH

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 chemi~al

Individual treatment units are not monitored for specific pollutant
parameters.

Chemical clarification overflow is discharged to a sand filtration
system. The sand beds are 2.9 m (9.6 ft) deep with the media arranged
in five layers.(130) The sand size varies from 1.3 mm (0.05 in) at the
top to 33 mm (1.3 in) at the bottom. The filter is loaded at 0.11 cu
m per minute/sq m (2.7 gpm/sq ft). Effluent from sand filtration
flows to a settling basin and then to an aeration basin; both basins
are operated in series and provide a seven hour detention time.

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/l. (128) However, this lower
dosage rate has not been confirmed by long-term operation.

Scott, et al. (129) reported on a cellulose mill located on the shore
of Lake Baikal in the USSR. The mill currently produces 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 is 1,000 kl/kkg (240
kgal/t). The mill has strong and weak wastewater collection and
treatment systems. The average BOD~ for the weak wastewater system is
100 mg/l, while the strong wastewater BOD~ is 400 mg/l. Only 20
percent of the total wastewater flow is included in the strong
wastewater system. Each stream receives preliminary treatment
consisting of neutralization to pH 7.0, nutrient addition, and aerated
equalization. Effluent from equalization is discharged to separate
aeration and clarification basins. These basins provide biological
treatment using a conventional activated sludge operation. Aeration
is followed by secondary clarification. Suspended solids are settled
and 50 percent of the sludge is returned to the aeration process.
Waste sludge is discharged to lagoons. The separate streams are
combined after clarification and are treated for color and suspended
solids removal in reactor clarifiers with 250 to 300 mg/l of alum and
1 to 2 mg/l of polyacrylamide flocculant, a nonionic polymer. The
clarifiers have an overflow rate of approximately 20.4 cu m per day/sq
m (500 gpd/sq ft).
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TABLE VII-10

FINAL EFFLUENT QUALITY OF A CHEMICALLY ASSISTED
CLARIFICATION SYSTEM TREATING BLEACHED KRAFT WASTEWATER

",

BOD (mg/I) TSS (mg/I)
Average Average

Date for Month Maximum Day for Month Maximum 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
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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.(131)(132)

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" pr:ocess 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, Louisianna. 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 (133). Organic carbon removal ranged
from 55 to 75 percent and generally increased with higher colored
effluent. The values reported are shown in Table VlI-ll. BOD5
removals of 25 to 45 percent were reported with lower values found
during treatment of most highly-colored effluent. The net effect of
the 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. (134) Previous EPA documents have reported data on full-scale
minimum lime treatment systems. (134) 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
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TABLE VII-n

COLOR AND ORGANIC CARBON REMOVAL AFTER
APPLICATION OF MASSIVE LIME TREATMENT*

Composition of Treated Effluent
Bleach Plant Caus- Kraft
tic Extraction Decker
Stage Effluent Effluent

(%) C%)

Effluent Color
CAPRA Color Units)
Before After

Treatment Treatment

100
67

·60
50
33
20
o
o

o
33
40
50
67
80

100
1

1002

21,546
14,325
12,125
10,043
6,612
4,660

1
1,6402

900

1,265
745
594
451
331
298
140

1

2342

Organic Carbon
Color (mg/l) Organic Carbon

Removal Before After Removal
(%) Treatment Treatment C%)

94.2 1,446 373 74.2
94.8 1,016 253 75.1
95.1 905 248 72.6
95.5 798 245 69.3
95.0 569 183 67.8
93.6

1
450

1 1731
61.6

1
91.52

2702
1202

55.6
2

74.0 268 126 53.0

W
N
~

1Very little paper mill white water reuse for decker pulp washing or as make-up water.

2practically all water used in decker system was white water from paper mill.

'1'Oswalt, J.1., and J.G. Lund Jr., Color Removal from Kraft Pulp Mill Effluents by Massive Lime
Treatment, EPA Project 12040 DYD, 1973.(133)



mill has been
3,000 mg/l were
from 8,000 to

treating the first caustic extract of a bleached kraft
shut down. When operating, lime dosages of 1,500 to
used to remove 90 percent of a color load that ranged.
10,600 color units.(134)

Case Studies-Pilot and Laboratory Scale. 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.(135), Great Southern
operates an integrated unbleached kraft mill. Treatment consists of
primary clarification and aerated stabilization followed by a holding
pond. The average suspended solids in the discharge from the holding
pond were 65 mg/l for the period January 1, 1973 to December 31, 1974.
In tests on this wastewater, 70 to 100 mg/l of alum at a pH of 4.5
provided optimum coagulation. Three alum dosages' were tested. At the
optimum dosages, the removals after 24 hours of settling ranged from
83 to 86 percent. Influent TSS of the sample tested was 78 mg/l.
Effluent TSS concentrations ranged from 11 to 13 mg/l.

In a recent EPA-sponsored laboratory study, alum, ferric chloride, and
lime in combination with five polymers were evaluated in further
treatment of biological effluents from four pulp and paper mills.(136)
Of the three chemical coagulants, it is 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
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 have been submitted to the Agency in comments on the
contractor's draft report.(137) 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/l.(138)(139)(140) For wastewaters discharged in the manufacture of
dissolving, sulfite pulp, effluent BODi and TSS data were submitted for
dosage rates of 250 mg/l; however, it was stated that dosages required
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Alum-Treated
Effluent

Range (mg/l)

Undetected
Undetected - 0.04
0.018 - 0.022
o - 14.0

Range (mg/l)

2 ..82 - 3.75
0.43 .- 0.45
0.025 - 0.032
43.0 - .51.0

Polishing Pond
E.ffluent

Total Resin and Fatty Acids
Total Chlorinated Derivatives
Chloroform
BOD~

Other researchers have. investigated modifications of chemically
assi~ted 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 rep6rted on the use of ferric sulfate, lime, and alum
to reduce effluent color at two bleached kraft mills and one
unbleached kraft pa~erboard mill.(143)(144) Thelr results, as shown
in Table VII-12, provide both an optimum pH arid optimum dosage for
each case. All three coagulant~ 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 fop.BOD~ 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 ,altern~tive to lime treatment. This conclusion was drawn
from the fact ~hat the required optimum d6s~ge of ferric sulfate was
25 to 33 percent that of the optimum lime dosage. In addition, the
effluent quality wbich 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 CaC03 •

to achieve effluent TSS conceritratioris on the order of 15 mg/l would
be in the range of 250 to ,sOO,<mg/l. ( 141 ) . Subsequent to the comment
period, the NCASI has ~"as's'einblJ!ed jar ~€stHaatafor several process
types and submitted it to the Agency. (142) Data for chemical pulping
subcategories indicate that.' alum dosages in the range of 50 to
700 mg/l will effect significant removals of TSS. The avera,ge dosage
rate for all chemical p~lping wastewaters was 282 mg/l. Data
submitted for the groundwood, deink, and nonintegrated~~inepapers

subcategories indicate that dos'ges in the range of 1DO to 200 mg/l
will significantly reduce effluent TSS.

Toxic and Nonconventional Pollutants As part of an
EPA-sponsorea-study, biologically-treated effluent from a kraft mill
was further' treated using alum precipitation technology on a
laboratory-scale. (83) Existing ful~-scale treatment at the mill
consisted of a primary clarifier, an a,erated 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 lit~r of
sample were added. The results are su~marized below:



TABLE VII-12

COLOR REDUCTIONS ACHIEVED AFTER APPLICATION OF CHEMICALLY ASSISTED CLARIFICATION
WITH FERRIC SULFATE, ALUlf, AND LIME*

Ferric Sulfate

Unhleached 250
Kra ft Paperboa rd

OptimUID Color
Dosage Reduction
(mgll) (%)

Final
Color Value Optimum

(Pt-Co.Units**) pH

Alum Lime
Optimum Color Final OptimlWl Color Final
Dosage Reduction Color Value OptimUID Dosage Reduction Color Value Optimum
(mg/l) c:p (Pt-Co. Units**) pH (lOg/I) ex.) (Pt-Co.Units**) pH

400 92 200 4-5 1,500 92 300 12.-12.5

250 93 100 4-5 1,000 85 200 12.-12.5

250 91 100 5-6 1,000 85 150 12.-12.5

3.5-4.5

3.5-4.5

4.5-5.5150

125

25092

95

91275

500

Hi 11 Type

Bleached
Kraft

Bleached
Knft

w
W
N

*Sources: Olthof, M.G., "Color Removal ~'rom Textile and Pulp and Paper Wastewaters by Coagulation," Vanderbilt University, PhD Thesis, 1975. (143)
Olthof, M.G. and Eckenfelder, W.W .• Jr., "Laboratory Study of Color Removal from Pulp and Paper Wasewaters by Coagulation," TAPPI,
Vol. 57, No.8, August 1974.(144) .

~~Platinum-Cobalt Uuits
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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 neutrali~ation of kraft mill effluents which were
treated with alum for color removal. (145) 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, Church, Leekley, and Swanson performed laboratory studies on
color reduction with a combined ferric chloride and lime treatment'
system.(146) 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-13 presents a summary of the
results.(146)

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-14 shows the results of these 24
experiments. (146)

Another flocculation and precipitation process is in full-scale
operation in Japan; it is also being 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.(147)
Chlorination and caustic extraction stage effluents are treated.
Metallic iron is first dissolved in the chlorination stage ~ffluent.

Retention times of ".5 to 2 hours and temperatures near 500C (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 adjusted within the range of 9to 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 by lime and lime magnesia additions. (148)
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
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"Calculated Value.

Color
Removal

(%)

Caustic Extract

Final
pH

7.9
6.5 7.7
4.8 63.1
4.4 85.2
4.3 84.6
4.2 85.2
4,3 84.6
4.1 86,S

6.7
6.1 0
5,6 24.4
5.1 26.9
4,8 51.3
4,4 74.8
4.1 91.7
3.8 90.7

6.7
8.4 0.6
8.9 67.4
8.7 83.1
9.1 97.2
8.6 97.3
8.1 97.3
7.8 97.4

TABLE VII-13

COMPARISON OF TREATMENT EFFICIENCIES ON KRAFT EFFLUENTS BY THE APPLICATION OF
CHEMICALLY ASSISTED CLARIFICATION USING DIVALENT IONS OR TRIVALENT IONS*

Decker Filtrate Caustic Extract Decker Filtrate
Salt Color Color Salt Color

Concentration Final Removal Final Removal Concentration Final Removal
(llg/1) pH (~) pH (%) (mg/l) pH (%)

1fs:(OH)2 Alum (A12 (S04)3 18H2O)

0 7.2 8.2 0 7.2
100 7.4 0 8.4 0 100 7.3 59.1
200 7.5 2.5 8.7 6.8 200 5.~ 87.1
250 7.8 5.0 8.9 11.4 250 4.7 90.9
300 8.0 2.5 9.0 11.4 300 4.6 88.1
350 8.0 2.5 9.0 11.4 350 4.5 88.2
400 8.1 7.5 9.1 12.0 400 4.5 88.2
600 8.0 7.5 9.2 22.8 600 4.5 86.8

ZnC12 FeC13-pH unadjusted

0 7.2 8.1 0 7.2
100 6.9 2.5 6.9 0 100 5.8 27.3
200 6.5 5.0 6.7 3.9 200 5.0 75.5
250 6.5 7.5 6.7 3.9 250 4.1 76.4
300 6.4 12.5 6.7 13.6 300 3.8 77 .3
350 6.3 17.5a 6.7 13.4 350 3.7 77,3
400 6.2 22.5 6.7 22.9 400 3.4 75.5
600 6.0 45.4 6.7 44.0 600 3.1 76.4

BaCl2 FeC13-pH adjusted

0 7.2 7.1 0 7.2
100 7.3 5.0 6.9 0 100 8.2 0
200 7.2 16.7 6.5 0 200 8.7 21.1
250 7.1 21.7 6.5 0 250 8.3 12.6
300 7.0 23.3 6.6 1.3 300 8.5 38.9
350 6.9 26.7 6.8 4.1 350 8.9 58.3
"00 6.7 28.3 6.9 1.1 400 8;9 50.9
600 6.4 41.2 7.0 23.7 600 8.8 72.5
800 6.2 42.5 1.1 35.9

1000 5.7 61.2 7.1 45.2

Ca(OIl) 2

0 8.6
100 10.3 20.0
200 11.3 22.5
250 11.6 22.5
300 11.7 25.0
350 11.8 32.5
400 11.9 62.5
600 12.1 72.5

*"SaurcCt: Dugal, H.S., Church, J.O., Leekley, R.M., and Swanson, J.W., "Color Removal in a Ferric Chloride-Lime System," TAPPI
Vol. 59, No.9, September 1976.(146)
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bTotal volume of kraft bleach caustic extra~t after lime and FeCl3 addition was
100 mI. Sludge volumes were measured after a IS-minute settling time.

aUntreated 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.

23.5
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

6.5
4.3
0.0

12.8
23.5
27.7
36.2
40.5

BOD
Removal

(%)

80.4
79.5
77 .6
81.7
84.0
81.5
87.7
88.7

68.6
75.4
73.0
75.2
79.6
81.6
86.0
87.3

66.6
66.0
71.0
78.0
76.4
74.3
81.0
83.2

TOC
Removal

(%)

93.4
94.9
95.0
95.9
96.3
97.3
98.2
98.7

87.2
88.0
89.5
91.8
93.6
95.2
96.8
97.5

81.4
81.7
85.7
90.0
91.4
91.6
95.8
95.5

Color
Removal

(%)
Final

pH

11.98
11.99
11.98
12.00
12.01
12.01
12.01
12.00

11. 79
11. 70
11. 70
11. 70
11. 70
11. 71
11. 78'
11. 73

11.58
11.50
11.42
11.42
11.49
11.50
11.40
11.32

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

6.2
8.2
8.2
8.5

13.3
14.4
22.0
30.1

Sludgeb
Volume

(ml)

TABLE VII-14

LIME TREATMENT 6i BLEACHED ICRA.FTcAUSTXC EXTRACT IN
THE PRESENCE OF METAL ION

a*

2000
2000
2000
2000
2000
2000
2000
2000

1000
1000
1000
1000
1000
1000
1000
1000

18,000
18,000
18,000
18,000
18,000
18,000
18,000
18,000

Lime
(mg/l)

°25
50

100
200
300
500
800

*Source: Dugal, H.S., Church, J.O., Leekley, R.M. and Swanson, J.W., "Color
Removal in a Ferric Chloride-Lime System," TAPPI, Vol. 59, No.9,
September 1976. (146) --

a
25
50

100
200
300
500
800

o
25
50

100
200
300
500
800

FeCI
(mg/1)



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 recent study
conducted for the EPA.(126) Results obtained during this study of
nine pulp, paper, and paperboard and other industrial facilities where
filtration is used are shown in Tables VII-16 and VII-17. Also
summarized in the tables are the results of pertinent published
results from other filtration studies. Table VII-16 summarizes those
systems where coagulants were not used prior to filtration, while
Table VII-17 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.
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study evaluated the efficiency of sand
paper mill effluents.(136) A flow rate of
m (5 gpm/ft2) was used and the results are
seen, in one of the two cases where

An EPA-sponsored laboratory
filtration of four pulp and
0.20 cu m per minute/sq
shown in Table VII-18. As

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-15 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 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



TABLE VII-IS

REMOVAL OF BOD, COD, AND PHOSpHATE FROM CHEMICAL PULPING WASTEWATERS AT SELECTED LItlE - MAGNESIA LEVELS*

Treatluent
;' Bef~re Trea~ment '~CaO MgO After Treatment Removal

Mill Effluent (mg/l) (mg/l) Color BOD COD Phosphate Color BOD COD Phosphate Color BOD COD Phosphate

A Krafl (combined effluent, 500 100 2,570 420 1.05 137 16 100 <0.01 94.7 76 99.0

BO%bleached) biological' (560)

treatment
~ J

B Kraft (high BOD stream, 500 100 1,070 130 340 0.7 78 105 580 0.07 92,,7 19 90~;,O

uubleached) no biological (560) 1,310 ,

treatment

.,

W C Kraft (combined efflllent) 500 100 2,620 60. 500 3.0 185 30 100 0.06 ,92',9 50 80, 98.0

W
'-I

biological treatment (720)

U Sulfite (NH
3

base, com- "2,000 400 1,790 60 2,430 0.8 298 67 460 0.07 83.4 81 91.3

bin"d "ffluent) biological (l,300)

trecament
E NSSC (combiued effluent) '6,000 3,000 36,300 525 8,640 31.5 12,800 320 1,040 0.80 64.7 39 88 97§?

bio.1ogical treatment (4,960)

I SOD JeLermined after filtration through Reeve-Angel:, glass, filter papers and subsequent adjustment to pI! 7 ..

2
COU de Le"ruli ned til tratlon through,

I" '.
after Reeve-Angel glass, filter papers. Bracketed values are for unfiltered ,effluents. ,

3
aJ:ialy~is (values in mg/l P)Phusphai.e of' deLermined by modifi~d.ascorbic acid metllod.

• - _._. 0__' _--__--.;._. --' -'-0- -----',

*Source: Vincent, D. L':', C~lour Renloval from HiOI;gical!i Tre;ted P~an((P~r':MiU E-ffluen'ts, 'Distributed by, CPAR, Secretariat '"
Canadian Fore~try Service" Department of tile Environment Ottawa, Ontario, as CPAR Repo~t 210-1, March' 31, 1974.(148)



TABLE ".2lI-16

TSS REDUCTION CAPABILITIES AND RELATED FACTORS
FOR THE FILTRATION TECHNOLOGY

WHEN NO CHEMICALS ARE USED

w
w
co

rUt.r JoCI••ot us ,Uter [on.e'ot lUtC-T He-cUI; 110. 0' Ferecot Ilc.oyal

Sonre. of n.r. S...T .. 0' 1I••r..,.ro<
.1010alc~.;~~~::tPro~••• ~~~;:~r:~l~:t:

TSSShe:- Hedh, kpth, U.S., £.S., Acro.. FUto.r. AVI_
Pereent -( .terona. HYdnuUc Loadf•• Type of FHer-tic,n TSS 'Uur Effluent for Perrlod of Data

A-I 011 refinery Actlvatod IludS11 11M - 0.3 10•• _./1 .venao <1.25 - 19.0 at 4.37 IiGIl • 3 2 .edie: cod, land - 5.9 .../1. averlle iSS - 45%
IILSS - 1200 IS/I at dany delta tor <2.5 - 57.0 tUtera - coal - 18", 0.6 tD 0.8 _ of daUy dlta Ju,ne:
CoPlclty of 2 blll.1 - IIIl June 1916 <5.0 - 89.8 3.2 SPI/.q ft ••,nd - 9'1 0.4 to 0.5 _ 1976
Dccentio1!l tl... - liD 1n depth filtr_tlon
Avense nov - 4.37 IfGD
DO .In - 1.0 as/1

A-2 011 refinury Actlveted lIudsel 10 Ib JODI HD <1.25 - 28.5 et 1.15 IfGD , 3 2 aed1a: coal, ••"d - HD HD
1000 cu ft, 11M - HD <2.5 - 76.3 fUtero - coal - 24". UC - NO
IILSS - 1lD, DO If. - <5.0 - 89.2 2.4 Spl/lq ft ES - HD. sand - 12"
Detention the - 24 hTI @ UC - ND, ES - ND
1.1S HGD, Hlilchaalcal Aeration. In d~pth filtration.
AVClraae flow - 1.15 MOD

A-3 au refln~ry Mtivatad sludge: c.omplete NO <1.25 - 53.0 at 19.11 HGD • 9 2 m,edla: coal, sand - . 11 l1li8/1. average HD
mb, V/H - .02 lb BOD/lb <2.5 - 88.3 filters - cool - 24 11

; UC - NO of 12 monthly
IlLUSS. !«.SS - 3,SOD "S/I <5.0 - 97.5 3.5 spm/oq ft ES - ND. sand - It' average.
DO rdn - uc - NO. ES - ND
Detention till8 - 12 hra @ 1n depth til tratioD
23 HGD, Mechanical Aeration
Average nov - 19.11 HGD

A-I PaperIJoard products Activated Mludge - complete HD <1.25 - 69.3 et 2.0 NCD & 3 1 lIlIedia: sand 1.0 ms/l. average NO
Idx, 20. ~ Ib BOD/lOCO cu ft <2.5 - 91.6 filters - sand - 6'0'1. ES - of 5 aonthly aver-
FIN - .5. IlLSS - 3.500 '"8/1 <S.O - 95.8 3.7 gpm/aq ft 2-3 DlDI. Sp.Cr. - 2.1 ages Feb 16-June 76
DO lIin -

"Detention tta. - 12 hro @
2 HCD
Average flo,," - 2.0 lffiD

A-4 Manmsde fiber pro- Activated sludge - 18 lb BODI 49.5 mg/l aveTage ND at 2.83 HGD & 3 4 medias: 2 coal, sand. 16.2 mg/l, average 67%. includes post
cessing 1000 cu ft, F/K - of 2 monthly averages filters - aarnet - of 2 monthly ":Iver- aerstion

IlLSS - Does not include old 2.15 gpm/aq ft eoal - 12" Sp.Cr .-1.45 ages
DO lIllin - aeration system flow UC&ES-ND
D~tent10n time - 48 hI'S @ Coal - 1211 Sp.Cr.-LS
0.5 HGD UG&ES-HD
Average flow - 2.8 MGD Sand - 911

, UC & ES - NO
Garnet - 3", DC & ES -
ND

Litero!::l.ture kraft neutral - Aerated stabili-zation bssin: average for- J NO 2 spm/a~ ft ND average for 3 50%
Greater South- sulfite semichem- runs - funs -
thern Paper Co. ical pulp & paper 68 ms/l 35 "S/l Repor-ted by

Cedsr Springs, Reaear-chers

GA. Pilot study

Literature food processing Activated sludge cOlDple~e mix HD 77%. Nov. 25, 1974
CUntoD Coen 11M - to Feb. 16, 1975
Processing Co. IlLSS -
Clinton, IA DO min -

Detention time -
Avenge flow,- :

"
"

Uter-sture grape processing Activated sludge season avera.ge - NO 8.4 IIID.g/l season IU%, season _aver-
Welcb Foods 28 "Ill average ase
~rockton, NY

Literature pulp IiIU1 Aerated lagoon - lb BOD/lOOO' 40 J1J8/l grab samples <5" - 60% 2.4 to 3.6 spm/.~ 3 lIIIedia - ]t1 of coarstl 21 ms/l 50%
New Brunswick cu it - DO min - between 5 & 10}! ft coal, 3" medium unci -
Research & Pro- Det_ent1on time - 12.5 days 30X ES - .56. UC - J.32
ductiv1ty Council Total aeration only 8 4sys 5" of coarse sBnd -
PUot Plant Average flov - ES - 1.42. UC - 1.34

*lIased on one grab t>anple.

ND • No Data



TABLE 'SZII-17

TSS REDUCTION CAPABILITIES AND RELATED FACTORS
FOR THE FILTRATION TECHNOLOGY

WHEN CHEMICALS ARE USED

Filter Influent TSS FUter Influent Uydraullc Loadina l'11ter Media' of Medias, Percent ReIIIOV sl

lUoloaical Trelltment Proc8aa Concentration and TSS She - Perc'ent Gal. Per Hln. Per Depth D.C .• !.5 •• 'l'SS III Filter Across Filter Ave.

Suurce of Llsta Type of \hlsLewster Deacr .lption Suurce of PaLe <Hicrons II S'luare Foot Typa of Filtution Effluent for Period of Data f..'he1ilJc:a1s Added

A-9 Carpet YarJ:l Dyeing Activated uludille - extended air N.D. 1.25101 - 46.4 at 0.44 KGD and 3 Media -coal.aond .prnet 20.2 aall N.D. Alua - 80-120 ..II

16 lb twDS/IOOO cu. ft. 2.5u - 78.5 2 fUters Coal - 18" Averaa,a of 11 ""I_r - 1. 5 mgll

m- 5o.Ou - 93.5 1.9 gpu/aq. ft. ue - N.D. lIIonthly aversgetll Added just ahe.:l.d of

HI.SS - 3500-4000 ../1 I!S - N.O.
socond_,"y clarifier

00 Hin !'"

Sand - 10!'l

Detention time .. 48 hra.
ue - H.D.

@ 0.5 MOO I!S " N.D.

"veuse flow .. Q. 44 KeD
Garnet - 9"
ue .. H.D.
ES - N.D.

A-4 Han-lII&de fiver Activated sludgtl .. 53.2 "&/1 1.. 25u .. 29.7 at 2.83 HGD and 4 Hedia - 2 coal.lland .Barnet· 1.1 mall 85% Alum - 10 mg/1

pro~etlll1ng 18 Ib 8005/1000 .u. It. haraae of 10 Clonthly 2.5u - 83.9 3 filters Coal - 12" Average of 10 Polymer .." 0.1 liS/I

F/H - everai,elil - froa arab 5.0. - 91.1 2.15 8pl1lsq.lt. Sp Or -.1.45 CIlOQthly averages " Activated Carbon - 35 118/1

HLSS - lil/iUllples ue " ES .. N.D. following: poat- added in-Une Just ahea.d

00 Kin. - Does nOt include old Coal - 12 11 aeration & filten

Detention tilllil - 26 hrs @ anotion eyate1il flow Sp.Or. - loS activated ~.rbon

2.83 KGD UC " ES .. N.D.

Average flow" 2.83 HaD
Sand _ 9 11

uc & ES .. N.O.
Garnet .. 311

ue & ES .. H.D. c

A-5 Reconstituted Activa.ted dllldge - N.Ll. 1.25 u .. 21.2 at 1.0 HliD and 2 Hedta .. coal. aand N.D. N.D. :.:~ Polymer added lit overFlow

W tobacco 15.1 lb BOU5/l000 cu.-ft. 2.5u .. S2.9 3 filtirs Cual .. 24 11 weir of aeration basin

W. F/H - .01 S.Ou .. 78.2 468PlD/sq.ft. ES-1.2 ...
DoSBie .. H. D.

\D IlLSS - 3500 .gll UC - N.D.

DO Hin -
Sand .. 19"

Detention t:llllo8 .. 120 hra ES - 0.5 ab

@1.OHGD IJC - ••0.

Average flo,", .. 1.0 KGO

2 Hediae-coal.sand M.O. N.O. H.D.

A-8 Paper to\oJe!s Aerated i1u.bJ1l1aUon 143 .g/l 1.25u - 49.8 48P.lsq.ft. Coal - ISn

!led IUlpk Inli balil1n Averilge of 6 awnthly 2.5u .. 84.2 ES .. 1.5 ..

,'\aYeraieli of one grab Sand _ Uti

sample S.Ou. -- 90.4 ES .. 0.7 IIII:D

A-6 Pet food Activated dudge .. cOlDPlete IIh N.D. 1.25. - 30 (!I .3 HGD and 2 Medt.... coal. 1I-aOO 6.5 mg/l N.O. . ,., Cationic pulymer .added

1181lufacturtlr N.D. 2.5u - 55 3 filter's Coal" 36" average for, to flow ju~t ahead of

.,. - N.O. 5.0u - 85 28PlD/sq.ft. Sand .. 24 11 April 1976 c14dfier

"1.::i5 .. ]500 ag/l
DO Hin -

DosaKe - N. D.

Dt:!tenl1ol1 tiOle - 90 hn
@ 0.3 HGO
Hechanical aetation
Av~r8ge f!o\oJ - 0.3 HGD

LttBtature - Tire curd cellLl10l:le
Celltllo:Je mill on and kraft plilper pulp
Lak.C! Baikal USSR

full scale
inaullation

LiterRture- AU refining

Amoco Oil
Yorktown .VA.

NU"rES: flPllsed on olle grab tuuoplc.
1m .. No Llatu

Ac t i vllt~d Ii ludge ..
HI,SS - 2500 mg/l
00 Min -
Detention t~me - 8 hrs
@ 16 KGD
Average flow -

Aeratl:!d lago-<lR 
F/M -
HLSS -
DO. Hin. 
Detention th.e 
Average flo\J -

N.D.

51.6 mg/l

H.D.

H.D.

2.1 SplD/sq.ft

3.6 8pll/aq.ft..

1 Hedia - aand
ES - 1.2 - 2.0 am
9.6 ft deep

3 Hedia-coal ;sand ,Sarnet
Coal - 22"
Sand - 1111

Illmenite - 1"

SillS/I
following 6 hr.
setrUng lagoon
& 6 hr aerated
lagoon

27. S ,mg/l
Average of 5
pt>r1od averages
June 1971 to
December 1972

N.O.

52%

Alum - 30 ma7l
PolyDJer - 1.0 mg/l
nonionic
ahead of cheOiicat
clarifier

Alum - juat ahpad
f.llters
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TABLE VII -18

14

36

23

68

TSS Removal (%)

64

71

w/chemicals w/o chemicals

5.5

70

60

110

2

1

SAND FILTRATION RESULTS*

3

5

Mill No. Initial TSS (mg/l)

*Peterson, R.R. and Graham, J.L., "Post Biological Solids Characteriza
tion and Removal from Pulp Mill Effluents," EPA-600/2-79-037, 1979.(136)



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
~ctivated carbon. Activated carbon can achieve high removals of
dissolved and colloidal pollutants in water and wastewater. When
applied to a well treated biological effluent, it is capable of
reducing BOD~ to less than 2.0 mg/l. (149)

The primary means by which removal occurs is by surface adsorption.
The key to the carbon adsorption process is the extremely large
surface area of the carbon, typically 3.54 to 9.92 square meters per
gram (sq m/g) (17,300 to 48,500 sq ft/lb). (150)

Activated carbon will not remove certain low molecular weight organic
substances, particularly methanol, a common constituent of pulping
effluents.(151) Additionally, carbon columns do a relatively poor job
of removing turbidity and associated organic matter.(152) Some highly
polar organic molecules such as carbohydrates also will not be removed
through the application of activated carbon treatment.(152)(153)
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.(154) 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. (155)

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
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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. (150)

It is economically advantageous in most granular activated carbon
applications to regenerate the exhausted carbon. ControlleB 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 9270C
(1,500 0 to 1,7000F) where the adsorbed organics and other
impurities are oxidized and volatized.

o Quench the regenerated carbon in water.

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 57,000 cu m/day (15 mgd)
chemical coagulation/carbon adsorption facility.(156) Approximately 90
percent of the flow originates from three papermills, with the
remaining 10 percent originating from municipal sanitary wastewater.
The industrial wastewater undergoes 5 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 5.0 mg/l BODS 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 1975, 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 BODi and TSS on a monthly average. The
pretreatment facility has consistently yielded a 55 percent BOD~

reduction and 95 percent TSS reduction. The carbon filters have
provided 55 percent BODi reduction and 70 percent TSS reduction of the
remaining pollutants after pretreatment. Overall, the system is
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anticipated to achieve 80 percent BODS reduction and 98 percent TSS
reduction once the steady state-conditions are met. (157)

:-~~:' -f·, ,;.~: ;,:;

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.(158) 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 conc~ntrations in the treated effluent were 1.49 and
2.4 mg/l as reported by Beak Consultants, Ltd. and 2.25 and 0.4 mgll
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.

It is noteworthy th~t 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 significant~y increased if competing
organics are removed prior to carbon adsorption and b) the carbon
adsorption capacity for resin and fatty acids is greater than that for
other biodegradabJe organics.

Several researcher~ 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, th~final effluent was recycled as process water.(159)

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 exhibi ts a BODS of
200 to 300 mg/I.(160) Color due to refractory organic compounds
contained in pulping effluents can also be reduced by such treatment.
Table VIl-19 presents the pilot plant results obtained by the authors.

. .

Condensate streams account for only about 2to 10 percent of total
wastewater flow, but contribute significantly higher proportions of
toxicity and BODS when discharged. Tests by Hasen and Burgess showed
that 70 to 7S-percent of theBOD~, 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. (153) 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 dep~ndent on contact time than
were BODi and COD removals. For example, a contact time of 30 minutes
and carbon dosage of 40.1 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
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TABLE VII -19

RESULTS OF PILOT-SCALE GRANULAR ACTIVATED CARBON
TREATMENT OF UNBLEACHED KRAFT MILL WASTE,',

After Lime After Carbon RemovalParameter 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 100BODa. (mg/l) 0-2 265 82 12 95.5COD (mg/l) 0-8 517 320 209 59.6Suspended Solids 0-5 128 115 74 42.2(mg/l)
Total Solids (mg/l) 50-250 1,210 1,285 1,205 0.4

Note: Columns were loaded at 3.6-4.0 gpm/sq ft

*Smith, D.R. and Berger, H.F., "Wastewater Renovation," TAPPI, Vol. 51, No. 10,
October 1968.(160)
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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.

of granular
The effect on

was not well

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.(168) 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-20 presents the results
of this investigation. (168)

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.(168)

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.

Weber and Morris found that the adsorption capacity
activated carbon increased with a decrease in pH.(161)
the rate of adsorption with changes in temperature
defined.

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. (162) This treatment
technique also enhances color removal, clarification, system
stability, and BODi and COD removal.(163)(164) 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 systerns.(165)(166) Pilot tests have also shown that powdered
activated carbon can be used successfully with rotating biological
contactors.(167)
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92.3

81.6

Percent Removal

23

310

Final Effluent

300

1,690

Raw Effluent

POWDERED ACTIVATED CARBON
OPERATING DATA ON A CHEMICAL PLANT WASTEWATER*

*Source: Heath, H.W., Jr., E.!. 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.(168)

Color (APRA Units)

Soluble BODS (mg/l)

Parameter



In a follow-up study on the full-scale powdered activated carbon
activated sludge plant, the average results of three months of data
are reported in Table VII-21. The carbon dosage was 182 mg/l, while
the hydraulic retention was 14.6 hours.(169)

Comparison of the laboratory and full-scale results in Tables VII-19
andVII-20 reflect an increase in BOD5 and color removal for the full
scale system over that of the laboratory-scale unit.

Fine Activated Carbon. Timpe and Lang have developed a fine activated
carbon system for which they have filed a patent application. (154) 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.

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. (154) 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 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.(154) 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

347



*Robertaccio, 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.(169)

TABLE VII-21
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backwashed every day or two. Filtration or coagulation of the
effluent from the fine activated carbon process was necessary in order
to remove the color bodies that formed on the outer surfaces of the
activated' carbon granules.

It was found that nonadsorptive mechanisms accounted for a significant
amount of color and TOe removal in the clarification-carbon process.
It was 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. (154) Table VII-22 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
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. (170)

Several full-scale foam separation facilities have been built for the
removal of detergents from municipal wastes.(171)(172) The Los
Angeles County Sanitation District system operated a system treating a
flow of 45,000 cu m/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. (173) 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.(173) 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 were 2.6 to 5.1 mg/l and
0.1 to 1.0 mg/l, respectively. In all cases the treated effluent was
rendered nontoxic to fish.

Pilot studies have been performed using foam separation as a
pretreatment prior to the application of activated sludge and aerated
stabilization treatment of bleached kraft effluent.(174) These
studies have shown the detoxification efficiency of biological
treatment to improve from 50 to 85 percent of the time without foam
separation to over 90 percent of the time with foam separation. (174)
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TABLE VII-22

RESULTS OF PILOT-SCALE ACTIVATED CARBON TREATMENT OF
UNBLEACHED KRAFT tlILL EFFLUENT*

Description of
Carbon Process

Columns
Preceded By
Biological
Oxidation &

Clarification
Inf. Eff. Removal

Columns
Preceded By

Primary
Clarification

Inf. Eff. Removal

Columns
Preceded By

Primary
Clarification

Inf. Eff. Removal
&

In£.

Columns
Preceded By

Lime Treatment
Clarification
Eff. Removal

FACET System
Inf. Eff. Removal

26% RemovalBOD (mg/l)

TOC (mg/l)

TurbidiL.y (JTU)

148 57 61% 220 83 62% 310 121 61% 177 100

5-15

44% 158 101 36%

Color (Pt-Co Units) 740 212 71% 925 185 80% 1160' 202 83% 252 76 70% 157 73(a)

w
gj Hydraulic

Load (gpm/sq ft)

Carbon

Contact Time (Min)

Fresh Carbon
Dosage
(lb carbon,/

1000 gal.)

pH

(a)Filtered

2.13

Granular-

140 '

8

1.42

Granular

20~5

0.71

Granular

28

1.42

Granular

108

2.5

11.3

Intermediate

3.9

*Source: Timpe, W.G. and Lang, E.W., "Activated Carbon Treatment of Unbleached Kraft Effluent for Reuse - Pilot Plant
Results," TAPPI Environmental Conference, San Francisco, May 1973.(154)
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Electrochemical Treatment

Microstraining

Oher found that whole mill bleached kraft effluent could be reduced in
color by 80 percent and caustic extract could be reduced in color by
more than 90 percent through electrochemical treatment. (177) 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.

Toe reductions in
cells using an

color and
electrolytic

351

Woodard found significant
wastes by application of

Herer and
bleachery

In a variation of the process, Barringer Research Ltd. investigated
the use of a carbon fiber electrochemical reactor to treat kraft
caustic bleach extracts. (178) 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. (179) The primary drawback of the process is
failure of the carbon cell to perform for extended periods. (179)

Another variation to this process involves the use of hydrogen gas
bubbles generated in the process to float solids and separate scum.
Selivanov found that an electrochemical unit with graphite anodes and
stairiless st eel cathodes co~ld cause coagulation in kraft whit~
water.(180) Release of hydrogen bubbles in the process caused solids
removal by flotation. Total suspended solids were reduced to 2 to 4
mg/l. No toxicity data were reported.

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
compounds reduces the BOD~, color, and toxicity of the effluent. A
significant advantage of the process is that no sludge is produced.

At two nonintegrated papermills, full-scale coagulation/microstraining
facilities are used for treating rag pulp and fine paper
effluents.(175)(176) Coagulant usage includes the addition of 1 mg/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 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. (175)



aluminum anode.(181) 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 collige~d 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 investigated the
process on a laboratory scale.(182) 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
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 have dealt principally with COD or
TOC as a measure of performance. Barclay has done 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. (183) 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 (01, BIOI or CIOI), or air or oxygen in the presence of
catalys~s 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.(183)

o Major BODS reductions can only be achieved under conditions
similar to those required for nearly complete oxidation.
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Ultrafiltration

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

were

Steam stripping of kraft mill digester and evaporator condensates was
employed on a mill scale for control of total reduced sulfur (TRS)
compounds and toxicity.(187) 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.

Data are available from Easty for nonconventional pollutant removal
from two bleached kraft caustic extraction effluents utilizing two
types of ultrafiltration systems. (83) 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.

Ultrafiltration utilizes membranes of a specified molecular size to
treat wastewater. The process relies on an external pressure (i.e.,
pumping) to input the driving force to the wastewater as it is
transported through the membranes. The size opening for the
ultrafiltration membrane depends on the size of the molecules to be
removed from the wastewater.

Steam stripping was evaluated for its ability to detoxify condensates
from sulfite waste liquor evaporators. (186) This stream accounted for
10 percent of the whole mill effluent toxicity and 28 percent of the
total BOD5 load. Toxicity in the condensate stream was attributed to
acetic acid, furfural, eugenol, juvabione, and abietic acid. The
application of steam stripping had no observable effect on the
toxicity of the stream, although the total organic content was
reduced.

No data specifically relating to toxic pollutant removal
reported.

Steam Stripping

Steam stripping involves the removal of volatiles from concentrated
streams. Hough reports that steam stripping at a kraft mill is
capable of removing 60 to 85 percent of the BODS from condensate
streams. (184) 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 2500C (4820F) and thus are not readily
stripped through application of this process. (185)



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 ..

Color, lignosulfonate, COD, and solids removals from sulfite liquor
after the application of ultrafiltration were studied by Lewell and
Williams.(188) Removals on the order of 30 to 50 percent were
observed for color, lignosulfonate, COD, and TSS. No toxicity or
toxic pollutant data ,were reported. Costs (1971) were estimated at
$5.70/kl ($1.50/kgal) for a 3785 cu m (1.0 mgd) permeate flow. It was
concluded that ultrafiltration could not compete economically with
lime as a means of removing lignosulfonate, color, COD, and
solids.(188)

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 reEin and fatty acids.(83) 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 OF). During
Easty's testing, the white water feed contained 300 mg/l TSS and
40,000 t~ 60,000 mg/l total dissolved solids. Initial resin and fatty
acid levels were: abietic, 1.5 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. (83) The maximum removal capacity
is not known since final concentrations were below detection limits.
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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 on three bleachery effluents.(189)
Reverse osmosis alone. resulted in a concentrate stream of roughly 10
percent of the volume o£ 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. (189) It was
reported that the purtfied effluent was of,sufficient quality that it
could be returned to the process for reuse.(189) Wiley did not'
investigate final disposal of-the concentrate.

Amine Treatment

This treatment is based Upon the ~bility of _high molecular weight
amines to form, organophilic precipitates. These precipitates are
separated and redissolved. in a small amount of strong alkaline
solution (white water). By so doing, the amine is regenerated for
use, with no sludge produced.

The Pulp and Paper Research Institute of; Canada (PPRIC) conducted a
study to determine the optimum process conditions for employing high
molecular weight amines for color, BOD5, and toxicity reductions of
bleached kraft mill effluents.(190) -While no specific data on toxic
or nonconventional pollutants were-rep;o.rted,wholemill 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 :BOD5, COD, and color after. tre;atment of bleached
kraft whole.mill was~ewater:'Were80 to 350mg/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
Kemaminest-1902D in a solvent of Soltrol 170 ..

Polymeric Resin Treatment

Polymeric resin treatment involve's th'e use of resins in columns to
treat wastewater. The process utilizes adsorption and ion exchange
mechanisms to remove pollutants from the wastewater. The columns are
reactivated afte~cthe treatment cycle is completed. Reactivation can
be achieved by utilizing an acid or alkaline solution.

The resin adsorption approach is being pursued by three companies:
Billerud Uddeholm,' Rohm'andHaas,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.
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Based on the experience gained through operation of the full-scale
system in treating E 1 caustic effluent, the concept has been expanded
into treatment of the C1 and E 1 effluents from the plant. The first
full-scale continuous installation will start-up in the fall of 1980
at Skoghall, Sweden. In this system, a full countercurrent wash will
be used and the effluent from the E 1 stage will be reused on the C1
stage washer after color and toxicity removal through the application
of resin adsorption.(67)(191)

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. As the chlorination stage effluent reactivates the resin,
it is simultaneously decolorized and detoxified. The total mill BODi
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. (191 )
These costs are based upon a resin life of one and one-half years.

The Rohm and Haas process involves th~ 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. (192) The resin was more effective
in removing mosf~r6~~ttc compounds, phthalate esters, and pesticides;
carbon was more effective at removing alkenes. Neither adsorb~nt was
effective in i~~~ving a~idic compounds. Ttie 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. bi910gical effluent than carbon. (193)
Also, resin treated wastewater quality was improved when further
treated \~ith carbon, although the reverse ~as not true. Theeconomics
of this system could prove favorable since,resin may be regenerated in
situ. Thus, total regener,tion costs 'may be more economical than for
either system albne since carbon life could be significantly extended.

Elimination of toxic constituents from bleached kraft effluents has
been achieved with Amberlite XAD-2 resin.(194)(19S) Wilson and
Chappel have reported that treatment with Amberlite XAD-2 resin
resulted in a nontoxic semi-chemical mill effluent. (196)
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SECTION VIII
DEVELOPMENT OF CONTROL AND TREATMENT OPTIONS

INTRODUCTION

In Section VII, many demonstrated control and treatment technologies
were discussed and information was presented on their capabilities for
removal of conventional, toxic, and nonconventional pollutants from
pulp, paper, and paperboard industry wastewaters. Alternative control
and treatment options were selected from 'these technologies for
detailed analysis that represent a range of. pollutant removal
capability and cost. This section presents the options that were
considered in determining BPT, BCT, BAT, NSPS, PSES, and PSNS effluent
limitations. For BPT, treatment options have been developed for
control of conventional pollutants for four new subcategories
(wastepaper-molded products, nonintegrated-lightweight papers,
n0nintegrated-filter and nonwoven papers, and
nonintegrated-paperboard. For BCT, control and treatment options have
been developed for control of conventional pollutant discharges,
directly to navigable waters. 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
and nonconventional 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. The Clean Water Act requires
the establishment of BCT limitations for industry subcategories that
discharge conventional pollutants. In order to develop BCT
limitations for the four new subcategories, a ba~e level BPT
determination is desirable because the "cost-reasonableness test",
rests on the incremental cost of removal of BODS and TSS from BPT to
BCT. -

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 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.
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In Table VIII-l, subcategory average BODS raw waste characteristics
for the three new nonintegrated subcategories are compared to those
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 e~fluent 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

Wastepaper-Molded Products. Available raw waste load data for mills
in this subcategory are presented in Table V-lB. BPT raw waste loads
have been based on the average of raw waste loads at mills where
extensive recycling of effluent is not practiced. This yields BPT
flow, BOD5, and TSS raw waste loadings of 87.8 kl/kkg (21.1 kgal/t),
7.9 kg/kkg (15.8 lb/t), and 14.8 kg/kkg (29.6 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 BOD5
raw waste load is lower than the average for non-electrical grades~
Average raw waste loads associated with the production of lightweight
papers are flow-202.9 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). It has been assumed that
BOD5 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-320.1 kl/kkg (76.9 kgal/t); BOD~ - 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 occured per
day exhibited raw waste load flows that were equal to or lower than
the subcategory average raw waste loadings. Therefore, the proposed
BPT flow basis was revised to reflect the highest average for the
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TABLE VIII-1
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**Does not include production of electrical grades of papers.

107 mg/l**

170 mg/l

120 mg/1

73 mg/l

122 mg/l**

Subcategory Average BODl
Raw Waste Characteristics

None*

None*

None*

BPT Technology
Basis

Primary Clarification

Biological Treatment

AVERAGE BODS RAW WASTE CHARACTERISTICS
FOR THE NONINTEGRATED SEGMENT

OF THE PULP, PAPER, AND PAPERBOARD INDUSTRY

*Mills in these subcategories were permitted on a case-by-case basis using
"best engineering judgement." BPT for these subcategories has been identified
as primary treatment, the same teChnology basis as for the Nonintegrated-Tissue
Papers subcategory because of the similarity of -raw waste BODl characteristics.

Nonintegrated-Fine Papers

Nonintegrated-Tissue Papers

Nonintegrated-Paperboard

Nonintegrated-Lightweight
Papers

Subcategory

Nonintegrated-Filter and
Nonwoven Papers



various grade change delineaeions. This yields raw waste loads for
flow, BOD~, and TSS of 249.2 kl/kkg (59.9 kgal/t), 12.2 kg/kkg (24.3
lb/t) , and 27.4 kg/kkg (54.7 lb/t), respectively.

Noninte6rated-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. These raw waste loads for flow, BODi, and
TSS are 53.8 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

The development of long-term average BPT final effluent
characteristics for the wastepaper-molded products subcategory is
based on the predicted performance of biological treatment applied to
the subcategory average raw waste loads. This methodology is
described in detail later-in this section in the discussions of the
best conventional pollutant control technology (see BCT Option 1).

The development of long-term average BPT final effluent
characteristics for the nonintegrated-lightweight papers,
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard
subcategories is based on a transfer of technology from the
nonintegrated-tissue papers subcategory. Long-term average loadings
are based on the product of (a) the long-term average BPT final
effluent concentrations that were developed for the
nonintegrated-tissue papers subcategory and (b) ~the raw waste load
flows that were developed above.

BPT long-term average final effluent loadings for the four new
subcategories of the pulp, paper, and paperboard industry are:

wastepaper-molded products
flow - 87.8 kl/kkg (21.1 kgal/t)
BODS - 1.3 kg/kkg (2.6 lb/t)
TSS- - 3.2 kg/kkg (6.4 lb/t)

nonintegrated-lightwe.ight papers'
lightweight papers product sector

flow - 202.9 kl/kkg (48.7 kgal/t)
BODS - 7.4 kg/kkg (14.7 lb/t)
TSS- - 6.0 kg/kkg (1 2. 0 Ib/t)

lightweight electrical papers product sector
flow - 320.1 kl/kkg (76.9 kgal/t)
BODS - 11. 7 kg/kkg (23. 3 lb/t)
TSS- - 9.5 kg/kkg (18.9 lb/t)

nonintegrated-filter and nonwoven papers
flow - 249.2 kl/kkg (59.9 kgal/t)
BODS - 9.1 kg/kkg (18.1 lb/t)
TSS- - 7.4 kg/kkg (14.7 lb/t)
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nonintegrated-paperboard
flow - 53.8 kl/kkg (12.9 kgal/t)
BODS - 2.0 kg/kkg (3.9 Ib/t)
TSS- - 1.6 kg/kkg (3.2 Ib/t)

BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY (BCT)

General

Section 301(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 (e.g., oil and grease).
BCT is not an additional limitation, but replaces BAT for the control
of conventional pollutants. BCT requires that limitations for
conventional pollutants be assessed in light of a
"cost-reasonableness" test, which involves a comparison of the cost
and level of reduction of conventional pollutants from the discharge
of publicly owned treatment works (POTWs) to the cost and level of
reduction of such pollutants from a class or category of industrial
sources. As part of its review of BAT for certain "secondary"
industries, the Agency promulgated the methodology to be used in this
cost test (See 44 FR 50732 (August 29, 1979». This methodology
compares subcategory removal costs {dollars per pound of pollutant,
measuring from BPT to BCT) with costs experienced at POTWs. The cost
per pound for each subcategory is calculated as the cost per pound of
removal of BODS and TSS measured as the difference between (a) the sum
of BPT 30-day maximum BODS and TSS limitations and (b) proposed 30-day
maximum BODS and TSS limitations. EPA has determined that costs at
POTWs are $1~27 per pound of BODS and TSS removed (1978 dollars); if
removal costs for a subcategory are less than that cost, they are
considered reasonable (See 44 FR 50732 (August 29, 1979».

Four technology options have been developed for consideration as the
basis of BCT effluent limitations, 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. For the
nonintegrated-lightweight papers, nonintegrated-filter and
nonwoven papers, and nonintegrated-paperboard subcategories,
proposed BPT effluent limitations have been based on primary
treatment rather than biological treatment.' For the
wastepaper-molded products subcategory, proposed BPT has been
based on biological treatment.

(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
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BPT is based on biological
nonintegrated subcategories,
basis of existing or proposed
on the addition of biological

treatment). For the remalnlng
for which primary treatment is the

BPT, effluent limitations are based
treatment.

Reduction in flow and effluent loadings result in improved treatment
plant performance through increased detention time and reduced BOD
loading. The methodology used to develop raw waste loads and
anticipated final effluent characteristics are discussed below.

Development of Raw Waste Loads. Option raw waste loads have
generally been defined as the average of raw waste loads that are
lower than the raw waste loads developed in the establishment of
existing or proposed BPT effluent limitations. In several instances
where only limited data were available, it was necessary to predict
the raw waste load reductions attainable through the application of
specific production process controls identified as BCT Option 1
technologies.

(C) Option 3 - Base effluent limitations on BeT 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
BPT is based on biological treatment). For the remalnlng
nonintegrated subcategories, for which primary treatment is the
basis of existing or proposed BPT, effluent limitations are based
on the application of BCT Option 1 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.

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. Option 1 under consideration for BCT includes
implementation of additional production process controls. 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) and the data request program
responses, additional production process controls were identified as
available for implementation to further reduce raw waste loads.
Additionally, through the data request program, raw waste load data
were gathered for 632 operating mills.



The use of this methodology means that specific reductions were not
generally assigned to each of the production process controls
considered applicable and available to the mills within a specific
subcategory. The controls that are generally applicable to each
subcategory and which form the basis of cost estimates of attainment
of BCT Option 1 effluent limitations are presented in Tables VIII-2
through VIII-4. The controls are those that can be employed at. mills
in each subcategory to achieve the Option 1 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
loadings 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. Option 1 raw waste loads were determined by
subtracting predicted wast~ load reductions from the raw waste loads
that formed the basis of BPT. Predictions are 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-197.9
kl/kkg (47.6 kgal/t), BOD~-69.6 kg/kkg (139.1 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), BODi-66.5 kg/kkg (133.0 Ib/t), and TSS-113.0
kg/kkg (22·6.0 Ib/t) . The production process controls that have been
identified as applicable in this subcategory and that form the basis
for raw waste load reductions are: improved brownstock washing,
improved utilization of digester relief and blow condens~tes,

brownstock and bleached pulp spill collection, additional liquor
storage, and improved white water use. Raw waste load reductions
resulting from implementation of these controls were estimated and are
presented below:

Dissolving Kraft - Development of Option Raw Waste Loads

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

BPT RWL 230.0 (55.1) 66.5 ( 133.0 )

Reductions Resulting from
Application of Specific
Production Process Con-
trols 18.5 ( 4 . 4 ) 8.2 (16.3)

Option 1 RWL 211 .5 (50.7) 58.3 (116.7)

The TSS raw waste load for Option 1 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.
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TABLE VIII-2

OPTION 1 PRODUCTION PROCESS CONTROLS
I1I'rEGRATED SEGHEIIT

Subcategory
Ground~ Ground-

Market BCT Un- Unbleached Dissolving Ground- wood- wood-

Dissolving Bleached Bleached Alkali~e- bleached Semi- Kraft and Sulfite Papergra~e wood- CMII Fine

£2!.!!:£ol_,.________ Kraft Kraft Kraft ~'in" Kraft Chemical SeOli-Chemical Pulp Sulfite TMP Papers Papers

!. Woodyard/WoodrooOl
a. Close-up or dry woodyard

and barking operation
X X

b. Segregate cooling water X X X X X X X X X X X

2. Pulp Mill
a. Reuse relief and blow

condensates X X X X X

b. Reduce groundwood thick-
ener overflow

X

c. Spi I.L collection X X X X X X X X

W
O"l
O"l 3. Washers and Screen Room

a. Add 3rd or 4th stage
washer or press X X X X X X X X

i~.!!.leaching

a. Countercurrent washing X X

b. Evaporator caustic extract
filtrate collection

X

~~~~ation and Recovery Areas
a. Replace barometric condenser X
b. Add boil out tank X X

c. Neutralize spent sulfite
liquor

d. Segregate cooling water X

e. Spill collection X X X

6. Liquor Preparation Ar~

a. Spill collection X X X X

b. Spare tank X X X X

7. Paper_ Mi 11
a. Spill collt ':t.ion

I. Paper machine and
bleached J>ulp spill
collection X X X X X X X X X

2. Color plant X
X

S;;;;"'j,·-;;,,·tn·ot.;-,;-;t:-endOf-i:able.



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

TABLE VIII-2 (Continued)

_______ Subcategory, _

Ground- Ground-
Market BCT Un- Unbleached Dissolving Ground- wood- wood-

Dissolving Bleached Bleached Alkaliny- bleached Semi- KrafL and Sulfite Papergra2e wood- CMN Fine
ControI K~r~a~f=_t___'K~r~a~f~t~__~K~r~a~f~t~__~~c.:·i~n~e=___..':K~r~a~f~t=__~C"'h~e~m~i~c~a~l=__'=S~e~m~i:...-_'=C"'h~e~m~i~c~a~I'__~P~u~IO.lp~_Sulfite , -!TE!M~P:......_...!P~a'l:p~eC!r"'s'__..!:P~a'l:p~eC!r"'s'_

L Paperl!ll!..lsE!!!:.:l
b. Improve saveall
c. High pressure showers for

wi re and felt cleaning
d. ~hite waler 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 p~esB water
h. Reuse of vacuum pump water
i. Broke storage
j. Wet lap machine
k. Segregate cooling waler
1. Cleaner rejects to landfill

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

~~~_~UlililL~
a. Se'gregate cooling water . X
b. Lagoon for boiler blowdown

& backwash walers X

9. Recycle of Trealed Effluent

X X X

X

X

X

.1lncludes Fine BI eached Kraft and Soda Subcategories.

2
Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Snlfite- (Drum Wash) Subcategories.



TABLE VIII-3
OPTION 1 PRODUCTION PROCESS CONTROLS

SECONDARY FIBERS SEGMENT

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

washer or press

x

x

x

Builders'
Paper and

Roofing
Felt

x

x

Was tepaper
Molded

Products

Subcategory

x

Paperboard
from

Wastepaper

x

x

'368

Tissue
from

Wastepaper

X

X

X

x

X

Deink

9. Recycle of Treated Effluent

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

and backwash waters

7. Paper Mill
a. Spill collection

1. Paper machine and
bleached pulp spill
collection

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

~re 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. W~t lap machine
k. Segregate cooling water
1. Cleaner rejects to landfill

6. Liquor Preparation Area
a. Spill collection
b. Spare tank

3. 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

4. Bleaching
a. Countercurrent washing
b. Evaporator caustic extract

filtrate collection

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

barking operation
b. Segregate cooling water

2. Pulp Mill
a. Reuse relief and blow

condensates
b. Reduce groundwood thick

ener overflow
c. Spill collection X

Control



Nonintegrated-
Nonintegrated- Nonintegrated- Nonintegrated- Filter and Nonintegrated-

..:C;,;:o;,;:n:.:t:.:r..;:o;,;:l=- .....:F.;:i"'n;,;:e.....:P.;:a"'p;,;:e;.:r..:s=--=T:.:i:.:s:.:s:.:u::;e::.....;P:.:a::Jp:.:e::;r:.:s=-__L=i"g:.:h..:t.;:w.;:e.;:i",g",h;,;:t.....:P..:a",p;,;:e;.:r..:s=-.....:N:.:o:.:n:.:w:.:o:.v:.:e::;n=-P:.:a::;p:.:e:.r:..s=-_:..:Paperboard

TABLE VnI-4

Subcategory

x

x

x
X

x

x

x

x

x

x

X

x

x

x

x

x

x

x

x

369

x

x

X

x

x

x

X

x

x
X

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

and backwash waters

t. Woodyard/Woodroom
a. Close-up or dry woodyard

and barking operation
b. Segregate cooling water

OPTION 1 PRODUCTION PROCESS CONTROLS
NONINTEGRATED SEGMENT

7. Paper ~ill

a. Spill collection
t. Paper machine and

bleached pulp spill
collection

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

wire and felt cleaning
d. Whit.e 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
1. Cleaner rejects to landfill

9. Recycle of Treated Effluent

6. Liquor Preparation Area
a. Spill collection
b. Spare tank

j. Evaporation and Recovery Areas
a. Replace barometric condenser
b. Add bailout tank
c. Neutralize spent sulf~te

liquor
d. Segregate cooling water
e. Spill collection

2. Pulp ~ill

a. Reuse relief and 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

4. Bleaching
a. Countercurrent washing
b. Evaporator caustic ex:ract

filtrate collection



TABlE vn r-5
SUHtlhRY OF BPT AND OI'TWN

RAW WASTE LOADS

8PT Option 1
Flow BOD5 TSS Flow BOD5 TSS

k1/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t) k1/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

llltegrated Sesnumt

Disso Iving Kraft 230.0 (55.1) 66.5 (133.0) 113.0 (226.0) 211.5 (50.7) 58.3 (116.7) 113.0 (226.0)

Market Bleached Kraft 173.5 (41.6) 38.0 (75.9) 45.0 (90.0) 152.5 (36.6) 29.3 (58.6) 45.0 (90.0)

BCT Bleached ~raft 147.6 (35.4) 3B.4 (76.7) 66.5 (133.0) 131.8 (31. 7) 35.1 (70.2) 66.5 (133.0)

AI ka line-Fine 128.9 (30.9) 33.6 (67.2) 75.0 (150.0) 104.3 (25.1) 27.1 (54.1) 75.0 (150.0)

Unbleached Kraft
Linerboard 52.5 (J2.6) 16.9 (33.8) 21.9 (43.8) 39.0 (9.4) 12.4 (24.8) 21.9 (43.8)

8ag 52.5 (12.6) 16.9 (33.B) 21.9 (43.8) 47.3 (11.4) 12.5 (25.0) 21.9 (43.8)

Scnli-Chemical 43.0 (10.3) 25.2 (50.4) 12.3 (24.6) 30.3 (7.3) 17.6 (35.2) 12.3 (24.6)

Unbleached Kraft and
Semi-Chemical 58.4 (14.0) 19.4 (38.8) 20.5 (41.0) 47.8 (11.5) 16.2 (32.5) 20.5 (41.0)

Dissolving Sulfite Pulp
Ni.tration 274.6 (66.0) 137.0 (274.0) 92.5 (lB5.0) 245.5 (59.0) 90.6 (181.2) 92.5 (185.0)

Viscose 274.6 (66.0) 156.0 (312.0) 92.5 (185.0) 245.5 (59.0) 92.6 (185.2) 92.5 (185.0)

Cellophane 274.6 (66.0) 181.5 (363.0) 92.5 (185.0) 245.5 (59.0) 109.6 (219.2) 92.50 (185.0)

Acetate 2
274.6 (66.0) 274.0 (548.0) 92.5 (185.0) 245.5 (59.0) 164.6 (329.2) 92.5 (185.0)

Papergrade Sulfite 185.6-227.3 (44.5-54.5) 84-139:5 (168-279) 90.0 (180.0) 133.6 (32.1) 62.8 (125.7) 90.0 (180.0)

W Groundwood-Tbermo -
""-J Mechcmical 88.0 (21.1) 39.2 (78.4) 39.9 (79.8) 57.3 (13.8) 21.2 (42.4) 39.90 (79.B)
0 Groundwood-CMN Papers 99.1 (23.8) 17 .4 (34.8) 48.5 (97.0) 70.0 (16.8) 14.5 (29.1) 48.5 (97.0)

Groundwood-Fine Papers 91.3 (21. 9) 16.7 (33.3) 52.5 (105.0) 64.2 (15.4) 12.5 (24.9) 52.5 (105.0)

Secondsry Fi~gment

Deink
Fille Papers 101. 7 (24.4) 90.0 (180.0) 202.5 (405.0) 66.2 (15.9) 37.3 (74.6) 202.5 (405.0)

'fi ssue Papers 101.7 (24.4) 90.0 (180.0) 202.5 (405.0) 81.2 (19.5) 61.3 (122.6) 202.5 (405.0)

Newsprint 101. 7 (24.4) 90.0 (180.0) 202.5 (405.0) 67.6 (16.2) 15.9 (31.7) _202.5 (405.0)

1'i~~ue from Wastepaper 105.1 (25.2) 14.5 (29.0) 1l0.~ (221. 0) 67.8 (16.3) 9.7 (19.3) 110.5 (221.0)

Paperboard frOD' Wastepaper 30.0 (7. 2) 11.3 (22.5) 11.0 (21. 9) 12.8 (3.1) 6.0 _ (11.9) 11.0 (21. 9)

Wastepaper-Molded Products 87.8 (21. 1) 7.9 (15.8) 14.8 (29.6) 23.8 (5.7) 5.5 (10.9) 14.8 (29.6)

Builders' Paper and
Roofing Felt 60.0 (14.4) 17.5 (35.0) 35.0 (70.0) 11.1 (2.7) 6.5 (13.0) 35.0 (70.0)

Nonintegrated Segment

Nonintegrated-Fine Papers 63.4 (15.2) 10.8 (21.5) 30.8 (61.6) 39.8 (9.6) 6.7 (13.3) 30.8 (61.6)

Nonintegrated-Tissue Papers 95.5 (22.9) 11.5 (22.9) 34.7 (69.4) 79.7 (19.1) 9.0 (17.9) 34.7 (69.4)

Nonintegrated-Lightweight
Paper::>
Lightweight. 202.9 (48.7) 21.7 (43.3) 63.4 (126.8) 159.2 (38.2) 13.3 (26.6) 63.4 (126.8)

Electrical 320.7 (76.9) 21.7 (43.3) 63.4 (126.8) 278.1 (66.8) 13.3 (26.6) 63.4 (126.8)

Nonintegrated-Filter and
Nonwoven Papers 249.2 (59.9) 12.2 (24.3) 27.4 (54.8) 198.1 (47.5) 9.0 (17.9) 27.4 (54.8)

NOlli ntegra ted-PaperboanJ 53.8 (J2.9) 10.4 (20.8) 36.9 (73.7) 46.8 (11.2) 8.2 (16.4) 36.9 (73.7)

IJncludes Fine Bleached Kraft and Soda Subcategnries.

281'1' flow and raw waste 80D~ vary due to type of wash. Papergrade Sulfit.e (Blow Pit Wash) and Papergrade Sulfite (Drum Wash).



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
production. Of the mills where raw waste lbads are lower than those
used to develop BPT, raw waste load BOD5 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 152.5
kl/kkg (36.6 kgal/t) and 120.3 kl/kkg (28.9 okgal/t), respectively.
The proposed Option 1 flow has been chosen as the higher of the two,
152.5 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 BOD5 for softwood and hardwood mills where BOD5
raw waste loads are less than the BPT basis are 29.3 kg/kkg (58.6
lb/t) and 26.6 kg/kkg (53.2 lb/t), respectively. Since the data for
both types of wood pulps are substantially the same, the higher BOD5
raw waste load, 29.3 kg/kkg (58.6 lb/t), has been assumed. The
proposed TSS raw waste load for Option 1 °has been assumed to be the
same as that used as the basis of BPT. In summary, the Opt~on 1 raw
waste loads for the market bleached kraft subcategory are: flow-152.5
kl/kkg (36.6 kgal/t), BODi-29.3 kg/kkg (58.6 lb/t), and TSS-45.0
kg/kkg (90.0 lb/t).

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft- 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, four 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 attaining a lower
BOD5 raw waste load, data correspond to biological treatment plant
influent rather than to a true raw waste. These data were not used in
any calculations of attainable BCT Option 1 raw waste loads. Option 1
raw waste loads for this subcategory 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. Application of this methodology
yields Option 1 flow and BODi raw waste loads of 131.8 kl/kkg (31.7
kgal/t) and 35.1 kg/kkg (70.2 lb/t), respectively. The proposed TSS
raw waste load for Option 1 has been assumed to be the same as that
used as the basis of BPT, oor 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 14 mills in this subcategory
where flow and/or BODS raw waste loads are lower than those which
formed the basis of BPT. Option 1 raw waste loads for this
subcategory are based on the averages of thos~ mills where raw waste
loadings that are lower than those which formed the basis of BPT are
attained. Application of this methodology yields Option 1 flow and
BODS raw waste loads of 104.3 kl/kkg (25.1 kgal/t) and 27.1 kg/kkg
(54~1 lb/t), respectively. The/proposed TSS raw waste load for Option
1 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.
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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
types.

Unbleached Kraft-Raw Waste Load Summary

Flow BOD5 TSS
kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

Unbleached Kraft -
Linerboard: 47.3 (11.4) 16.9 (33.2) 15.8 (31.6)

Unbleached Kraft -
Bag and Other
Products: 103.5 (24.8) 24.3 (48.6) 31 .4 (62.8)

Option 1 raw waste loads for this subcategory 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. A delineation has
been made between the production of (a) linerboard and (b) bag and
other products. Application of this methodology yields unbleached
kraft-linerboard Option 1 raw waste loadings for flow and BOD2 of 39.0
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 loadings for flow
and BOD5 of 47.3 kl/kkg (11.4 kg gal/t) and 12.5 kg/kkg (25.0 lb/t),
respectively. The proposed TSS Option 1 raw waste loadings 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. As a result, two mill
groups were considered in the development of Option a 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.
Variable amounts of wastepaper are utilized at mills in this
subcategory according to relative market conditions and pricing and
must be taken "into considera~ion. Review of the data in Table V-6
indicates significant differences in flow between the two groups [35.7
kl/kkg (8.6 kgal/t) versus 18.6 kl/kkg (4.5 kgal/t)], but no
significant difference in BOD2 [22.1 kg/kkg (44.1 lb/t) versus 23.9
kg/kkg (47.8 lb/t)]. Therefore, the Option 1 raw waste loading 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 loading
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lower than that which formed the basis of BPT is attained. The Option
1 raw waste loading for BODS is based on data from both groups of
mills where a BODS raw waste loading lower than that which formed the
basis of BPT is attained. Application of this methodology yields
Option 1 raw waste loads of flow and BODi of 30.3 kl/kkg (7.3 kgal/t),
and 17.6 kg/kkg (35.2 lb/t), respectively. The proposed TSS raw waste
load for Option '.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. Option 1 raw waste loadings
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 , raw
waste loadings for flow and BODi of 47.8 kl/kkg (11.5 kgal/t) and 16.2
kg/kkg (32.5 lb/t), resepctively. The proposed TSS raw waste load for
Option 1 has been assumed to be the same as that which formed the
basis of BPT, or 20.5 kg/kkg (41.0 lb/t) of product.

Dissolving Sulfite Pulp - Table v-a presents available raw waste
load data for this subcategory. In previous effluent limitations
guidelines development, it was recognized that a variety of products
are made at dissolving sulfite pulp mills that result in different
waste characteristics. (40) However, in the data request program, only
limited data were provided for this subcategory on raw waste load by
product types. Consequently, predictions are made of 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 VlII-1. In
general, most of the items under consideration result in minor flow
reductions with the exception of recycle of the hydraulic barking
water. Flow reduction resulting from cooling water segregation, more
extensive use of white water in the pulp and paper mills, and
additional spill collection results in a wastewater reduction of 29.1
kl/kkg (7.0 kgal/t). Additional applicable production process.
controls include implementation of liquor spill and pulp dryer spill
collection systems, increased white water use, and improved recycle of
decker filtrate. Predicted BODi reductions resulting from the
application of these controls 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 140.9 kg/kkg (281.8 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.
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The resulting Option 1 BOD~ raw waste loads are presented below:

156 (312) 181.5 (363) 274 (548)

63.4 (126.8) 71.9 (143.8) 109.4 (291.8)

90.6 (181.2) 92.6 (185.2) 109.6 (219.2) 164.6 (329.2)

Dissolving Sulfite-Development of Option 1 BOD~ Raw Waste Load
BOD5 - kg/kkg (lb/t)

Nitration Viscose Cellophane Acetate

Option 1 BODi RWL

Groundwood-Thermo-Mechanical - Table V-10 presents available raw
waste load data for this subcategory. In this subcategory, the
overall averages of flow and BOD5 raw waste load data for all mills
form the basis of Option 1 raw waste loads as all mills have raw waste
loads less than those on which BPT effluent limitations are based.
This results in flow and BODi raw waste loads of 57.3 kl/kkg (13.8
kgal/t) and 21.2 kg/kkg (42.4 lb/t), respectively. The proposed TSS
raw ,waste load for Option 1 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.

Papergrade Sulfite (Papergrade Sulfite (Blow Pit Wash) and
Papergrade Sulfite (Drum Wash) Subcategories) Table--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.
Therefore, Option 1 flow is based on the results of the regression
analysis presented in Section V and varies depending on the percentage
of sulfite pulp produced on-site. A similar relationship for BODS raw
waste load does not exist and Option 1 BODi raw waste loading has-been
developed based on the average of those mills where the BOD5 raw waste
load is lower than that which formed the basis of BPT. ItTs assumed
that this BODi raw waste load is representative of a mill where 56
percent of the raw material furnish is sulfite pulp produced on-site.
For this model mill, Option 1 flow and BODi raw waste loadings would
be 133.6 kl/kkg (32.1 kgal/t) and 62.8 kg/kkg (125.7 lb/t),
respectively. The proposed TSS raw waste load for Option 1 has been
assumed to be the same as that which formed the basis of BPT, or 90.0
kg/kkg (180.0 lb/t) of product.

BPT - RWL 137 (274)
Reductions Resulting
from Application of
Specific Production
Process Controls 46.4 (92.8)

The flow basis of BPT is 274.6 kl/kkg (66.0 kgal/t); flow reduction
through implementation of production process controls is 29.1 kl/kkg
(7.0 kgal/t). This results in an Option 1 flow of 245.5 kl/kkg (59.0
kgal/t). The proposed TSS raw waste load for Option 1 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.



The proposed TSS raw waste load for Option 1 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.

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.

2.9 ( 5.7)

14.5 (29.1)

17.4 (34.8)

Option 1 RWL 70.0 (16.8)

Groundwood-Fine Papers - Available raw waste load data for this
subcategory are presented in Table V-12. Option 1 raw waste loadings
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 1 raw
waste loadings for flow and BODi of 64.2 kl/kkg (15.4 kgal/t) and 12.5
kg/kkg (24.9 lb/t), respectively. The proposed TSS raw waste load for
Option 1 has been assumed to be the same as that which formed the
basis of BPT, or 52.5 kl/kkg (105.0 lb/t) of product.

Reductions Resulting From
Implementation of Specific
Production Process
Controls 29.1 ( 7.0)

BPT RWL 99.1 (23.8)

Groundwood-CMN Papers--Development of Option 1 Raw Waste Loads
Flow BODS

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

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 loadings being attained that are lower
than raw waste loadings that formed the basis of BPT. Option 1 raw
waste loadings are 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 loadings that formed the basis of BPT.

The production process controls that have been identified as
applicable in this subcategory that form the basis for prediction of
raw waste load reductions are: seqregation 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 BODS reductions are 29.1 kl/kkg
(7.0 kgal/t) and 2.9 kg/kkg (5.7 lbs/t)~ respectively. The resulting
Option 1 flow and BODi raw waste loads are presented below:
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For all three product sectors, the proposed TSS raw waste load for
Option 1 has been assumed to be the same as that which formed the
basis of BPT, or 202.5 kg/kkg (405 lb/t) of product.

tissue papers are produced from deinked wastepaper,
loadings are based on averages of those mills where
that are lower than those which formed the basis of
Application of this methodology yields Option 1 raw
flow and BOD5 of 81.2 kl/kkg (19.5 kgal/ton) and
lb/ton), respectively.

For mills where
Option 1 raw waste
raw waste loadings
BPT are attained.
waste loadings for
61.3 kg/kkg (122.6

For mills where newsprint is produced from deinked wastepaper, Option
1 flow and BOD5 raw waste loads are based on the average raw waste
loadings of mills in this product sector. This results in Option 1
flow and BOD~ raw waste loads of 67.6 kl/kkg (16.2 kgal/t) and 15.9
kg/kkg (31.7 lb/t), respectively.

Tissue from Wastepaper In the tissue ·from wastepaper
subcategory, wastewater is not discharged at several mills. 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 between the two
product sectors. In addition, self-contained mills have been
identified where both types of tissue are produced.

For mills where fine papers are produced from deinked wastepaper,
Option 1 raw waste loadings 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 1 raw
waste loadings for flow and BOD~ of 66.2 kl/kkg ,(15.9 kgal/ton) and
37.3 kg/kkg (74.6 lb/ton), respectively.

Option 1 raw waste loadings 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. Mills 090006, 100012,
105007, and 100014 are excluded from Option 1 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 1 raw waste loadings for flow and BOD5 of
67.8 kl/kkg (16.3 kgal/t) and 9.7 kg/kkg (19.3 lb/t), respectively.'
The proposed TSS raw waste load for Option 1 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 - As shown in Table V-16 and discussed
in Section V, this subcategory was extensively reviewed with respect
to the types of paperboard manufactured. No relationship that had
statistical validity could be developed to relate raw waste load to
product type. Option 1 raw waste loadings 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 1 raw waste loadings for
flow and BODS of 12.8 kl/kkg (3.1 kgal/t) and 6.0 kg/kkg (11.9 lb/t),



respectively. The proposed TSS raw waste load for Option 1 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-lB. This is a new
subcategory for which BPT is now being proposed. A review of data
request responses reveals that extensive recycle of effluent is
practiced at several mills. Option 1 raw waste loads are based on
averages for those mills where extensive ~ecycle is practiced.
Application of this methodology yields Option 1 flow and BOD5 raw
waste loads of 23.8 kl/kkg (5.7 kgal/t) and 5.5 kg/kkg (10.9 lb/t) ,
respectively. The proposed TSS raw waste load for Option 1 has been
assumed to be the same as that which is proposed for 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 TableV-19. Option 1 raw waste
loadings 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 1 raw waste loadings for flow and BODi of 11.1 kl/kkg (2.7
kgal/t) 'and 6.5 kg/kkg (13.0 lb/t), respectively. The proposed TSS
raw waste load for Option 1 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. 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 distinct correlation exists; flow
and BOD5 raw waste loadings increase with the frequency of waste
significant grade changes. Option 1 raw waste loadings for this
subcategory are based on averages of those mills with greater than one
waste significant grade change per day where raw waste loadings that
are lower than those which formed the basis of BPT are attained.
Application of this methodology yields Option 1 raw waste loads for
flow and BODi of 39.8 kl/kkg (9.6 kgal/t) and 6.7 kg/kkg (13.3 lb/t),
respectively. The proposed TSS raw waste load for Option 1 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.

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
general, wastewater discharge and BOD5 raw waste loads increase with
an increase in the frequency of grade-changes.

\

Option 1 raw waste loadings for this subcategory are based on the
highest averages for the various grade change delineations for mills
where raw waste loadings that are lower than those which formed the
basis of BPT are attained. Application of this methodology yields
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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 proposed. The subcategory average
raw waste loads, exclusive of electrical and matrix board production,
form the basis for proposed BPT.

( 19. 1
flow

grade
those
grade

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 proposed.
In the development of Option 1 raw waste loads, data were reviewed
with respect to waste significant grade changes. Option 1 raw waste
loadings 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 proposed BPT. Application. of this
methodology yields Option 1 flow and BODi raw waste loads of 197.0
kl/kkg (47.5 kgal/t) and 9.0 kg/kkg (17.9 lb/t), respectively. The
proposed TSS raw waste load for Option 1 has been assumed to be the
same as that which forms the basis of proposed BPT, or 27.4 kg/kkg
(54.7lb/t). .

Option raw waste loadings for flow and BODi of 79.7 kg/kkg
kgal/t) and 9.0 kg/kkg (17.9 lb/t), respectively. The Option 1
is based on those mills with more than one waste significant
change per day. The Option 1 BODS raw waste load is based on
mills with between zero and less than one waste significant
change per day.

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 proposed. Proposed 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 Option 1 raw waste loads, data were reviewed
with respect to waste significant grade changes. Wastewater discharge
and BODi raw waste loadings increase with the frequency of grade
changes. Option 1 flow raw waste loadings for each product sector are
based on the highest average 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. Option 1 BODS raw waste loadings 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. It is assumed that no significant difference
in BODS raw waste load occurs as a result of the production of
lightweight electrical grades. Application of this methodology yields
Option 1 flow and BODi raw waste loads (a) for the lightweight papers
product sector of 159.2 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 278.1 kg/kkg (66.8 kgal/t) and 13.3 kg/kkg (26.6
lb/ton), respectively. For both product sectors, the proposed TSS raw
waste load for Option 1 has been assumed to be the same as that
proposed for BPT, or 63.4 kg/kkg (126.8 lb/t) of product.



As for the other nonintegrated subcategories, raw waste load data were
reviewed with respect to frequency .of waste significant grade changes.
Option 1 raw waste loadings are based .on the highest averages for the
various grade change delineations for.miTls·with raw waste loadings
that are lower than those that form the basis for proposed BPT.
Application of this methodology yields Option 1 flow and BODS raw
waste loads of 46.8 kl/kkg (11.2 kgal/t) and 8.2 kg/kkg (16.4 Ib/t) ,
respectively. The proposed TSS raw waste .load for ,Option 1. has been
assumed to be the same as that which forms the basis,of proposed BPT,
or 36.9 kg/kkg (73.7 lb/t) of product.

Summary of Option 1 Raw Waste Loads - Table VIII-S presents a
summary of BPT and Option 1 raw waste loads.

Development of Effluent Characteristics .. In the previous discussions,
BCT Option 1 . raw waste loads for each subcategory were developed.
Option 1 includes (a) the implementation of production process
controls that are applicable to each subcategory but have not been
widely applied at mills in the subcategory and' (b) theend-of-pip~

treatment technology which serves as the basis for BPT for each
subcategory. Biological treatment was the effluent treatment
technology identified as the basis for BPT for most subcategories. In
the Phase II Development Document, a relationship was developed
relating the anticipated final effluent BODS concentration to the BODS
concentration entering a biological treatment system (See Phase II
Development Document, page 402), This relationship is based on
treatment plant performance data and is as follows:

Log BOD~ effluent = 0.601 Log BODS influent -0.020

This relationship is used to predict long-term average final . effluent
BODS loads based on the application of biological treatment to Option
1 raw waste loads in the dissolving kraft, market bleached kraft, BCT
(board, coarse, and tissue) bleached kraft, fine bleached kraft,
papergrade sulfite, dissolving sulfite pulp, soda, groundwood, and
deink subcategories for which the relationship was developed. This
relationship is also used to predict long-term average final effluent
BOD~ loads in the wastepaper-molded products and builders' paper and
roofing felt subc~tegories. For.the unbleached kraft, semi-chemical,
unbleached kraft and semi~chemical, and nonintegrated-fine papers
subcategories, the Option 1 raw waste concentrations of BODS are
approximately equal to those which formed the basis of- BPT.
Therefore, for these subcategories, Option 1 maximum 30-day average
concentrations of BODS are expected to be equal to those used in
establishing BPT effluent "limitations. For the paperboard from
wastepaper and tissue from wastepaper subcategories, where at many
mills extensive production process controls are employed, Option 1
final effluent loads of BODS and TSS are based on actual mill data and
are equivalent to those developed for BCTOption 4. .

In Figure VIII~1, the BODS raw waste concentration that formed the
basis of BPT is plotted versus the final effluent TSS concentration
that formed the basis of BPT for the dissolving kraft, market bleached
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kraft, fine bleached kraft, BCT (board, coarse, and tissue) bleached
kraft, dissolving sulfite pulp, papergrade sulfite, soda, groundwood,
and deink subcategories. The resulting relationship forms the basis
for determination of Option 1 final effluent long-term average TSS
concentrations for these subcategories. This relationship has also
been applied for development of long-term average TSS concentrations
for the builders' paper and roofing felt, nonintegrated-fine, and
wastepaper-molded products subcategories. For the unbleached kraft,
semi-chemical, and unbleached kraft and semi-chemical subcategories,
Option 1 maximum 30-day average concentrations of TSS are predicted to
be equal to those used in establishing BPT effluent limitations
because Option 1 raw waste concentration? of BODi are approximately
equal to those that formed the basis of BPT. Therefore, approximately
the same concentration of biological solids will be discharged to the
secondary clarifiers.

For the nonintegrated-tissue papers subcategory, primary treatment was
the end-of-pipe technology basis of BPT. Option 1 raw waste BOD5
concentration is approximately equal to that which formed the basis of
BPT effluent limitations. Therefore, Option 1 long-term average final
effluent concentrations of BOD5 and TSS are expected to equal those
that formed the basis of BPT.- Because the wastewater characteristics
of the remaining nonintegrated subcategories are similar to those of
the nonintegrated-tissue papers subcategory, Option 1 long-term
average BOD5 and TSS effl~ent concentrations have been transferred to
these subcategories in determining Option 1 long-term average final
effluent loads.

TABLE VIII-6 summarizes raw waste and long-term average final effluent
BOD5 and TSS loadings developed for BCT Option 1.

Option 1

Chemically assisted clarification is an end-of-pipe technology which
has been demonstrated on a full-scale basis to consistently achieve
significant reductions in the discharge of conventional pollutants.
As discussed earlier, a full-scale system has been operated at a
groundwood mill for a number of years. The system consistently
achieves BOD5 "and TSS concentrations of less than 15 mg/l at an alum
dosage of 150-mg/l. In addition, in October of 1979, a full-scale
system went on-line at a bleached kraft mill. The alum dosage
initially used to effect optimum coagulation was 300 to 400 mg/l
without pH adjustment. Recent studies conducted by mill personnel
indicate that, with acid addition for pH adjustment,~the alum dosage
may be reduced substantially to about 150 mg/I.(128) Since start-up,
with one exception, a monthly average BODi effluent of 15 mg/l has
been achieved. The monthly average TSS has varied from 21 to 44 mg/l
with the highest occuring after a caustic spill at the mill. It
should be noted that the TSS influent to the chemically assisted
clarification system from the biological treatment system does not
meet BPT effluent limitations and is reported to be about two to three
times the long-term average BOD5 concentration that formed the basis
of BPT. -
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TABLE VIII-6

(21. 6)
(13.9)
(13.4)
(l0.5)

(4.9)
(6.0)
(4.3)
(5.6)

(27.5)
(27 7)
(29.2)
(33.1)
(16.1)
(6.4)
(6.6)
(5.9)

(8.4)
(11. 4)

(5.2)
(0.98)
(2.3)
(1.4)

(3.5)
(4.7)

(9.4)
(16.4)
(11.7)
(2.8)

TSS

2.5
3.0
2.2
2.8

1.8
2.4

2.6
0.5
1.2
0.7

4.2
5.7

10.8
7.0
6.7
5.3

4.7
8.2
5.9
1.4

13.8
13.9
14.6
16.6
8.1
3.2
3.3
3.0

kg/kkg (lb!t)

(5.7)
(8.3)

(4.4)
(0.83)
(1.2)
(1. 0)

(11.8)
(6.9)
(7.2)
(5.6)

(2.3)
(2.8)
(3.5)
(3.7)

(16.4)
(16.6)
(18.4)
(23.5)
(l0.3)
(3.8)
(3.3)
(2.9)

(3.0)
(5.8)

(11. 6)
(20.2)
(14.4)

(3.4)

2.9
4.2

1.5
2.9

5.9
3.5
3.6
2.8

BODS

2.2
0.4
0.6
0.5

1.2
1.4
1.8
1.9

8.2
8.3
9.2

11.8
5.2
1.9
1.7
1.5

5.8
10.1
7.2
1.7

kg/kkg (lb/t)

OPTION .1 FINAL EFFLUENT
CHARACTERISTICS

Dissolving Kraft
Market Bleached Kraft
BeT Bleached ~raft

Alkaline-Fine
Unbleached Kraft

Linerboard
Bag

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

Nitration
Viscose
Cellophane
Acetate 2

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

Secondary Fibers Segment

Integrated Segment

Deink
Fine Papers
Tissue Papers
Newsprint

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

Nonintegrated Segment

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

Lightweight
Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

;Includes Fine Bleached Kraft and Soda Subcategories.
~Includes Papergrade Sulfite (Blow Pit ~vash) and Papergrade Sulfite (Drum
Wash) Subcategories. Effluent characteristics are calculations for a mill
where Papergrade Sulfite Pulp produced on-site accounts for 56% of final
production.



BCT Option 2 is the addition of chemically assisted clarification to
further treat BPT final effluent discharges from all integrated and
secondary fiber subcategories and from the nonintegrated-fine papers
subcategory (for these subcategories BPT is based on biological
treatment). Option 2 is based on the addition of solids-contact
clarifier(s) using alum as a coagulant and polymer as a flocculant
aid. Based on the demonstrated performance of the full and
pilot-scale systems, it is predicted that chemically assisted
clarification will achieve long-term average effluent concentrations
of 15 mg/l for both BOD~ and TSS. Long-term average mass loadings
have been determined by multiplying . the long-term average
concentrations by the wastewate~ flows that formed the basis of BPT
effluent limitations.

For the remaining nonintegrated subcategories, for which primary
treatment is the basis of BPT, the Option 2 technology includes the
addition of biological treatment. The predicted BOD5 final effluent
concentrations for these nonintegrated subcategori~s are based on the
relationship developed in the Phase II Development Document (See page
402) relating BOD5 effluent concentration to BOD5 raw waste load
concentration. The long-term average final effluent BOD5
concentration for the nonintegrated-tissue papers subcategory was
transferred to the remaining nonintegrated subcategories where
biological treatment forms the technology basis of BCT Option 2.
Similarly, the TSS long-term average final effluent concentration was
developed using the relationship of influent BODS to fin~l effluent
TSS presented in Figure VIII-l. The resulting long=term average BODS
and TSS concentrations determined by application of this methodology
are 17.0 mg/l and 39.5 mg/l, respectively. BOD~ and TSS mass loads
are calculated as the product of these long-term average
concentrations and the flow basis assumed to reflect the best
practicable control technology currently available.

Option 2 annual average effluent characteristics are presented for
each subcategory in Table VIII-7.

Option 1

BCT Option 3 includes the application of 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 BPT is based on biological
treatment). Option ~ is based on the addition of solids-contact
clarifier(s) using alum as a coagulant and polymer as a flocculant
aid. For the remaining nonintegrated subcategories, for which primary
treatment was the basis of BPT, effluent limitations are based on the
application of Option 1 plus the addition of biological treatment.
The production process controls available for application in each
subcategory for raw waste load reduction are presented in Tables
VIII-2 through VIII-4. Annual average final effluent characteristics
were developed as described above for BCT Option 2 using the reduced
flows. They are presented in Table VIII-8.
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TABLE VIII-7

(3.1)
(3.1)

(3.2)
(0.9)
(2.1)
(1. 8)

(6.9)
(5.2)
(4.4)
(3.9)

(1. 6)
(1. 6)
(1.3)
(1.8)

(8.3)
(8.3)
(8.3)
(8.3)
(6.0)
(2.6)
(3.0)
(2.7)

(1. 9)
(7.5)

(16.0)
(25.3)

(19.7)
(4.2)

3.5
2.6
2.2
2.0

0.8
0.8
0.7
0.9

4.2
4.2
4.2
4.2
3.0
1.3
1.5
1.4

1.6
1.6

TSS

1.0
3.8

1.6
0.5
1.1
0.9

9.9
2.1

kg/kkg (lb/t)

8 0
12.7

(6.9)
(5.2)
(4.4)
(3.9)

(1. 6)
(1.6)
(1.3)
(1. 8)

(8.3)
(8 3)
(8.3)
(8.3)
(6.0)
(2.6)
(3.0)
(2.7)

(3.1)
(3.1)

(3.2)
(0.9)
(2.1)
(1. 8)

(1. 9)
(3.2)

(6.9)
(10.9)

(8.5)
(1. 8)

0.8
0.8
0.7
0.9

3.5
2.6
2.2
2.0

BODS

4.2
4.2
4.2
4.2
3.0
1.3
1.5
1.4

1.6
1.6

1.0
1.6

1.6
0.5
1.1
0.9

3.5
5.5

4.3
0.9

kg/kkg (1b/t)

Nonintegrated Segment

Secondary Fibers Segment

Dissolving Kraft
Market Bleached Kraft
BeT Bleached fraft
Alkaline-Fine
Unbleached Kraft

Linerboard
Bag

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

Nitration
Viscose
Cellophane
Acetate 2

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

OPTION 2 FINAL EFFLUENT
CHARACTERISTICS

Integrated Segment

Deink
Fine Papers
Tissue Papers
Newsprint

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

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

Lightweight
Electrical

Nonintegrated-Filter and Nonwoven
Papers

Nonintegrated-Paperboard

lIncludes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories. Effluent characteristics are calculations for a mill
where Papergrade Sulfite Pulp produced on-site accounts for 56% of final
production.



TABLE VIII-8

(2.0)
(2.4)

(2.0)
(0.4)
(0.7)
(0.3)

(6.3)
(4.6)
(4.0)
(3.1)

(1.2)
(1. 4)
(0.9)
(1.4)

(7.4)
(7.4)
(7.4)
(7.4)
(4.0)
(1.7)
(2.1)
(1.9)

(1. 2)
(6.2)

(12.3)
(21.6)

(15.3)
(3.6)

0.6
3.1

1.0
1.2

1.0
0.2
0.4
0.2

7.7
1.8

TSS

3.7 .
3.7
3.7
3.7
2.0
0.9
1.1
1.0

6.2
10.8

0.6
0.7
0.5
0.7

3.2
2.3
2.0
1.6

kg/kkg (lb/t)

(1. 2)
(2.6)

(5.2)
(9.1)

(6,5)
(1.5)

(2.,0)
(2.4)

(2.0)
(0.4)
(0.7)
(0.3)

(6.3)
(4.6)
(4.0)
(3.1)

(1.2)
(1. 4)
(0 9)
(1.4)

(7.4)
(7.4)
(7.4)
(7.4)
(4.0)
(1.7)
(2.1)
(1. 9)

1.0
1.2

3.3
0.8

1.0
0.2
0.4
0.2

0.6
1.3

2.6
4.6
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3.7
3.7
3.7
3.7
2.0
0.9
1.1
1.0

0.6
0.7
0.5
0.7

3.2
2.3
2.0
1.6

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories. Effluent characteristics are calculations for a mill
where Papergrade Sulfite Pulp produced on-site accounts for 56% of final
production.

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

Lightweight
Electrical

Nonintegrated-Filter and Nonwoven
Papers

Nonintegrated-Paperboard

Secondary Fibers Segment

Nonintegrated Segment

1Includes Fine Bleached Kraft and Soda Subcategories.

kg/kkg (lb/t)

Deink
Fine Pape~s

Tissue Papers
Newsprint

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

BODS

OPTION 3 FINAL EFFLUENT
CHARACTERISTICS

Integrated Segment

Dissolving Kraft
Market Bleached Kraft
BCT Bleached ~raft

Alkaline-Fine
Unbleached Kraft

Linerboard
Bag

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

Nitration
Viscose
Cellophane
Acetate 2

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



addition of rapid sand
to the .disc9arge of

Option !

BCT Option 4 effluent limitations are based on the levels attained at
best performing mills in the respective sub~ategories. The approach
described in detail below of establishing effluent limitations 'based
on actual effluent data is in contrast to other options where
limitations are based on predicted performance of specific
technologies. After determination of Option 4 effluent ,limitations,
appropriate technologies were selected that could achieve these
limitations and that reflect the cost of attainment of these
limitations. The technologies for achieving Option 4 effluent
limitations vary dependi~g on the type of treatment systems that are
employed at mills in each subcategory. Treatment systems commonly
employed at mills in the integrated segment and the nonintegrated-fine
papers and deink subcategories., for which BPT has been identified as
biological treatment, include aerated stabilization basins, activated
sludge systems, and oxidation ponds. Design characteristics for the
various treatment types were reviewed and compared with those of best
performers. Based on this review, probable upgrade schemes for each
treatment type have been identified and used in, the development of
cost estimates presented in Section IX. Sp~cific design criteria are
also presented in Section IX. Brief de$criptions of the upgrade
schemes that form the basis of 'cost ~stimates are piesented below.

Aerated stabilization basin trea'tment systems are up'gradedthrough the
addition of spill prevention and control systems, by increasing
aeration capacity, and by providipg additional settling capacity.
Conversion to the extended ~eration activated sludge process .as
considered to be the probable method of upgrading the performance of
aerated stabilization basins located in colder climates.

Activated sludge systems are upgraded through the addition of spill
prevention and control systems, by providing equalization, by
increasing the capacity of aeration basins and by providing for
operation in the contact stabilization mode, and by increasing the
size of clarification and sludge handling equipment ..

Oxidation ponds are upgraded through the
filtration to remove algae that can contribute
high levels of suspended solids.

At mills in the nonintegrated subcategories inw~ich existing or
proposed BPT effluent limitations' are based qn primary treatment,
existing primary treatment systems are upgraded by reducing clarifier
overflow rates to provide for better settling, by adqing chemical
coagulants, and by increasing sludge handling capability.

At all best performing mills in the remaining subcategories
(paperboard from wastepaper, tissue from wastepaper, wastepaper-molded
products, and builders' paper and roofing felt); ext~nsive use is made
of production process controls to reduce wastewater discharge. Option
4 for these subcategories is based on the application of the same
technology as discussed in BCT Option 1: the technology on which BPT
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is based plus the application of additional production process
controls.

General MethodoloGY. This option involves the development of effluent
limitations 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 program.
These data are summarized in Tables VIII-9 through VIII-30.

The removal capability characteristic of the best performing mills in
a subcategory forms the basis of establishment of BOD~ and TSS
effluent limitations for that subcategory. Best performing mills are
defined as those mills where both BODS and TSS BPT long-term average
effluent limitations are attained using-end-of-pipe technology of a
type that is similar to tnat which forms the basis of BPT. Generally,
long-term average final effluent BOD~ and TSS discharges per kkg (ton)
of product attained at best performing mills were averaged;
corresponding concentrations of BOD~ and TSS were then determined at
BPT flow. It was next determined whether the calculated
'concentrations of BOD5 and TSS are attainable through the application
of end-of-pipe treatment technology only. If so, annual average BCT
effluent limitations are based on these long-term averages. If it was
determined that these concentrations were unattainable, the long-term
average ':eff luent I imi tations were revised upward to levels that are
attainable through the application of end-of-pipe treatment only. A
description 'of the specific procedure used in establishing BCT
effluent limitations for each subcategory follows.

Dissolving Kraft - As illustrated in Table VIII-9, the general
methodology as described above was followed. BPT effluent limitations
are being attained at mill 032002.

Market Bleached Kraft As illustrated in TableVIII-10, the
general methodology was used to calculate BCT Option 4 effluent
characteristics for the market bleached kraft subcategory. Mills
030028, 030030, and 030061 in this subcategory were used to determine
long-term average final effluent loads. In addition to these mills,
another mill (030011) was included in the calculation. At this
integrated-miscellaneous mill, 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
application of the percentage reductions of BOD~ and TSS below BPT
limitations, determined by prorating limitations from appropriate
subcategories, to market bleached kraft BPT limitations. Effluent
BODS and TSS characteristics for mill 030011 are 13.7 percent and 58.0
percent below prorated BPT limitations.

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft As
illustrated in Table VIII-11, the general methodology was used to
calculate BCT (best conventional pollutant control technology) Option
4 effluent characteristics for the BCT (paperboard, coarse, and
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Final Effluent
Annual Average Levels

Flow BOD5 TSS
(kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

(34.4) 18.8 (37.6) 27.8 (55.5)

(51.3) 4.1 (8.1) 6.2 (12.4)

(58.3) 6.3 (12.6) 11.4 (22.7)

(55.1) 6.9 (13.8) 11.1 (22.1)

(a)TSS and BODS are less than or equal to BPT.

(12.4)6.2(8.l)4.1
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TABLE VIII-9

(51.3)

DISCHARGE MONITORING REPORT DATA
DISSOLVING KRAFT SUBCATEGORY

Mill
Number kl/kkg

032001 143.3

032002(a) 213.8

032003 242.9

BPT-Final 229.6
Effluent
Level

Average of 213.8
Mills
Attaining BPT
BODS and TSS



TABLE VIII -10

DISCHARGE MONITORING REPORT DATA
MARKET BLEACHED KRAFT SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow . BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

030005 60.0 (14.4) 4.6 (9.1) 4.8 (9.6)

030009 75.8 (18.2) 5.2 (10.4) 2.7 (5.4)

030012 118.3 (28.4) 6.1 (12.2) 16.7 (33.3)

030028(a) 136.7 (32.8) 4.0 (8.0) 7.7 (15.4)

030030(a) 155.0 (37.2) 2.7 (5.3) 3.9 (7.7)

030031 292.5 (70.2) 5.0 (10.0) 9.9 (19.7)

030061(a) 144.6 (34.7) 3.5 (6.9) 2.3 (4.6)

030011 (a)(b) 145.8 (35.0) 3.9 (7.8) 3.8 (7.6)

777777 87.5 (21. 0) 2.1 (4.2) 9.7 (19.4)

BPT-Final 173.3 (41.6) 4.5 (9.0) 9.0 (18.0)
Effluent
Level

Average of 145.5 (34.9) 3.5 (7.0) 4.4 (8.8)
Mills
Attaining BPT
BODS and TSS

(a)TSS and BOD~ are less than or equal to BPT.

(b)This is an integrated-miscellaneous mill where approximately 40 percent mar
ket bleached kraft pulp is produced. Prorated BPT was determined for this
mill. The percent effluent BOD~ and TSS reductions being attained at the
mill were then applied to BPT BOD~ and TSS effluent levels for the subcate
gory to obtain the effluent levels shown.
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TABLE VIII-ll

DISCHARGE MONITORING REPORT DATA
BCT BLEACHED,KRAFT SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

030004 221.3 (53.1) 4.8 (9.6) 4.5 (9.0)

030010(a) 171. 7 (41.2) 2.4 (4.7) 3.9 C7 .8)

030022(a) 146.7 (35.2) 3.9 (7.7) 1.9 (3.7)

030026 161. 7 (38.8) 5.5 (11.0) 10.7 (21. 3)

030032(a) 106.3 (25.5) 2.1 (4.2) 3.6 (7.2)

030039 87.9 (21.1) 5.0 (9.9) 3.4 (6.8)

030044(a) (b) 115.0 (27.6) 1.6 (3.3) 5.0 (10.0)

030047 141.7 (34.0) 5.6 (11.1) 4.5 (9.0)

BPT-Final 147.5 (35.4) 4.0 (8.0) 7.1 (14.2)
Effluent
Levels

Average of 134.9 (32.4) 2.5 (5.0) 3.6 C7 .2)
Mills
Attaining BPT
BODS and TSS

(a)TSS and BOD~ are less than or equal to BPT.

(b)This is an integrated-miscellaneous mill where approximately 35 percent BeT
bleached kraft papers are produced. Prorated BPT was determined for this
mill. The percent effluent BOD~ and TSS reductions being attained at
the mill were then applied to BPT BOD~ and TSS effluent levels for the
subcategory to obtain the effluent levels shown.
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tissue) bleached kraft subcategory. Mills 030010, 030022, and 030032
were used to determine long-term average final effluent loads. In
addition to these mills,another"mill' (030044) was included in the
calculation. At this integrated-miscellaneous mill, where BPT limits
are being attained, bleached kraftpul~ is p~oduced, a significant
portion of which is used to manufacture paperboard, coarse papers, or
tissue papers. The approach used·,·to include data for thismi 11
involved application of the perceritag~ reduction of BODS and TSS below
BPT limitations, determined by prorating limitations from appropriate
subcategories, to the BCT (paperboard, coarse, and tissue) bleached
kraft BPT limitations. Efflu~ntBOD5·~nd TSS characteristics for mill
030044 are 59.2 and 29.7' percent below prorated limitations.

Alkal ine-Fine.,' . (Fine Bleached Kraft and Soda Subcategories) - As
illustrated in Table VIII-12, the general methodology was used to
calculate BCT Option 4 effluent characteristics for the alkaline-fine
mill grouping (bleached kraft fine and soda subcategories). Mills
030020, 030027, and 0~0046 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 calculatio~. At these integrated-miscellaneous mills,
where BPT limits' are being attain~d, bleached kraft pulp is produced,
a significant portion of which is used to produce fine papers. The
approach used to include data for thes'e mills involved application of
the percentage. reductions of BODS and TSS below BPT limitations,
determined by pr'orat in(;f 1 imi tat ions from appropriate subcategories, 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, it was determined that the resulting effluent limitation
would be too restrictive. Therefore, the BODS effluent limitation was
revised upward as shown in Table VIII-12. -

Unbleached "Kraft A review of the BPT final effluent
characteristics for the unbleached kraft subcategory indicated 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 BOD5~ Therefore, to determine best
performing mills, the BPT final. effluent BODS loading was revised
downward based on the relaticinship :of BODS influent to effluent
presented above. a,nd in the .Phase I I. Development Document (See page
402). (40) ,Empl_oyi,ng, thi·s m~thodolo9Y, the final effluent BODS
long-term average .loa~becomes 1.6· kg/kkg (3.2 Ib/t). -

After adjustment of the BPT BODS effluent· load, the general
methodology was followed for both the linerboard and bag and other
products product sectors as illustrated in Table VIII-13. For the
linerboard product sector, TSS data for those mills with oxidation
pond(s) (010020 and 010025) were excluded from the calculation. The
mills in this product sector where revised BPT effluent limitations
are attained include mills 010002, 010019, 010020, 010025, and 010040.
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TABLE VIII-12

DISCHARGE MONITORING RErORT DATA-
ALKALINE-FINE

Final Effluent
Annual Average Levels

Mill Flow BOD5 TSS
Number kl/kkg (kgal/t) kg/kkg (lb!t) kg/kkg (lb!t)

030001 118.8 (28.5) 6.5 (13.0) 12.9 (25.7)

030013 138.8 (33.3) 2.7 (5.3) 7.9 (15.7)

030020(a) 89.2 (21.4) 1.1 (2.1) 2.4 (4.7)

030027 (a) 72.9 (17.5) 0.8 (1.5) 2.1 (4.1)

030033 142.1 (34.1) 7.7 (15.4) 26.0 (52.0)

030034 93.3 (22.4) 1.6 (3.1) 8.0 (16.0)

030046(a) 165.0 (39.6) 2.4 (4.8) 3.7 (7.4)

030048 115.8 (27.8) 6.5 (12.9) 15.4 (30.7)

030052 147.5 (35.4) 6.0 (12.0) 4.3 (8.6)

030059 132.5 (31. 8) 2.1 (4. 1") 10.1 (20.2)

030060 321.3 (77 .1) 49.5 (98.9) 33.8 (67.5)

130002 90.4 (21. 7) 2.7 (5.3) 10.1 (20.1)

030011 (a) (b) 145.8 (35.0) 2.7 (5.4) 2.8 (5.5)

030044(a) (b) 115.0 (27.6) 1.8 (2.5) 4.6 (9.2)

BPT-Final Ef-
fluent Levels 128.8 (30.9) 3.1 (6.2) 6.6 (13.1)

Average of 117.6 (28.2) 1.7 (3.3) 3.1 (6.1)
Mills
Attaining BPT
BOD5 and TSS

Option 4 Ad- 2.0 (3.9)
justed BOD2

(a)TSS and BOD2 are less than or equal to BPT.

(b) These mills are integrated-miscellaneous mills where fine papers comprise
approximately 60 and 50 percent of the production, respectively~ Prorated
BPT was determined for these mills. The percent effluent BOD5 and TSS re
ductions being attained at the mills were then applied to BPT-BOD5 and TSS
effluent levels for the subcategory to obtain theefflueriEleveis-shown.

lIncludes Fine Bleached Kraft and Soda Subcategories.
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TABLE VIII-13

DISCHARGE MONITORING REPORT DATA
UNBLEACHED KRAFT SUBCATEGORY

Unbleacned Kraft - Linerboard Group
Final Effluent

Annual Average Levels
Mill Flow BODS TSS

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

010002(a) 52.9 (12.7) 1.2 (2.3) 2.3 (4.6)
010018 54.6 (13.1) 3.1 (6.1) 3.5 (7.0)
010019(a) 50.4 (12.1) 1.3 (2.6) 2.7 (5.4)
010020(a) (b) 80.8 (19.4) 1.1 (2.2) 1.0 (2.0)
010025{a)(b) 47.9 (11.5) 0.7 (1.4) 0.8 (1.5)
010033 68.8 (16.5) 2.0 (3.9) 0.4 (0.8)

010038 103.8 (24.9) 3.9 (7.7) 6.8 (13.6)
010040(a) 71.3 (17.1) 1.5 (3.0) 1.2 (2.3)
010043 35.8 (8.6) 1.3 (2.6) 5.2 (10.3)
010063 30.4 (7.3) 2.7 (5.4) 5.5 (11.0)
010064 24.2 (5.8) 1.7 (3.3) 3.0 (5.9)

BPT-Final 52.5 (12.6) 1.9 (3.7) 3.6 (7.2)
Effluent Levels

BOD2, Comparison 1.6 (3.2)
Level for
Option 4

Average of 60.7 (14.6) 1.2 (2.3) 2.1 (4.1)

Mills
Attaining BPT
TSS, and BOD~

Comparison Level

Unbleacned Kraft - Bag Group
Final Effluent

Annual Average Levels
Mill Flow BODS TSS

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

010003 51.3 (12.3) 2.2 (4.3) 4.6 (9.2)
010005(a) 55.4 (13.3) 1.5 (3.0) 2.4 (4.8)
010028 137.9 (33.1) 1.8 (3.6) 3.0 (6.0)
010034 86.7 (20.8) 2.1 (4.1) 2.9 (5.8)
010035 191.2 (45.9) 3.8 (7.7) 9.6 (19.3)
010048 198.3 (47.6) 3.0 (6.0) 6.9 (13.8)
010062 137.5 (33.0) 2.9 (5.8) 4.4 (8.8)
010044 45.8 (11.0) 1.4 (2.7) 3.7 (7.3)
010055 53.3 (12.8) 3.0 (5.9) 5.2 (10.4)

BPT-Final 52.5 (12.6) 1.9 (3.7) 3.6 (7.2)
Effluent Levels

BOD~ Comparison 1.6 (3.2)
Level for
Option 4

Average of 55.4 (13.3) 1.5 (3.0) 2.4 (4.8)
Mills
Attaining BPT
TSS, and BOD~

Comparison Level

(a)TSS is less than or equal to BPT; BOD~ is less tnan or equal to tne BOD~

comparison level.

(b)TSS data 'not included in the average because mill's treatment system is
an oxidation pond.
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For the bag and other products product sector, revised BPT effluent
limitations are attained at mill 010005.

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 BODS. Therefore, to determine best performing
mills, the BPT final effluent BODS loading was revised downward based
on the relationship of BODi influent to effluent presented above and
in the Phase II Development Document (see page 402).(40) Employing
this methodology, the final effluent BODi long-term average load
becomes 1.9 kg/kkg (3.8 lb/t).

After adjustment of the BPT BODS effluent load, the general
methodology was applied as illustrated in Table VIII-14. Mills in
this subcategory where revised BPT effluent limitations are attained
include mills 060004 and 020009.

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 BODi concentration that
forms the basis of BPT for this subcategory is considerably higher
than for other subcategories with comparable raw waste BODS.
Therefore, to determine best performing mills, the BPT final effluent
BODi loading was revised downward based on the relationship of BODi
influent to effluent presented above and in the Phase II Development
Document (see page 402).(40) Employing this methodology, the final
effluent BODi annual average load becomes 1.8 kg/kkg (3.7 lb/t).

After adjustment of the BPT BODi effluent load, the general
methodology was applied as illustrated in Table VIII-1S. Mill 015001
is the only mill where revised BPT effluent limitations are attained.

Papergrade Sulfite (Papergrade Sulfite (Blow Pit Wash) and
Papergrade Sulfite (Drum Wash) Subcategories) In reviewing this
subcategory, as discussed in Sections IV and V, it has been determined
that wastewater discharge is a function of the percentage of sulfite
pulp manufactured on-site. In Sectionship 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 flows and annual average
BODi and TSS final effluent concentrations of 51 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), long-term average BOD5 and TSS final effluent loads
were computed for each mill. These individual values were used as the
baseline for determination of best performing mills by comparison to
long-term average discharge data for each mill. Mills where the
calculated final effluent loadings are attained were selected as best
performing mills. Three mills (040001, 040012, and 040019) were found
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TABLE VIII-14

, DISCHARGE MONITORING REPORT DATA
SEMI-CHEMICAL SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number k1/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

020001 22.1 (S.3) 2.1 (4.1) 3.6 (7.2)

020002 24.6 (5.9) 3.4 (6.7) 3.2 (6.3)

020006 14.2 (3.4) 2.9, (5.7) 4.8 (9.6)

020009(a) 27 .5 (6.6) 1.9 (3.7) 3.5 (6.9)

020010 41.3 (9.9) 2.8 (5.6) 4.4 (8.8)

020012 28.8 (6.9) 3.6 (7.1) 8.4 (16.8)

020014 27.9 (6.7) 3.8 (7.6) 7.0 (13.9)

020016 44.6 (10.7) 5.4 (10.8) 8.0 (15.9)

020017 23.3 (5.6) 3.1 (6.1) 3.7 (7.3)

060004(a) 39.2 (9.4) 1.6 (3.2) 1.4 (2.7)

BPT-Fina1 42.9 (10.3) 3.2 (6.4) 4.1 (8.1)
Effluent Level

BOD1 Compari- 1.9 (3.8)
son Level for
Option 4

Average of 33.4 (8.0) 1.8 (3.5) 2.5 ' (4.8)
Mills
Attaining BPT,TSS,
and BODl Compari-
son Level

(a)BODl is less than or equal to the BOD2 comparison level; TSS is less than or
equal to BPT.
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TABLE VIII-15

DISCHARGE MONITORING REPORT DATA
UNBLEACHED KRAFT AND SEMI-CHEMICAL SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

010017 38.3 (9.2) 2.0 (4.0) 3.9 (7.7)

015001(a) 49.2 (11.8) 1.8 (3.5) 2.9 (5.8)

015002 38.8 (9.3) 2.2 (4.3) 4.4 (8.7)

015003 46.7 (11.2) 5.1 (10.1) 3.2 (6.3)

015004 45.8 (11. 0) 2.3 (4.6) 4.3 (8.6)

015006 50.0 (12.0) 3.5 (6.9) 4.9 (9.8)

015007 48.3 (11.6) 2.2 (4.4) 4.1 (8.1)

015009 52.1 (12.5) 4.6 (9.1) 5.2 (10 3)

BPT-Final 58.3 (14.0) 3.0 (5.9) 3.6 (7.1)
Effluent Levels

BODi Compari- 1.9 (3.7)
son Level for
Option 4

Average of 49.2 (11. 8) 1.8 (3.5) 2 9 (5.8)
Mills
Attaining BPT, TSS,
and BOD1 Compari-
son Level

(a)BOD5 is less than or equal to the BOD1 comparison level; TSS is less than or
equal to BPT.
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to be best performers; however, as illustrated in Table VIII-16, BCT
Option 4 effluent limitations were based on pe~formance at mill
040012. Mill 040001 was excluded from the basis because no bleached
pulp is produced at this mill. Mill 040019 was excluded because only
a portion of the wastewater discharge is treated in a biological
treatment system.

BCT Option 4 effluent loadings were determined by applying the
following methodology:

a. The percentage reductions of BODS and TSS discharges at mill
040012 were compared to the baseline.

b. These reductions of 42.7 percent for BODS and 31.4 percent for
TSS were applied to the baseline concentrations of 51 mg/l of
BOOi and 70 mg/l of TSS to yield BCT Option 4 long-term average
concentrations of 29 and 48 mg/l of BOOi and TSS, respectively.

c. Long-term average BCT Option 4 loadings are calculated as the
product of the long-term average concentrations and the flow
relationship shown in the footnote to Table VIII-16.

Dissolving Sulfite Pulp - As no best performing mills have been
identified in the dissolving sulfite pulp subcategory, transfer of
technology from thepapergrade sulfite subcategories has been applied.
BCT Option 4 effluent loadings were determined by applying the
following methodology:

a. The TSS reduction of 31.4 percent determined for the papergrade
sulfite subcategories has been transferred directly to the
dissolving sulfite pulp subcategory.

b. The long-term average BODS effluent concentration that formed the
basis of BPT for papergrade sulfite mill 040012 is 47 mg/l. This
concentration and the flow relationship shown in the footnote on
Table VIII-16 were used to determine a baseline B005 long-term
average loading. -

c. The percentage reduction of BODS discharge at mill. 040012 was
compared to the baseline calculated in "b" above.

d. This reduction of 37.7 percent was applied to each product sector
of the dissolving sulfite pulp subcategory to yield the BCT
Option 4 long-term average BODi loading.

Table VIII-17 illustrates the calculation of BCT Option 4 long-term
average loads and presents available discharge data for the dissolving
sulfite pulp subcategory.

Groundwood-Thermo-Mechanical - As illustrated in Table VIII-18,
the general methodology was followed; BPT effluent limitations are
being attained at mill 070001. Upon calculation of the concentration
of BOOi corresponding to the flow that forms the basis of BPT for the
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(a) BODS and TSS levels are below Option 4 comparison level.
(b)Dat; not included in the average because pulp is not bleached at"this mill.
(c) Data not included in the average because entire wastewater discharge is not

treated in the biological treatment system.
*Comparison level flow based on the following mathematical expression relating

flow to percent sulfite pulp in the final product:

Y .0.00911x2-0.485x+30.7

where x equals the quantity of sulfite pulp produced on-site as a percentage of
final product.

(25.8) ,

" 48;~ mg/l

" : 70 mg/l

12.9(15.7)

51 mg/l

42.7%

29.0 mg/l

7.8

*

(51.8)

TABLE VIll-16

DISCHARGE MONITORING REPORT DATA
,PAPERGRADE SULFITE SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg " (lb/t) kg/kkg (lb/t), ' "

040001(a) (b) 128.8 (30.9) 11:4 (22.8) 9.2 (18.4)

040002 333.7 (80.1) 20.5 (41.1) 25.7 (51. 4)

040012(a) 215.8 (51. 8) 7.8 (15.7) 12.9 (25.8)

040013 106.2 (25.5) 14.8 (29.5) 8.6 (17.3)

040015 36.2 (8.7) 17.7 (35.3) 13.4 (26.7)

040016 150.8 (36.2) 5.0 (10.0) 18.4 (36.9)

040017 90.0 (21. 9) 4.9 (9.9) 10.2, (20.5)

040008 328.3 (78.8) 113.9 (347A) 11.1" (22.2)

040011 57.9 (13.9) 27.2 (5'4.5) 8.8 (17.5)

040010 258.8 (62.1) 5.4 (10.8) 6.,6 (13.1)

040019(a) (c) 53.3 (12.8) 2.8 (5.7) 2.5 (5.0)

BPT ~inal Effluent Levels depend on the processes used' to manufacture
sulfite pulp.

Calculated Option
4 Concentrations
Based Upon Per
centage Below
Option 4 Compari
son Levels

Average of 215.8
lUlls with
BODS and TSS
Less Than Com
parison Levels

Basis for *
Determining
Option 4 Com
parison Levels

Percentage
Below the
Option 4 Com
parison Levels
(Mill 040012)



TABLE VIII-l"l

where x equals the quantity of sulfite pulp produced on-site as a percentage
of final product.

*Comparison level flow based on the following mathematical expression re
lating flow to percent sulfite pulp in the final product:

Y =0.009l1x2-0.485K+30.7

(41. 8)
(41.8)
(41.8)
(41.8)

(25.8)

(28.7)
(28.7)
(28.7)
(21L 7)

70 mgll

31.4%

12.9

20.9
20.9
20.9
20.9

14.4
14.4
14.4
14.4

(24.2)
(25.9)
(28.1)
(30.4)

(15.7)

(15.1)
(16.1)
(17.5)
(18.9)

47 mgll

37.7%

7.6
8.1
8.8
9.5

7.8

12.1
13.0
14.1
15.2

*

(66.0)
(66.0)
(66.0)
(66.0)

(51.8)

(66.0)
(66.0)
(66.0)
(66.0)

DISCHARGE MONITORING REPORT DATA
DISSOLVING SULFITE PULP SUBCATEGORY

*

275.0
275.0
275.0
275.0

275.0
275.0
275.0
275.0

Final Effluent
Annual Average Levels

Mill Flow BOD5 TSS
Number kl/kkg (kgal(t) kg/kkg (lb/t) kg/kkg (lb/t)

046001 210.0 (50.4) 32.6 (65.1) 21.1 (42.2)

046002 402.9 (96.7) 51.4 (102.8) 40.3 (80.6)

046004 175.0 (42.0) 13.9 (27.8) 56.7 (113.4)

046005 139.6 (33.5) 26.6 (53.1) 13.9 (27.9)

BPT Final Effluent Levels depend on type of pulp manufactured and are as follows:

Nitration
Viscose
Cellophsne
Acetate

Basis for
Determining
BCT Option 4
Compsrison
Levels

Calculated Option 4 Final Effluent Levels are as follows:

Average of 215.'8
Papergrade
Sulfite Hill
040012 Where
BOD5 and TSS is
Less Than Com
parison Level

Nitration
Viscose
Cellophane
Acetate

Percelltage
Below Base-
line Comparison
Level to be
Applied to Dis
solving Sulfite
Pulp Subcategory
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Tissue from wastepaper As illustrated in Table VIII-22, the
general methodology was followed. BPT effluwnt limitations are being
attained at mills 085004, 090004, 100005, and 100013. The technology
basis for attainment of BCT Option 4 effluent limits is the
application of production process controls rather than ~dditional

For the deink-fine papers product sector, the general methodology was
followed. BPT effluent limitations are being attained at mills
140007, 140008, 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
eliminated due to an extremely low flow compared to other mills in the
subcategory; this low flow is the result of extensive recycle of
treated effluent. Mill 140030 was eliminated because of a very low
on-site production of deinked pulp. Mills 140014, 140015, 140021, and
140025 are included in the calculation of effluent limitations.

groundwood-thermo-mechanical subcategory, it was determined
resulting effluent limitation would be too restrictive.
final effluent load was, therefore, revised upward as shown
VIII-18.

Groundwood-Fine Papers As illustrated in Table VIII-19, the
general methodology was followed. BPT effluent limitations are being
attained at mills 052003, 052007, 052008, 052014, and 054014. Upon
calculation of the concentration of BODi corresponding to the flow
that forms the basis of BPT for the groundwood-fine papers
subcategory, it was determined that the effluent limitation would be
too restrictive. Therefore, the BODS effluent limitation was revised
upward as shown in Table VIII-19. -

Groundwood-CMN Papers - As illustrated in Table VIII-20, the
general methodology was followed in establishing BPT effluent
limitations. At mill 054105, BPT effluent limitations are attained.
However, the long-term average TSS of this mill was not chosen as the
basis of TSS effluent limitations because it is unreasonably high when
compared to levels attained in other groundwood subcategories
(thermo-mechanical and fine papers). In the groundwood-fine papers
subcategory, mills where BPT effluent limitations are attained
discharge, on the average, TSS levels that are 43.5 percent below BPT
levels. This percent reduction in TSS has been transferred to the
groundwood-CMN papers subcategory.

Upon calculation of the concentration of BODS corresponding to the
flow that forms the basis of BPT for the groundwood-CMN papers
subcategory, it was determined that the effluent limitation would be
too restrictive. Therefore, the BODS effluent limitation was revised
upward as shown in Table VIII-20. -

Deink - As shown in Table VIII-21, two product sectors have been
considered: fine papers and tissue papers.



TABLE VIII-18

DISCHARGE MONITORING REPORT DATA
GROUNDWOOD-THERMO-MECHANICAL SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

070001(a) 77.9 (18.7) 1.3 (2.5) 2.1 (4.1)

070002 34.2 (8.2) 5.2 (10.3) 7.1 (14.1)

BPT-Final 87.9 (21.1) 3.1 (6.2) 4.6 (9.2)
Effluent Levels

Average of 77.9 (18.7) 1.3 (2.5) 2.1 (4.1)
Mills
Attaining
BPT BODS and
TSS

Option 4 1.3 (2.6)
Adjusted BOD~

(a)TSS and BODS are less than or equal to BPT.
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TABLE VII I -19

DISCHARGE MONITORING REPORT DATA
GROUNDWOOD-FINE PAPERS SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/ltkg (lb/t)

052003(a) 129.2 (31.0) 1.0 (1. 9) 3.1 (6.1)

052004 59.2 (14.2) 3.0 (5.9) 3.3 (6.6)

052007(a) 80.8 (19.4) 1.1 (2.1) 2.8 (5.5)

052008(a) 55.0 (13.2) 0.5 (0.9) 1.4 (2.8)

052014(a) 33.3 (8.0) 0.2 (0.4) 0.3 (0.5)

054014(a) 36.3 (8.7) 1.4 (2.7) 2.4 (4.8)

BPT-Final 91.3 (21.9) 2.0 (4.0) 3.5 (6.9)
Effluent Levels

Average of 66.9 (16.1) 0.8 (1.6) 2.0 (3.9)
Mills
Attaining
BPT BODS
and TSS

Option 4 1.4 (2.7)
Adjusted BOD~

(a)TSS and BODS are less than or equal to BPT.
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*TSs value is transferred from the groundwood-fine papers subcategory and
represents a 43.5 percent reduction below BPT levels.

403

(a)TSS and BOD~ are less than or equal to BPT.

(7.4)

(7.4)

(5.3)

(7.5)

(4.2)*

TSS

3.8

3.7

2.7

3.7

.2.1

kg/kkg (lb/t)

(1.9}

(7.1)

(4.4)

(1.9)

(3.0)

(lb/t)

1.0.

2.2

1.0

3.6

,. kg/kkg
. BODS

Final Effluent
Annual Average Levels

(26.0)

. (26.0)

(16.0)

(23.8)

TABLE VIII-20
DISCHARGE MONITORING REPORT DATA

GROUNDWOOD-CMNPAPERS SUBCATEGORY

Flow
kl/kkg , (kgal/t)

Mill
Number

BPT-Final 99.2
Effluent Levels

054015(a). 10&.3

Average of 108.3
Mills
Attaining
BPT BOD5
and TSS

052015 66.7

Option 4
Adjusted BOD5
and TSS -



TABLE VIII-21

DISCHARGE MONITORING REPORT DATA
DEINK SUBCATEGORY

Deink - Fine Papers Sector
Final Effluent

Annual Average Levels
Hill Flow BODS TSS

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

140007 (a) 51.7 (12.4) 2.3 (4.6) 3.8 (7.6)

140008 (a) 79·6 (19.1) 4.8 (9.5) 5.0 (9.9)

140019(a) 30.0 (7.2) 1.9 (3.7) 3.7 (7.3)

BPT-Find 101. 7 (24.4) 5.3 (10.6) 7.1 (14.2)
Effluent Levels

Average of 53.8 (12.9) 3.0 (5.9) 4.2 (8.3)
Hills
Attaining
BPT BOD~

and TSS

Deink - Tissue Papers Sector
Final Effluent

Annual Average Levels
Mill Flow BODS TSS

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

l40014(a) 87.9 (21.1) 4.0 (7.9) 6.8 (13.5)

140015(a) 91.3 (21. 9) 3.2 (6.3) 4.1 (8.2)

140018(a) (b) 20.8 (5.0) 4.7 (9.3) 1.4 (2.8)

140021(a) 116.3 (27.9) 2.5 (4.9) 4.7 (9.4)

140022 125.0 (30.0) 8.3 (16.5) 8.0 (16.0)

140024 55.4 (13.3) 8.6 (17.1) 8.1 (16.2)

140025 (a) 60.0 (14.4) 3.5 (6:9) 4.5 (9.0)

140030(a) (c) 62.5 (15.0) 1.1 (2.1) 1.9 (3.8)

BPT-Final 101. 7 (24.4) 5.3 (10.6) 7.1 (14.2)
Effluent Levels

Average of 88.9 (21.3) 3.3 (6.5) 5.0 (10.0)
Hills
Attaining
BPT BOD~ and
TSS

(a)TSS and BOD~ are less than or equal to BPT.

(b)At this mill, treated effluent is recycled, resulting in lower flow rates
than typical of this subcategory. Therefore, data for this mill were not
included in the average.

(c)Only a small amount of deinked pulp is produced at this mill as a percentage
of final product. Therefore, data for this mill were not included in the
average.
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TABLE VIII-22

DISCHARGE MONITORING REPORT DATA
TISSUE FROM WASTEPAPER SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BOD5 TSS
Number kljkkg (kgaljt) kgjkkg (lbjt) kgjkkg (lbjt)

085004(a) 50.8 (12.2) 2.3 (4.5) 2.1 (4.1)

090004(a) 58.3 (14.0) 3.2 (6.3) 3.8 (7.5)

090014 86.7 (20.8) 4.1 (8.1) 3.4 (6.7)

100001 56.3 (13.5) 2.9 (5.8) 6.4 (12.8)

100005 (a) 17.9 (4.3) 1.1 (2.2) 0.8 (1.6)

100013(a) 50.0 (12.0) 2.3 (4.6) 3.7 (7.4)

100016 72.9 (17 .5) 10.8 (21.6) 29.2 (58.3)

BPT-Final 105.0 (25.2) 4.0 (8.0) 5.1 (10.1)
Effluent Levels

Average of 44.3 (10.6) 2.2 (4.4) 2.6 (5.2)
Mills
Attaining
BPT BODS
and TSS

(a)TSS and BODS are less than or equal to BPT.
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end-of-pipe technology beyond that which forms the basis of EPT
effluent limitations.

Paperboard from Wastepaper - As illustrated in Table VIII-23, the
general methodology was followed. "BPT effluent limitations are being
attained at the following twelve mills: 110019, 110031, 110043,
110052, 110057, 110061, 110070, 110077, 110094, 110096, 1100110, and
110122. The technology basis for attainment of BCT Option 4 effluent
limits is the application of production process controls rather than
additional end-of-pipe technology beyond that which forms the basis of
BPT effluent limitations.

Wastepaper-Molded Products - Review of control and treatment
practices in this subcategory indicate that extensive internal
controls are employed at a significant number of mills. Therefore,
BCT Option 4 for this subcategory is identical to BCT Option 1.
Available effluent data for mills in this subcategory are presented in
Table VIII-24.

Builders' Paper and Roofing Felt Review of control and
treatment practices in this subcategory indicate that extensive
internal controls are employed at a significant number of mills.
Therefore, BCT Option 4 for this subcategory is identical to BCT
Option 1. Available effluent data for mills in this subcategory are
presented in Table VIII-25.

Nonintegrated-Fine Papers - As illustrated in Table VIII-26, the
general methodology was followed; however, data relating to mills
where primary treatment is employed were excluded from the
computations. BPT effluent limitations are attained through the
application of biological treatment at mills 080007, 080027, 080041,
and 080046.

Nonintegrated-Tissue Papers - As illustrated ~n Table VIII-27,
the general methodology was followed; however, data relating to mills
where biological treatment is employed were e~cluded from the
computations. BPT effluent limitations are attained through the
application of primary treatment at mills 090008, 090011, 090013,
090019, 090022, 090028, and 090032.

Nonintegrated-Lightweight Papers For both product sectors in
this new subcategory, percentage reductions beyond BPT for the
nonintegrated-tissue papers subcategory were applied to the BPT
limitations currently being. proposed for this subcategory. The
percent reductions applied were 35.7 and 38.6 percent, respectively,
for BOD5 and T88. Available effluent data for mills in this
subcategory are presented in Table VIII-28.

Nonintegrated-Filter and Nonwoven Papers For this new
subcategory, percentage reductions beyond BPT for the
nonintegrated-tissue papers subcategory were applied to the EPT
limitations currently being proposed for this subcategory. The
percent reductions applied were 35.7 and 38.6 percent, respectively,
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TABLE VIII-23

DISCHARGE MONITORING REPORT DATA
PAPERBOARD FROM WASTEPAPER SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow .BOD5 TSS
Number kl/kkg (kgal/t) kg/kkg (lb!t) kg/kkg (lb/t)

110019 (a) 26.3 (6.3) 0.8 (1. 6) 0.9 (1. 8)
110020 34.6 (8.3) 0.8 (1. 6) 1.3 (2.6)
110022 67.9 (16.3) 1.7 (3.3) 2.1 (4.1)
110023 14.2, (3.4) 1.3 (2.5) 1.3 (2.6)
110031 (a) 7.9 (1. 9) 0.2 (0.3) 0.2 (0.4)
110032 37.1 (8.9) 1.2 (2.4) 1.7 (3.4)
110043(a) 15.0 (3.6) 0.7 (1. 3) 0.9 (1. 7)
110052(a) 23.8 (5.7) 0.4 (0.8) 0.5 (1. 0)
110057 (a) 7.1 (1. 7) 0.8 (1. 6) 0.6 (1. 2)
110061 (a) 19.6 (4.7) 0.8 (1. 5) 1.0 (2.0)
110069 35.4 (8.5) 0.3 (0.6) 1.3 (2.5)
110070(a) 30.0 (7.2) 0.2 (0.4) 0.3 (0.6)
110077 (a) 2.1 (0.5) 0.2 (0.3) 0.2. (0.3)
110087 2.9 (0.7) 7.5 (12.9) 0,.2 (0.4)
110094(a) 24.2 (5.8) 0.5 (1. 0) 0.8 (1. 5)
1l0096(a) 0.04 (0. 01) 0.1 (0 .1) 0.1 (0 .1)
110110 (a) 5.0 (1. 2) 0.2 (0.3) 0.5 (0 9)
110113 17.5 (4.2) 0.8 (1. 5) 1.5 (3.0)
110119 56.7 (13.6) 3.1 (6.1) 0.5 (0.9)
110122(a) 10.4 (2.5) 0.4 (0.8) 0.2 (0.3)
110131 15.4 (3.7) 4.8 (9.6) 1.1 (2.1)
110134 9.2 (2.2) 1.2 (2.3) 2.0 (4.0)
110144 7.5 (1. 8) 1.4 (2.7) 1.3- (2.5)

BPT-F:i,nal 30.0 (7.2) 0.9 (1.7) 1.2 (2.3)
Effluent Levels

Average of 14.3 (3.4) 0.44 (0.83) 0.52 (0.98)
Mills
Attaining
BPT BODS
and TSS

(a)TSS and BODi are less than or equal to BPT.
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TABLE VIII-24

408

Final Effluent
Annual Average Levels

Flow BODS TSS
(kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

(17.3) 2.2 (4.4) 1.6 (3.1)

(38.3) 1.9 (3.7) 4.0 (7.9)

DISCHARGE MONITORING REPORT DATA
WASTEPAPER-MOLDED PRODUCTS SUBCATEGORY(a)

72.1

159.6

kl/kkg

150021

150011

Mill
Number

(a) BCT Option 4 final effluent levels are the same as those determined for
BeT Option 1.
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TABLE VIII-25

DISCHARGE MONITORING REPORT DATA
BUILDERS I PAPER AND ROOFING FELT SUBCATEGORY(a)

Final Effluent
Annual Average Levels

Flow BODS TSS
(kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

(6.9) 1.6 (3.2) 1.8 (3.5)

(2.3) 0.05 (0.1) 0.15 (0.3)

(14.4) 1.6 (3.2) 1.6 (3.2)

120020 9.6

120008 28.8

BPT-Final 60.0
Effluent Levels

Mill
Number kl/kkg

(a)BCT Option 4 final effluent levels are the same as those determined for
BCT Option 1.



TABLE VIII-26

DISCHARGE MONITORING REPORT DATA
NONINTEGRATED-FINE PAPERS SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number k1/kkg (kga1/t) kg/kkg (lb/t) kg/kkg (lb/t)

080003 151.3 (36.3) 3.8 (7.5) 2.7 (5.4)

080007 (a) 56.7 (13.6), 1.3 (2.6) 1.7 (3.3)

080009 70.4 (16.9) 3.5 (7.0) 1.7 (3.3)

080027(a) 29.6 (7.1) 1.1 (2.1) 0.8 (l.5)

080030 22.5 (5.4) 5.5 (l0.9) 24.1 (48.1)

080033 49.6 (11.9) 4.4 (8.8) 3.0 (6.0)

080041 (a) 109.2 (26.2) 1.7 (3.4) 1.2 (2.3)

080044 98.8 (23.7) 3.1 (6.1) 1.6 (3.2)

080046(a) 60.0 (14.4) 1.2 (2.3) 1.9 (3.7)

080048 52.1 (12.5) 8.1 (16.2) 0.7 (1.4)

080049 52.9 (12.7) 3.9 (7.8) 4.5 (8.9)

105047(a) (b) 54.2 (13.0) 1.7 (3.3) 1.2 (2.3)

BPT-Final 63.3 (15.2) 2.4 (4.8) 3.3 (6.5)
Effluent Levels

Average of 63.9 (15.3) 1.3 (2.6) 1.4 (2 7)
Mills
Attaining
BPT BODS
and TSS

(a)TSS and BOD1 are less than or equal to BPT.

(b)At this mill, primary treatment is employed. BPT limitations for this sub-
category are based on biological treatment. Therefore, these data were not
included in the average.
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TABLE VIII-27

DISCHARGE MONITORING REPORT DATA
NONINTEGRATED-TISSUE PAPERS SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number k1/kkg (kgal/t) kg/kkg (1b/t) kg/kkg (1b/t)

090001(a) (b) 71.3 (17.1) 1.4 (2.8) 0.9 (1. 8)

090005(a) (b) 22.1 (5.3) 0.4 (0.8) 0.5 (0.9)

090007(a) (b) 97.1 (23.3) 0.3 (0.5) 0.8 (1. 5)

090008(a) 52.1 (12.5) 2.0 (4.0) 0.7 (1. 3)

090011 (a) 63.3 (15.2) 3.1 (6.2) 1.3 (2.6)

090013(a) 27.9 (6.7) 1.1 (2 1) 0.6 (1.1)

090019(a) 71.3 (17.1) 2.5 (5.0) 2.7 (5.3)

090022(a) 67.1 (16.1) 3.2 (6.4) 2.6 (5.2)

090028(a) 81.7 (19.6) 2.0 (3.9) 1.8 (3.5)

090032(a) 115.8 (27.8) 2.1 (4.1) 2.8 (5.5)

BPT-Final 95.4 (22.9) 3.5 (7.0) 2.9 (5.7)
Effluent Levels

Average of 68.5 (16.4) 2.3 (4.5) 1.8 (3.5)
Mills
Attaining
BPT BODS
and TSS

(a)TSS and BODl are less than or equal to BPT.

(b)At this mill, a biological treatment system is employed. BPT limitations for
this subcategory are based on primary treatment. Therefore, these data were
not included in the average.
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TABLE VII I - 28

DISCHARGE MONITORING REPORT DATA
NONINTEGRATED-LIGHTWEIGHT PAPERS SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BOD5 TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

080024(a) 48.3 (11.6) 0.7 (1.4) 0.8 (1.6)

090003(a) 50.8 (12.2) 1.8 (3.6) 0.9 (1.8)

090015(a) 133.8 (32.1) 2.1 (4.1) 2.1 (4.1)

105003(a) 416.7 (100.0) 4.6 (9.2) 3.4 (6.8)

105013(a) 159.2 (38.2) 3.6 (7.1) 4.2 (8.4)

1050l4(a) 169.6 (40.7) 1.9 (3.7) 1.5 (2.9)

105015(b) 447.1 (107.3) 8.7 (17.4) 2.4 (4.~O

10S018(b) 687.9 (165.1) 4.0 (7.9) 3.0 (6.0)

BPT-Final 202.6 (48.7) 7.4 (14.7) 6.0 (12.0)
Effluent
Levels (Light-
weight)

Calculated 202.6 (48.7) 4.8 (9.5) 3.7 (7.4)
Option 4 -
Final Effluent
Levels (Light-
weight)

BPT-Final 319.9 (76.9) 11. 7 (23.3) 9.5 (18.9)
Effluent
Levels (Elec-
trical)

Calculated 319.9 (76.9) 7.5 (15.0) 5.8 (11.6)
Option 4 -
Final Effluent
Levels (Elec-
trical)

(a)Lightweight paper grade.

(b)Electrical paper grade.
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for BODS and TSS. Available effluent data for mills in this
subcategory are presented in Table VIII-29.

Nonintegrated-Paperboard For this new subcategory, percentage
reductions beyond BPT for the nonintegrated-tissue papers subcategory
were applied to the BPT limitations currently being proposed for this
subcategory. The percent reductions applied were 35.7 and 38.6
percent, respectively, for BODS and TSS. Available effluent data for
mills in this subcategory are presented in Table VIII-3D.

The BCT Option 4 final effluent: characteristics developed as described
above are presented in Table VIII-31.

BEST AVAILABLE TECHNOLOGY ECONOMICALLY ACHIEVABLE (BAT)

General

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
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. Best available
treatment technology economically achievable must be implemented no
later than July 1, 1984, for the control of toxic and nonconventional
pollutants. In Section VI, it is recommended that effluent
limitations be established for the following four toxic pollutants:

chloroform,
trichlorophenol,
pentachlorophenol, and
zinc.

The most important nonconventional pollutants associated with the
production of pulp, paper, or paperboard are color, ammonia, and resin
acids and their derivatives. It has not been recommended that uniform
national pollutant discharge standards be established for these
nonconventional pollutants. It has been recommended that color be
controlled on a case-by-case basis as dictated by water quality
considerations. The Agency is seeking public comment on ammonia
discharges from integrated mills where ammonia is used as a cooking
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TABLE VIII-29

DISCHARGE MONITORING REPORT DATA
NONINTEGRATED-FILTER AND NONWOVEN PAPERS SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

105033 216.7 (52.0) 2.8 (5.5) 1.3 (2.5)

105034 202.1 (48.5) 4.4 (8.7) 2.4 (4.8)

105051 16.7 (4.0) 0.2 (0.3) 0.2 (0.4)

105055 255.4 (61.3) 1.6 (3.1) 2.9 (5.8)

BPT-Final 249.2 (59.9) 9.1 (18.1) 7.4 (14.7)
Effluent
Levels

Calculated 249.2 (59.9) 5.8 (11. 6) 4.5 (9.0)
Option 4 -
Final Effluent
Levels
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TABLE VIII-30

DISCHARGE MONITORING REPORT DATA
NONINTEGRATED-PAPERBOARD SUBCATEGORY

Final Effluent
Annual Average Levels

Mill Flow BODS TSS
Number kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

085001 25.0 (6.0) 0.8 (1. 6) 0.1 (0.2)

105002* 187.1 (44.9) 3.8 (7.6) 1.8 (3.5)

105039 10.8 (2.6) 0.2 (0.4) 0.3 (0.5)

105048 17.5 (4.2) 0.2 (0.4) 0.2 (0.3) ,

110021 62.1 (14.9) 1.6 (3.1) 2.3 (5.1)

BPT-Final 53.7 (12.9) 2.0 (3.9) 1.6 (3.2)
Effluent
Levels

Calculated 53.7 (12,9) 1.3 (2.5) 1.0 (2.0)
Option 4 -
Final Effluent
Levels

*Nonintegrated Electrical Paperboard.
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TABLE VIII-31

OPTION 4 FINAL EFFLUENT
CHARACTERISTICS

BODS TSS
kg/kkg (lb/t) kg/kkg (lb/t)

Integrated Segment

Dissolving Kraft 4.1 (8.1) 6.2 (12.4)
Market Bleached Kraft 3.5 (7.0) 4.4 (8.8)
BCT Bleached !raft 2.5 (5.0) 3.6 (7.2)
Alkaline-Fine 2.0 (3.9) 3.1 (6.1)
Unbleached Kraft

Linerboard 1.2 (2.3) 2.1 (4.1)
Bag 1.5 (3.0) 2.4 (4.8)

Semi-Chemical 1.8 (3.5) 2.5 (4.8)
Unbleached Kraft and Semi-Chemical 1.8 (3.5) . 2.9 (5.8)
Dissolving Sulfite Pulp

Nitration 7.6 (15.1) 14.4 (28.7)
Viscose 8.1 (16.1) 14.4 (28.7)
Cellophane 8.8 (17.5) 14.4. (28.7)
Acetate 2 9.5 (18.9) 14.4 (28.7)

Papergrade Sulfite See Equations Below
Groundwood-Thermo - Mechanical 1.3 (2.6) 2.1 (4.1)
Groundwood-CMN Papers 1.5 (3.0) 2.1 (4.2)
Groundwood-Fine Papers 1.4 (2.7) 2.0 (3.9)

Secondary Fibers Segment

Deink
Fine Papers 3.0 (5.9) 4.2 (8.3)
Tissue Papers 3.3 (6.5) 5.0 (10.0)
Newsprint

Tissue from Wastepaper 2.2 (4.4) 2.6 (5.2)
Paperboard from Wastepaper 0.44 (0.83) 0.52 (0.98)
Wastepaper-Molded Producta 0.6 (1.2) 1.2 (2.3)
Builders' Paper and Roofing Felt 0.5 (1.0) 0.7 (1.4)

Nonintesrated Segment

Nonintegrated-Fine Papers 1.3 (2.6) 1.4 (2.7)
Nonintegrated-Tissue Papers 2.3 (4.5) 1.8 (3.5)
Nonintegrated-Lightweight Papers

LightWeight 4.8 (9.5) 3.7 (7.4)
Electrical 7.5 (15.0) 5.8 (11. 6)

Nonintegrated-Filter and Nonwoven Papers 5.8 (11.6) 4.5 (9.0)
Nonintegrated-Paperboard 1.3 (2.5) 1.0 (2.0)

lIncludes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash)
Subcategories.

Papergrade Sulfite Equations

BOD~ (lb/t) =0.0022x2-O.117x+7.43

TSS (lb/t) =0.0036x2-0.194x+12.30

BOD~ (kg/kkg) =0.0011x2-0.059x+3.71

TSS (kg/kkg) =0.0018x2-0.097x+6.14

Where x equals the percent sulfite pulp in the final product.



chemical; limited information is currently available on the discharge
of this nonconventional pollutant. Limited information exists on the
levels of resin acids and their derivatives present in wastewater
discharges from the pulp, paper, and paperboard industry. This
sparcity of data makes. it impossible at this time to establish uniform
national standards limiting the discharge of these compounds.

Two control and treatment options have been identified for the control
of toxic pollutants. Control and treatment technologies have also
been identified for control of the nonconventional pollutants ammonia
and color, should a case-by-case determination be made that they
should be regulated.

The control and treatment options identified for consideration as the
basis of BAT effluent limitations for the pulp, paper, and paperboard
industry are:

Option 1 - Control of toxic pollutants at the levels attainable
through the proper application and operation of the 'technologies
that formed the basis of BPT effluent limitations.

Analysis of data obtained during the ve~ification program demonstrates
the capability of biological treatment to remove large quantities of
chloroform from wastewaters discharged from integrated mills where
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pulp is bleached with chlorine or chlorine-containing compounds.
Chloroform data are presented in Table VIII-32 for facilities where
chlorine bleaching is used. The data are ranked in the order of
increasing concentration and those facilities where BPT effluent
limitations are attained have been identified. The average final
effluent concentration at facilities where BPT is attained is 52.2
ug/l with a maximum reported value of 240 ug/l.

Under this option, (a) maximum day chloroform limitations are
established for the nine subcategories where chlorine-containing
compounds are used to bleach pulp based on a maximum concentration of
240 ug/l and (b) existing BPT effluent limitations for zinc are
applied to the three groundwood subcategories.

Option ~

This BAT option is the substitution of slimicides and biocide
formulations that do not contain chlorinated phenolics to replace
formulations that contairi these toxic pollutants. Through
substitution, the toxic pollutants pentachlorophenol and
trichlorophenol would be virtually eliminated from pulp, paper, and
paperboard industry wastewaters.

Chemicals containing pentachlorophenol were being used at 11 of the 60
facilities sampled during the verification program.
Trichlorophenol-containing chemicals were used at six mills.
Chlorophenolics were detected and reported at consistently higher
levels at facilities using these compounds. As a result, chemical
substitution has been considered as an applicable BAT technology
option.

Data on pentachlorophenol and trichlorophenol concentrations found in
primary effluents are presented in Tables VIII-33 and VIII-34. The
data are ranked in order of increasing concentration for mills where
chlorophenolic-containing chemicals are used and for mills where
chlorophenolic~containing chemicals are not used. The average
concentrations at facilities not using the compounds is 7.2 ug/l for
pentachlorophenol and 6.9 ug/l for trichlorophenol. Maximum
concentrations found at non-users were 24.4 ug/l and 26 ug/l for
pentachlorophenol a~d trichlorophenol, respectivey.

Under this option, maximum day pentachlorophenol and trichlorophenol
limitations are established for all subcategories based on maximum
concentrations of 25 and 30 ug/l, respectivey.

Ammonia Removal

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
Section IX. .
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TABLE vtn-32

SUMMARY OF RESULTS - CHLOROFORM
VERIFICATION SAMPLING PROGRAM

EFFLUENT SAMPLE CONCENTRATIONS IN PPB
. AT FACILITIES WHERE CHLOROFORM WAS DETECTED

Facilities w/Bio-Treatment
Meeting BPT Limitations

o
2
2
2
3
4
4
6
6
7
7

10
12
18
20
39
45
46
95

100
110
110
110
122
137
144
240

Maximum = 240 ppb
Average =51.9 ppb
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Facilities w/Bio-Treatment
Exceeding BPT Limitations

1
2
5
5
6
6
9

10
11
40
42
48
56
61
75
86

130
340
390
410
530
570
600
.620

1200

Maximum = 1200 ppb
Average = 210.1 ppb
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,TABLE VIII-33

SUMMARY O~ RESULTS - PENTACHLOROPHENOL
VERIFICATION SAMPLING PROGRAM

INFLUENT TO BIO-TREATMENT SAMPLE CONCENTRATIONS IN PPB
AT FACILITIES WHERE PENTACHLOROPHENOL WAS DETECTED

o
o
o
o
1
1
2
3
4
5
6
6
7
7
9
9

10
11
11
11
12
12
20
24
30
44
61
79*

102*
112*

Maximum = 112
Average = 20.0

Facilities Using PCP

420

o
o
o
o
o
o
3
5

10
10
10.5*
11
14.8*
19
24.4*

Maximum =24.4
Average = 7.2

*Concentration adjusted to BPT Flow
as this was at a high recycle facility

Facilities Not Using PCP



TABLE VIII-34
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*Concentration adjusted to BPT Flow as this was at a
high recycle facility.

1
2
4
5

10
11
11
12
14 
19
21
23
25*
29
36*
39*
49
65

330
350
370

Maximum =370
Average =67.9

Facilities Using TCP

o
o
o
o
o
o
2
2
3
3
3
4
4
5
6
6
7
7
7
7
7
8
9
9

11
13
13
15
16
22
26

SUMMARY OF RESULTS - TRICHLOROPHENOL
VERIFICATION SAMPLING PROGRAM

INFLUENT TO BIO-TREATMENT SAMPLE CONCENTRATIONS IN PPB
AT FACILITIES WHERE TRICHLOROPHENOL WAS DEnCTED

Maximum = 26
Average = 6.9

Facilities Not Using rcp



Substitution to a cooking liquor that does not contain ammonia, such
as sodium hydroxide, is anticipated to virtually eliminate 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. no biological treatment systems designed for
ammonia removal in use at mills in the pulp, paper, and paperboard
industry. Existing biological treatment systems could be modified to
achieve ammonia removal through nitrification. A review of available
literature indicates that ammonia removal on the order of 90 percent
may be achieved through the application of biological treatment in a
mode to allow conversion of ammonia to
nitrate.(107)(112)(119)(120)(121)(122) Table VIII-35 presents
predicted final average effluent levels of ammonia based on
nitrification technology for the semi-chemical, dissolving sulfite
pulp, and both papergrade sulfite subcategories.

The Agency is seeking comment on the capability of biological
treatment systems to remove ammonia and on the ability to modify
current pulping processes to eliminate the use of ammonia-based
chemicals.

Color Removal

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 .
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TABLE VII I - 35

PREDICTED RANGE OF AMMONIA RAW WASTE LOAD
AND FINAL EFFLUENT CONCENTRATIONS

Subcategory
BPT RWL Flow

kgal/t

Raw Waste(a)
Ammonia Load

lb/t mg/l

Final Effluent(a)
Ammonia

lb/t mg/l

Semi-Chemical
Dissolving Sulfite Pulp
Papergrade Sulfite

(a) As nitrogen.

10.3
66.0
44.5

6.7-33.5
12.5-62.5
,10.0-50.0

80-390
23-114
27-135

0.7-3.4
1. 3-6. 3
1.0-5.0

8-39
2-11
3-14
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Costs to achieve these color reductions are presented in Section IX.

following

Anticipated final effluent color levels resulting from the application
of lime or alum coagulation are also shown in Table VIII-36. For
alum, it has been assumed that the entire effluent is treated. Based
on the studies discussed in Section VII, it has been determined that
an 85 percent reduction in color can be attained through the
application of alum coagulation.

It has been assumed that only the more highly-colored process streams,
such as the first stage caustic extraction effluent and/or the decker
filtrate, are 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
papergrade sulfite subcategories. The cost to t~eat 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. It has been
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, it has been
assumed that lime coagulation is 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, it has been determined that an 80 p~rcent 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-36.

These four technologies were evaluated based on the
cri teria:.

1. Stage of color reduction technology development,
2. Operating problems exp~rienced,

3. Total operating cost,
4. Wastewater streams treated, and
5. Color reduction efficiency.

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-33. For those
subcategories where highly-colored effluents are discharged, the
ranges of color levels remaining after the application of biological
treatment are presented in Table VIII-36.



TABLE VlII-36

SUMMARY OF ANTICIPATED COLOR LEVELS
AFTER MINIMUM LIME/ALUM COAGULATION

Range of Color Levels Range of Anticipated Color
Range of Color Levels Treated by Lime/Alum Color Level Reduction Levels in the Final Effluent

~tegor~ ...!(~P~I~a~t~i~n~um~C~o~b~a~l~t~U~n~i=t~BL)__......!(~P~l~a=t~i~num=...:C~o~b~a~lc.':t~U~n~i=t~sL)__......!(~P...!l~a~t~i~n~um~~C~ob~a~l!Ct~U~n!;i~t:..!s!...!),--__~(P~la~t~~!:!·n!:um=~C~o~b~a~l=t~U~n~it~s~)!-_

190- 240 190- 240
190- 240 190- 240

350-2400 350-2400
350-2400 350-2400.

2350-6400 2350-6400
2350-6400 2350-6400

170- 390 170- 390
170- 390 170- 390

850-3600 595-2520
850-3600 850-3600

<5-3150 <5-2205
<5-3150 <5-3150

Di6so1ving Kraft.
w/Lime Coagulation
w/Alwll Coagulation

Market Bleached Kraft:.
w/Liute Coagulation
w/Alulll Coagulation

BCT Bleached Kraft:.
w/Lime Coagulation
w/Alwll Coagulation

Alkaline-Hne
l

w/Lime Coagulation
w/ Alwll Coa gula tion

Unbleached Kraft
Linerboard

w/Li.le Coagulation
w/Alulll Coagulation

Unhleached Kraft
Bag v'

w/Lime Coagulation
w/AlulI1 Coagulation

Semi-Chemical
w/Lime Coagulation
w/Alum Coagula Lion

Unbleached Kraft & Semi-Chemical
w/Lillle Coagulation
w/Alwn Coagulation

Dissolving Slilfit.e Pulp
w/Lime Coagulation
w/Alum Coagulation

Papergrade Suflite2

w/Ilime Coagul ation
w/Alulll Coagulation

935-1710
935-1710

1040-2360
1040-2360

1160-2040
1160-2040

430-1480
430-1480

655-]]97
935-1710

782-1652
1040-2360

812-1428
1160-2040

301-1036
430-1480

524- 958 411- 752
795-1454 140- 257

582-1322 458-1038
884-2006 156- 354

650-1142 510- 898
986-1734 174- 306

241- 829 189- 651
366-1258 64- 222

152- 192 38- 48
162- 204 28- 36

280-1920 70- 480
298-2040 52- 360

1880-5120 470-1280
1998-5440 352- 960

136- 312 34- 78
145- 332 25- 58

476-2016 374-1584
723-3060 127- 540

<5-1764 <5-1386
<5-2678 <5- 472

2Includcs Papergrade Sulfite (8low Pit Wash) and Papergrade Snlfite (Drum Wash) Subcategories.



General

Section 306 of the Clean Water Act of 1977 requires that new source
performance standards (NSPS) be established for industrial dischargers
based upon best demonstrated technology. NSPS include the control of
conventional, toxic, and nonconventional pollutants. In the pulp,
paper, and paperboard industry the same pollutants proposed for
control under BCT and BAT are proposed for control under NSPS.

Two options have been developed for the control of conventional and
toxic pollutants under NSPS. The summary of control and treatment
options under consideration are:

Option 1 - Control of toxic and conventional pollutants based on
the application of production process controls to reduce
wastewater discharge and raw waste loadings and 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.

Option 2 - Control of toxic pollutants by chemical substitution.

Option 1 ~ Conventional Pollutants

The technology basis for control of conventional pollutants for NSPS
is the implementation of production process controls and end-of-pipe
treatment technologies. The controls serve as the basis for the
reduction of raw waste loads beyond those established for BPT and BeT.
In the design of a new mill, some production process controls are
economically justifiable through savings in stock, chemicals, and
heat, while other items are implemented solely for environmental
reasons (i.e., reduction of raw waste loads). These items are
presented in Tables VIII-37 through VIII-39.

Development of Raw Waste Load. NSPS raw waste flows for the
integrated segment and the deink subcategory are generally based on
the average discharge flow from mills where discharges are lower than
the flow basis of BCT Option 1. For the remaining subcategories,
Option 1 flows generally form the basis of NSPS discharge flows. The
NSPS raw waste BODi load has been assumed to equal the raw waste BODi
established in BCT Option 1 for all subcategories. The NSPS raw waste
TSS has been assumed to be the same as that which forms the basis of
BPT.

DissolVing Kraft - The dissolving kraft subcategory is comprised
of three mills. The raw waste load data for these mills and the raw
waste loadings that formed the basis of BPT and BCT Option 1 are
presented in Table V-1. BCT Option 1 flow was determined based on a
prediction of t~e flow reduction that would occur after implementation
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TABLE VIII-37

PROOUCTION PROCESS CONTROLS CONSIOERED IN ESTABLISHMENT OF NSPS
INTEGRATED SEGMENT

Subcategory
Ground- Ground-

Market BCT Un- Unbleached Dissolving Ground- wood wood

Dissolving Bleached Bleached Alkali'[e- bleached Semi- Kraft and Sulfite Papergra2e wood CMN Fine

Coul["ol Kraft Kraft Kraft Fine Kraft Chemical Semi-Chemical Pulp Sulfite TMP Papers Papers

!..: Woodyar2L!!~
a. Close-up or dry woodyard

an'd barking operation X X X X X X X X

b. S~gregate cooling water X X X X

2. - Pulp Mill
a. Reuse relief and blow

condensates X X X X X X -'

b. Reduce groundwood tllick-
,-~

.ener overflow
x:~

+::> c. Spill collection X X X X X X X X X X

N d. Neutralize sul'fite X
-....J spent

liquor

~'-Wash'ers and Screen 'Hoom
a. Add 3rd or 4th stage ~

washer or press X X X X X X X X X :.;"
b. ,Decker filtrale reuse

, X- X X X

~. Bleaching
a. Countercurrent washing X X X X

b. Evaporator caustic extract
filtrate collection X

5. Evaporation and Recovery Areas
a .. Replace'barometric condenser X
b. Add boil' out tank X X X X X

c. Neutralize spent sulfite
liquor -' X

d. Segregate cooling water X X X

e. Spill collection X X X X X

f. Reuse evaporator condeudsate X X

~~9uor ..freparation Area.
a. Spill collection X X X

b. Spare tank X X X

~;-FO~tnotes at end of table.



TABLE VlJI-37 (Continued)

Subcategory
Ground- Ground-

t1arket BCT Un- Unbleached Dlssolving Ground- wood wood
Dissolving Bleached Blesched AlkalinI - bleacbed Selli- Kraft and Sulfite Papergra~e wood CHII Fine

Cont rol Kraft Kraft Kraft Fine Kraft Chemical Semi-Chewical Pulp Sulfite TtIP Papers Papers

7. Paper Hill
a. Spi II collect ion

1. Paper machine and
bleached pulp spill
collection X X X X X X X X X X

2. Color plant X X X

b. rllprove saveall
c. lIigh pressure showers for

wire and felt cleaning X X X X X X

d. While water use for vacuum
pump sea ling X X X X X X

e. Paper macbine wbite water
sllOwers for wire cleaning .: X

.j:::,
f. White water storage for up-N

0) sets alld pnlper dilution X X X X

g. R,,~ycle press water X X X

b. Reuse of vacuum pump water X X

i. Broke slorage X X X X X
j. WcL lap machine X X
k. Segregate cooling waler X X X X X

1. Cleaner rejects to landfill
m. Wbite water to pulp wi II X

8. Steam Plant aud Uti Ii ly Areas
a. Segregate cooling water X X X X X X X X X X

b. Lagoon for boiler blowdown
and backwasb waters X X X X X

2.:.--'!~cle of Treated Effluent
a. Cooling Tower
b. I'll monilor X X X
~. I.evel alarms X X

---".._"---------------------------

!!nc!udes Fiue Bleached Krafl and Soda Subcategories.

2 (Blow PitIncludes Papergrade Sulfile Wash) and Papergrade Sulfite (Drum Wasb) Subcategories.



TABLE VIII-38

PRODUCTION PROCESS CONTROLS CONSIDERED IN ESTABLISHMENT OF NSPS
SECONDARY FIBERS SEGMENT

Control Deink
Tissue from

Wastepaper

Subcategory
Paperboard

from
Wastepaper

Wastepaper
Molded

Products

Builders' Paper
and

Roofing Felt

l. Woodyard/Woodroom
a. Close-up or dry woodyard

and barking operation
b. Segregate cooling water

2. Pulp Mill
a. Reuse relief and blow

-l::>
N condensates
'..0

b. Reduce grounuwood thick-
ener overflow

c. Spill collection X
d. Neutralize spent sulfite

liquor

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

washer or press
b. Decker filtrate reuse X

4. Bleaching
a. Countercurrent washing
b. Evaporator caustic extract

filtrate collection

5. Evaporation and Recovery Areas
a .. Replace barometric condenser
b. :Add boil out tank
c. ~eutralize spent sulfite

liquor
d. Segregate cooling water
e. Spill collection
f. Reuse evaporator condensate



TABLE VIII-38 (Continued)

Subcategory
Paperboard Wastepaper- Builders' Paper

Tissue from froID Molded and
Control < Deink Wastepaper Wastepaper Products Roofing Felt

6. Liquor Preparation Area
a. Spill collection
b. Spare tank

7. Paper Mill
a. Spill collection

l. Paper machine and
bleached pulp spill
collection X

, 2. Color plant
b. Improve saveall X

-l==> c. High pressure showers forw
0 : wire and felt cleaning X

d.White water use for vacuum
pump sealing X

e. : Paper machine white water
. showers for wire cleaning X

f. White water storage for up-
sets and pulper dilution X

g. Recycle press water X X X
h. Reuse of vacuum pump water X X X
i. Broke storage
j. Wet lap machine X
k. Segregate cooling water
l. Cleaner rejects to landfill X
m. White water to pulp mill

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

and backwash waters X X X X

9. Recycle of Treated Effluent X X X
a. Cooling tower X X X
b. pH monitor
c. Level alarms X

__ N_ ow ~ •• __ _ __ _ __ _ __ • •• _ _ _ _ • ~__ ~._~ _~ • ~ •• • __N. ~_ •• _ N __ • • • __~ ~ • ~. • ••

-:-~= __~ __- __._ ~ • _. __ 'O...=..... __¥_""-;O"...:-_~- :_::. __- __""--_--.,. ~__=;----::0-_--.- =-__ . .:,.._='_--.-=- --..:= .' _-:"_N __ ~ -_-=-_=--__ ~ _-=-:::.. -- -",-=..,,--_~.,._



PRODUCTION PROCESS CONTROLS CONSIDERED IN ESTABLISHMENT OF NSPS
NONINTEGRATED SEGMENT .

7. Paper Mill
a. Spill collection

1. Paper machine and
bleached pulp spill
collection X X X X
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TABLE VIII-39

Nonintegrated
Paperboard

Noninte
grated

Filter and
Nonwoven

Papers

Subcategory

Noninte
grated

Lightweight
Papers

Noninte
grated
Tissue
Papers

Noninte
grated

Fine
Papers

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

washer or press
b. Decker filtrate reuse

6. Liquor Preparation Area
a. Spill collection
b. Spare tank.

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

4. Bleaching
a. Countercurrent washing
b. Evaporator caustic extract

filtrate collection

2. Pulp Mill
a. Reuse relief and blow

condensates
b. Reduce groundwood thick

ener over~low

c. Spill collection
d. Neutralize spent sulfite

liquor

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

barking operation
b. Segregate cooling water

Control



TABLE VIII-39 (Continued)

Subcategory
Noninte-

Noninte- Noninte- Noninte- grated-
grated- grated- grated- Filter and
Fine Tissue Lightweight Nonwoven Nonintegrated-

Control Papers Papers Papers Papers Paperboard

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

wire and felt cleaning X X X X
d. White water use for vacuum

pump sealing X X X Xe. Paper machine white water
showers for wire cleaning X X Xf. White water storage for up-
sets and pulper dilution X X

g. Recycle press water X X X X
h. Reuse of vacuum pump water X X X
i. Broke storage X X
j. Wet lap machine
k. Segregate cooling water X X X
1. Cleaner rejects to landfill
m. White water to pulp mill

8. Steam Plant and Utility Areas
a. Segregate cooling water X X X Xb. Lagoon for boiler blowdown _

and backwash waters X X X X

9. Recycle of Treated Effluent X X Xa. Cooling tower
Xb. pH monitor

c. Level alarms
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of specific production process controls applicable to this
subcategory. Because very few mills are included in this subcategory
and because varying percentages of dissolving pulp are produced at
these mills, the flow and BODS raw waste loads for NSPS have been
assumed to be the same as those determined for BCT Option 1. The TSS
raw waste load for NSPS has been assumed to be the same as that
determined for BPT. In summary, the NSPS raw waste loads for the
dissolving kraft subcategory are: flow ~ 211.4 kl/kkg (50.7 kgal/t),
BOO~ - 58.4 kg/kkg (116.7 lb/t), and TSS - 113.0 kg/kkg (226.0 lb/t).

Market Bleached Kraft - Data presented in Table V-2 relate to the
producti~n of both hardwood kraft (HWK) and softwood kraft (SWK) pulp,
arranged in order of increasing softwood production. The NSPS flow
has been chosen as that of the best softwood kraft mill, 134.7 kl/kkg
(32.3 kgal/t). The proposed BODS raw waste load for NSPS has been
assumed to be the same as that determined for BCT Option 1, or 26.3
kg/kkg (58.6 lb/t). The proposed TSS raw waste load for NSPS has been
assumed to be the same as that determined for BPT, or 45.0 kg/kkg
(90.0 lb/t).

BCT (Paperboard, Coarse, and Tissue) Bleached Kraft - Raw waste
load data for bleached kraft mills where board, coarse papers, and
tissue papers are manufactured are presented in Table V-3. Of the
eight mills for which data are presented, three mills are achieving
flows less than that determined for BCT Option 1. The average flow of
the three mills is 114.7 kl/kkg (27.5 kgal/t) and forms the flow basis
of NSPS. The proposed BODS raw waste load for NSPS has been assumed
to be the same as that-determined for BCT Option 1, or 35.1 kg/kkg
(70.2 lb/t). The proposed TSS raw waste load for NSPS has been
assumed to be the same as that determined for BCT, or 66.5 kg/kkg
(133.0lb/t).

Alkaline-Fine (Fine Bleached Kraft and Soda Subcategories) - Data
are presented in Table V-4 for 20 mills included in the fine bleached
kraft subcategory. The NSPS flow for this subcategory is based on the
average discharge flow at the four mills where flows are lower than
that determined for BCT Option 1. The average flow at these four
mills is 84.7 kg/kkg (20.3 kgal/t) and forms the basis of NSPS. The
proposed BODi raw waste load for NSPS has been assumed to be the same
as that determined for BCT Option 1, or 27.1 kg/kkg (54.1 lb/t). The
proposed TSS raw waste load for NSPS has been assumed to be the same
as that determined for BPT, or 75.0 kg/kkg (150.0 lb/t).

Unbleached Kraft Data for mills in the unbleached kraft
subcategory are presented in Table V-5. NSPS flows for this
subcategory are based on the averages of those mills where flows are
lower than the flow for BCT Option 1. A delineation has been made
between the production of (a) linerboard and (b) bag and other
products. Application of this methodology yields an unbleached kraft
linerboard flow of 31.3 kl/kkg (7.5 kgal/t) and an unbleached kraft
bag and other products flow of 42.1 kl/kkg (10.1 kgal/t). The
proposed BODS raw waste load for the unbleached kraft linerboard and
the unbleache~ kraft bag and other products product sectors have been
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Papergrade Sulfite (Papergrade Sulfite (Blow Pit Wash) and
Papergrade,Sulfite (Drum Wash) Subcategories) Table V-9 presents
available raw waste load data for mills in this subcategory. The NSPS

be the same as that determined for BCT Option 1 or 12.4
lb/t) and 12.5 kg/kkg (25.0 lb/t), respectively. The
NSPS raw waste load for both the product sectors has been
be the same as that determined for BPT, 21.9 kg/kkg (43.8

The resulting NSPS raw waste loads are:

Flow BODS, T'SS
kl/kkg (kgal/t) kg/kkg (Ib/tJ kg/kkg (lb/t)

Nitration 246.0 (59.0) 90.6 ( 181.,2) 92.5 (185.0)
Viscose 246.0 (59.0) 92.6 ( 185'.,2) 92.5 (185.0)
Cellophane 246.0 (59.0) 109.6 (219.2) 92.5 (185.0)
Acetate 246.0 (59.0) 164.6 (329.2) 92.5 (185.0)

Dissolving Sulfite Pulp - Table V-8 presents availabie raw waste
load data for mills in this subcategory. Limited data are available
on raw waste loads relative to product types (e.g., pulp grade)i The
raw waste loads for NSPS have been assumed to be the same as those
previously determined for BCT Option 1 and are determined by
predicting the raw waste load reductions attainable, through the
application of specific production process controls applicable at
mills in this subcategory.

Unbleached Kraft and Semi-Chemical ~ Table V-7 presents available
raw waste load data for:mills in this subcategory. NSPS flow for this
subcategory is based on the average discharge flow at those mills
where flow is lower than that determined for BCT Option 1.
Application of this methodology yields an NSPS flow of 37.9 kl/kkg
(9.1 kgal/t). The proposed BOD~ raw waste load for NSPS has been
assumed to be the same as that determined'for BCT Option 1, or 16.3
kg/kkg (32.5 lb/t). The proposed TSS raw waste load for NSPS has been
assumed to be the same as that determined for, BPT, or 20.5 kg/kkg
(41 .0 lb/t).

assumed to
kg/kkg (24.8
proposed TSS
assumed to
lb/t) .

Semi-Chemical The available raw waste load data for
semi-chemical mills are presented in Table V-~. Again, as previously
described for BCT option 1, NSPS flow is based on the average
discharge flow at those mills (with liquor recovery where less than
one-third of the total furnish is wastepaper) where flow is lower than
that determined for BCT Option 1. Applying this methodology yields an
NSPS flow of 26.7 kg/kkg (6.4 kgal/t). The proposed BODi raw waste
load for NSPS has been assumed to be the same as that determined for
BCT Option 1, or 17.6 kg/kkg (35.2 lb/t). The proposed TSS raw waste
load for NSPS has been assumed to be the same as that determined for
BPT, or 12.3 kg/kkg (24.6 lb/t).



,'-
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Groundwood-Fine Papers Available raw waste load data for the
mills in this subcategory are presented in Table V-12. NSPS flow is
based on the average discharge flow at those mills where flow is lower
than that determined for BCT Option 1. Application of this
methodology yields an NSPS flow of 56.7 kl/kkg (13.6 kgal/t). The
proposed B005 raw waste load for NSPS has been assumed to be the same
as that determined for BPT or 12.5 kg/kkg (24.9 lb/t). The proposed
TSS raw waste load for NSPS has been assumed to be the same as that
determined for BPT, or 52.5 kg/kkg (105.0 lb/t).

Groundwood-Thermo~Mechanical- Table V-10 presents available raw
waste load data for the mills in this subcategory. NSPS flow for this
subcategory is based on the average of those mills where flow is lower
than that determined for BCT Option 1. Application of this
methodology yields an NSPS flow, of 33.4 kl/kkg (8.0 kgal/t). The
proposed BODS raw waste load for NSPS has been assumed to be the same
as that determined for BCT Option 1, or 21.2 kg/kkg (42.4 lb/t). The
proposed TSS raw waste load for NSPS has been assumed to be the same
as that determined for BPT, or 39.9 kg/kkg (79.8 lb/t).

data for mills in this
A delineation has been made

papers, and newsprint are
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Oeink Available raw waste load
subcategory are presented in Table V-14.
between mills where fine papers, tissue
produced.

Groundwood-CMN Papers - Table V-ll presents available raw waste
load data for mills in this subcategory. BCT Option 1 flow and BOD5
raw waste loads are based on the subtraction of predicted raw waste
load reductions resulting from the implementation of specific
production process controls applicable in this subcategory. NSPS flow
and BOD~ waste loadings have been assumed to be the same as that
determined for BCT Option 1, or 70.1 kl/kkg (16.8 kgal/t) and 14.6
kg/kkg (29.1 lb/t), respectively. The proposed TSS raw waste load for
NSPS has been assumed to be the same as that determined for BPT, or
48.5 kg/kkg (97.0 lb/t).

flow is based on flow data for those mills where discharge flow is
lower than the BCT Option 1 flow as defined by the regression equation
presented in Section V. The percentage reductions in flow below that
defined by the regression equation, taking into account the percentage
of sulfite pulp produced on-site, were averaged and form the basis of
NSPS flow. At five mills, discharge flow is less than BCT Option 1
flow as defined by the regression equations, with the average percent
reduction being 24 percent. NSPS flow for this subcategory has been
defined as 76 percent of the flow basis of BCT Option 1. The proposed
BODS raw waste load for NSPS, assuming 56 percent of the raw material
furnished is sulfite pulp produced on-site, has been assumed to be the
same as that determined for the representative mill in BCT Option 1 or
62.9 kl/kkg (125.7 lb/t). The proposed TSS raw waste load for NSPS
has been assumed to be the same as that determined for BPT, or 90.0
kg/kkg (180.0 lb/t).



For mills where fine papers and tissue papers are produced from
deinked wastepaper, NSPS flows are based on the average discharge flow
at those mills where flow is lower than that determined for BCTOption
1. This methodology yields an NSPS flow for the fine papers and
tissue papers product sectors of 49.2 kl/kkg (11.8 kgal/t) and 62.6
kl/kkg (15.0 kgal/t), respectively.

The NSPS flow for the deink newsprint sector has been assumed to
be the same as that determined for BCT Option 1, or 67.6 kl/kkg (16.2
kgal/t).

For all three product sectors, the proposed BODS loadings for
NSPS have been assumed to be the same as that determined for BCT
Option 1. The BCT Option 1 raw waste BOD~ loadings for the fine
papers, tissue papers, and newsprint product sectors are 37.3 kg/kkg
(74.6 lb/t), 61.3 kg/kkg (122.6 lb/t), and 15.9 kg/kkg (31.7 lb/t),
respectively. For all three products sectors, the proposed TSS raw
waste load for NSPS has been assumed to be the same as that determined
for BPT, or 202.5 kg/kkg (405.0 lb/t).

Tissue from Wastepaper - Available raw waste load data for mills
in this subcategory are presented on Table V-15. NSPS flow and BODS
raw waste loads for this subcategory have been assumed to be the same
as those determined for BCT Option 1, or 68.0 kl/kkg (16.3 kgal/t) and
9.7 kg/kkg (19.3 lb/t), respectively. The proposed TSS raw waste load
for NSPS has been assumed to be the same as that determined for BPT,
or 110.5 kg/kkg (221.0 lb/t).

Paperboard from Wastepaper - Available raw waste load data for
mills in this subcategory are presented in Table V-16. NSPS flow and
BODS raw waste loads for this subcategory have been assumed to be the
same as those determined for BCT Option 1, or 12.9 kl/kkg (3.1 kgal/t)
and 6.0 kg/kkg (11.9 lb/t), respectively. The proposed TSS raw waste
load for NSPS has been assumed to be the same as that determined for
BPT, or 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. NSPS flow and
BOD~ raw waste loads for this subcategory have been assumed to be the
same as those determined for BCT Option 1, or 23.8 kl/kkg (5.7 kgal/t)
and 5.5 kg/kkg (10.9 lb/t), respectively. The proposed TSS raw waste
load for NSPS has been assumed to be the same as that proposed for
BPT, or 14.8 kg/kkg (29.6 lb/t).

Builders' Paper and Roofing Felt - Available raw waste load data
for mills in this subcategory are presented in Table V-19. NSPS flow
and BODS raw waste loads for this subcategory have been assumed to be
the same as those determined for BCT Option 1, or 10.8 kl/kkg (2.7
kgal/t) and 6.5 kg/kkg (13.0 lb/t), respectively. The proposed TSS
raw waste load for NSPS has been assumed to be the same as that
determined for BPT, or 35.0 kg/kkg (70.0 lb/t).
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V-25.

been
198.1

The
same

Nonintegrated-Fine Papers - Available ~aw waste load data for
mills in this subcategory are presented in Table V-22. NSPS flow and
BODS raw waste loads for this subcategory have been assumed to be the
same as those determined for BCT Option 1, or 40.0 kl/kkg (9.6 kgal/t)
and 6.7 kg/kkg (13.3 lb/t), respectively. The proposed TSS raw waste
load for NSPS has been assumed to be the same as that determined for
BPT, or 30.8 kg/kkg (61.6 lb/t).

Nonintegrated-Tissue Papers - Available raw waste load data for
mills in this subcategory are presented in Table V-23. NSPS flow and
BODS raw waste loads for this subcategory have been assumed to be the
same as those determined for BCT Option 1, or 79.6 kl/kkg (19.1
kgal/t) and 9.0 kg/kkg (17.9 lb/t), respectively. The proposed TSS
raw waste load for NSPS has been assumed to be the same as that
determined for BPT, or 34.7 kg/kkg (69.4 lb/t).

Nonintegrated-Lightweight Papers ~ Available raw waste load data
for mills in this subcategory are presented in Table V-24. As in BCT
Option 1, two product sectors have been considered, lightweight papers
and lightweight electrical grade papers. The NSPS flow and BOD~ raw
waste loads for both product sectors have been assumed to be the same
as those determined for BCT Option 1. The proposed TSS raw waste
loads for NSPS, for both product sectors, have been assumed to be the
same as those determined for BPT, or 63.4 kg/kkg (126.8 lb/t). The
following summarizes the NSPS raw waste loads for this subcategory.

Flow BODS TSS
kl/kkg (kgal/t) kg/kkg (Ib/t) kg/kkg (lb/t)

Lightweight Papers 159.3 (38.2) 13.3 (26.6) 63.4 (126.8)
Electrical Grade

Papers 278.6 (66.8) 13.3 (26.6) 63.4 (126.8)

Nonintegrated-Filter.and Nonwoven Papers - Available raw
load data for mills in this subcategory are presented in Table
NSPS flow and BODS raw waste loads for this subcategory have
assumed to be the same as those determined for BCT Option 1, or
kl/kkg (47.5 kgal/t) and 9.0 kg/kkg (17.9 lb/t), respectively.
proposed TSS raw waste load for NSPS has been assumed to be the
as that proposed for BPT, or 27.4 kg/kkg (54.8 lb/t).

Nonintegrated-Paperboard - Available raw waste load data for
mills in this subcategory are presented on Table V-26. NSPS flow and
BODS raw waste loads for this subcategory have been assumed to be the
same as those determined for BCT Option 1, or 46.7 kl/kkg (11.2
kgal/t) and 8.2 kg/kkg (16.4 lb/t), respectively. The proposed TSS
raw waste load for NSPS has been assumed to be the same as that
proposed for BPT, or 36.9 kg/kkg (73.7 lb/t).
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Table VIII-40 presents aSummary of NSPS Raw Waste Loads
summary of NSPS raw waste loads.

Development of Effluent Characteristics. NSPS effluent limitations
are based on the levels attained at the best performing mills in each
respective subcategory. Best performing mills are defined as those
mills in a subcategory that attain both BODS and TSS BPT annual
average effluent limitations using end-of-pIpe technology of a type
that is similar to that which forms the basis of BPT.

The end-of-pipe treatment technology on which BPT and NSPS are based
is biological treatment, with the exception of the
nonintegrated-tissue papers, nonintegrated-lightweight papers,
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard
subcategories. The technology on which BPT and NSPS are based for
these four nonintegrate~ subcategories is primary treatment.

NSPS long-term average final effluent limitations are calculated as
the ~roduct of BCT Option 4 long-term average final effluent
concentrations and NSPS flows. The only exception occurs for
newsprint production in the deink subcategory. For the newsprint
product sector, the final effluent BOD~ long-term average
concentration has been calculated using the equation that relates raw
waste BOD5 concentration to final effluent BOD5 concentration as
presented- previously in this section and in the Phase II Development
Document (See page 402). This relationship is based on treatment
plant performance data and is as follows:

Log BODi effluent = 0.601 Log BODi influent -0.020

The long-term average final effluent TSS concentration for newsprint
production in the deink subcategory has been determined from the
relationship presented in Figure VIII-l.

Summary of NSPS Long-Term Average Final Effluent Characteristics
- Table VIII-41 presents a summary of the NSPS long-term average BOD~

and TSS effluent loads.

Option 1 =Toxic Pollutants

Implementation of NSPS Option 1 leads to the control of the toxic
pollutant chloroform in the nine subcategories where chlorine or
chlorine-containing compounds are used to bleach pulp (dissolving
kraft, market bleached kraft, BCT (paperboard, coarse, and tissue)
bleached kraft, fine bleached kraft, soda, both papergrade sulfite,
dissolving sulfite pulp, and deink).

Chloroform. Under NSPS Option 1, maximum day chloroform limitations
are established as the product of (a) the maximum concentration of 240
ug/l of chloroform detected at verification mills where BPT
limitations are attained and (b) NSPS flow.
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TAB1E VIII-40

SUMMARY OF NSPS
RAW WASTE LOADS

Flow BODS TSS
kl/kkg (kgal/t) kg/kkg (lb/t) kg/kkg (lb/t)

Integrated Segnien't
Dissolving Kraft 211.4 (50.7) 58.4 (116.7) 113.0 (226.0)

Market Bleached Kraft 134.7 (32.3) 29.3 (58.6) 45.0 (90.0)

BCT Bleached ~raft
-, 114.7 (27.5) 35.1 (70.2) 66.5 (133.0)

Alkaline-Fine 84.7 (20;3) 27.1 (54.1) 75.0 (150. 0)
Unbleached Kraft

Linerboard 31.3 (7.5) 12.4 (24.8) 21.9 (43.8)

Bag 42.1: (10;.1)" 12.5 (25.0) 21.9 (43.8)
Semi-Chem'ical 26'.7 (6.4) 17.6 (35.2) 12.3 (24.6)
Unbleached Kraft and

Semi-Chemical 37.9 (9.1) 16.3 (32.5) 20.5 (41.0)

Dissolving Sulfite Pulp
Nitration ,246.0 (59.0)' 90.6 (181.2) 92.5 (185.0)

Viscose 246.0 (59.0) 92.6 (185.2) 92.5 (185.0)
Cellophane ' 246.0 (59.0) 109.6 (219.2) 92.5 (185.0)

Acetate i 246.0. (59.0) 164.6 (329.2) 92.5 (185.0)

Papergrade Sulfite ' See Equation* 62.9 (125.7) 90.0 (180. 0)

Groundwood-Thermo-Mechanical 33.4 (8.0) 21.2 (42.4) 39.9 (79.8)

~roundwood-CHN.Pape~s . 70'.1 (16.8) 14.6 (29.1) 48.5 (97.0)
Groundwood-Fine Papers 56.7 (13.6) 12.5 (24.9) 52.5 (105.0)

Secondary Fibers Segment
Deink "

Fine Papers 49.2 (11. 8) 37.3 (74,6) 202.5 (405.0)
Tissue Papers 62.3 ,(15.0) 61.3 (122.6) 202.5 (405.0)

Newsprint 67.6 (16.2) 15.9 (31. 7) 202.5 (405.0)
Tissue from Wastepaper 68.0 (16.3) 9.7 (19.3) 110.5 (221.0)
Paperboard from Wastepap~r' 12.9 (3.1) 6.0 (11.9) 11.0 (21. 9)
Wastepaper-Molded Products 23.8 (5.7) 5.5 (10.9) 14.8 (29.6)
Builders r Paper and

Roofing Felt ',11'.3 (2.7) 6.5, (13.0) 35.0 (70.0)

Nonintegrated Segment
Nonintegrated-Fine Papers 40.0 (9.6) 6.7 (13.3) 30.8 (61.6)
Nonintegrated-Tissue Papers 79.6 (19.1) 9.0 (17.9) 34.7 (69.4)

Nonintegrated-Lightweight
Papers
Lightweight 159.3 (38'.2) 13.3 (26.6) 63.4 (126.8)
Electrical '278.'6 (66.8) 13.3 (26.6) 63.4 (126.8)

Nonintegrated-Filter and
Nonwoven Papers 198.1 (47.5) 9.0 (17.9) 27.4 (54.8)

Nonintegrated-Paperboard 46.7 (11.2) 8.2 (16.4) 36.9 (73.7)

*NSPS flow varies due to type of wash (Blow Pit or Drum Wash).
, " ',2 " '

Use Equation Flow =0.76(o.00911x -0.485x+30.7)
" .' .

where x = percent sulfi~e pulp produced onsit~~

lIncludes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
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TABLE VIII-41

NSPS FINAL EFFLUENT CHARACTERISTICS

Flow BOD5 TSS
kl/kkg (kgal/t) kg/kkg (1b/t) kg/kkg (lb/t)

Integrated Segment

Disaolving Kraft 211.4 (50.7) 3.7 (7.4) 5.7 (11. 4)
Harket Bleached Kraft 134.7 (32.3) 2.7 (5.4) 3.4 (6.8)
BCT Bleached ~raft 114.7 (27 .5) 2.0 (3.9) 2.8 (5.6)
Alkaline-Fine 84.7 (20.3) 1.3 (2.5) 2.0 (4.0)
Unbleached Kraft

Linerboard 31.3 (7.5) 0.7 (1.4) 1.2 (2.4)
Bag 42.1 (10.1) 1.2 (2.4) 1.9 (3.8)

Semi-Chemical 26.7 (6.4) 1.1 (2.2) 1.5 (3.0)
Unbleached Kraft and Semi-Chemical ,. 37.9 (9.1) 1.2 (2.3) 1.9 (3.8)
Diasolving Sulfite Pulp

Nitration 246.0 (59.0) 6.8 {13.5) 12.8 (25.6)
Viscose 246.0 (59.0) 7.2 (14.4) 12.8 (25.6)
Cellophane 246.0 (59.0) 7.8 (15.6). 12.8 (25.6)
Acetate 2 246.0 (59.0) 8.5 (16.9) 12.8 (25.6)

Papergrade Sulfite * * * * * *Groundwood-Thermo - Mechanical 33.4 (8.0) 0.5 (1.0) 0.8 (1.6)
Groundwood-CMN Papers 70.1 (16.8) 1.1 (2.1) 1.5 (3.0)
Groundwood-Fine Papers 56.7 (13.6) 0.9 (1. 7) 1.2 (2.4)

Secondary Fibers Segment

De ink
Fine Papers 49.2 (11.8) 1.5 (2.9) 2.0 (4.0)
Tissue Papers 62.3 (15.0) 2.0 (4.0) 3.1 (6.1)
Newsprint 67.6 (16.2) 1.7 (3.4) 3.3 (6.6)

Tissue from Wastepaper 68.0 (16.3) 2.2 (4.4) 2.6 (5.2)
Paperboard from Wastepaper 12.9 (3.1) 0.42 (0.83) 0.49 (0.98)
Wastepaper-Molded Products 23.8 (5.7) 0.6 (1.2) 1.2 (2.3)
Builders' Paper and Roofing Felt 11.3 (2.7) 0.5 .(1. 0) 0.7 (1.4)

Noointesrated Segment

Nonintegrated-Fine Papers 40.0 (9.6) 0.8 (1.6) 0.9 (1. 7)
Nonintesrated-Tissue Papers 79.6 (19.1) 1.9 (3.8) 1.5 (2.9)
Nonintesrated-Lightweight Papers

Lishtweight 159.3 (38.2) 3.8 (7.5) 2.9 (5.8)
Electrica! 278.6 (66.8) 6.5 (13.0) 5.1 (10.1)

Nonintesrated-Filter and Nonwoven Papers 198.1 (47.5) 4.6 (9.2) 3.6 (7.1)
Nonintegrated-Paperboard 46.7 (11.2) 1.1 (2.2) 0.9 (1. 7)

1Includes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash)
Subcatesories.

*Us.. equations

Flo~ (ksal/t) =0.76(30.7 - 0.485x + 0.00911x2), where x =Percent Sulfite Pulp
BOD~ (lb/t) =Flow(29.0) (0.00834)
TSS (lb/t) =Flow(48.0)(0.00834)
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General

Option ~ =Substitution of Chemicals

Biocide and slimicide formulations containing trichlorophenol and
pentachlorophenol are used in the pulp, paper, and paperboard
industry. Zinc hydrosulfite can be used to bleach mechanical (i.e.,
groundwood) pulp. This technology option involves the control of
pentachlorophenol, trichlorophenol, and zinc through chemical
substitution.

been found to be effectively
of biological treatment, the type

POTWs. Therefore, it is not
under PSES or PSNS.
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trichlorophenol,
pentachlorophenol, and
zinc.

The toxic pollutant chloroform has
controlled through the application
of treatment most commonly used at
proposed that chloroform be regulated

The Clean Water Act requires that pretreatment standards for existing
sources (PSES) and pretreatment standards for new sources' (PSNS)
prevent 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.

One technology option is under consideration as the basis of PSES and
PSNS. Three toxic pollutants have been found in pulp, paper, and
paperboard industry wastewaters that can pass through POTWs or could
cause sludge disposal problems, including:

Zinc. Under NSPS Option 2, maximum day limitations controlling the
discharge of zinc are established for the three groundwood
subcategories (groundwood-thermo-mechanical, groundwood-CMN papers,
and groundwood-finepapers) as the product of (a) the maximum day
concentration of zinc (3 mg/l) that forms the basis of BPT effluent
limitations and (b) NSPS flow.. These limitations can be met· by
substitution of zinchydrosulfite with sodium hydrosulfite.

PSES an~ PSNS

Trichlorophenol and Pentachlorophenol. Slimicide and biocide
formulations containing chlorophenolics can be replaced with
formulations that do not contain these toxic pollutants. This ensures
the virtual elimination of pentachlorophenol and trichlorophenol from
pulp, paper, and paperboard wastewaters. Under NSPS Option 2, maximum
day limitations controlling the discharge of trichlorophenol and
pentachlorophenol are established for all subcategories as the product
of (a) the maximum concentrations reported at mills where these
chemicals are not used (25 ug/l for pentachlorophenol and 30 ug/l for
trichlorophenol) and (b) NSPS flow.



Option 1

Option 1 is the control of toxic pollutants based on chemical
substitution. Sodium hydrosulfite can be substituted for zinc
hydrosulfite in the bleaching of mechanical pulps. This substitution
ensures the discharge of only low levels of zinc to POTWs from
indirect discharging pulp, paper, and paperboard mills. As discussed
in BAT Option 2, slimicide and biocide formulations that do not
contain pentachlorophenol and trichlorophenol can be substituted for
formulations that contain these toxic compounds.

Under this option, maximum day limitations are established for zinc
(three groundwood subcategories), pentachlorophenol (all
subcategories), and trichlorophenol (all subcategories) based on
maximum concentrations of 3 mg/l, 2S ug/l, and 30 ug/l, respectively.

EFFLUENT VARIABILITY ANALYSIS

Pollutant quantities discharged from a wastewater treatment system
vary. This variability is accounted for 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 BeT and 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 another 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 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 >~ischarge. The 30-day
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 plant-specific long-term average for
the same pollutant (denoted by LTA), the plant-specific daily
limitation is the product of the variability factor and the long-term.
average (VF x LTA). Similarly, given a 30-day maximum variability
factor (VF30 ), a plant-specific limit for the average of 30 daily
observations is VF30 x LTA.
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Daily Maximum Variability Factors

The daily maximum variability factor is 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 adequately describe the data, 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 Stat istical Inference, McGraw-Hi 11 ( 1971 ) . ) ( 197)
Nonparametric methods were applied 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 is 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 are obtained and ordered from smallest to largest in
value. The rth smallest pollutant discharge value (where r is less
than or equal to nl, denoted by X(r), is chosen such that the
probability that X(£) is greater than or equal to K' 99 is at least 0.5
(i.e., P[X(r) ~ K. 99 ] ~ 0.5). Utilizing this approach, the value of r
is determined such that .~

where p = .99

and (n)= n!
i i! (n- 1) !
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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, BODi and TSS, were submitted by representatives of the
mills sampled during the verification ,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 BODi 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 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 BOD~ and TSS. Because of these
results, a decision was made 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" estimates to the average
of the daily discharge values. Table VIII-42 displays mill-specific
values for maximum day variability factors for BODi and TSS.

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 anyone 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, ~robability and Statistics for Engineers,
Prentice Hall, 1965, pp. 132-34).(198) This approach is
nonparametric since no restrictive assumption is made regarding the
form of the distribution of the underlying population of daily
pollutant discharge values.

Analysis of 30-Day Averages of Pollutant Discharqe 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 1 to February 15, these 30 measurements would be 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,
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TABLE VIII-42

VARIABILITY FACTORS FOR DETERMINING
MAXIMIlIf 30-DAY AVERAGE AND MAXIMIlIf DAY LIMITATIONS

FOR OPTIONS 1, 2, 3 AND 4

BOD5 TSS
Mills Used to

Number Maximum Number Maximum Calculate Averages
Mill of Data 30·Day Maximum of Data 30-Day Maximum by Criteria

Number Points Average Day Points Average Day (1) (2) (3) & (4)
Mills with Biological Treatment

030005 345 2.40 3.15 357 1.35 2.10 (1)
030004 389 1.62 2.28 391 1.47 2.16 (1) (2) (3)
030047 383 2.23 4.28: 388 1. 76 2.87 (1)
030032 346 1.88 2.21 32 (1) (2) (3)
030027 382 1.43 2.40 396 1.80 4.27 (1) (2) (3) (4)
030046 376 1.90 2.80 382 2.35 3.20 (1) (2) (3)
030020 394 1.65 2.58 394 1.41 2.19 (1) (2) (3) (4)
010019 178 1.66 2.92 175 1.18 1. 75 (1) (2) (3)
010055 224 1.71 2.31 223 1.65 1.90 (1)
010003 258 1. 75 3.22 242 1.53 2.62 (1)
020017 395 2.72 4.13 392 3.02 6.13 (1)
020002 404 2.23 3.74 410 1. 75 2.25 (1 ) (2) (3)
015002 165 2.05 2.56 165 1..47 2.15 (1)
015007 394 1.94 4.34 394 1.61 4.15 (1)
046006 391 1.52 2.00 391 1. 73 2.37 (1)
046004 369 1.81 2.54 371 1.98 3.55 (1)
040019 163 1.84 3.69 396 1.67 3.40 (1) (2) (3) (4)
040011 331 2.15 2.63 333 1. 78 3.66 (1)
040013 394 1.66 2.33 395 1.85 2.29 (1)
040017 426 1.49 2.72 426 1.47 2.64 (1) (2) (3) (4)
052007 390 1.93 3.76 393 1.61 3.53 (1) (2) (3)
052004 378 1.98 3.25 377 1.90 4.29 (1)
080054 393 2.07 2.95 393 2.15 3.51 (1)
140007 384 3.26 4.83 393 2.75 6.88 (1)
140014 390 1.32 2.70 393 1. 75 4.13 (1) (2) (3)
140015 385 2.07 3.06 385 1. 75 2.83 (1) (2) (3) (4)
100005 59 192 2.25 2.84 (1) (2) (3) (4)
110032 106 4.06 107 2.27 (1)
110031 167 2.35 3.3S 167 2.05 2.50 (1) (2) (3) (4)
110052 91 1.97 91 3.55 (1) (2) (3)
080046 394 1. 75 2.31 394 1.89 2.54 (1) (2) (3)
090005 152 2.00 2.90 201 1.88 2.77 (1) (2)
085001 103 3.52 103 4.13 (1) (2)
110021 97 3.77 106 3.03 (1)
105068 84 2.63 273 1.87 3.78 (1)
032001 363 2.01 4.11 374 1. 78 4.01 (1)
Mills with Chemically Assisted Clarification

060001 381 2.05 2.83 379 1.41 2.39

(1) All mills with biological treatment systems.
Minimum 1.32 1.97 1.18 1. 75
Maximum 3.26 4.83 3.02 6.88
Average 1.95 3.09 1.82 3.21

(2) Mills with effluent levels better than BPT with biological tr~atment systems.
Minimum 1.32 1.97 ,1.18 1.75
Maxin:um 2.35 3.76 2.35 4.27
Average 1.81 2.88 1. 75 2.98

(3) Mills with effluent levels 'better than BPT with biological treatment as the technology basis of BPT effluent
limits.
Min1mum 1.32 1.97 1.18 1. 75
l1aximwu 2.35 3.76 2.35 4.27
Average 1. 79 2.83 1. 74 2.92

(4) Mills with effluent levels better than BCT Option 4 with biological treatment as the technology basis of BPT
effluent tfmits.
Minimum 1.43 2.40 1.41 2.19
}1aximurn 2.35 3.69 2.25 4.27
Average 1. 81 2.97 1.77 2.95
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Minimum, maximum, and average variability factors are determined for
each of four subsets of mills. These subsets are developed from a
group of mills with biological treatment systems and are as follows:

these would constitute the next. 3D-day average and so on. The
mill-specific 3D-day averages so constructed were found to adequately
fit the normal distribution on the basis of goodness-of-fit tests.
These tests were performed using the mean of the 3D-day means and. the
standard deviation of the 3D-day means to estimate the mean and
standard deviation of the hypothesized distribution. The results of
the goodness-of-fit tests are summari?~d in Table VIII-43 and are
consistent with the Central Limit Theorem. Using X30 and S30 to
denote the mean and standard deviation of the 3D-day averages,
respectively, for a particular mill, the 99th percentiles were
estimated as X30 + 2.33 S30.

On a mill-specific basis, each 3D-day average was compared to the
corresponding mill-specific 99th percentile estimate. Table VIII-44
displays the aggregate results of comparing each 3D-day average to its
corresponding 99th percentile estimate of the distribution of 3D-day
averages of pollutant values for BODS and TSS. The percentage of
3D-day averages exceeding the 99th percentile estimate is close to the
expected one percent. Table VIII-42 displays mill-specific maximum
3D-day average variability factors for BODi and TSS, obtained by
calculating the quotient of the 99th percentile estimates and average
pollutant values.

Establishment of Variability Factors to be Applied for. Proposed
Rulemaking --

Table 'VIII-42 presents the individual mills' 3D-day average and daily
maximum variability factors for BODi 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/BCT guidelines. Variability factors compiled for
each mill were averaged across mills and one daily and one 3D-day
average variability factor were determined for BODS and TSS. These
two variability factors are to be used in the establishment of 3D-day
average and daily maximum effluent limitations controlling the
discharge of conventional pollutants from those subcategories where
biological treatment forms the technology basis.
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Subset Description

Mills with biological treatment systems.

Mills with biological treatment systems and
effluent levels better than BPT limitations.
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).

Subset Number

(1)

(2)



TABLE VIII-43
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(a) Reject H at the level a if test statistic exceeds critical value for the particular sample size N.
(b) NS denot~s hypothesis test results not significant (i.e., do not reject H : data comes from a normal distribution).
(c) Data not used in maximum 30 day analysis because there was insufficient dgta to obtain 5 successive 30 day averages.
(d) Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
;'Lilliefors, H. (1967) "On the Kolmogorov-SmirnoV' Tests for Normality with Mean and Variance Unknown," Jou1:'nal of

American Statistical Association, V. 62, pp. 399-402. (198)

NS
NS

NS
NS

NS
NS

NS
NS
NS
NS

NS

(c)
NS
(c)

NS
NS

NS

(c)
(c)

NS

NS

NS

NS

NS
NS

Decision
(a)

.268

.364

.348 NS

.331 NS

.268

.275

.268

.268

.268

.284

.268

.261

.268

.364

.405

.268

.268

.275

.268

.405

.405 NS

.268

.275

.275 NS

.268 NS

.275 NS
(c)

.268 NS

.275 Sig a =.01

.268 NS

.284 NS

.311

TSS

.1507

.1696

.1425

.1300

.2080

.2353

.2069

.1659

.1982

.1755

.2009

.1771

.3722

.1355

.1745

.1332

.3043

.1968

.2141

.2981

.2237

.1833

.1498

.2069

.1616

.1258

.2087

.1014

.2364

.1305

.1536

6

5

9

6

5

7
8

13

13

13
12

13
13

13

5
13

13
11
13
14

12

13
12

13
12

13
12

13
12
13

11

Critical
# of Test Value @
Means Statistic a =.01

NS

NS

(c)

(c)
NS
(c)

NS
NS

NS

(c)
(c)

(c)

NS
NS

NS
NS
NS
NS

NS

NS
NS

NS
NS

NS
NS

NS

NS
NS
NS

NS
NS

NS

NS(b)

NS
Sig a =.01

NS

Decision
(a)

.:?84

:268

.275

.405

.284

.268

.261

.405

.405

.268

.405

.268

.348

.331

,'268
.275

.268

.275

.268
:275

.275

.275

.275

.268

.268

.268

.405

.275

.275

.284

BODS

.2086

.1280

.1428

.2293

.1244

.1113

.3259

.1425

.1633

.1859

.2033

.2382

.2314

.2296

.1179

.3233

.1297

.2783

.1961

.2433

.2063

.2364

.2236

.2053

.1254

.1520

.1979

.1805

.2548

.2256

5

5

7
8

5

13
12

13
13

5
13

13

13
12

12

13
12

5
11
13
14

13

12

12
12
13

11

12
12
11

Critical
U of Test Value @
Means Statistic a = .01

49

49
49

49
49
79

79
49

69

49

49
49

69

49

49
49

79
49
69
49

49

49
49

49

49
69
49

69
49

49

69
49

69
69
69

49

Stream
Number

RESULTS OF GOODNESS-OF-FIT TESTS* FOR SUCCESSIVE 30-DAY AVERAGES

Mill Number

Semi-Chemical
020017
020002

Unbleached Kraft and Semi-Chemical
015002
015007

Dissolving Sulfite Pulp - Nitration
046006
046004

Papergrade Sulfite (d)
040019
040011
040013
040017

Groundwood - Fine Papers
052007
052004

Integrated Miscellaneous
080054

Deink (Fine Papers)
140007

Deink (Tissue Papers)
140014 \
140015

Tissue from Wastepaper
100005

Paperboard from Wastepaper
110032
110031
110052

Nonintegrated - Fine Papers
080046

Nonintegrated - Tissue Papers
090005

Nonintegrated-Paperboard
085001
110021

Nonintegrated Miscellaneous
105068

Dissolving Kraft
032001

Market Bleached Kraft
030005

BCT Bleached Kraft
030004
030047
030032

Fine Bleached Kraft
030027
030046
030020

Unbleached Kraft (Linerboard)
010019

Unbleached Kraft (Bag)
010055
010003

Subcategory
Name



*Actual number of data points given in parentheses

TABLE VIII-44

Totals

100.0%
(353)*

100.0%
(397)*

2.0%
(7)*

1.5%
(6)*

Percentage of Points
>99th Percentile
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DISTRIBUTION OF MAXIMUM 30-DAY AVERAGES
ABOUT THE ESTIMATE OF THE 99th PERCENTILE

(Alternate Method)

98.0%
(346)*

98.5%
(391)*

Percentage of Points
~99th Percentile

BODS

TSS
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30-Day Average Variability Factor
(From Phase II BPT Gu ide1 i nes )

BOD5 = 1. 78
TSS- = 1. 82

Mills with biological treatment systems and
effluent levels better than BPT. Biological
treatment is the technology on which BPT
effluent limitations are based for these
mills.

M~lls with biological treatment systems and
effluent levels petter than BCT Option 4
("best performing mills") long-term average
effluent loads.. Biological treatment is the
technology on which BPT effluent limitations
are based for these mills.

( 4 )

( 3 )

Daily Maximum Variability Factors
(From Mills with Biological Treatment)

BOD5 = 3.0
TSS- = 3.0

The average daily maximum variability factors for BOD5 and TSS for
each of the four subsets of mills with biological treatment systems
are given in Table VIII-42. These variability factors are
substantially lower than the variability factors used in developing
the BPT Phase II daily maximum effluent limitations. Because these
variability factors are based on recent operating data, the decision
has been made to apply them in the determi~ation of effluent
limitations for those technology options where biological treatment is
the technology basis. The daily maximum variability factors for the
four subsets are not substantially different; hence, daily maximum
variability factors for those options where biological treatment is
the technology basis are as follows:

Maximum daily and maximum 30-day average variability factors for these
four subsets are shown in Table VIII-42. The 30-day average
variability factors determined for each of the four subsets of mills
show little or no real differences when compared with those
variability factors used in the development of .the BPT Phase II
effluent limitations guidelines. Based on these results, where
biological treatment is the basis of BPT and NSPS technology options,
a determination has been made to base the 30-day average effluent
limitations for BODi and TSS on the 3D-day average variability factors
developed for BPT Phase II effluent limitations. Hence, for BOD5 and
TSS, the 3D-day average variability factors to be applied for those
technology options where biological treatment is the technology basis
are as follows:



Chemically assisted clarification is the basis for some BCT technology
options. At present, mill 060001 is the only mill for which long-term
wastewater data are available. Therefore, the variability factors
determined for mill 060001 have been applied as the factors for
calculating effluent limitations for those technology options based on
chemically assisted clarification. The BOD5 and TSS maximum 30-day
average and daily maximum variability factors for mill 06001 are shown
in Table VIII-42.

Sufficient wastewater data were not available from mills where primary
treatment is employed. Hence, variability factors for subcategories
with such treatment could not be appropriately determined. Therefore,
variability factors to be applied in establishment of effluent
limitations for those technology options considered in those
nonintegrated subcategories where primary treatment is the technology
basis are transferred from the Phase II BPT limitations. The transfer
will be from those subcategories where primary treatment is the
technology on which BPT effluent limitations are based.

Table VIII-45 summarizes the variability factors to be used for
calculating BeT effluent limitations guidelines, ~or the conventional
pollutants BODi and TSS, for various technology options.
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TABLE VIII-45

The above variability factors apply for the following subcategories:
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3.60
3.00

1. 76
1.82

Groundwood-Thermo-Mechanical
Groundwood-CMN ~apers

Groundwood-FinePapers
Deink
Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing Felt
Nonintegrated-Fine Papers

3.25
3.00

1. 79
1. 78

SUMMARY OF VARIABILITY FACTORS

Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

1&4
2&3

BODS TSS
BCT Maximum 30-Day Maximum Maximum 30-Day Maximum

Option Average Day Average Day

1&4 1. 78 3.00 h82 3.00
2&3 2.05 2.83 1.41 2.39

The above variability factors apply for the"following sUbcategories~

Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Unbleached Kraft
Semi-Chemicat
Unbleached Kraft and" Semi-Chemical
Dissolving Sulfite Pulp
Papergrade Sulfite





SECTION IX

COST, ENERGY, AND NON-WATER QUALITY ASPECTS

Previous sections have described the respective BPT, BCT, BAT, PSES~

PSNS, and NSPS control options that have been considered as the basis
for proposed rules. This section summarizes the cost, energy, and
other non-water quality impacts of the various control and treatment
options as required by section 301(b) of the Clean Water Act. 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 est~mates of the cost of implementation of
the control and treatment technology options have been developed. 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. Control
and treatment costs that are representative of each subcategory of the
pulp, paper, and paperboard industry have been developed based on
engineering estimates and are presented below. Where possible, the
costs estimates have been 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 some instances.

Costs have been developed for model mills. In order to assess the
overall impact of the various treatment and control options on the
pulp, paper, and paperboard industry, costs have been developed for 25
distinct subcategories and sub-groups of the various subcategories.
Costs have been developed for BPT, BCT, 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
are estimated in order to determine the economic impact of each
technology option and to enable the comparison of the cost of removal
of conventional pollutants with the cost of removal of conventional
pollutants at POTWs. In order to develop costs, model mills have been
developed that are representative of mills in each of the
subcategories of the pulp, paper, and paperboard industry.

Based on the review of data obtained through the data request
program, model mills have been developed for 25 distinct subcategories
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The chronological age of a mill, however, is not always a good measure
of the relative ease with which production process controls may be

the
mill
mill
each

Age. Mill age can have an impact on the cost of implementing various
production process controls. This factor has been considered in the
development of model mill costs by accounting for the relative
difficulty of installing and replacing process equipment and effluent
sewers.

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 has been evaluated over a representative
range of mill sizes for each subcategory.

Climate can also affect the construction details of the various
components. Open pit pumps, above ground piping, and exposed process
equipment are characteristics 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.

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 6f design in areas of moderate
climate and represent the median values anticipated to be incurred.

Location. Differences· exist in construction practice, labor rates,
and energy costs due to geographic location. Model mill costs have
been based on national averages. Regional cost factors are presented
in Table IX-2 for the purpose of adjusting model mill costs to be
representative of specific geographic areas.(200)(201)(202)(203)

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 certain
mills different combinations of production processes are now being
employed.

and subgroups of the industry. In order to properly reflect
effect of mill size on costs, as many as three different model
sizes have been selected for the respective subcategories. Model
sizes have been based on the actual variation of size within
subcategory and are presented by subcategory in Table IX-l.



TABLE IX-1

MODEL MILL SIZES BY
SUBCATEGORY AND DISCHARGE TYPE

Indirect Dischargers (kkg/d)
Existing New

454

680

454

907
680

907

454

454

454
454

680

454

454

454

91
454

1,361

163
363
726

23
45

163
NA

907
318
544

1,451
272
726

1,179
181
726

1,089

408
907

1,361
408

.907
1,361

181
386
5.44
635

1,361
2,359

408
544

91
408
907
272

45
544
907
68

454
680

Direct Dischargers (kkg/d)
Existing New

NA

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
45

544
907
68

454
680

455

NA
NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA

NA
45

544
907

NA

Integrated Segment

Subcategory

Bag

BCT Bleached Kraft

Alkaline-Fine1

Dissolving Kraft
Market Bleached Kraft

Unbleached Kraft
Linerboard

Semi-Chemical

Unbleached Kraft & Semi
Chemical

Newsprint

Tissue Papers

Groundwood-Thermo-Mechanical
Groundwood-CMN Papers

Groundwood-Fine Papers

Dissolving Sulfite Pulp

2Papergrade Sulfite

Secondary Fibers Segment

Deink
Fine Papers



TABLE IX-1 (Continued)

Indirect Dischargers (kkg/d) Direct Dischargers (kkg/d)
Subcategory Existing New Existing New

Tissue from Wastepaper NA 9 9 9
36 36

Paperboard from Wastepaper 45 45' 45 91
145 145 145 454
635 635 635

Wastepaper-Molded Products NA NA 18 45
45

136
Builders' Paper and

Roofing Felt NA NA 91 68
204 136

Nonintegrated Segment

Nonintegrated-Fine Papers NA NA 32 227
195
907

Nonintegrated-Tissue Papers NA NA 32 45
163 227
907

Nonintegrated-Lightweight
Papers NA NA 9 45

54
181

Nonintegrated-Filter and NA NA 5 23
Nonwoven Papers 18

41
Nonintegrated-Paperboard NA NA 9 45

36
68

lIncludes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash)
Subcategories.
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TABLE IX-2

REGIONAL COST ADJUSTMENT FACTORS

Region/State Capital Cost (203) o &M Cost (201)(202) Energy Cost (200)

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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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.

Material and Energy Savings. The production process controls
considered can result in more efficient mill operation and substantial
savings of material and energy. Material and energy savings have been
taken into account where appropriate and net costs of operation,
maintenance and energy have been presented. Table IX-3 compares
operating and maintenance and energy costs to savings realized from
the implementation of various production process controls in each
subcategory.

other Savings. The savings in materials and energy that may result
from implementation of production process controls are supplemented by
other possible savings that could not be accounted for in Table IX-3.
Such additional savings 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 Requirements. The model mill costs presented are based on
the assumption that production process and· effluent treatment controls
that form the basis of BPT effluent limitations have been installed
and that 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. (40)

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 has been"
included. For those facilities where gravity flow is possible, costs
have been considerably overstated.

Analysis of information obtained during the data request program
indicates that for two-thirds of the operating facilities, land
availability was not a problem. For that reason and because of the
extensive variability of land acquisition costs, the cost of land
acquisition has not been included in cost estimates.
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TABLE IX-3

GROSS O&M AND ENERGY COSTS AND SAVINGS FOR
PRODUCTION PROCESS CONTROLS

FOR MEDIUM-SIZED DIRECT DISCHARGERS ($l,OOO/yr)

Mill Size Gross a & M* Gross Energy
Subcategory (kkg/d) Cost Savings Cost Savings

Integrated Segment

Dissolving Kraft 907 230.7 524.3 691.0 80.6
Market Bleached Kraft 544 91.5 191.3 307.5 9.2
BCT Bleached ~raft 726 124.9 296.6 438.4 7.1
Alkaline-Fine 726 146.4 282.1 362.6 41.2
Unbleached Kraft

Linerboard and Bag 907 61.5 310.0 134.7 7.2
Semi-Chemical 386 52.9 39.8 70.4 20.6
Unbleached Kraft &

Semi-Chemical 1,361 106.3 273.6 200.9 9.4
Dissolving Sulfite

2
Pulp 544 859.6 541.2 1,222.7 138.0

Papergrade Sulfite 408 161.3 433.6 206.2 107.5
Groundwood-Thermo-Mechanical 272 13.4 47.3 10.7 2.2
Groundwood-CMN Papers 544 37.0 128.5 22.0 45.1
Groundwood-Fine Papers 454 108.7 209.2 37.8 63.4

Secondary Fibers Segment

Deink
Fine Papers 363 85.6 125.3 54.6 38.7
Tissue Papers 45 32.5 32.8 7.4 5.4

Tissue from Wastepaper 36 38.6 4.9 9.4 11.0
Paperboard from Wastepaper 145 4.6 0.0 2.0 0.0
Wastepaper-Molded Products 45 19.3 0.0 11.2 8.4
Builders' Paper and

Roofing Felt 91 42.6 18.6 13.8 5.7

Nonintegrated Segment

Nonintegrated-Fine Papers 195 27 .5 33.0 38.2 76.2
Nonintegrated-Tissue Papers 163 16.8 50.0 8.1 12.6
Nonintegrated-Lightweight

Papers 54 19.0 2.0 20.1 24.8
Nonintegrated-Filter and

Nonwoven Papers 18 14.6 2.9 5.5 9.0
Nonintegrated-Paperboard 36 10.7 5.1 4.4 3.0

1
Fine Bleached Kraft and Soda Subcategories.Includes

2
Sulfite (Blow ·PitWash)-andPapergrade Sulfite (Drum'-Wash) ..Includes Papergrade

Subcategories.

*Exclusive of energy costs.
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Raw Wastewater Characteristics. Flow, BOD5, 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 that
specific engineering studies be conducted at each mill in the
industry. It is likely that the approach to achieving effluent
limitations chosen by management at individual mills will vary from
that considered in establishing the specific limitations. Management
will choose the technology that is most cost effective for that
facility.

Cost Estimating Criteria for Control and Treatment Technologies

In order to develop cost estimates for the various control and
treatment options under consideration, criteria have been developed
relating to capital, operation and maintenance, and energy costs.
These criteria - are presented in Table IX-
4.(200}(201}(202}(204)(205)(206)(207) 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.(205}

Equipment costs are 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 are based on a
percentage of capital and vary from 15 to 25 percent depending on the
technology.

A total labor rate of $23.00 per hour has been 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.(208) Construction and
installation cost estimates for effluent treatment have been
determiped 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
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TABLE IX-4

461

Monthly Energy Review, U.S. Department of Energy, March 1979. (207)

ENR = i,683

$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

COST ESTIMATING CRITERIA*

alum
polymer
85% phosphoric acid
anhydrous ammonia
50% sodium hydroxide
100% sulfuric acid

Electrical
Fuel

Chemicals:

Engineering News Record, March 23, 1978. (205)

Chemical Marketing Reporter, November 6, 1978. (206)

Energy User News, August 7, 1978. (200)

Employment and Earnings, U.S. Bureau of the Census, April 1978. (201)

Employee Benefits l2lL, Chamber of Commerce of the U.S.A., April 1978. (202)

Municipal Sludge Landfills, EPA-625/1-78-010, U.S. Environmental Protection
Agency, Process Design Manual, 1978. (204)

2. Annual fixed (amortized) costs are 22% of capital expenditures

1. Capital costs are as of first quarter 1978:

3. Energy:

4. Operation/Maintenance:
Labor: General

Solids disposal

*Sources of Cost Data:



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 as compared to a structure (such
as a building). which has 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 shows an average depreciation rate in
the industry of 16.5 years. (209)

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. (209)

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, an average fixed charge of
22 percent of the capital expenditures has been used. This figure
includes all of the above items. It is realized that these charges
may vary and are dependent upon several items, such as the
complexities of the system installed, financing availability,
insurance coverage, property tax credits, spare parts inventory, and
maintenance materials.

Energy Costs. An average national electric power cost for large
industrial users (200,000 kwh monthly, 1,000 kw demand) was estimated
at $0.0366/kwh. This figure is derived from average cost information
by state and is based on .electric rates from approximately 200 public
and private utilities.(200) Information concerning actual revenues
from approximately 200 public and private utilities indicates a cost
of $0.0281/kwh. (200) Energy costs are estimated at $0.0325/kwh, an
average of the two figures.

Fuel for steam generation has b~en estimated at $12 per barrel. (207)

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.(201) Average total benefits for the pulp, paper,
lumber, and furniture industry for the year 1977 are reported as 34
percent of wages. (202) Although no industry-wide data concerning
supervisory costs are available, the proposed control and treatment
technologies under consideration are anticipated to require only
minimal additional supervisory labor.
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COSTS FOR IMPLEMENTATION OF BPT

COSTS FOR IMPLEMENTATION OF BCT OPTIONS

and benefits cost of 45 percent of the labor rate has
This results in a,total labor rate of $lO.35/hr.. ---:- ~ '" _.. - ~

For the nonintegrated-lightweight papers, nonintegrated-filter and
nonwoven papers, and nonintegrated-paperboard subcategories, BPT has
been identified as primary treatment. At the direct discharging mills.
in these three nonintegrated subcategories, end-of-pipe treatment
consists of primary treatment (or its equivalent) or more advanced
treatment technology (i.e., biological treatment). Therefore, it is
anticipated that the incremental cost of attainment of BPT in these
subcategories is zero~

BPT has been 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. The incremental costs for attainment of BPT
effluent limitations are 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 have been determined for each of
the major unit processes are presented in Table IX~5. The total
capital and total annual costs for compliance with BPT 'are presented
for the wastepaper-molded products subcategory in Table IX-6.

Four control and treatment options have been considered for the
control of conventional pollutants from direct discharging mills.
Cost estimates have been prepared for each control and treatment

A supervisory
been assumed.

Chemicals. Many of the technologies under evaluation include the use
of chemicals. .These chemicals include alum, polymer, phosphoric acid,
sulfuric acid, anhydrous ammonia, and sodium hydroxide. Chemical
costs are based on quotes from chemical suppliers and chemical
marketing reports.

Four new subcategories of the pulp, paper, and paperboard industry
(wastepaper-molded products, nonintegrated-l,ightweight papers,
nonintegrated-filter and nonwov~n papers, and nonintegrated
paperboard) have been identified~ In order to develop BCT limitations
for the four new subcategories, a base level BPT determination is
necessary because the "cost-reasonableness test" rests on the
incremental cost of removal of BOD5 and TSS from BPT to BCT. In
Section VIII, BPT has been- identified for these four new
subcategories. In this section, estimates of the incremental cost to
achieve BPT effluent limitations are presented.



TABLE IX-s

DESIGN CRITERIA FOR BPT ACTIVATED SLUDGE
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

Secondary Clarification
Overflow rate: 20 cu m/d/sq m
Sidewater d~pth: 4 m

Activated Sludge Basin
Number of basins: 2
Loading rate: (use larger valve)

0.8 kg BOD5 applied/cu mId
8 hr hydraulic retention time

Nutrient feed: BODS removed:N:P s 100:5:1
Aeration design requirements:

1.5 organic peaking factor
1 kg 02/kg BOD~ ·removed
19 kg 0 /aerator hp/d

Length/width2ratio: 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 loadin~ 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: 10 mi
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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TABLE IX-6

COST OF IMPLEMENTATION OF BPT TECHNOLOGY
WASTEPAPER-MOLDED PRODUCTS SUBCATEGORY

Operation & Total
Mill Size Capital Maintenance Energy Annual Cost

(kkg/d) ($1,000) ($1,000/yr) ($1,000/yr) ($1,000/yr)

18 891 81 11 288
45 1,542 113 19 471

136 3,015 176 41 879
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1. wastewater pumping,

Option 1

The respective control items on which the costs for implementation of
BCT Option 1 have been developed are presented in Tables VIII-l to
VIII-3. Table IX-12 presents a summary of the costs of installation
and operation of BCT Option 1 production process controls at a 730
kkg/day (BOO ton/day) alkaline-fine mill.

contact

does not
process.

(solidsclarification

466

effluent treatment site
the entire treatment

chemically assisted
clarifier),

3.

2. sulfuric acid feed system,

Normally, the topograp~y of the
permit gravity flow through

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,

B. chemical sludge transportation to landfill, and

9. chemical sludge landfill.

Option .£

BCT Option 2 is BPT technology plus the addition of chemically
assisted clarification for all integrated and secondary fiber
subcategories and for the nonintegrated-fine papers subcategory (those
subcategories where BPT is based on biological treatment). In the
remaining nonintegrated subcategories, where the basis for BPT is
primary treatment, Option 2 is BPT technology plus the addition of
biological treatment.

The costs for the chemically assisted clarification system are based
on the following items:

option for each of the model mills in the respective subcategories.
Table IX-7 presents capital, operating and maintenance, energy, and
total annual costs of implementation for model mills for Options 1, 2
and 3. Table IX-B presents these costs for BCT Option 4. The total
capital and annual costs for compliance with BCT options are presented
by subcategory in Tables IX-9, IX-10, and IX-ll for the integrated,
secondary fibers, and nonintegrated segments of the industry. Details
of each of the respective control and treatment options are discussed
below. .



TABLE Ilt-7
TREATMENT COST S\J"1MARV - OlllfCT 01 SCliARG£ MILLS I AI
SU~CATEGORY ----- DISSOLVING KRAFT

----------------------------------------_.------------------------------_._------
E K 1ST. L E Vf.L PROPOSEO OP" ON

---- ----- --- -------_._- -------------- ---- --------- ------- ------
MILL SllE IIOIEI ElPT 161 2 3

-~----------------------------------------------------------------------------------------------------------------------
CAl'I TAL COST
I $1000 I

TOTAL ANNUAL CO~T

I UOOO/YRI 101

1000

1000

5259

1161

l.'U.!!~ICI

13039
l1Q!!li1CI
117.16

_1!i1.L
903R

------~-----------------------------------------------------------------------------------------------------------------
I A I ALL COSTS AHE IN 1ST OtJAIHE~ 1978 OIJLU\IlS.
lUI ALL MILLS ARE AS!,lJMl::O TO 14EET UPT LIMOS. THEREFORE Nll CC':ifS AI>E 5H:HIN FOIl tiPT AND COST "T PROPOSED CPT ION IS INCIIFMFNI

OF COST REOUIRED TO ATTAIN PROPOSED PE~FOHMANCF.

Ic I VALue AlmVE LINE 15 COST HASloO uN CAC nUSAGE OF ALUl4 AT 150 MG/L
VALUE OE:.LOllf I!> FOil DO~AGF. AT :100 MG/L.

luI 0 & M ANO fNERGY COSTS AlII: NE' AFTEH UFLllJCYl ON OF COST SAviNGS.
TOTAL ANNUAL COST I NCLlJlJES: ll&\Il • ENEHGY • F IKEO M,NUIIL costS.

I f I PAUL T IPL Y rIo !lY .901 TO OOTA IN KKG/D



TABLE 1X-7 (continued)

TRf:AHIEta COST SUMMARY - DIRECT DISCtlARGE MILLS CAl
~UnC"TEGOIlY ----- MAllKeT ULEACBED KRAFT

---------------------------------------------------------------------------------
eXIST. LEVEL PROPOSED OF'TI ON

--------------------------------------------------------------
MILL sIze TI'DCEt Of.>T cut 2 1

------------------------------------------------------------------------------------------------------------------------
CAPI TAL cos T
1'1000 I

o & '" CO~T

C'IOOOl'YRI ID I

ENERGY CO:iT

I $IOOOl'YRI 101

TOTAL ANNUAL COST
1$IOOOI'YRI 101

350 1646 _~37Icct _~!!~~ICI
5152 1010

bOO 2086 _Ill!. _.!121!.
1886 9446

1600 "262 UU§ H~2!l
14129 17410

350 66 __2.H _~.H

1388 1327

600 0 _1~~ _UH
215ft 195J

1600 0 _JZ21 _Z21!.
5017 45·50

350 174 ___12 __Hl
75 217

600 2'16 __.L1Hl __J:i!
116 356

IbOO 795 __Z~J __f!21
215 911

350 602 _ZZ!l _Zfi~l

2116 3130

bOO 151 _JlJ~ _JIQ!
4"01:13 4451

IbOO 1132 _.fi:i!:J _lfiH
A"" 3 94',1

------------------------------------------------------------------------------------------------------------------------
IAI I'LL CU~,T~ AilE IN l'ir CjIIAIlTf:R 1'118 I)OLLAR~. .

11:11 ALL MILLS AIlF. ASSl.l~l:.1l TU "'FET fJPT LIMITS. lIlEIlEFORE NU COSTS A~E SIK.IWN FOR IlPT A"'U COST AT !'RUf>OSEll oprlON 15 INCREMF.N'

OF COST IIEOUIREO Til ATTAIN PflllPOSEO PEI'lFORMAlICf..
Ie I VALUE AUlJVE LINC IS CUST tlA!,EO .IIN CAC llUSAGI: OF ALUM AT' 150 MGI'L

VALUE RELOW 15 ~OR DOSAGE AT JOO MGI'L.
Illl 0 I; M AND f.NfflGY COSTS Ai'll: NET AfTElI orOUCTION Of COST SI\VINGS.

'UTAL ANNUAL COST ItKLUUES: II/;'M • ENff./GY • f IXEU AtINUAL COSTS.
lEI MULTIPLY '1'0 UY .<Jor Tn OIlTAIN KKGI'U



TABLE lX-7 (continued)

fAEATMENT COST SUMMAAY - OIREC' DISCIIAAGE MILLS lA'
:>IJOCA,eGOAY ----- BC' BU.ACUED KRAFT

-----------------------------~---------------------------------------------------
EKIS'. LEVEL PRUPOSED OPTION

--------------------------------------------------------------
MILL SIZE "01 F. , OPT 1111 2 3

JOO I1J1 _~I$lllIC' _t!~~!llC I
5054 6514

600 JI41 _O~U 11162
89'16 III)J6

1300 4255 llJ!1l H.~!l2

12018 15582

300 65 __Dil! __tiU
H2O II 05

800 0 _1(&211 _15111
2H2 2275

1300 0 _251f& _2J2!
J157 .14 ]8

.JOO 162
___l:i!i __lli

60 218

800 411 __U5. __.:i!!fl

13" 554

1300 101 _HI1 __~1:i

205 88F.1

lOO 610 _12!11 _.i!U1
2,1.15 2791

800 1122 _11:il _!liJ2
461<) 547A

1300 II).J1 _5.Jil!I. _!l5.f12
674.1 7fl'15

TUTAL ANNUAL Co~,

I '51000'YRI 10'

ENERGY COS,
I .. IOOO'YRI 101

o t M CUs,
I '"UOU.I'YIH 10 I

CAPI TAL COS,
1$10001

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

------------------------------------------------------------------------------------------------------------------------
IAI ALL CO~T~ ARE IN U:"T OIlAR'F.R l'n8 DOLLAR!>.
lUI ALL MILLS AnE ASSUMED '0 Mr.F.T OPT LIMI'S. 'HEREf'UI~F. tIll COSTS ARlO SIil.1WN Fon BP' I\NU COS, AT PROPtlSfO OI-'TlON IS INCRF.~1F.Nl

OF COST IlEOUI"EO 'U ATTAIN p"upas~o PERfORMANCE.

ICI VALUE ABnv~ LIN~ IS CUST nA~E() ON CAC OUhAGL OF ALlrn Af ISO MG.I'L
VALUE ~ELO\ll IS FIIIl Oll&/I(,E ~T JOO "1(;"••

101 ~ & ,. AMJ ENl:f.:C;V CUST:> AnE NET AFT£:R Or.UIILTION OF cm" ;iAVINC;S.
TOTAL A~NUAL COST INCLUUES: U&M • f'NE"IHiY • f'11I£:0 ANNUAL COS's.

lE:I /oIULrlflLY T,U flY .'J07 '0 O"'AIN KK<./I>



TABLE IX-7 (conl:!nued)

TREAHH,NT COST SU"''''ARV - OIReCT OISCUAUCE ""LLS IAI
~UtJCATECUIlY ---- ALKAL INl"-F I Nf. (P)

---------------------------------------------------------------------------------
EX 1ST. LEVEL PRUPUSED OPT( ON

-----------------------------------------------------~--------MILL SIZE f/DIl'1 OPT HI) 2 3
------------------------------------------------------------------------------------------------------------------------
CAPI TAL CUST
I "5100U)

o & M CIIS T

( 'IUUO/YRI 101

ENERGY COST

11> 1000/YRI 101

TOTAL ANNUAL COST
I" IOOO/YRI (0)

200 2525 _.lHfiICI _~!!§.!lICI

3676 56 ]7

80U 5742 _1!~fl HUZ
8199 I.U 26

1200 9573 _2!3flZ llH/.2
10423 17941

200 52 _~jHl __~lj
771 730

600 0 _l~li! _LJI:i
2250 1934

1200 0 _ZllQ _J.f!tl!l
3175 2707

200 81 __,12 __11~
41 117

800 321 __u!. __H.2
122 425

1200 467 __H1.L __f!Z~

173 635

200 689 _Hgl _.L2~.2

1650 21511

800 1584 _..l~:ifi _!.litl:2
4266 5330

1200 2374 _~~~Hl _9Hl
5767 7403

------------------------------------------------------------------------------------------------------------------------
IAI ALL CU~T~ ARE IN I!>T QUARTER 1918 OClLL"'A~.

IH) ALL MILLS ARE ASSUMED TO MEET IiPT LI~IT5. THFllEFOFlF. NU COSTS AUE !>HllWN FOIl BPT AND COST AT PROPOSED OPTION IS INCI~r:"ItNI

OF COST REOUIFlED TO ATTAIN PFltlPUSEO PEQI'OFlMANCE.
Ici ~ALUE AUOVE LINE I~ COST UA~EO ON CAe OU~AGE OF ALUM AI 150 "IG/L

VALUE OELU_ IS FOM DOSAGE AT JOO ~G/L.

101 a & M AND FNEPGY COSTS ARE NET AFTEP OEOUCTION OF COST SAVINGS.
TOTAL ANNUAL ('U~T INCLUDES: 0&'" • lNEMGY • FIXED ANNUAL COSTS.

IE) I'UL r IPLY T/O BY .907 TO OUT A IN KKG/O

(F) INCLUDES FINE BLBAClIED KRAFT AND SODA SUBCATEGORIES



TABLE IX-:-1 (continu~.d)

'TREATMENT COST SUMMAf~Y- ,1>1 REeT OISCtfARGE MILLS I AI
3UUCATEGURY ----- UNULE ACtlEO KRAF T LI NE flflOARO

MILL SIZE T.lOIE I

EKIST. LEVEL

liPT lui

PRO~)[)SEO OPTI ON

2 3

------------------------------------------------------------------------------------------------------------------------
CAPI TAL COS T

1.1000 I

U & M CUST
I5IUOO,fYIO 101

ENERGY COST
1~IOOO.fYRI 101

TUTAL ANNUAL CUST
H 1000l'YRI 101

450 81b _.U.1fJICI _J~H!!IC I
34tH 3~Ot~

1000 1528 _:iU.a _~!!.Q2

'5511 6267

1500 1945 _!I~jjJ.L _lbl.l.l
6984 1944

450 29 _-5Z:i __!!.!U
704 (,18

1000 Q __~l!J __1~1
1272 1041

1500 0 _.lZzz. _.lJlH
1758 1422

450 57 __-J!'l ___!H
38 /}8

1000 12R --!!!!. __HlQ
66 163

1500 1.91
___.l.l2 __i!!;Jl

95 261i

450 266 _l1~Ht _1111
1533 1567

1000 464 _ZlH _U2!!.
2600 2644

1500 619 _Z.6!!!l _Z292
1455 3494

------------------------------------------------------------------------------------------------------------------------
IAI ALL CO:>TS ARE IN 1ST QIIAR'F.R I'"HA DOLL/IR':>.
101 ALL MILLS ARE ASSL"'EO TO "'E'ET APT LIMITS. THERF.FORE Nil CUSTS AI~E SHUwN Frm IlPT liND .cnST AT I'ROPOSEO OPTION I'> INCRE ..FNT

OF COST REll\IIRE'O Til ATTAIN PROPOS"" PF,RfOlH·IANCf.

Ie I VALUE AUOVE LINE IS CliST IlA:-.EO ON CAC [lI)SAGE OF .AUJI4 AI, 150 MG,fL
VALUE A~LU~ IS FO~ OOgAGE liT ]00 ~G,fL.

l£it d r. '" ANll ENERGY COSTS ARI' NET AFTER DrOllCTlCN OF CUST ,>AVINC.S.
TlliAL ANNUAL ClIST INCLlIOES: Of.t.1 • £NFR(;Y • F IIlE!> ANNUAl. CUSTS.

lEi I fo/UL IIPl.Y rl'U flY .907 TO OIlTAIN KKG'O



TABLE IX-7 (continued)

rREATIolENT COST SUfolJ.lARV - OJ RECr 01 SCllAltG·l£ MILt.S (AI
~UfJCArf:GURY ----- UNULEACHED KRAFr DAG

---------------------------------------------------------------------------------EXI'iI. LEV£:L PROPOSEO OPTION

]2
--------------------------------------------------------------f1PT !tilHILL SIZE T/OIEI

CAPI rAl COST
I SIUOOI

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

o & M Cli S T
1"S1UUD/YRI 101

ErlERGY COST
I '$Iuoo/yni I () I

TOTAL ANNUAL .COST
1$ 1000/YRI 101

IAI All cosr.. ARE IN Isr aUARTF.R 1978 OOLLAH~.

IHI ALL MILLS AFIF AS5UlotE:O TO MF.ET HPT L"~JlS. TtlF.REFOFlE NO COSTS MIE ",'10WN FOIl HPT liND C05T AT PPOPl/SE"O OPTION IS INCRF.MFI-n

OF COST PEQUIRED TO ATTAIN I~OPOSF.O PERFO~MANCF..
I C I VALUE AUOVE LINE: IS cnST fJA~ED ON CAC n05AGE UF ALIIM AT 150 "'G/L

VALUE OtlUw IS FnH 005A~E ~T JOO ~G/l.

1010& M AND ENFHGY COSTS ARt: NET AFTER lJfDUCTION OF CO~;l !>AVING5.
TUTAL ANNUAL COST IN<:LlJOE~~ Ill;'" • ENFH(;.Y • FIXElJ ANNUAL cusrs.

11::1 ,",ULIIPLY TID IIY .'JU7 TO OIITAIN KKG/O

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



TABLE IX-7 (continued)

TREATMENT COST SU"'14ARY -'OIRECT OISCliARGE. MILLS IAI
!>UlICATLGOl;ly ----- nF.MI-{HOllCAL

---------------------------------------------------------------------------------
EIlIST. LEVEL PROPIJSEO r1PTION

--------------------------------------------------------------
MILL SIlE TIOIEI, UPT lUI 2 3

200 951 _l!ll!~ICI _H~U.IC I

1'127 2591

425 1294 _H~L _,l~!lf!.

2943 3756

600 2801 _,U!!~ _~fl.ll

3581 5B04

200 20 __llHl __l§!i

355 323

425 13
__g"a __H:i

S14 4111

600 59 __liJi __~!ll

729 bloB

200 23 ___!ft ___ .Il!
19 1B

425 50 ___Z2 ___fl2

31 70

600 70 ___.J1. ___2J
39 95

200 253
__I!l1 __!.l.:ii

ROB 9/,0

425 348 _LUI§. _1 i.'.!i2
1270 1395

600 74, _U.zZ _1!!!!.!i
IS81 2040

TOTAL ANNUAL COST
1'!olOOO/VRI 101

C:NERGV COSI
Is IOOO/VR) 10 I

o tM CUSI
I .. IUOO/VR'IOI

---~.--------------------------------------------------------------------------------------------------------------------
CAPI:TAL COST
1'10;00 ,

i

------------------------------------------------------------------------------------------------------------------------
IAI IlLL CUSh AilE IN 1ST aUAPTeH ICl7B OllLLAIl~.

lui ALL MILLS AilE ASSU"r:.O TO MFf:T flPT LI'4lTS. TltEIlEFORE ~JO COSTS ARE 5Ii!J.,r~ FOil UPT AND COS! AT PROPOSEO OPTION I" INCHFMFNT
OF COST REOUIRED TO ATTAIN PROPUSED PE~FORMANCE.

I C) VALUE AUOV[ LINE. I S CO .. T IlA!"oEO (IN CAe. DCJSAGE OF ALUr-4 AT 150 MGI L
VALUe BELO_ IS FO~ DOSAGE AT 300 ~G'L.

101 0 & M ANI) F N[IlGY COS TS ARE ~1F.T AFTEIl OF OUC T ION OF COS T '5 All INGS.
TUTAL ANNUAL COST INC.LUOES: 0&'14 • ENEHGV • FIXED ANNUAl., COSTS.

I~I ~ULrIPLY TIU "Y .'101 10 O~TAIN KKG/O



TAIlLE IX-7 (continued)
TIlEAT"'!:.,.,T CnST SUMMARY - DlnECT OISCtlARGE MILLS 11101
~UBCATECiO'~Y ----- U'NflLEACfiI!O KRAFT & serU-CHEI4ICAL

---------------------------------------------------------------------------------
EXIST. LEVEL PRlIPUSEO nPH ON

32
--------------------------------------------------------------

ElPT eu I

700 1954 -!.1J2IC' _~2!.l1lICI

46JO 614'J

1500 -- 2651 _CllI~ _11Z12
7220 'H62

2600 lon _.21Z.l .u~i!2
9985 120S'l

700 78 __un __l!ti!
1035 9118

1500 0 _U.Q~ _1H!
1897 1638

2600 0 _Zgzg _lL55
JOl9 2582

700 92 ___5l. __.lJ!I
56 141

1500 192 ___25 __Zl:i
102 280

2600 342 __151 __H1
163 4 ~l

lOll 600 _lILJ _ZZIU
2147 2514

1500 11f> _Z2J2 _JJ2l
3651 JQ97

2600 1017 _!JJ.1 _!Hl.lJ
548') 5/112

MIl.L SIZE T.I'Ole.

CAPJ TAL CUS T
• ~ 10001

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

o C PI COST

• ~ IUOO.l'YRt 101

ENERGY C.OS1

.... IOOO.I'YRI '0'

TOTAL ANNUAL COST
.... IOOO.l'VRIIOI

'At ALL CU~TS ARE IN 1ST QUARTER 1918 DOLLAHS •

• 01 ALL MILLS AHE ASSUMED TO "lETT BPr LPIITS. HIERE:FOUF. NO CUSTS A~E SHOWN FOU HPT ANn COSI AT PROPOSED OPTION 15 INCRFMFNT

OF COST REOUIRED TO AITAIN PR[)PUS~D PERFORMANCE •
• C I VALUE A UOVE: LINE (5 COS T UA!>ED ON CAC OO~.AGE IIF ALUM A I 150 IdG.I'L

VALUE OELOW (5 FOR OOSA~E AT 300 MG.I'L •
• UI Or.", AND E~.ERGV COS!S AlU: NET AFTER DFUUc.f10N [IF CUS! SAVINGS.

lorAL AUNUAL COST INCLUDES: IICM • £NERGY • to (XEO ANNUAL COSTS.
IE I IofUL IIPLY I/U IlV .'JOl T'l OUI AIN KKG.I'D

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



TABLB IX-) (continued)
TREATL1ENT COST SUMMARY - 01 RECT DI SCIIARI"~ MILLS IAI

aU6CATEGURY ----- OI~50LVING SULFI TE PULP
---------------------------------------------------------------------------------
ElIIST. LEVEL PROPOSED OPTION

--------------------------------------------------------------
MILL SIZET/OIEI APT lUI 2 3

-----------------~-----~------------------------------------------------------------------------------------------------

CAl'I TAL COST

I .1000 I
450

600

13188

160:n

_§~§lICI

8B35

_2.!Ul
10411

~Q2IfiICI

21479

n r. II CUSf 450 627 _.L1Q.t! _H25.

I 1 10 00/ Y1-11 CD I
2530 2q 32

bOO 310 :".Z1l2li" _ZZ21
3241 37.64

..p.
'-J
U1

ENEIl GY COSf 450 918 __lZl _.LIU~

I $IOOO/YRI CDI 131 1042

600 1085 __Uil _HJJ
1.15 12.44

TUfAL ANNUAL CU51
I $IOOO/Y~I CO I

'150

600

"'141 _J.ll2
4100

_1222
81B4

_21~2

10 J04

----------------------------------~---~---------~~--~-~~---------------~-~-~------------------~------~---~--------~--~--
IAI ALL CosT~ ARE IN 1ST Ill/ARTER 1'1'78 Dl/LLAI-IS.
1111 ALL MILLS ARE AS'iU"IEI) fO MEE:T APT LIMITS. THEllEFORE NU COSTS AilE SttrHIN FOR IIPT A~D COST AT PROPOSED OPTION IS INCI~I'MrNT

OF COST REQUIRFD TO ATTAIN PRUPOS~O PERFORMANCE.

ICI VALUE A!:JOVE LINE: IS COST fiA~EV ON CAC I)V,:>AGE OF ALUM Af 150 '~C;/L

VALUE nFLOw IS FOR OOSAGe AT JOO MG/L.

Ivl 0 r. M AND ~t~EI~GY Cllsrs ARE NrT AFTElI OroueTlON OF CW,T SAVHIC.5.
f1JTAL ANNUAL U)Sf I NCUJDES: nl.M • ENEIlGY • f Ixrl> "NNUAL Cl)~'~;.

It I MULflPLY f/O IIY .901 TO OUTAIN t<;KG/1)



TABLE lX-7 (continued)
TRE.AT"'ENT COST SU"""'A~Y - 01 ReeT 01 SeH~nC;E '" ILLS I AI
~UBCATE.GUPY ----- PAPEHCiRAOE SlJt.FI TE (l')

---------------------------------------------------------------------------------
EXIST. LEVEL PRtl l1OSEO OPTION

J2
--------------------------------------------------------------

APT lUIHILL 51 ze JlOIE I

CAPITAL COST
1$10001

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

o & M COST
I UOOOJ'YRI 101

ENI;I~GY C.OST
IUOOOIVRI 101

TOTAL ANNUAL COST
,,, IOOOJ'VRI lUI

IAI ALL COSTS AHE IN 1ST OUARTfH Iq78 DOLLAHS.

luI ALL MIi.LS AHl: ASSUMED TO IoItET OPT LU4rrs. T1f~flEFOHE NO CosTS AilE SHlfwN FOR UPT AND CUST AT PPlIPOSEO OPTION 1'3 INCllfMENT

OF ClbT REQUIR~D TO ArTAIN PROP05EO PERFOR"'ANCE.
ICI VALUE AfJlJVE" l.INE IS COST I.IIISEO ON CAe OIJSAGE lIF ALU". AT ISO ",G/L

VALU~ "ELOW IS FOR UOSAU~ AT 300 MG/L.
1010& M ANO ff>jEPGV COST;> ARE Nf:T AFTER f)"UUCTlON Of COST SAVINGS.

TOTAL ANNUAL CO~T INCLUDe .. : O&M • ENERGY • F IX~O ANNUAL COS,!>.
lEI -I'ULrtPLY 1,.0 UY .'10] Tn OUTAIN'kKG/O

(F) INCLUDES PAPERGRADE SULFITE (BLOW PIT WASH) AND PAPERGRADE SULFITE (DRUM WASH) SUBCATEGORIES

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



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

TABLE IX-7 (continued)
TREATMENT COST SUMMAl'IV - 01 RECT 01 SCHARGt:' MILLS I AI
~UtlCATE.(,nRV ----- GROllNO\llOUO-THEf.lMO-~ECHANiCAL

FIIIST. l.EVEL PRO<>USEO OPTIO"l

----------------------------------------------------------~---
32HPT I Ii IMILL SIlE T/OIE)----------_._------------------------------------------------------------------------------------------------------------

CAPI TAL CUST

I ~ 10001

300 .135 _.J!!.fIlICI
36£15

0 & II CUSI
I~IOOO/YRI 101

JOO 0 __:Uili __:2!!.l

764 124

+:>
"-.1
"-.1

ENEIlGY COST

I~IOOO/VRI 101

300 <}
___12-

--_!!.~

"I 1.7

rOTAL ANNUAL co~r

I Slooo/·vHI 101

JOO
._l!t.12

1647

------------------------------------------------------------------------------------------------------------------------
IAI ALL CUSTS AnE IN 1ST OIJART~R 1</18 OOl.LAHS.
Itll ALL ~ILLS ARE ASSUMEO Tb MEET nPT LIMITS~ THEREFORE ~U COSTS AQ~ S~UWN FOR OPT AND CUST AT PRUPOSED OPTIII~ IS INCAF~ENT

OF COST REOUIHED TO ArTAIN PROPUSEO PERFQRMANCE.

leI VALUE AUOVE LINE. IS CllS' IIASEO 0/11 CAC 005AGf. UF ALUM AT ISO r.'<:'/L
VALUE tI£LUW I~) "OR OW,A(jE AT 300 MG,'L.

101 0 & M AN0 fHERGY LOSTS AR~ NEr AFrER nrUUCTION or COST SAVINGS.
TUTAL ANNUAL COST I NCLU()f.S: or..... EH(IH;Y • F IXf.O ANNUAL cosrs.

I I: I r.oUL TlPLY I/Il I:lY .9111 Tn OUTA IN KI(C,/'O



TABLE IX-7 (co,ntinued)
TREATMENT COST SUH~ARY - OIQECT OISCHARGt: MILLS IAI
SUUCATEGUPY ----- <'ROUN'OWOOO-C/oI"I PAPF.R'.

---------------------------------------------------------------------------------
EKlsr. LEVEL prmpOSED OPTI ON

--------------------------------------------------------------
MilL SIZE TlOIt:1 RPT I U I 2 3

..~- - -------------------------------------------- ------------ --------- ------------------------ ---------- _.- --------------
CAPITAL CUSI
I \ 1000 I

U & /01 cusr

I $IUOO/YRI 101

ENEflGY CO~T

I $IOOO/VRI 101

TOTAL ANNUAL COST
I s.aOOO/VRI 101

50 571 _llllllCI _J.!!l!ll C,I
10\52 IRIi')

bOO 924 _:i~,H. _:in~l;!

5877 61El7

1000 1856 _1!di2 _!!:i:i~

7922 HQ30

50 19 __ZZ~ __ZZ.!!
273 2611

600 a -l1l..!l2 __ fBI!!'
1421 1222

1000 a _Hfl!i _la2Z
2150 Ifl27

50 0 -_-lJ ___lZ
14 I]

600 a ___lZ. ___flZ
76 6~

1000 0 __J.!lft ___2Z
116 98

50 145 __2!~ __fi.42
614 702

600 20<\ _ZJn _~l.!l~

2845 26911

lOaD 40El _Jl.Q,Q _.J.Jll
4092 3Qf>6

------------------------------------------------------------------------------------------------------------------------
IAI jiLL CU~I~ IIHE IN 1~I·OUARrr'll l'nSOOLLAR!>.

lUI ALL MILLS AI~E ASSlJMEO TO MF.~T liP' LIMITS. THEI~Et'OHE Nil COSTS Aqe ~HO'''t1 FOI~ IIPT AND COS" AT PROPOSEr) OPTION 1<; INCIIEMFNT

nF COST IlEOUIRFO TO ArTA1N PROPOSf:I) PUlf'(IIUo'ANC£'.
ICI VALUE AunVE llN~ 15 CUST OA~EU ON CAC nO~AG~ OF ALU~ liT 150 "'GIL

VALUE flflOW IS FOR U05AUE AT 300 MG/L.
101 0 & M ANDFNERGV c.aSTS I\I~E NEr AFlE,1I OFOllLflON OF cusr 5AVII~GS.

rurAL 'ANNUAL l.OST'INClUDES: 1)/..'.1. ENfOlIC-V. fIXf:O ANNUAL C05r.,.
It;1 IoIULIIPLV I/U "V .'IOT ro mlTAIN KKG/fI



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

TABLE IX-7 (c~ntinued)

TREATMENT COST SUMMARY - 01 Rf.CT DISCHlllHil.' PolILLS IIlI
~URCATEGORY ----- GROUNOWUOO-FINE PAPERS

EXISI. LEVEL P/./OPOSED OPTION

-------.------------------------------------------------------
]2UPT I ttl

75 717 _lfl!lICI _Ilglcl

1755 222<)

500 2116 _!!!2! _tlJZZ
5160 65.n

750 2863 _!tlll _!.!lHi
6566 fl31)4

75 26 _Z!l!l __"til
327 309

500 0 __.lI12 __l!U!
1169 Q3i ,

750 0 _lin __2JIi
160B 1;>69

75 0 ___Hz ___H.
17 14

500 0
___ :i.2 ___!Z

62 41}

750 0 ___Bl ___ fi!

86 68

75 184 __2!l!1 __1.fi5

740 lI22

500 478 _ZIlZ!! _iU.l!i
2418 2462

750 629 _l!i!!.l _Z!l22
:1204 32.1R

"ILL SitE l/OIEI

TUTAL ANNUAL CO~,

1,>I000/YRI 101

ENERGY COST
I~IOOO/YRI COl

u Co .. ClIST
151000/ YRI 10 I

CAPI TilL COST
I ~ 10001

------------------------------------------------------------------------------------------------------------------------, .

--~-----------------------------------------------------------------------------------------------------~---------------
IAI IlLL CU:;;'~ AHE IN I~' aUAIHEFl 19713 OOLLA\l~••
llil IlLL MILLS AHE ASSlJME.II TO ME'''T FlPT LI'HT5. JtiF.HEFORE till cnsTs AilE ;itmw"l FOR '\PT "'~D COST AT PPOPUSEO OPTION IS INCQEMFNl

Of' cnST QEOlllf!F.O TO ATTAIN PI"HIPlISF.D PERt-OIlMANCE.

ICl VALUE ABOVE' LINt IS CUST OA~ED ON CAC nO~AGE OF ALU~ A' 150 MG/L
VALUE lIELOW IS FaH DOSAGE IlT .300 MG/L.

101 0 I;. M ANn t:~EIlGY COSIS ARE NET AFTf..R n"'DUCTI ON OF CUS' ~AVINGS.

TUIAL ANNUAL em•.' INCLUOES: Of.M + F.NEHGY ~ FIXED ANNUAL CllS'S.

lEI r.AULJlPlY 'Ill I;lY .'J07 '0 OU'AIN KKG/O



TABLE IX-7 (contiRue,d)
'RE;AT"'ENT COST SUH..ARY - f>lRl:C' OISCIf"RGF. HILLS lA'
:oUaCA TEGORV --- -- VI'I Nit; ."1 NE PAP Ell::.

---------------------------------------------------------------------------------
·F-X 151. Lf:VEL PIIOPOSEO OPTION

--------------------------------------------------------------HilL SIZE T/O(F' OPT I /j' 2 .1

160 4Qh _.nazle, _1!t~IC ,
]503 3491

400 915 _~J!l~ _2!!.l1
5523 55 rJ'l

800 1502 -l2U _Ul.ZZ
8252 6463

180 D __!lilfl __5Jl
73'5 1\21

400 0 _lllZl __au
1292 1054

800 a _lflfll _HU
2207 1148

IRa 6 __J~ ___.15
37 )6

400 16 __-f!!l
_~_ga

(1) 70

800 33 __1111 __Hfl
12l I )0

180 116 _H.Zz. _.LJ~l

15A3 141)2

400 211 _ZJZfl _llQ2
26~2 2425

!I00 J6n _Jfl!l2 _J!!.lil
421~ .lH61

I) & '" cusr
( $Ill OO''I'RI (01

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

ENlHGY COST

'1>IUOO''I'II, III'

CAPI TAL CUS'
( , 1000'

TorAL ANNUAL cOsr
, ~ lUau;, 'I'rn '0 I

+::>
00
o

lA' AI.L CU~.T~ AilE Itl I:OT OUARlfR 1918 OOLLAR~.

lui ALL MILLS ARE" IISSU"Ir:O TO "FET UPT LP~ITS. THEREFORF NU COSTS Af~E SHOWN FOR IIPT liN£> cnST AT PPOPOSEll OPTION IS INCRr"'f'NT

OF COST 11EOUIREO 10 ATTA'N PRO"OSEO PERrORMANCE.
lei VALUE AUOVf LINE IS COST OA~EO ON CAC OU~AGE OF ALU'" Al 150 MG/L

VALUE RELO~ IS FOR DOSAGE AT 300 MG'L.
1010& M ANll ENE-HGY COSTS Arw NET AFTl,H lle ·OUCrtON OF Cll';T SAVINGS.

TOT.\L AlmUAL COST I NCl.lIOES: Or.P-1 • [Nf;IlGY • F IXfiO ANNUAL CISIS.
lEI IIULIIPLY f/'lJ IIY .901 TO OlJrAIN KK.(dll

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



TABLE lX-7 (continued)
TREATMENT COST SUMMA~V - OI~ECT DISCHARGE MILLS IAI
~U"CATEGORV ----- OEINK 'I~SUE PAPERS

---------------------------------------------------------------------------------
ElliS'. Ll:.VEL PPOPUSED I1P'ION

--------------------------------------------------------------
MiLl. SllE T.lOIEI HPT lUI 2 ]

------------------------------------------------------------------------------------------------------------------------
CAPITAL COS,
U 10001

o to '" CIJS,
l'UllOOIVRIIOI

ENERGY COST
I SlOOO/VRI 101

'DIAL ANNUAL cos,
I • 10 001 VR I I 0 I

1.5

50

190

25

50

180

25

so

180

25

50

lAO

llHI

233

o

a

, 2

49

5.1

115

_l.LUIC I _12.JJICI
" 76 1255

_Ui~a _ll!U
170ft IA36

_l.liil _J6115
3503 3699

_2.12 __2.ZQ

236 236

__lU __U5
H6 31e»

_fl.Q!l __:ifl!

73'3 661

___U! ___ 11

It II

___1:i ___1!1
If; Iii

__-JCl ___J!.I

31 J'J

-_!!I!! __~!H'

'iIJ 530

__!!iI~
__Z!l2

142 153

_un _lU2
1581 1558

-- -- --- -- -------------------------------------- ------------ ---------- ---------------- ----- --- ---------- ------ - --_ ... -----
IAI ALL COSTS ARl: IN ISf aUARfFR I'H8 DULLARS.
lui ALL MILLS ARE ASSv"'''O TO MfF' IIPT L11~ITS. TtIERFFOHE NO COSTS MlE ,. ..OWN FOR 'lPf ANn C'lST AT r'R(H'OSEO OPTION I'> INCIWIolflH

OF CO"T PErlIlIRF.D '0 ATTAIN PROPOS!'.!) PERfOll~I\NCE.

Ici VALUE AtlUVE: LINE 15 COST IIA~F.O ON CAe (iO'';AGE OF ALIIM AI 150 M(.,L
VAI.IIE IIE'LOW IS FOR 011:; "I (;!:, "I' .100 M(;'L.

1010& ". "INO lNHIGY COSTS ARE I~ET Af'TfR U(o:IlU(.f111N OF C.u!.l SAVINGS.
TUTAl ANNUI\L ellST I NCLlJIH:!J; OI.M • fNHlCiV • F IK'=O AlHlIJI\I. COSTS.

I l:. I WlJL I I I'L Y II U II Y • '10 1 T() Oll TA INK KG'O



TABLE IX-7 (continued)
TREArlA·F.NT COST SUMMARV - DIRF.CT DISCHARGE HILLS lA'
:.UeCATEGUR\, ----- T1l>~UI: FROM WA:.TEPAPER

---------------------------------------------------------------------------------
EX 1ST. l.E VEl. ,lflllPUSE 0 OPT I ON

--------------------------------------------------------------
HILL size "DIE) IlPT IU) 2 1

__f!!llIC'
711fi

__~~IC'

690

12110CAPI TAL ClIST
1$1000'

-------------------------------------------------------------------------------------------------------------~----------

40 270 _U15
143fi

_H!I:i
1508

0 & M COST 10 28 __lZ2 __HI
I$IOOO/VR' 10' 14 :) t.1fJ

40 34 _Z..U __z'!lli
269 217.j:::.

co
N

ENERGY COST 10 0 ___ll ____1
I tolOOU/YR' 10' B 7

40 0 __1.1 ___1.1

1.1 II

TOTAL ANNUAL COST

I~IUOO/YR' Ill'
10 __Jll.!

.1]1

40 93

----~-------------------------------------'--------~----------------------------------------~---------------------------

(e) VALUE ABOVE LINE IS C~ST ~A~EO ON CAC nO~AGE OF ALUM AT 150 MG/L

VALUe: ElEUI", 15 FOIl UnSAGF. AT' .lOll MG/L.
10' 0 & '-l AND ENEIlGY COSTS ARE NE' IIFTr:n n,oUCTION OF co';, SAVINGS.

TOTAL ANNUAL CD,:>T INCLUDE,.: OLM • ENEUGY • F IXFU ANNUAL r.[)sr~.

H:I "'ULTlPLY T/O BY .90710 OtIT/IoIN "KGI'D

tAt jiLL COS1~ ARE IN 1ST OUARTF.R IQ18 nOLLAIlS.

(Ii' ALL MILLS ARE Assur~EO TO MEET.I1PT LI'~IT!:•• THERF.F()kf flO COSTS ARE 5Hll"'N Fnll HI'T ""IU cnST AT PROPOSED OPTION 1'; INCI-IEM':NT

nF CnST PEQUIRED TO A'TAIN PPOPll'>ED PERFOR'-lJlNC!;.



'TABLE lX-7 (continued)
rREAlllENr co"r SUM'4ARY·- DI REcr DIl:>CItAIH;E MILL .. I AI
SUBCATEGORY --- -- PAPERHOARD FNL1M WAS TEPAPER

CAPI TAL COS T
Is 10001

IJ I; '" CllST
Is 1000;'YRI CDI

t

ENFRGY COST
Is 1000/YAI 101

rorAL ANNUAL cosr
I SIOOO/YRI 101

MILL SIZE ';'DIEI

50

160

100

50

160

100

50

160

100

50

160

100

EXIST. LEVEL

upr 161

52

93

206

3

5

10

2

14

2A

PPUPUSEO OPJI 0'"1

2

__!12ICI __~~1ICI

111 562

_UZ!i _1!.I.iU!
1411 1082

_,un _un
].lSI 2431

__ill __l!Hi
148 I 11

__Ul __Hzl
262 Iq3

__!lCl __JU
640 lolA

____1;1 ____l

II 1

__-lJ ___ U

14 12

___Jl ___ l!!
34 21

__~26. __,Ufl
32c~ 253

__2Jl __~g!l

601' 44"

_lUI __!l2~

1434 991

IAI ALL CUSTS ARE IN 151 OUAR'ER 1918 DOLLARS.

11:11 ALL MILLS AHE. ASSUMIW to '''EET tlPT LIMITS. rHt:llEF(lHf ~IO COSTS AqF 5f1UWN FO'~ UPT 4.N() C'"IST AT PRnr'OSH) OPTION l'i INCRt-:r.4E"lT

OF cn ... T PI: OIJl HED '0 A" A IN PRUPlI:iEO PEru OH,",4.NC~ •
Icl VAI.llE ABUVE LINf IS COST UASEO ON CAC \lUSAG.. 01' ALUM AT 150 MG/L

I/ALUE tJELllW 15 FlHl 11I''.;.\''!: III JOO 'U;/L.
101 0 /; M AND ENf:IlGY CUS'S ARE. NFr AFTI'II IlFIJI.lCIICN OF COST S4.VINGS.

10' ilL ANNUAL CO:-' I NCLlJUE:.: 1.If.~ • FNEIIGY • f 1l\t:OANtlll/lL CO':iT!••
It'l ,",ULJ IPLY I/LJ IIY .'}Ol HI OIlTAI"l l<.KG/fJ



TABLE IX-7 (continued)
THEArM'ENr C.O:>T SUM,\lAHV - DIREcr DI:'CIIAqlj1! MILL~ IAI
SUlICATf:GORV ----- wASTt:"APER-~nLo~DPRUDVCTS

---------------------------------------------------------------------------------lXlsr. LEVEL PROPOSED oprlON

MILL SIZE T.lOIl, APT 1111 --------------------------------------------------------------
1

-------------------------------------------------------------------------------------------------------------------.----CAPI fAL co!> I

ISIUOOI

o G II cosr
I $I000/YRI 101

ENERGY cosr
110 1000/YRI 101

TOTAL ANNUAL cosr
I SIOOO/YRI 101

20

50

150

20

50

150

20

50

150

20

50

ISO

2311

371)

71a

19

II

63

106

20.1

_fl.J!llCI __2ZZICI
69. 656

_1!2.Jl. _ill!!!.
113" 11162

_l.2H _iun
2101 IQ'56

__llli ___25
137 105

__U2 __LJ2
210 ISA

__Z2!l __ zzz
]R9 2"a

____!l ____1
A 7

___ill ____ '1

II Q

__Zq ___Z!!
~I 20

__~!l2 __HQ
301 257

__til __J.!!
475 '\03

__L~Z. __!!Q!t
882 12/1

'AI IlLL cos rs ARE: IN IS r aUARTt:R I <Hit DULLARS.

fEll IlLL t~ILLS AHE ASSUMED ro M€ET BPr L1Mrrs. T1iEREFOllf I·nl CCSlS APE SHllWN FOil upr AND cosr AT PROPllSED oprlllN IS INC/lF"'F'NT

OF cn~r REOUIRED ro AllAIN PPOPUSEO PEqFORMANCE.

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

Ici VALUE IlBOV!: LINt: IS cosr UASEO ON CAC nl1SAGt- OF IlLl/'" Ar ISO MG/L

VALUE f.1f.Lf)W IS FOil Il11SAGE Ar :SOO ~lG/L. __ ,
IDI 0 £ M AND ENckGY cosrs ARt NFT AFlEfl DI'IJUC.f1CN OF co~,r ~,AVINGS.~

rorAL ANNUAL c.o~r INCLUOE~: OLM • ENENGY • FIKED ANm~L cosr~.
It) toIUL r rPLY r/o BY .'107 HI QurAIN kKG/D



TABLE lX-7 (continued)
"~E ATME.NT CO~ T SU"lMARY - 1)( IIECT III ~Cl1ARr.F. I4ILL ~ I A I
SUlJCATEGOI>Y ----- lJUILOE~!i. PAPER (; ~OOFI~IG FELT

EllIST. LEVEL PROP05['0 OPTION
. .--------------------------------------------------------------

MILL SIZE T /01 E 1 OPT IIJ I 2 :3

-~~-----------------------------------------------------------------------------------------------------~---- -----------
CAl'I TAL COS 1

1'10001

100

225

351

400

_l~.JlICI

1618
_J.agalcl

1226

0 (; M CUSI 100 2.4 __Z5~ __12fi
I 51000/YR I 101 301 20<)

225 32 __.J§1 __il.J
49'1 2<}'j

+:>
0:>
U1

ENF.RGY CO~T 10" 8 ___1~ ___Hz
15 ,OOO/YRI lUI 15 16

225 18 ___Z~ ___ Z2
26 2Q

TUTAL ANNUAL COST
"'OOO/YRI 101

100

225

110 __§1!l __!!.l}Q
661 501

139 __2!!J __Un
1104 110

---------------------------------------------------------------------~--------------------------------------------------
IAI ALL COSTS jl.RE IN 1ST QUARTER IQ78 DOLLAf.lS.

IU I ALL MILLS Af.lE ASSlJMEO TO MEl: T flpT U loll TS. TtJEREF(lRE till COSTS A"ll! SHOWN FOR IlPT A;'110 COST AT PRUPlIS,,[) OPT ION IS I NCRFN'ENT
OF CO~T QEOUI~EU TO ATTAIN PROPOSEOPERFOQMANCf.

leI VALUE ABOVE LINE IS COST eASED liN e~c OOSAGE OF ALUM AT 150 N'G/L
VALUE BELOW IS FlIQ IlO~AGE AT 300 ~lr./L.

1010 l. MANn £:NEUGY <.05TS ARt NfT AFTER U"IJlICTlON OF CO"T ~AI/INr.:••
TOTAL ANNUAL COST IIlCLUOFS: fJt.t~ + ENEI~G\' + f'IXFU ANNUAL COST<;.

If, I. WULlIPLY TIU flY .901 HI OIHAIN KKCdD



TABLE lX-7 (continu.ed)
rREATMEtH <-UST SU,",'URY - DlIlEeT OISCliAlHiE HILLS lAI
SU~eArf:GURY ----- NONINrl!lilfATE'O-FIN'E PM'ERS

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

"'I LL S IlE r /01 I:: I

EXISl. LEVEL

OPT Ull

PRUPOSED OPTION

2 3

------------------------------------------------------------------------------------------------------------------------
CAPI TAL CUS T
($10001

o & II eus,
(sIOOO/YRI 10 I

ENERGY COS,
(sIOOO/YRI 10'

'O'AL ANNUAL co~,

I SIlIOO/YRI 10 I

.JS 423 -flflllel _ll!f!IC" I
<)42 II 90

215 636 _~121. _Z~21

2534 2708

1000 24:JEl _:2.6J!l _llZZ
6184 7362

35 5 __l~!. __H~
181 Ilia

215 II _HZ __Jll
4B4 391

1000 0 _1iI~1 __6.11
1484 10<,11

35 0 ___.ill _":'__11
10 <,I

215 a ___Zll ___11

21 If!

1000 0 __~5 ___ Jl
4Q 40

35 98 __J.ftl __~l!a

402 411

215 140 __2J§ __21fl
101<,1 1019

1000 537 _2~Z.l _Z1~i

2952 219')

------------------------------------------------------------------------------------------------------------------------
(AI ALL cosrs AilE IN 1ST OlJARTEf.l 1918 OULLAIl5.

lUI ALL "'ILLS AilE A!>SU'~E.D '0 MfE-T BPT LI"'ITS. TH!:IIEFOHf llO cos's AilE ,,'IO'IIN FOR UPT AND Cll~r AT p~np(JSED OPTION I'. INCIlFMENT
llF COST RECUIRED TO AT'AIN PPUPOSED PFRrORMANCE •

• C I VALUE ABOVE LINE I 5 CO~' T I:lASEI> ON CAC nU'iAGF OF ALU'4. AT 150 "'G'L
VALUE RE:LllW IS Frm 1I0SA(iF AT JOO MG'L.

COlO & ,.. A"'O l:NERGY CO"',,, AilE NE' AFTF.I~ D"'IJ\JCflON OF C(I~.T ',AVING".
TUTAL IloNNUAL CO'iT INCLUUES: Of.M + r-NFI~GY • FIXED MINUAL Cllsrs.

IE- I ,",ULT II'LY r,u [lY .'l01 TO DUTAIN KKC"U

_______ • ~ - • __~ ~ • ~ • 0 -- _ 0 • __~

•• -~""""- ::.----- -._::--.,,=:, -- -- :: • __-.- __ -. -- "'--~;;;----. -- ~ - -!;C~ --••- ---- -.- --_-_- _-- • -,,-~__ - - -- - ~ - -_"'- -_- _--."""'_-=--.::-- ._-- _- -.,. - - -_ - __ -.- - __""_- ~



TABLE lX-7 (continued)

TREATMENT C.OST SU"'MAI.IY - OIRECT DISCIIARGF. MILLS IAI
SIJBCATEGORY ----- NONINTEGRATED-TISSUE PAPERS

"'ILL SIZE T/OIEI

l:X Isr. LEVl:L

aPT tol

PROPOSEO OPT! ON

2 3

------------------------------------------------------------------------------------------------------------------------
CAPI TAL COST

151000 I

o & ,.. COST
It-IODU/YRI COl

ENERGY CO~'

r$IOOO/YRI COl

TurAL ANNUAL co~r

ISIOOO/YRI 101

]5 124 _l!HiZICI _12211<:: I
546 I) 1:5

180 373 _Z!1.lli _~2.Jl

1521 1722

1000 1189 _f!f!1J _2Hl
4814 6085

35 3 __HZ __112
31 J7

180 0 __ZJJ __ZZ.!!
11 65

1000 0 __flll __~!ll
20') I!)I

]5 0
___1J. ___lZ

12 10·

180 0 ___.J!.! ___JJ
5') 4<)

1000 0 _l~!i __111
.1.10 275

]5 2<) __Jill __1!!.J
166 PH

180 tl2 __~2J __22J
466 492

1000 J9J _~!l.!ll _~e.Q!l

1611 17'J.'5

CAl ALL CUS'S ARE IN 1ST OUMHF.'R IQ78 DULLARS.
Clll "LL MILLS ARE A5SUMfO TU MEEl BPT LIMITS. TtiEREFORF tlU CO'iT:, AIll: ',/tOWN FOI.I UP, ANO co~r AT I'ROPOSl:O (PTION I ... INcrlft~ENT

OF- COST pr:OtJlriEU TO ATrAIN PROPOSEO PEQfORMANCf.

ICI VALUE A!30Vt LINE I:> COST OASED ON ACTIVATL:O SLUOGf: SYSll''''.
VALUF tlfLlJW I:> fOR Af.llATED SIAIJlLI7ArlON lJASIN SYSH.M.

lUI 0 L M AND fNERGY co~ra ARt N~r AFTE~ OtOUCTION OF CO~T ~AVING~.

TOTAL ANNUAL CO&T INClUOF.5: n&~ • FNFPGY • FIXEO ANNUAL coS'S.

lEI "'ULTIPI.Y I/U IlY .<JO' HI O.JTAIN KKG/IJ



TABLE 1X-7 (continued)
JREAT14I:"d (OST SUMMARY - DIRECT DISCHAH(j.£: lULLS IA'
SUtlCATEGUIlY ----- N'ONINTEGRATED-LTWT PAPERS ILTWT,

EXI!>T. LEVEL °RIlf1USED OPfI ON

--------------------------------------------------------------
Mill. SIZE T/OIE' nPT lB' 2 3

-----------------------------------------------------------------------------------------------------------------------.
CAPI TAL COS r
($10001

o & M CUST
I$lOOO/YR, 101

ENEUGY COST
!'IOOO/YRI 101

TUTAL ~NNUAL co~r

!'IUOOIYR, 101

10 279 __l!l:iIC' __2lj~IC •
398 62~

60 477 _nail _ZJ!Hl
1177 1464

200 1212 _!!5~ _~zza
2';)79 3416

10 , ___tl~ __it!!
31 ](,

bO 17 __lD!i __l!lli
60 70

200 42 _.Ul __J!!l
109 I JA

10 0
___U ____2

a 7

&0 0 __U ___lll

3ft ]0

200 a ___51 ___!.l

121 96

10 6q __U111 __Jll.ll
127 PH

60 121 __li!l~ __lJ!
J5'J 421

200 ,lO? _UlZ _U!tli
,gEl Qql

-----------------------------------------------------------------------------------------------------------------------.
IA I ALL cusrs ARE IN 1ST 0IlARTF"R I'He DULL~RS.

ltil ,ILL MILLS AHE: ASSloMED TU MEET E1PT LIMITS. THEUEFURf: NU C05T~ ~RE .HlIWN FOR UPT ANO CO~)T AT PROPOSEIl OPTION I\> INC~E:MF.~T

OF COST REQUIReO TO "TTUN PRUPuseo PERf'lIl~a,oANce.

Cc I V~Lue AaOVl: LINE IS COST lIASEI) ON A'-"VAn',) SLUOGE SYSTf..II.
VALue AELrIW I S FiliI Ar:IH, EO S TAIIIL II A TI ON 11,1:0 IN 'iYS 'Ell.

COlO & M AND ENERGY CO:.T:. ARE NEr AFTFW OEfJUCTlON Of CO!>T !>AVING~.

TOTAL ANNUAL CoO!:>' I NC.LUOES: 0&14 • E"NI;'rcr.y • FillED ~NNU"L ellSTS.
lei MULTIPLY 110 UY .901 TU OIUIIIN KKG/O

------------------- - --_.~-- --- -- --- --------------- ----------~~-----~-------------~---------- --------- - - -- ~-~ -- ----- -------
-=0-: - ---...- -.". - -- -. ~~-.- - ~..,,;:r- ".-.. - :0--_ ..=~ __ - --: •__ -.- -_ -._..;,. - - • .,,~- - ~ .""' _~.- ~~ __ ,- --- =.,-= ""'- ---.=_--_-~o:__-- -" - -- -.=::- .-";:: - ~..:::-- -~ .--_-- - -. -~ .. -. -- -. -- --__ --::.-. -- •• __--_



TABLE IX-7 (contJnued)

TREATMENT COST SUMMARY - /lIlU:cj DISCHAI~(iE MILLS IAI
SUUCAfer.URY ----- NONINTl:C,RATEO-LhIT PAPEJ~S IELECTI

---------------------------------------------------------------------------------
EXIST. LEVEL PRlIl'OSED OPfI ON

--------------------------------------------------------------
~IILL SllE T/DIE I IIPT 101 2 3

-- --::- -~;...- -------_ ... _--- -------------- -'--,---,----------------------.------------------------------- --------------------------
CAPI TAL CUST

I slOOOI

o & 101 COST
I "IOOO/yAI 101

ENERGY cOar
1'luOO/YIlI 10 I

TUTAL ANNUAL CO~I

ISIOOO/YRI Illl

10 218 __2~JICI _U!!~ICI

522 1H

e.o 477 _i!lU _Z!l2!l
1602 1!l41

200 1212 _ClUII. _!l!l.ZJ
3603 4266

10 7 __-2L ___ 21

36 40

60 17 __~g2 __ZQ!
73 FlI

200 42 - __JlJ2 __.J!1!l
148 1"6

10 0
___11. __-1.0

12 to

bO 0 ___Zl. ___ ZJ

5<) 47

200 0
___~!1

___!2

197 1'51

10 6<) __JH __J51.
162 210

60 123 __tl!lQ. __ t1f!1

465 5]4

200 ]Oq _1.1211 _.H!~]

1133 17'j7

-----------------~------------------------------------------------------------------------------------------------------
I II I All. CUS T~ AI~E IN IS r OllARTl:"ll 1 '17R OULLIlIlS.
Iltl ALL "'ILL'. Alll:" A:. ... U.tl.O TO MEtT IIPT LIMIT:.. "iF.REFor~f tlU COSTS AilE 5I1U",N FCm BPT ANU COST AT PROPOSEO OPTlflN 15 INCREMEt-lT

OF COST m:OllIRI:"O TO ATTAIN p"npOSF.ll PERr'OI~MANCF.

1<.1 VAl.UE IIlltIV'- LIN!" IS COS" [JASEO 0111 ACTlVJlH,Il SLUOGI:" SyS.tE ....
VIILUE Ill-LOW I:> FllI' JlF.IlATEO :-.TAIJllI1JlTlON III\~HI ... y.,TFM.

101 0 I; M ANI) fNEf'GY CllSTS liRE NFT AFTFH 1)'·OLJCfl ON Uf (O~T '>IIVINGS.
TUTAL ANNUIIL CO~T I~CLUDF5: O'M • fNFR~Y • F IKEO JlNNUAL rOSTS.

11:.1 ".ULTJIJLY '/U 11'1' .907 ro fJ(1T1I11Il KI(G/O



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

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

TABLE lX-7 (contin'!ed)
TRI;;AH'foNI cnsr SUMHArIY - III RECT 01 SCIIARGE MILLS I AI
SIIUCAU:GURY ----- NUNINTEGRArED-FILr AND NlJNWnV PAPFIIS

.)2

PRO'POSF.:O OPT I ON

--------------------------------------------------------------IlPT IBI

EX 1ST. U, VEL

MILL SIZE r.lOIEI

CAPIIAL CUS I

1$10001

o & M CUST
l'IOOO.lYHI 101

ENERGY CO!>,
1$IOOO.lYHI 101

IOTAL ANNUAL CO:ir
1$IOOO.lY~1 10'

S lOA __~Z2CCI __~I~ICI

30'1 179

20 364 _1l2!! _l1::la
(,92 c)tl3

45 430 _12~! _~UJ
1154 1401

5 2 __fl2 ___2!!.
27 211

20 12 __1!l~ __l1J
41 49

45 l2 __H2 __J.~!!

56 62

5 0 ____11 ____1

6 5

20 0 ___U ___lZ

11 14

45 0 ___2Z. ___ 11
]'1 21:1

5 2f> __122 __ L2~
100 116

20 92 __l.!I!! __!tJ~

211 275

45 106 __f!2~ __fiJfi
J4<J ~19')

--------------------------------------~---------------------------------------------------------------------------------
IAI ALL CUSTS ARE IN Isr QUARTER Iq19 DOLLARS.
IU' ALL MILL~ ARE A~~UMEO ru Mf~T HPT LI~lr~. rHEREFOHF NU ~osrs ARE SHOWN FOR UPT A~O cnST AT PROPOSEO OPTION 15 INCRfvfNr

OF COST PEOUIREO TO ATTAIN PI?lIPOSEO Pf,RI'ORMANCE.
tCI VALUE ABOVE L1N~ IS COST BASEU ON ACTIVATEO SLUDGE sYsrE~.

VALUE llELOW I:, 1'011 AEIIIITEO ~TAr11l11ATlON t1A~IN ·>Y~.TE'''.

1010 l: M ANI} r:NEI?GY ~OSTS Al:lr- NET AFTER IlFO\lCTION OF co~;r SAVINGS.
flllAL ANNUAL ~os, INCLUDES: 01.'" • FrlEllGY • FIXEO ANNUAL COSTS.

(EI ~UL"PLY '/D BY .<)07 TO DlllAI>. KKG/U

------- --------------- ---------------~--~~--------------------~-------------------------~---------- - ----- --- --------_._-
-";"~~- ~ -_ ....... - ----.------::;---:;---- .-.-.-. ----- ""-~. --,,= _-:-::._--~-.....----- --=----.---~ ~-..--.- ----- .. - .,.-.---- - -- ---.--"".- ---- --'--- .. --"~- ~ ._-- -



TABLE 1X-7 (contin~ed)

TREAT'lFNT COST SUMMARY - OIPECT OISOlARGf. MILLS IAI
SUBCATEGORY ~---- NONINTEGR/lTEO-PAPEIlIJU/lRO

~ILL SIZE r.I'Dlel

EXISI. LEVEL

BPT leI

PROPOSED OPTION

? 3

CIIPI TAL CUST
1$ 10001

0' & M CUST

Ii 1000/YRI 101

ENERGY C.UlloT
I $I000/YR I CO I

TOTAL ANNUAL cosr
I$lOOO/.,RI 101

10

40

75

10

~o

75

10

40

15

10

40

15 --

20R

2MI

8

6

6

o

3

94

__!~!!ICI __!i2!lICI

192 386

_!U!2 _121~

421 65?

_H~~ _llHll
613 94ft

--~!
___§2.

23 2'1

_-lJU. __1.111
32 36

_1.J2 __Hl'
40 4)

____6 ____ fz
] 3

___-1J. ___H
1 A

___ill ___11

14 15

__1!l2 __Ul
69 Ilq

__1!!2 __J~l
133 16f>

__HJ __2!!2
IRQ 26,

IAI ALL CusTS ARE IN Isr QUART!'R 1916 DOLLARS.
llil IILL MILL~ /lflE A!>!>UME:O ro Mf.!:T IIpr LIMIT!>. rHF.Rf,FURI: NU COSTS AQE SHOWN FOf~ BPr MID COST AT PROPOSED OPTION IS INcnF.MEIH

OF COST HEOUIREO TO ATTAIN PROPOSFO PER~ORMANCE.

ICI VALUE ABUVE LIN!: 15 COST BA5FO UN ACTIVATEO SLUOG!: SY5Tf''''.

VALUE BEl.OW r:. Fl1r~ AF,RArEO lloTAnlLll.ATlON UI\~T... "Y~TE".

1010& M AND Er~EIlGY COaTS AR~, NF.T AFn'n tlFOlJCTlCN or, COST S/IVINGS.
fUIAL AN;\jUAL C.OsT INCLlIOF.~.: O(..M '. ENFHG., • F IXf,b ANNUAL ClIslS.

II: I MUL r lPL Y f./() flY .907 HI UIlTA"~ KKG/O



TABLE IX-8

JREAJ~Etn cn:.T ~U"'MAUY - OIRt::CJ OISCtIATlGl: MILLS 1A'-Ol>JlON 4
SUIlCIITEGURy ----- OISSUI.V'NG KRAFT

IREA I ME-Nr :>Y$TEM C"lI"irs FOll "'OUI FICAr IONlnl

----------------------------------------------------------------------------------------------------------------------------------
MILL 511E T/01 e I

---------1156 ALTEIINA TI VEl FI-----
123

AC T I YAffO
~L\JOGE

OXIDATION
PONO

PRI HAfty
rRFAP"ENr

----------------------------------------------------------------------------------------------------------------------------------
CAP I 'AL CUST

1$1000'
1000 11222.

16<lIjn
H~!!
21 7d 7

lQ.!iU
14'i93

D (; '" cusr 1000 _°_11.1 _!~U _~l
__:iH.

Is 1000/YRI IC I '76 "'4.11 7lf> 70J

+>0
l.O
N

ENERGY COS, 1000 __!!21 __i!!l. JIQ.L __!!§i
I ~ lOOO/YRI IC I "qj 262 I 107 664

TorAL ANNUAL cosr
IUOOO/YRI ICI

1000 -:~2Qn
j'Jj2

----------------------------------------------------------------------------------------------------------------~-----------------
IAI ALL Cllsr~i AHE IN lSI aUARrFP Iq,e nOLl.ARS.

Ifll If' tlO clIsr 13 INllICATEr) IN II GIVHI TULAT"-INr 5YST[-M. WI "ILLS Willi TtHT SY51FM CIJRRFNrLY F.XIST IN TillS SWlCIITfC;ORY.
VALUE AB(JV~ LINE IS clIsr w/n J>RIlOUCflU,,< PRn<.F:.s CIINHlCIL ••

VALUe lJl:LUW b ('o::.r Willi I'RUO\lCr IIJN "'I'nu'~"i CUNJlWl.S SO AS fJ) E"L 1M IN II r", C;UIDfLINF. IILLOWANCFS.
1<:.10(; 10' AND INEI!GY <.0515 ARE Nf.T AFrFI~ ,)'lJlICflON (JF-COSf SAVING".

IOTAL AW·,UAL co!>r I NC:UJl)ES: IIf.M • F~If.I<f.y • f- 11<1:0 AtlNUt.L COSfS 122XI.
II: I Io'UL r I I'L Y II' U 11'1' • 90' f 0 mIT A INK I( G / I)

IFI I=AIHllllt.lllAL AEI<AIIUN AND 51 rlll"G. 2=~LJnlrIO'" OF CItI'~ICALLY A';SI',rU) CI.lIlllt'ICAlflltl. ,j=C'lNYtQ~"(JN Tn fXfFN!l['1) 1If1~ATlnN

- ----~- ----_ .._------------------------.-------- -----~._---- ---- ------------ --------------~-------_.----------- -- _. --_ .. _-----
___- -~ -_ ....:::..,,'" - --.-=~ ..-.."....- '='- - - -~... - - ~ ••c; _ • _ •• __ --- --..::;-~ _ -c;_- __- - ~----- ".~...o::-_ _" - ----::.- -_.- _--_.- - _- -,..~ _-""_-..:::.. __= __ - --_- -~' - .-=-=-'



TABLE lX-8 (continued)

'lit: A'M'EN r cn!>, SUMMARV - III R1::cr 01 !>Cli AItGl:, foil LL," I A,I-OP rr ON '"
SUUCA't:.GURY .. ---- MARKe, IILEACtII'O KQAF'

TREAIM~"H !iY'irE.M (lJ~rli FUR p,4U!lIFICArIONIElI
_____ ¥ ._. w~

MILL SIlE HOlel
---------AS" AL'ERN4'IVEIFI------

I " 1

ACTlVA'ED
!>LlII>Gf.

OJe III A' IrIN
PUND

PRIr.lARV
,nEA H4EN'

-- -- -- -- ---------- -_ .. ------- -------------------- -- ---------,.. -. --_ .. ---- -- ---------------------- ------------ -------------------- ----
CAPI rAL COSI
t $10001

(\ & " CUSI
euooo/yAI ec I

ENERGV C031
e~IOoo'YRI ICI

'O'AL ANNUAL cosr
I $lOOD/YRI ICI

350 _JM!! _!l!!~!! ..tiC!21 _UUl
5!)q;! 1''''3:- U6ll9 6230

bOO _:a~!lh _lla.a~ _un _!lUI
q:!"'6 IIQ6<.1 1.144,] qen.

1600 l1!lU L!{t~!l 12JZJ llfl:i11
170'12 20066 247'H 17278

350
___li2 _UQ:i __au __ZBl

146 14 ...2 35<) .16'"

600
___1S2 _un _Jl!i _.:.JLZ

23'1 232A 529 516

1600 __U:i _:i1llf! _flU __!l~f1

362 532'1 fl')l 863

350 _-ZZli __..211. __ Zl!1 __lJ~
2111 ·~o 22.. 13..

600 __J,2Z __uz. __ Jl2.!l __.WI
192 1"'2 1"? 21q

1600 _111.~!!.
__JU __ !lJ,2 __:illl

10"" 34'1 939 S51

,ISO _lUll _ZIU2 _12l.2 _llll
l,bO" 5.116 114" lat.')

600 _1f!.2Z _H1II. _ZISIU _1'l!t~

2"6" SI02 :t Sf,,, 2')1"

1600 _:Ufi!i _flClU _:Hll~ _lal.lli
51 tJ(1 100tll '2114 5215

-- -- ---- ---------------------------------------- ---------- ..... _- -------- ---- ------ -- ---"--------- -- --------------------------------- ...
IAI ALL COSIS ARE IN 151 OUARIER 1'176 OULLARS.
Cui If' NO COS, IS IN(IICAH,O IN A C;IVF.N 'PEllrMt,NJ SVSJt,M. NO ~ILL5 WIJH HIA' svsrFH CUHnENfLv EXISJ IN 'iiI!, SUtlCA,rC;ORY.

VALUE AUOIIE LINt. IS co .. r ",n PRUDUCIION Pltr)cr,'!>~ CClNHmL'••
VALUE f.I!:.LOW IS co!.r Willi PPOOUCJlON 'prHl(.r:!i<; CllNJtlOL!i so A~;rrl f'L,lrHNAJf' fiUIlIf'LlNi7ALLOWANCFS.

eCI 0 & M ANI) tNERGY (,05'5 ARr: NI~, AFH'R OFf)UC,JlON Uf COC;' !iAVING:'.
JUrAL ANNUAL CO!.f INCLUDf.5: II/;\I • ENEllGY • f IJet:1> M,NtJ/\L CUSH.12l"l.

tE,l flULlllllV r/o lIV .'J07 ro OlHI\IN KKG,/l
eFI I.::AODllIOtML A"<41Im~ liND StrILING. 2~AlJfllrlON OF (t1~MI('I\LLY 1I'i5H.r~.n (LlllllrIC.Arllltl. 'I~UI/·IVI·'~'ilnlll '" f.IfNII~f) 111:.1'11\110/01



TABLE IX-8 (~o'"tinucd)

Tfle,AT""~NT C.O~T SU,",IoIAIlY - O(fll:CT DISClIAIlGE MILLS IAI-llPTlON II

SUOCATECillUy ----- urT llUAClfE:O KIlAFT

------------r-----------------------------------------------
WIAfI~~NI :.Y~TE:'" CUlloTS Fon ",eDIFICATlONlfll

MILL SllF T/O(r!

---------1051] AL HilmA T/ VEl F 1--- --
123

AC T I VATEr>
~I.UDC;E:

ox (OA T (UN
PONO

PRIMAIlY
TflEAI MENT

CAPI TAL COST

1'10001

() & M CUST
(,IOOO/YRI ICI

E'NER GY COS T

I,IOOO/YRI ICI

TOTAL AHNUAL COST
(51000/YRI ICI

300 _£!!U _~!!1 _2§H
"'>'17 6'141 12'U

800 _fl12!! _2lJ!!. 1!!tl2:i
9190 12534 14295

I JOO _11l~:i LZluli 1~.J!l~
I.J005 16f145 2001>5

JOO ---~~ _lI!2! _ZJ.2
127 1167 310

UOO __t!fl. _~Hft _~!lli

224 25~? 542

I JOO __Ill _J!!.LZ _~H

298 3659 724

JOO __H!! __!l __ 12!
140 71 194

800 __11!t _1t!1 __ ill!
J74 16,1 487

IJOO __ttll.l __l2Z __ IH
f.07 2';2 714

JOO __fil2
_Z~Ql! _l!li!!

1279 27bb llU/I

800 _'1l.12 _i~~'l _H.!12
.If> 19 <)47 'J 417]

I JOO _J.'.2~ _U!.!!.!!l _!t !l2!i
.H67 71'11 591 J

----------------------------------------------------------------------------------~---------------------------~~------------------
(A I ALL CUS TS ARE IN 1 S T IJlJAIHER 197/1 OlJLL/I"5 •
(UI IF NO COSI IS INOICAIEIl IN A liIV~N TIl""''''!.:NT lloy~.Il:". III I "'IlL .. WIlli 'I'IAT ~y-.TFr~ CIJIlIlENILV EXI"I (N TtlI'. 'iUIlCATI:Gor~v.

VALUE AIlUIiE LINl- IS COST \11/0 PROOUCTION PROCESS 'cIlNTIJULS.
VALUE !:IELOI\' 15 CIlST WITII PPllDUCTlON PIIflCF5'i ~mHnOLS SIl AS HJ l'LIMPIATE' GUlnFLINI; ALLOWANCES.

(el 0 & M AND ENERGv C.OsTS ARE NET 'AFTEIl ()flll)CTlON UF CU'" SAVINGS.
TUTAL ANNUAL C.O::.T I NCLIIDE",: 01.'1 • ENF.llf;V • FIXEU A~IN\lAL C05T-.122:':I.

(t: I "UL IIPL V I/O !:IV .901 J() lllllA II~ 1(.1«,/1>

IF I I=AUl>ITIONAL /If-RATION AND SETTLING. ?=lIonlTION OF Cl-tr.4\CALLV A'iSI',H.1l Cl.AllI"ICATIUN. 3=UINvrll',ION Til !=l<TF·Il>f:O Afl'ATION

. '

------- - - - _.~- -- ---- ---------------- ---~------~--------------- --------- -- ---- ~- --- --------~- ---- ----------~~_._---- ------ ---- ------ - - ----------
_ .. -. -_._- - ~-_. ::---""" -"'---- -~ -- -,,-- ."" ------~ --~.,.-~--------~;-"-~-~-""- =--=--- -~~-- ~-- :- - '" ~-"'=- - - . ....,.,," ~---- - -----~::.. "-"~ - - - ~



TABLE IX-B (continued)

TQEATMENT COST SUMMARV - DIRECT OISCHA"Gl MILLS IAI-OPTION 4
SUUCATCGORY ----- ALKAL IN£-FlNL .(G)

TRt:AH1ENT !>YSIE.M COSTS FOU MOOIFICATlONIIlI

----------------------------------------------------------------------------------------------------------------------------------
MILL Silt: T/OIl: t

---------ASU ALTERNATIVEIFt------
I ~ 3

ACTIVATEO
~LUDc.F.

OKIOATION
POND

PRIMARY
f1~E 1\ T "'EN T

CAP,I TAL COST

Ito 1000 t

o t M CUST
1~IOOO'VRt Ic,

ENEr~G,( COST
ISlOOO/VRt ICt

10 TAL· ANNUAL Cl.IS,
I ~ !UOO/YRI IC I

200 l't~tI _,lUll -.Jf.!l:l _Z~!11 _l:ilig__a_

2'Ha 4110 4t12!'> . .J'>51 2558

800 _gll _~lH _2!!!11 _~U! _H:il
8784 I I 7!> 1 13421 9811 829J

1200 _IIUI2 lllH1 .lJllf! _lllH _f.t:ll!.
11769 150<,1 .• HA28 12921 11254

200 --_!~ __IJ~ _ua __125 __2.511
85 779 223 234 297

1100 ___a3
_Zigl __J12 __JIti. __t1.21

224 230.3 521 517 IOJ8

1200 __um -12!t!! _il.5 __!Ct:i _1.20220
?8" 32.17 6f..5 653 14 79

200 ___!!J __!.!1 __uz ___l!.l ___lfl
8J 'IF! 1.J2 1A 16

600 __JJ1 __ll~ __ illJ __ZIti. ___:iti.
331 I,. '", 4113 276 56

1200 __!.2t1 __2ou. __ l1.2o __~!l:.i ___~ll

4Q6 214 712 405 ~jO

200 __:i:iZ _1.fll1:i _11:12 __f1Jti. __61.11
610 lab] 141 7 101)4 876

600 _1.fi~1 _Hl!! _l!!..lf!. _Z2,u _122ft
241Hi 50.1'1 .1'''1;7 295.1 C!lJ.1 q

1201l _ZL~!! _5~:;!5 _~Q[11 _Z!lill _aUUl
3)/.\ 6711 !j JOO j'HIO 4035

~-------------------------------------------------------------------------------------------------------------------------------
lA' ALL CUS'S ARE '''' lSI OIJMITFR 1'1713 OOLL .. rlS.

It:ll IF NO COST IS (tlOICAH:.ll I'~ A GIVEIl TrU.A'''ENT ~.V"Tf:M •. Nil "ILL" .... ", 1I~1\1 ';V~irr:M CllI~'IEN'LV fXI~1 III HtI" .,lJItCATf"OI?Y.
~ALUE AHOI/I: L I NI:. I S COS I 11I/0 PRODUCT I UN PIIOC ES$ CONTPUL 5.

VALUE BELOW 15 COST WIHi l"lOOllCT'ON l'HflCF',<; CONT o OL5 50 A~i III FLI'1II>/AT, GUIIIF:LI"lf ALl.OWA"lCI:5.
Ici 0 I;. '" A/IlI) "NERGY <.m,fS AilE Nfl AFTf.R fJFIllH.:TION (If" ClI~., ,iAVIN(.S.

TOIAL ANNUAL co,.,r 1N(.LlILJE~: 1)[."1 • f.NF.I'GY • F IXF.D AtINlJAL (Os .... (2<!~1 •
(E I ~UL' II'L V 1/ U t.I V • <)c) 7 '0 fill 11\ I N I<. KG /1> •

IFI I;AlJDIIIUNAL AI'HAIIUtl "NO 'i£TrLING. 2=J\IIOITIOI~ or CIIH·lICALLV AS'=ihTI:O CL'\lIII·ICllrJllN • .l~C:Il'lVFII'''ON TO FXIFN()EO A~RJ\f1nN

(G) INCLUDES FINE BLEACIlED KRAFT AND SODA SUBCATEGORIES



-
TABLE IX-8 (continued)

TRt;AP"EN' c.nST SUM'''4AIlY - I)lREC' I>lSCIIAflCi~ MILLS IAI-OPTlON "
SUBCATEGORY ----- UNIJLt:o'CHEO KUAI=T LI t-I::RUIlARD

TRt,Al"'C'H SYS'EM (OSTo; FOR M001FICATlONIOI

---. -----------------------------------------------------------------------------------------------------------------------------
MILL Sill: T'DIEI

---------0'58 AL 'ElmA Tl VEl F 1--- ---
J 2 3

AC Tl VA 'ED
SLUDGE

OX IUArt ON
POND

pnl"'lIny
TREllllo1ENT

----------------------------------------------------------------------------------------------------------------------------------
CAPI 'AL CUST
Is IU OU I

a & ,. cu~,

(SIOOU'YRI ICI

ENERGY COS,

(SIOOO'YRI ICI

TOIAL ANNUAL LOST

I'IOOO'YRI IC I

450 _l!!!f! _J~§' _;!{!21 _2212 _H§!
lR7B 3656 3651 257') 1464

1000 _..!;:.~ _:Hi2 _!!2i:!i _~i::.!!~ _un
.129'1 574') (> 226 428" 2772

1500 _!1i~!! .2Z!!Z _HU. _:1'i!!1 _,}!lll
4420 7262 B 214 5SB3 3El34

450 ___~!2 _J!.2:l _l!.lJ __l!Hl __z'J.!l
46 695 183 leR 238

1000 ___~i _LZ5.J _zn __Hi __i1l2
f,4 1253 274 211 489

1500 ___l! _11.10. __ JH __llo. __lll~

7'7 17JlI 341 1311 704

450 ---§! ___~2 _U5. -_!~
___'.12

61 4q 125 7q 15

IOUO __1l2
---~~ _Z!lZ __1.~a ___J2

17q 94 2h2 167- 30.

1500 __Zlifl __1..11 _JI1!t. __Z.l!! __H
?tll' lJ J 3tl4 7.Jl\ 44

450 __~!t2 _l:li'l _ilL! __~.u:i __lH5
540 151\ 'I I It I !U5 575

1000 __2~2 _lHZ _L!!!lf! _U15 -llZ2
q6') 2('12 I qO(, 1175 ll2q

1500 _lJ.l.!l _JifiL _Z21Z _1l2!t. _1.~2Z

13111 341>1 25)2 17q4 1592

----------------------------------------------------------------------------------------------------------------------------------
I A I ALL CUS 'S A~E I N IS' OIlARTFH 1<)71\ OUl LARS.

lUI f1' NO CO~T 15 INllICATt_1I 'N A GIVEN Tqf-A,M,,"l' ",y~rF". N... "It,L'" IHTH fHAr <'Y,>'t>l ClJlHlFNTLY EKIST IN rt" ....1II1CAffGUPY.
VALUE ABuvr. L IN!. IS CIIST lI'O PROnU(1I0'l PIHlCESS COt"POLS.

VALUE BE:LOw IS CU~f wlft' PI.'(}OllCTI<JN ""lOCI";S CUNTROLS so AS rr, FLI"'IIN"'fF. ,,\lIIlFlIN!: ALI,OIl/ANCFS.

ICI 0& M AND '·Ufll(.Y COST'> AfH: NET AFTEll U':LJucrICN OF ClJ~.' SAV'NCiS.

rufAL ANNUAL CO!.T INCLlIOE,,: IlI.M • FNEUCiY • t' IKI'U .\NN\I~L cosfsl:.:' ..",.
II::I ~ULIIPLY f'O \lY .'107 TO IJ!JfAI!~ KK(,J'U

IF' I=AUOlTIUt.AL AIRAIIUN AtW 51-T'LINCi. 7=J\(JOIfION Of" CHF"'ICJ\LLY A<;SI-.rr:D <.1.J\llIFICAflll"l. ]=(!1NVU",fIlN TIl LKf('NIH,O "U~AflnN

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

--- - ._~-_._ -._ --__ --=:o- ~'=-. '=_--,.~--.--_--.=..=_=_---.-_-- --_-_-------..--- - __ "... ~-_~ --;;;-_~-_-"'- .-_--..-....- . --_.-';;; - -__-...---.......,.-=- --. _--__ -- ~--_-...



TABLE IX-B (continued)
IREATMf.NT COST SUMMAI~Y - OIRECT OISClIARGE MILLS IAI-OPTION 4
SUACArEGlmV ----- UNULEACHEO KRA~r RAG

THEArMENT SYSTEM CllS'S FOq l.lOOIFICArIONltll

----------------------------------------------------------------------------------------------------------------------------------
'" ILL 5 liE '/01 E I

---------AS6 ALrFRNAflVf.IFI------
I 1 )

I\C r IVA'~O
SLUllGF

OllIOA'ION
r'ONO

PI~ I MAI~V
rHEArMENr

----------------------------------------------------------------------------------------------------------------------------------
CAPlrAL CUS'
1 $IUOO I

U L " COS,
I $llIOO/YRI Ie I

F"'FRGY CfJsr
1.1U00l'VOI leI

rU'AL "'NNIIAL CfJ:.r
I $IOOOl'VRI IC I

450 _lHfi _J.f!~2 -olf!lD. _Z~~!!

PI7Ft .1646 .1620 2'54 Ft

1000 _,!Z.21 _2LJi _f/ltH _!tlH
J2QQ '57)4 bUtt i12:1?

1500 _liZ!! _lZ!i.i: _tl1~1l _ll~H

4420 1242 !lISA 5'527

450 ___~f! __22J _HZ __1111
46 (,<:1;) 172 IIlI

1000
___2!!.

_1l!!.2 __ ~lHi __Z~!!
64 124') 256 25!1

1500
___II

_llZ!t __ J1li __J.J.J
17 112(' 316 ](.1

4'50 --~
___12

_LZ:i ___n.
III 4<) 125 79

1000 __U2 ___21 __ Z!i1 __H!Z
I 7<:1 94 261 162

1500 __l~fi __1J.J __ ~!1J __lJ5.
21>8 I.B .11l1 215

450 --~.!Q _l5.H _lQ2J __tlZ1
540 1544 10'13 821

1000 __1t!~ _2.201. _leI! _1l~Z.

')·h9 .1604 1877 1:152

1500 _lJ.B _.J!t.~L _o:.!t~!!. _LI{,\!i
IH~ J4!:'1 ;) 494 1764

----------------------------------------------------------------------------------------------------------------------------------
IAI,All Cusr'i ,ARf: I'" IS' OIJ4RH.R 1976 OlILL/IIlS.

U:II IF. Nfl ClI,·,r I', INOICArr.n IN A GillEN rIlEIIHA!:,.,I SV51E:". N'I "ILLS WlrH PIA' sy!;r["(0.1 ClJh'PENrLV Flllsr IN THIS SUtlCA'''GllllV.
VALUE" ,AIlOV!! LINE IS COS, ,"'U PRtllIuCIION P!IOCESS CClNIIWL,;.

VALUE' au.ow l'i CIlS' ... I'H PIIuoucrlON \lIlI1U!.>'i· CON'IlULS SO AS TO ELI'~H~ATE GIHOfLINr: ALLOW,ANCES.
let 0 & .. AM) I:NEIlGY CfJ:..rs APE. NFr AFrt,P IlFlllJCrlllN UF cu·" 'oI\VINr,~..

HIIAI. ANNUIIL cosr I"'CIUIlI,S: ilL'" + F.NEIHiV + F lJ(rlJ liN "lIM I. cosr~; 1;>2%1.
III tJlJLrlPLY rl'u flY .907 rll·OlITAIN KKG/O .

If-I 1=III'lOUIONI\L II~RI\IIIltI 111'10 StrrLING. <'.=·\IJOHION UFCt-Il"'Io1IClIl.LY ,'·.~I,T'~') CLIIIlIFICArlu",. J=cnNVLlbION TO EXrF.NlH·1) IIEI~lIrl(lN



TAIILE IX-6 (continued)

TRI:ATl"t:tlT CO:;T SU,",'4ARY - 01 Pf:'CT OISCHARGI: MILLS (AI-OPT ION .

SU'UCAT~GIIR'l' ----- SE'HI-CHEH ICAl

lIfE;/l.T"'EIIIT SYST~'" COSTS F()Il 'IODIFIC"raON(ftl

MILL sIZe r"O(E I

---------ASO At rrRNA rIVE I F 1-----
123

ACIIVArED
SLUOGF.

OKIOAIION
POND

PRlllAII'l'
TRF-ATMENT

---~---------------------------------------------------------------------------------------------------_._------------------------
CAPI TAL COST
I SIOOOI

o & .. Cll!il
I$IOOO"YRI (CI

ENERGY COST
I UOOO"YRI IC I

TUTAl ANNUAL co~r

("1000"'1'"1 ICI

200 __2.~~ _H;:~ -Z2!1! _l:iJll _~5.l

<J4!) 212" 201:14 15]0 651

425 _1~~1! _Jilll. _UZ2 _ZUJ -l12ll.
1558 3210 3429 2433 2250

bOO _12tl2 _JH:!i! -1JU _JllZfl _15~.a

19t.</ 3(\92 43")4 3026 1566

200 ___Jl __JlI!1 _ll§ __lJI1 ___2f1

.11 36R l2A llft 96

4~5 ---~ _5.5.9- _IIlJ __111~ __ UI2
40 56'} UU 11:19 2 JI

600 __!!l __U!l __ ZLIl __ZH __Z::ZfJ
"6 146 2111 221 258

200 ___i{~ __Z5 __~2 ___!oJ ____fl

25 25 RO 43 6

425 ___liZ ___H __ l!l.ll ___tlZ __U

52 4:1 160 82 12

bOO ___1..1 ___~!i ..:._ZZl __ill ___l!l

13 56 221 III 16

200 __Z-H __!Ifill __ !lfl~ __:ill _Z~5

<,t.4 6(1) 6!>" 511 245

425 __~J:l _l.J.J2 _11l20 __DUb __UlZ
.4.15 1].1" 1091:1 ROIi 1:18

600 __2:iZ _l!l~~ _LtlJ __221 _lilll
55? '65ft , 3'Jl <)<)1 biB

-- -- ------ ------------------------------------------------------------ ------------------------ -------------.------------------------
IAI ALL CllSIS ARf IN IS' flUAR'FR 1<)11) OUlLAIJS.
1111 If rIO Clhr ... ltlOICArEO IN A GIVEN TRl:.AI""N' SYSTEM. NO /lILLS WITtI T"'AT SYSrEM CUIHlEN'LY EXISI 111I THIS sUr:CA'EGURy.

VALUE AfI'lVr: I,INI; IS CUST "'''0 PROOUCrrO'" PROCESS COIIITROLS.
VALUE "ELU~ IS COST WlrH PUUDUCTIUN PMnCES~ COlllrRUlS SO AS Til Ell~INATE GUIOEllNE AlLUWAIIICES.

lci 0 f. M AND I:NFIfGY CO~T~ ARE. NET AFrEH l>fUllCrION OF ClI~.' ~.AVING:'.

'OTAL AIIINUAL cosr INCLUOF~: O&M • ENERGY • FIX~O ANNUAL CUSrSI22~1.

I t· I ....11_ 1 IPLY l'LJ BV • 'II)' 'I) OIH A Ir~ KKCdU

If I I=AllUITIIHI~L A!.If"~'llJN AND SLrTLING. 2=AOOIIION Uf ("'I""'ICALLY A'.:'I~TF:D CLARIFICATIUN. 3=CflNVElhIUN TO (,xrFNDF.O AF.:IfATlnlll

- -------------- ------- ------ ----------- -- _. -- --- -~------------- ----- . - -- --_ ... _-- _. --- ----- ----~. - ~_._-_. ---- -----
-_~ -~-;--- --_- ;0--_ .-_" __ - __ "",,--::--_-'".=" ----;:---.---- ••• _""_ --.- _ -_ ~--= _--_--..- ... __ ---- .----...=...-= ... ,.. - "" _ ,-'_"" __-----.- -_,--:,-- - :-_-=-----"'" _- --0.0:.._



TABLE 1X-8 (continued)
TREATMENJ COST SU...MARY - DIRECT DIS~HARl';E MILLS (AI-OPTION 4

SU8CATEGORY ----- UNOLEAC/IED KRAFT r.. SEMI-CHE"'ICAL

-------------'-----------------------------------------------. "

lQEAlJolENr SYSTE'" COSTS FUR "'ODIFICATION(al

...·1 LL SIZE 'T .fO(E I
-------_-ASB ALTEP.~ATIYE(FI------

I 2 :)
ACTlYAtEO

SLUDGE

OXII)ATI£lN

PONO
P~I"ARY

TREAT MENT

----------------------------~---~-------------------------------------------------------------------------------------------------

-- -- -- ----- ----- --------;------------ ------'------ ----.;..------- -- -------- -- ---------.;..------------ ---"-'-------------------------- ------
(A I AU. C(JSTS /lflF IN Isr UUAlHf.R "'17" DOLLARS.
(til If' NO CO',T I',' IWliCAJEll IN A (,IVEN "11:4.~1~~r 5YSHM, Nfl ~ILLS WIlli lHAT SYSTEM CUqllENrLY f:)(ISl IN fltlS SUllCAfI (;ur>y.

VALlIE A~OVF L IN~ 15 cnSJ II//U PIWOUCfll.)"l PRIu:e-SS CUNTPUL·,.

W.lIJE lI!::LlI'N IS c.nST Wlftt PIII.lOUCTIUN PIHlCF:;.... CONTIlOL5 ~;n AS TO ELI'IINAJ" GIJlUFllNI£ .ALLOWANCE";.·
(tl or.." A~.I) FNF,IH;Y Cf)"T~ ARE NEJ AFJfR '>fOllcrICII OI'-ClI',r ,AVINC...

TurAL ANIJU.\L crJSJ IIlCl.lIllr~: Ot;M • FNFI~GY + f"IKr:1l A"lNIML COSJ';(;'2Y.,.

II' "Ul. I If". Y r lu "'1 • -I0i' ". 1lI11 /II N KKh/O
(fl 1=1I11011111l,4\. Alla.llmJ ,~N[l SErTLINe.. '!=l\lH.'IIICN OF Cll!'\ICAllY 1\·.~I.Lf) CI.I\"IFICAJI,)"l. l=UINVllhlllN Til ')("F~II)f.() A(I"UIJI(lI'l

CAPITAL co!>r
( $10001

n t " COS T
I '5 10 OU I Y R I (C I

ENfRGY COST
( t 1000 I YR I (C I

rUIAL ANNUAL UI!;I
( ~ lOOOIYll1 (e I

700 _Z~Q!!. -2IH!~ Jl2!l1 -}!!£Q
2'104 5005 5583 3620

1500 ..Jl!!~ _l:I.1.~ -2 flU _~2~!.

5028 1114 9611 5'~54

2600 _r~Jl 1!!1Ji U!U .:.j2.2~

7531 107.34 14412 6605

10Q ___~l :..U.c:2. '::'_lU _-"1.i1
6] 102'} 241 24 :)

1500 ___21 _U1H __ J~~ __J.:a
91 181c) 3b5 ]54

2500 __1.12' ..::z.~! __ ~!Ul _·_n~

IIQ 29tH 500 475 ..

100 __lJ!!. __ll _:LUI __lZ.1
134 11 Hll 121

1500 :..-Zf!::i __1.1J __ JI~ __Z!l.l
;>85 I:J.1 316 241

2600 __!.~z __ZU __ §J::i .__~1lZ.

4 '12 21 ] 635 402

·100 _~!!..lli :..zzga _lb~f! _lUil
fiJI> 2;>0;- 11>56 1161

I'!)OO .:..l!.t!a _JIz;r _Zl121 _l~Q~

1411~ J72 ~ 21151 1905

2'600 _~2.t!a ..:5!:i!lt!. _'t.Jlla -,-ZILQ.
27.t,il 5~6) 41U, 2770

"



TABLE: IX-B (continued)
TRf,AfM'cNT ClIlif SUMIoIAHY - n'RECT O'SCHAfUiE MILLS IAI-OPf!ON 4
SUUCATEGUny --- -- I) I!'~'JLY I NG SULF I TE PULP NITRATION
------------------------------------------------------------

TAl::llmEIU SYSTeM CUSfS Fon MODIFICATIONIUI

--~-------------------------------------------------------------------------------------------------------------------------------

MILL 51 IF. T101 F.: I

---------1.50 ALTF"~ATIYEIFI-----

,23
ACTlYATE:O

SLUOGE

OXIDATION
POND

PRI"'ARY
TAEATN'ENT

----------------------------------------------------------------------------------------------------------------------------------
C.API fAL CO', f
1$10001

450

600 l11Uf!.
, .1B.lll

11612
1&919

_11!z1I
109'7

1ll1i2Z.
13707

II & " eUSf , 450 __Ila
_2~!1 _526 __U2

I' 'ulltl/vRI Ie I 177 26211 6U' 564

600
___2101 _.J2..1l. __ f1il5 __55!

CJ'1
222 336' 74lJ 67"

0
0

ENERGY ens f 450 __JfI.I __Uk -1.5111
__212

ISIUl)U/yRI lei 45C1 :.!JR 1591} 611

(.00 __~2lI. __ill!! ..lalla __flUfl

6'. ]'3 1. '.25 It"

101AL ANNUIIL CO~f

I i101l0/YRI IC I

(.00

_lUli
2435

_U2:i
JIl8

-~QfI~
5356

_28tl1
1577

---------------------------------------------------------------------------------------------------------------------------'-------
IAI ALL CIlSfS ARE IN '51 11llAR1FA '-'78 DOLLIIRS.
I £I I IF NO (mi 1 Ii I NI) I Cll IE 0 IN A (t1 VF.N flU,lIl1~Io'H SY511:'1. NO r,ll LLS wrr" TlIA f SY'HE:I~ CUIUlfNTL Y F 1(1 ST IN 11115 <;UHC II f!£(iIJRY.

YALUE AllOY" '.INr. IS CO'H WI,/I pnllOUCfllIN PIHICESS CllNlhl:I.".
YALllt: fIEU'''' b (:naf ~llfH PI>OOUCIION Plmc.r:S5 eONlIlOLS so ~s rn fLI'IIIU1E GUlUfLI"lI', IILLOWANCEo;.

ICI 0 & ~ liNn ftH!UGY COSfS APE .I£'f IIFfF,1l ornUCflON OF eelST ::'llV'NG';'
fO'"L IIN~UAL LOSf INCLUUES: O&M • F.NF.HGY • FIKEO IINNUIIL eosrSI22~1.

110 I "UL f U'\. Y flO tlY • ')01 'IJ OUf A Itl I(I(G/lI
IF-I I=A()OIfIONI\L I\I:RAIlUN I\NO m:.rn.ING. 2=l\flOlflON Of' c."onCALLY 11551:if::') C:LII~II'1Cllrrll~l. J'=(.ONVI.'R!lION Tn f.KfENOFD AEflATION



TABLE IX-8 (contlnu3d)
HlEAfMENf co:.r SUMIolARY - (lIPECf DISCHARGE MILL:' fAI-OPTlON 4

SUElCAn.GORV ----- DISSOLVING SULFITE PULP VISCOSE

------------------------------------------~-----------------
r~E-TM~Nr 5V5fE~ COSTS FOR MOOIFICATIONIUI

~---------------------------------~-----------------------------------------------------------------------------------------------

MI i...L SIZE f /01 f ,

----'-----AS8 AL rERNA f I VEl F ,------

I 2 3
ACTlVAT'ED

SLUOGE

OXIDATION

POND

PRIMARY

TREAfMEUf

-!- -- ---- -- --- -------- - ---- _:.._------------------- ------------':..- -------- ----------'-- ----- ---- --- ---------- -"- ----------- -- --- -- -- ----

CAPI fAL CUS r
I;, 10 00'

450

600 _1l1l.1
10417

_22§1
I I "lSI

lUll!.!
Il83F1

l!1JI~
21485

_!!~!

10Qll

l!l~2!
1.1701

0 & " CUe; r 450 __1r2 _.2~!l _5U __HJ

Is looo/vn, Ie, 111 2620 61Q 565

bOO __~!l _JZJ! _flZZ __5:i1i
222 J361 151 660

tJ1
0......

F:I'lEIf GY C Oaf 450 _.:Jfl! __19.li _(:i1l1 __~.L2
(.IOOO/vP, CC, 45() 2JtI 1599 611

1)00 __t!lll __1li2 _Zllllll __fl.flfl.
614 .31:J 2125 1\1 I

rUTAl ANNUAL CaST 450 _lH5 ...!!lilfl _~ZIi.J _Z.!Ul!l
I to 10 OO/Y It, IC I 2435 53t1h 595.3 .'511\

600 _Zl~5 _:iltl:i ~61!l _.l:iLJ
3126 b71!! 1603 450')

-----

---------------------------------------------------------------------------------------------------~-------------------------------
(A' ALL CIJSr'i ARE IN ISf lJUARTER 1918 OULLARS.
1;t\·1 IF till cos, 1<; INIlICAtr:f1 ItI A GIVEN trlF.ArMf:.NT SYSTEM ....n "'ILLS WITtI TUAT 'iVSTEM CIJRRENILV EXIST IN rtll~; -.UlICArrGony.

VALUE AUOIIE L Ii'll IS COST W/O PIWOUCf ION PRUCE:.S CONTP0l5.
VALUE flELOW IS C051 wlTtt PRODUCTION prmCFS'i CO'lTItOLS S(\ AS Til r"LIMltlA.TF GUIOfLINE A.LLOWANCES.

':c' 0 & MANn t NEflGY cos rs ARE NF T AFTER Of 1J1IC T I ON or- CLlS T C. AVINf;5.
fUfAl IINNUlll ClJ:,f I NC.l.UOf.: 1)&'" • ENt:'I,u.y • F IKEO ANNUAL COSf·.. ?2:r.1.

(EI IIIJL'II'LV f/IJ BY .901 TfIOlHAIN KKG/U
IF I 1:/lO/)llII1NlIl ArUlIlllJN ANO SFffLING. :!=IIIlOlfION OF c.llr··"'C-l.lV ASSI5T!:O Cl.A.QIFICA.f'lJN. 3 =Cl.1N III.: RS I LIN fn EXfFtlOH) AEllAfIO~



TABLE IX-8 (continued)
TREATMENT CO~T SUMMARY - OIf/eCT 01 SellARCiE NILLS IAI-OPrlON "

SUUCATEGORY ----- OISSOLVIUG SULFI TE PULP CELLOPHANE

------------------------------------------------------------
rREA ""'ENr ~YSTEM CO',TS FOR MOm FICA T 10NI u t

----------------------------------------------------------------------------------------------------------------------------------
kILL S 11 E T1'01 E I

---------ASU ALTERNATIVEIFI--:---
I ? )

ACrlVATEO

SLUOGF.

OX II)A fI ON

1'0NO

Pl~ I MAllY
TREATMENT

----------------------------------------------------------------------------------------------------------------------------------
e liP I TAL ell!j T

I -HOOul
450

600

_lHll!l
8178

_L1~!

10411

_2221
II .lSI

In~{!.

1.J036

.LHi!2
Ib 979

ill J!5.
214U5

_!Illl!
10Qll

.L!l:i2!
13101

0 £ M eUST 450 ___!l:i _Z:iZ!l _1212 __H:i

I ~IUOlJ/Y'H lei 177 2h20 62 I ')67

600 __2.!l _JZJL __ Cli:.2 __:i:ill
222 3361 754 682

<J1
0
N

E"'f:~GY COST 450 _.2.!!1 __H!i. _1~!l1 __~12
I 5IuoU/Y~1 ICI 459 2]'! 15<J<J 1)11

bOO __~2.!2 __1t1~ _IUllHl __fi.uft
hl4 Jil 2125 Oil

T U TilL ANNUAL co:. T

151000/YIH ICI

450

600

_1H.~ _!!iflfi _:i~:i _~tl2Q

2435 53S6 S<J55 ]580

_in22 _21f!~ _2!i.Li:. _121!!. -----
312t! 671!! 7611S 450'}

----------------------------------------~-----------------------------------------------------------------------------------------
IAI ALL COSTS AHE IN 1ST OUARTF~ 197R UULLA~5.

CUI IF 1110 COST IS INI'ICATl,O IN A r;IVEN TrU-./lHl[:NT SV$TE~, !'<'} "ILl.'> WIT.1 IIIAT C;V5Tr:M CURI~ENTLY f KIST IN HilS ::iUtICAH:GORY.

VALUE AU()VE (.INE IS COST ..,/U prmOUcTlIIN P~()CE5S CUNTRUL",.
VALlIE IIELllW I~ C'~T WiTH PIlOOUCTIllN Pl-WUSS CUNTHOLS 51) AS III ELIMI", .. T'" GUIUELINE ALLOWANCE'S.

lei 0 I; " A.NfJ r-N"PGY COSTS ARI: NFT AFTF.R UFIJULTION OF etlST SAVINC.S.
J(IIAL -ANt~UAL COST I NCLlJllES: II£M • f:NFHGV • FIXED ANNUAL (OSTSI22"'.

ltd ".IL r IPLY T/lJ UV .<JU1 TO DIJTA IN KKG/ll
(I'I I=AlIOITIO...."L ",r.I>/lTION liND SETTLING. 2=II{)OITION OF Ctffr-<ICIILl.Y ASSI~TEr) CLA.I~II·ICATION. 3=CONV[RSIUN Til flCTFNOEO Af:PATION

------------ ------------- ~ ------ - -------- - - -------- - - -~----- ---------- -- - -- - ------_. - --_._-~ -- ---- - -------- - ~-- --------
-- ':l'" - __ - -----"'---, _- -=_""'__ ----..-.---- -_"'- __ =_"""_ - -_---- __ "-_----:::=-- _ .---::.~:;- • --:;-- ---:=- - ---=_ -.-~- _-......,- __- -=_---~ <:;--.-- -=-..,,-=--:..-_=_-=oc-::...-::..::..-:.- - -oc ------::. -oc"",- -- -------,- -



TABLE IX-8 (continued)
TRI::AfMENT C.Ol:JT SUMMARY - OIRECr OISCHArU~E MILLs IA'-UPrtON ...
SUBCATEGORY --,--- DISSOl.VING SUI.Flre flULP ACETATE

IRC"IMENT SYSTFM COS~S FOR MOOIFICATIONIB,

----------------------------~-~---------------------------------------------------------------------------------------------------

MILL S IlE ""'·O,lE'
---------A58 ALTFRNATIVECF'------

I 2 .3
AC n VA T"O

SLUDGF.
OX 10ATI ON

POND
PRIMARY

TREATMENT

----------------------------~--------------------------------~--------------------------------------------------------------------

0"'1
o
w

CAPITAL CUST
I$lO()OI

IJ £. ... Cu:.1

CUIIOO/YRI Ic'

ENEr.lGY CO~T

I SlllOO'YRI IC I

lOTAL ANNUAL CUST

1'~IOOO/YIl' IC'

.5,0

600

450

600

450

600

450

bOO

_:ill!!!
III 76

__!ill
171

__~2J1

514

_2Q~1

t I:1S I

1!!U!!
I 39.]f\

_-llfl
23/1

__1f!2
JD

1!!J!l:i
21465

__ !;Ill
755

_!!fll!
101)17

122.2!
Il707

-~---

__~f1.!l

60.

_ZlI:ll
1561

_.l5IL
4510

----------------------------------------------------------------------------------------------------------------------------------
IAI IILL CUSTS AHE IN 1ST al/ARTEn 19111 OULLIIHS.

Cui If' WI COSI IS INIJICATI:::O IN A GIVEN 1Ilt:"'''~E''' 5YSTEM. NO WILLS 'flInt HIAT Sy~.IfM CUt-lIlENT'-Y EXI'iT IN THI:> ..,UflCAU.:'GORY.
VALUE AllOVf. LINE 15 CIl'iT '''/11 PRUDUCllml f'ROCF.\>S CUNTI>Ol.S.

VAl.UF. IIELlJW IS COST 1II1TH PI'I(}OlJCTION p'WC.f~iS CONTllm.s Sfl AS TO f'LI,'4INATF. GUIOELINE ,ALLOWANCES.
1<.1 0 & M AND r;NERGY <.:OSTS ARI: NET AFTF.R IIS11UCTI ON Of" CUST ~iA"'Nr.S.

TUTAL 4NNUAL CO,.r INCLlmE~: or.~ • ENflHiY • FIXEO ANNUAL 'COST:'C22l1:'.
H' r<UL I IPI. l' I/U ltV • '10 1 1'0 OIIT A I III KKG/U

If,' I:oAUUITIOIiAL AF.flAllllN ANO SfTTLIMi. ~=I\U(lITION Uf' C'tFMICALLY ASSI"nll CLAIHFICI\II0'~. J=<.JI"lVI'R510N TO I:XTf'NIlF:O AERATlfJN



TABU lX-8 (co,,,tinued)
TIlEATNENT CO:.T SUMMARY - OlrlECT OI';oC""IlGE MILL:' IAt-UPTlON "
!>UI:5CA TE:GURY ----- PAPI:RGI,AUF SULFI TF. (G)

------------------------------------------------------------
TR~ArMl:N' SYSTeM CIISTS FOO f.lDDIFICATlIlNIU,

----------------------------------------------------------------------------------------------------------------------------------
MIl.L SIZE: T/DIEI

---------A50 ALT£RNATlvElrl------
I 2 1

ACTlVAT£O
SLUI)Gf:

ox I(lATI ON

P'ONO

PUI I~AnY

TREATI4F.NT

----- -------------------------------------------------------------------------------------------------------------------------- ----
CIIPI TAL CllS"

1... 10001

n t M COS,
I .~ 10 (101 VR I I (" I

f:NI'fIGV CO:.T

1~IOOOI'YRI ICI

,UTAL A~NUALCnsT

ISIUOOI'YIII lei

'00 _!HQ _~2~!! -1111 -~Q~!!

2220 17"n ]1)23 27QO

450 _Ulfi _llU ~~2Q _!i~~~

6"15 9112 11250 .755<;

1000 _!l!!tU .l1tlQ III I!!.!. _2!l.l:l2
12541 15870 21224 141 .. 9

100 __J!! ~H. _Ufl __1111
bfl "08 186 191

450 ___IJ _11.!;!l _3J2 __J.l2

153 186" 41" 399

1000 __lY1 _J~Z~ _:il~
__!t1l5

267 3707 713 6b..

100 ___:2:i. ___JZ __ill
---~~

55 3? 141 62

450 __Z-!i.6 __lDl _~1l2 _a!i.l1
246 101 5B9 240

1000 __~!i.ll __ZDJ _HllQ __:til
548 203 12110 513

100 __H!1 -lOW! _225 __6LJ

~ll 14t>'5 1190 A68

4':>0 _nil! -l!tl!~ -l2!lZ _Hill
If! to 3'17'5 .1462 2301

1000 _l!!.J~ _1lZ-!!L _:i~2J _J1.J2
.is<;l1\ 74UI 66f>? 426<)

----------------------------------------------------------------------------------------------------------------------------------
I A I ALL CO,>T', AilE IN 1<"1 Q'JARTFIl 197!l DOLLAII5.
11I1 If- I'll) cu,;r I~ INOlfAIFIJ IN A GIVEN T11EArl"l NT SYSTEM. ti'l I"rLL'S wlTII THAT SVSTF~ CUlH1ENTLY fKIST IN THIS SUllCAT[(",OQY.

VALuF AllOYI LINL' IS CIISI ....... n Pllul>UCflul'J PIIIKE-55 CIJNTI/IILS.
VALU/: BE-lUW I~ UJ:.I wlTII \"HllHJCJlON PRllf.f',·' CONHlOl'~ :,£1 A~' In FLI"I"lATE GlJlUFlINF ALLOWANCfS.

1<..10 /.. II Ai'll) fNf:I~GY <..O:H5 Alii, NFT AFTER UFOUCJlCN OF CO'>T SAVING:>.
HIlAL "'~NUAL (.tIS I HJCLUIlPi: O/.. .... ENF.I{GY • f IXFO MINLJAL COSlSI22XI.

11::1 M1JlIIPLY I/U MY .9011'1) OIlTr.HI KI{GI'U
11,1 I=AllnrriOllAL AEU"l!O'1 "NO SflTLING. 2=AonlllCN or CIlEMICALLY A';SbTlfl CLAlHFILAlI'IN. ]=(')lIVFR~ION TO FKTlNDfl> APIAliON

(G) INCLUDES PAPERGRADE SULFITE (BLOW PIT WASil) AND PAPERGRADE SUI.FrrE (DRlJIol WASH) SUBCATEGORIES

_._------------------- ---------------------------------------------- --- ----- ----------- --~-- ------ ----~-----
-- - - • • - -=- -- -- " .---.- -.:;; - - - • - • - -- " --- .- - "'" ~ - - --. -"" _- - _ ...... R-- "'- -. - - - - =.:r- ';,. ~ - - - - -. - - - _.- -- - •••~ - __-; _-_. _ _ - -:.;:; ~ -:::....=. __ -=- _--- - - - -- --=- -..=...:- .,,-.- - .- - .- - - - - - - - - -



TABLE IX-8 (continued)
lREAT,.f,NT COST SUMMARV - nIRF.CT DISCHARr.f. "'ILLS I AI..,.OPT ION "
5UtJCATEGU4Y ----- GRlJUNO"OlJO-THE.RMO-MECltANICAL

l~EA"'£:.N' ~YSH:M cos's Fllfl MOOIFICATIONI61

--------------------------------------------------------------------------------------------------------------------------------~-

PRIMARY
TREATMENT

OXIDATION
POND

ACTIVATED
~LUOGF

----..,.----ASB ALTERNATIVEIFI------

I 2 3MILL S IlE T101 E I
. .----------------------------------------------------------------------------------------------------------------------------------

CAPITAL cos,

Ii 1000 I
JOO _1!!.2!

2641
_1.J!.!1

4253
_1!U2
4763

(l £, ,. CIIST

(1)IOOO/YRI (CI
300 __ in

2t'i

U1
o
U1

ENERGY C.05T
(1)llJOOIYIlI (el

300 ---~
57

__-.JI
37

TUTAL ANNUIll. <.n~T

1:61000/YIlI (CI
.100

----------------------------------------------------------------------------------------------------------------------------------
(AI ALL COSTS AUF ' .. '" IS' C1UMHF:R 1'I7B OOLLIIJ,lS.

luI If· NO CO'i' I:; INfl((;ATEO IN A GIVFN "H,ATM!::"" SySH:..... 1m MILLS' WIHI TitAT SYSTFM Cti'lRfNTLY EXisT- IN nus 'i.UIICA',rGUny.
VALUE ABClVL LINE IS ClI';T WIll PROOUCTIU"l PROCEo.'j CUlHPOV.. •

VALliI'; IWLOW 103 UI~T WillI PIHJrlUCTION PIHlCf"~.S ClltHPOI.S ':in AS Ttl E'LIIlIIljIlTF. GUII"lI'LINF. Al.LOWANCES.
1<.1 0 £, I-' liND l·NF.Rr,v CO';TS Afll:. Nr-T AFTFR DfUUCTI ON. OF c:n~)T ~.AV INCiS.

'OTAL o\N'IlJAL ens' I N(LUUf'S: lie.., • ,:Nt='H,V • F IXEO J\r·INUO\1. COST~~ (2;>'" •
11:.1 /J'll lIPLY I/O 11'1' .'Wl III Dill A IN KKG/O

1'1 I=Jllllll'lrINO\1. MflAIIlIf4 .\NO "l:TTl.ING. /.=AIIIIIIION lIF CIIL"lt ...LlV A<;Sl.f'iJ CI.A,~.,·tCATlllN. J=CO'IVI"Q'ilfJ"l Til fl(TfNOEO AFlIIITII1N



TABLE lX-8 (contltlt:l,ed)
fREAfMEN' CO:.' SI.WMAlty - olu!:(.r DI"'CtlAnC;~ MILL:. (AI-UllfIOH"
SUBCATEGORY ----- GfJOUNO"OOD-Clo4'·1 PAPl:RS

------------------------------------------------------------
TREA'MENT :.YSTE'" CU'iTl> FUR "'OOIFICAflOI~(nt

----------------------------------------------------------------------------------------------------------------------------------
",1 LL 5 I ZE T1'01 E t

---------ASB ilL fFRNA TI Vl:I F t------
, 2 ·3

ACTIVATED
~LU'lC;E

OXIUATlON
"ONO

PRIMARY
TREATI~'F.NT

----------------------------------------------------~-----------------------------------------------------------------------------

U1
o
O'"l

CAPIIAI CU~T

I .. 1000 I

U £. ... CtlSf
I " '0 001' v R I I C I

ENEf~GV CO"I
I $IOOO/Vrlt ICI

TOTAL A~NUAL COST

I :l>IOOJI'VRI ICI

50 _~JJl _l~li::i -ll~fi
__l.fl::i

q4fl Iflb5 15J6 1115

600 _J:iH _:il!l!!. _~~lL _Jr~J

5341\ "9131\ '117 555.1

1000 _5.it~! _!l~2. -U.!lCl _2Hl.
7FJ21\ 95.19 ,OQS6 7S17

50 ___1iI __.L21 ___§'::i ___!1t

oJ" 215 62 r'6

600 ___~2 __21Z. _Zl:i __Z~2

131 981\ 281 301

1000 ___If! -lJ5.l _~J __Z12.
11'1 1454 385 ]')5

50 ___z.t ___11 __Z!l ___l::i

.2' 13 20 15

600 __Z.~l ___Ilfl __l~ __-2~

257 6fl '5!l 9S

1000 __~26 __lilZ _Z~fl
__l!1~

42fl 107 24ft 14e

50 __L~ll. __!!.!!!l -,-11J __illl5.

261\ 595 1\40 371

600 _122fi _H.m _lfll.Z _1l!19.
. ISh4 25tl'l 2140 1"17

1000 _lMl.2 _Z~!!. _~J~!l _1.~!tJ -----
2329 J65 /, J041 ~263

-----------------------------------------------------------~----------------------------------------------------------------------
I A I AI.L COSTS AilE IN 1ST OUARIFIl IQ113 lJ(ILU'Il~••
101 IF Nil CO'jT I'> IN'lICATU> IN" GIVEN T~tATME::NT 5YSTl~'" Nil "'ILLS IIlnl HtAT SY5TFM CU~<>ENTLY EXIST IN TI-I15 SUlICATlGORV.

VALUE ,. WI'IE LIN£-. I '> (n~ T "I1'O PRUl>UC (I UN I'IU.\c e':>5 CON TPUL '"
VALUE nELIJW IS COST ... HH PW10UCTION PI~n(rSS clItlmOlS so AS HI r:LIMlrJAIF. (iUIIlF:LINF. AU.OWANCF"i.

1(.10& M AND FNF.~GY (.OSTS ARI: NET Af"TER UEOUCIION OF G)'a 5"VINGS.
TUr "L Al4NlJAL C'lST (NCLIIOES: O/,t4 • [NE "lGV • F (XE.O ANN\ML CIJ~r,.«2 2"'1 •

(LI I'ULTIPLY rl'u HV .901 rl) OllrllltJ KKGI'lJ
II I I;AlJlllr(l.lI~Al AnaTlIlN AHO Sl:TTLING. 2;I\lJO IT I ON OF Ct1f··~Ir.I\LLY ASS ... r,,!) CLAIHF'CATlIlN. J;CflIljVl"I'lSION TU £.XTFHIlE.O At:cIJATIO"J



TABLE lX-8 (continued)
JRf:: A1 MEN' CUS T SUMMAI~Y - f) I RGC' 01 SCHARGF. MILL S I A '-UP'-: ON "
SUUCATEGtJllY -.:._-- GRUUNownI.lD-FItIE PAPEI~S

TREATMENT ~y~rEM c"~r~ FOR MUDIFICA'IONI"'

/AIL.L SIZE T",UI:::'
---------A5D ALiEHNAfIVEIF'------

I ' ? 3
ACTlVATF..O

~LlIOGE

OJ( IOATI UN

POND

PRIMARY
r liE Ar ,'.ENT

-~--------------------------------------------------------------------------------------------------------------------------------
CAPI TAL COST

IS 1000 I

IIi &. MCUST
I"IOOO/YR, ICI

FNEIlGY <.()~T

I$1000/'I(RI lei

TUTAL ANNUAL COST
IfolO 01>1''1'11 I I C,

lA' ALL CO'>T5 AnE IN 1ST OIJAfHFR I"HK OllLLAIlS.
Il'll IF' NO cehT I', IMIICArn) IN A GIVEN rIlIA'Tlft-NT SYSTl"~'.NI1 IIILLS 'olIT., TtIAr SYSTFM Cl/IHIE:NrLY I'J(IST IN fliiS 5UIICATI;C.Ol>Y.

VAl.UF. IISIIVF LINL IS CIIST w/O PRll!)lICTIliN P""CE55 C(INHIULS.
VALUF lJE.I.UW IS U15r I'll Til PfHloucrlllN "",rIU;!;~> ClJNTI1ULS 50 A5 TO) rLIMlf~ATF GUIDF.LINr." IILLOWA"ICES.

It. I 0 f, "1 AND INFIHiY CIJ':.T,> ARf NE TAFTI'll O"UllC-TlCr-. OF' Cn,.T ',AVIN(,-,.
TOI.Il. ANNUAL CfJ~il INel.tIDES: OI;14'FflFI~G'I' • fix!.'!) ANNIJ ... t. (U5T517.7."I.

Il:l ""Ul. I II'LY I/ll (lY • '/0/ TO !lIlT A III KKG/U

If I 1".\!lDI/IONAI. Al'IlIlJlI.IN.\IIlO St;TllING. ;!=Allrllflml or Cllff/leAl-LY A... ~.I.T~ll CLAIIiFICAr!ll'J, J=cnI)V~.lbl(]N TO !'~f£:NOf.() AEIIA1'ON



TABLE 1X-8 (continued)
TREATN'l:llT <.OST 5UMI~A"Y - nlneCT OISCI1AnGE MILLS IAI-UPTlO~ 4

SUHCATEGfl'lY ----- OEINK FINE PAPERl>

------------------------------------------------------------
TQEAJIoIENT SVSTE'" ClISTS FOQ MOOIFICATHINIAI

----------------------------------------------------------------------------------------------------------------------------------
MILL sin: r /0 lEI

---------A5U ALTER'IA TI VEl F 1----
III

ACJlVATEO
SLUOGE

OX IDA TI UN
POND

PRIIolAHY
rRFA T""E'NT

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

tTl
o
00

CAPI TAL CU!H
11.1000 I

o & ", ClISI
I $ 10 00/ YIII I c I

ENEIlGY COal
110 IOOO/YRI Ie I

10JAL ArlNUAL COST
(iIOOU/YRI ICI

lliO _L~2!! _;l~,2L _J::iil _~Z~

1596 .lOS I .1542 2522

400 _l.!!.lQ. _~!l.J!l ~lLZ _!iZ~2

2010 4P..1f) flH2 4265

800 _!!.~!!.Q. _H21 .L2.122 _!HlJ§'
4t>40 725.1 10155 bl136

lAO --_!!.~ _-!.:If! __12!i. __;:'!1:1.

42 45'" 196 204

400 ---~!!
__lllf! _J!!.2 __,22

(>0 71>(, .100 299

800 ___Ii! _ll!l2 __ i~!'! __!U1

64 126<' 44fo 4.11

IliO
__.22 ___!a _LLf!. ___'Ill

52 4? 176 90

400 __119. ___l~ _JI!l __ill!!

114 7<J .17R Hlf>

ADO __z.~ __H,J _Uti __J~~
220 14 ;l 7J8 15')

1110 -~!!.! _l1!d. _1121 __!l!!.!l
444 lib'} I IS I A4A

40O __L~~ _12!.!l -Z.!l12. _H~!!.

792 1907 2015 1424

dOD _l.lJ.l _J.ll!,H1. _JUft _2221.
llJJ 100'1 .\ (.1,\ _22'14

----------------------------------------------------------------------------------------------------------------------------------
IAI Al.1- c.o.,r~. AUF IN I~I OIJAIHEI~ 1')7!! (lIlLLAIb.
lui If r·lf) CO';T Ie; INOICAIEO IN A GIVEN HlI·AIME"lJ SYSTEM, NO "ILLe; \IIIHi TIIAT Sysrf.1.l eW14ENTLY EXIST IN Tttl5 5UI\CAH'GOI~Y.-

VALl,E AlIl)Vr LINE IS CllSr lfl/U PRUOUCTIUN I"~OCE5S CUNrlltlL5.
\/I\LUE' nELlJ~ '" em.T wITH PROOUCI ION prlOCJ",,!> CONIIIOL'; ~n AS TIl ELIM INA IF GUlI)ELI ~o= ALLOWANCf ....

H.I 0 f, ... ANI> ENEPGY COSIS A~E NEr AFTER U':\lUCTION OF COSI SAVINGS.
TIII"L A"l'iUAL C05T INCLUDES: 01." • ENE'~GY • f IIIEO A.... NUAL cnSlsI22"'1.

11:1 Ml.JLrll'LY r/Il llY .Q07 TfJ (1IIrAIN "KG/I>
(f I 1= AU!)" 11lt~"L' I.H,A" ON ANO 'it'. I 1l. 1M" 2 =<\,)/)( 11 ON OF CIIF .il c. ALL YASS E. T-,II CI. AI<I F !C. A11 orl. J =CONVH~S I UN ro E)( rF"lor:o Afon AI ION



TABLE IX-8 (cont.inued)
'~EAH't:Nr COST SuMMARV - !)IREC' OI!>c.tAnc;E MILL~ IA'-OPfiON 4
~UOCATEGORV ----- OEINK 'ISSUE PAPERS

'R[A''''ENT SVST~M CO~TS FOR MOOIFICATIONIU'

----------------------------------------------------------------------------------------------------------------------------------
MILL SIZE T/OIEI

---------ASA ALT£RNATIVEIF'------
I 2 3

ACTIVATEn
SLUDGE

nx IDATI ON
POND

PRIMARY
TRf'AT"IENT

---------------------------------------------------------------------------------------------------------~------------------------

U1
o
'-0

CAPI 'AL COST
1'101000 I

n I; M CllS'
I uooO/vnl ICI

E NEil GV <'05'
I .. IOOO/VRI IC I

'O'AL ANNUAL cns,
I ",ooo/vRI IC I

25 _i~2 _l!!.l~ _2H __HQ

429 1025 967 740

50 __!iflll _l!!.tl..J _l~2~ _llU
"68 14131 14<)4 1112

180 _1.:l2!l _l11ZZ. _H22. _U12.
1596 3027- 3499 2479

25 _Zl __1~6. ___!:i __!12.
21 166 15 g<)

50 ___Zrl __lZ:i _12.1 __J.U
26 225 10 I II"

IBO ..:-_~Z _2.!2 __1al __J.2~
42 449 187 195

25 ___2 __11 __Z2 ___La

7 I I 2<) 1ft

50 ___12 ___H ___:i! ___Jll.

Ie; 11 54 JO

180 ___:iJ __-!tZ- _lil ___2ll.

53 '2 171 90

25 __ill __!t.ll.J __ J11 __z.f!~

123 4O] 317 269

50 __1t!..!! __~!l2 __ !!.!H. __.J~2
1118 !")b') 464 lR'J

HIO __~!I.:i
-!.1~fi _1.1JJ __lUll

. 445 115" I 133 'Uo

-----------------------------------------------------------------~----------------------~._---------------------------------------~
I A I ALL ClIS'''' ARE IN IS' OllARrER 1978 DOLLAR".
luI IF NO CUS, 15 INIlICA'EI) IN A <.oIVFN 'REA'Mf:N' SVS'E."'. Nfl ",ILl.S WITIi ntA' SYS'EMC\JIH?\"N'LY EllIS' IN T... IS SUIICATfGORV.

V/.LUI: A[mv!" LIN!.' I'> COS, 111/0 PRODUCTION PfHlCf.SS CON'RIJl.S.
VAI.UE lIH.1J1O I:, co~r WITH PflOOUCflON PIHIC.F.,,':> CON'QOl::>~I.1 A~ '0 fLI'lINArE r.uIOELINE ALLOWANCE-;.

ILl 0 I; "" AND r:Nf..IlGY COS'5 ARE NF' AF'ER ll"OUCTlON OF COS, SAVING5.
ro'AL ANNUAL COS, I NCLlJOF.S: n&M • ENflHiV • t'IKf"O ANNUAL COS'SI22XI.

I l:: I lolUL f1PL V '/0 BV • 'iD 1 '0 mil AI N KICG/O
IF' 1::I\OUH10WIL IIF:PAflON ANO !>ErrLING. 2=I\Il11lfICN Of CIlr:'~IC:ALLV ASSI~if[n CLAIHFIC""ON. l=<'ONVEn~ION TO [XrENOr:.O AEQA'ION



TA!lLE IX-:.8 (continued)
mEAHlENI cnsT SUI'HAIlY - DIRecr OI~CItAIlGE I4ILL~ .AI-OPIION 4
:iUftCATEGORY ----- TISSUE FRO'"' ",ASTEPAPlR

rRE::AnIENr SYSTEM CUSTS FOR MODIFICATIONI"1

--------------------------------------~------------------------------------------------------------------~------------------------

CAPIIAL COSI
es 1000 I

o & '" cus r
e.ruoo/vRI eel

FNEIH;V CO~T

e... 1001UVIlI ICI

MI LL C; I ZE r IOe F.I

10

~O

10

40

10

40

---------ASO AL H'R/Il" II VEl F 1------
I 2 J

_.J!
34

AC II VATf.O
SLUDGE

__lU
122

__an
272

___22
2<J

___.1!

34

OKIDAUON
POND

PRIMARV
TRF.ATM'ENr

rUIAL ANNUAL cosr 10 --~
___~l2

---~~
I UOO(J/vnl Ie I 55 55 55

40 ___~i
---~~

___~i
94 Q4 94

IAI ALL CO~I~i All'" 11'1 Isr tlUAnn::q 1<J1R OOLLAR,...
luI If r~u COSI 15 INDICATf.I) lt~ A (ilVEN Tllf,t,TMt:Nr SYSTfM, Nil "'ILLS W.lTtl rHAr SYSrEM ClIlHIENrLY Elllsr IN HilS 5l/l.CAT~.(.W~Y.

VALur AUOVr. LINE IS COST "'/0 PRtlnUCrlllN PI~lleF.~S ClJNrpOLS.

VALUE !It:.LlJW I~. co~.r WIIH Pfl(l()UCTION PllIICF;-.'. CONlnUl;, !,ll AS 10 ELIMINATE GUIUELINE ALLOwANce.....
1<.1 0 & M ANO FNEJU;Y C1l51S A~E: NF T AFTER .o"'l)UCTI ON OF (1)';1 5AV INGS.

IlHAl ANNUAL ensl INCLUDES: lll.·~ • n~FIIG'f • r 1 Ill: 0 ANNUAL cosrsl;>?xl.
lEI MUl.II1'l.Y r/u BY .'J07 10 Il!\fAHI KKli/lI
IFI I=AuOlllmlt,l M'IIATlIIN ~Nn ~ETILING. l.:AlJlIlTlnr~ OF (.Ilf~·I(.I\L1.Y 1\';S'I,TtD (LA~It·ltATllJN• .1=CO'lVER!;aON rn E~TFN()F.O AFRt\TION

-~- - - ~--------- -~------------------ - - -------------- _._-------------_.~ -- ----------- _. --- ----~._----------------
--- ----"-----=- ---- ----- "'"-. -...,. -- --- -. "'-.::=--=---_:.::...=---------. -- - - - -.--- ",. - -~-~-- - - ._- ---=.-=---;:---=-.-_.::- -. -- ---. -... --""='---- - --.=---- -- -- ----"- -;,;----.,...-.".



TABLE IX-8 (continued)
fREAfMENf cnSf SUMMARY - olnEef OI~CHARG~ MILL~ IAI-OPfION 4
~UUCAfEGORY ----- PAPERt'OARO FROM WAS fEPAPER

fREAfMENf SYSfEM COSfS FO~ MOOIFICAflONIHI

---~---------------------------------------------------------------------------------------------------------~------------------'-

MILL SIZE f/olEI

---------ASH ALfFRNAftVEtFI------
I 2 ::1

AC HVAfFO
SLUl>GE

OX IOArt ON
PO NO

PRIMARY
fREAT~1ENT

--------------------------------------------------------------------------------------------------------------------------------~-

CAPI fAL <:OS I

I ~ 10001

11 £. ... cnSf
It.lOOOIYfll ICI

ENERGY UJSI
I $ 1000 I Y fll I C I

fUfAL ANNUAL LOJf

I SoI000/YRI IC 1

50 ---~
___~l ___~l

52 52 52

160 ___.22 ___2l! ___2l!
95 95 95

100 _-lQ!. __ln~ --~Q!
:! 114 204 204

50 ____1 ____1 ____J.

J :1 J

160 ____f!.
----~

____1i

5 5 5

100 __In ___10. --_lQ
10 10 10

50 -_-1
___1. ____1

I I I

160 ----'
____ l ____z.

2 2 2

100 ___2 ___2- ____2

9 Q CJ

50 ___H. ___H. ___l!!.

14 14 14

160 ___Z.I ___Z1 ___21

21 27 21

100 ___tl~ ---~!!. ---~~
64 6'. 64

--------------------------------------------------------------------------------------------------------------------------------~-

IAI ALL COSfS ARE IN 151 !JUA'nEfl I'J18 OOLLAUS.
luI IF NO CU,>I b INOICAfEfJ IN A "IVEN IIlI:AH'f-NI ·"Y::.H:", NO "ILL', Wlftt IIIAf SYSfEM CI/llllf.rHLY fXISf IN fHI!> SUflCAHGOflY.

VALUE AUOVE LIN~ IS cosr w/O PflOOU<:I'lllN <>IIOCFSS CONfFlfJI.·',
VALUE IHLOW IS CnSf wlftl PI~Ij()UCI ION PfHlC';~,'i CONf,HILS ':if) A5 HI !:LI'41NATE" GUIOELI N~ ALLOWANCE,••

ILl 0 L M ANIl fN[HGY Cll',f::. A'~t:: NEr.. AFI,," Ilf.OI!CHIlN Ill' co~,r ,AVIN(.:,.,
fOI AL ANNUIIL Ul::;r INCLUOF'j: ilL·... EI~F."'GY • FI lIf'" IIN'~UAI. Cll5f!; 122),1 ,

I L I MUL II I'l. Y rIII II Y , 90 1 fOOl II 1\ I N I< K(oil)
11'1 I=AUUllllINIII. 1Ir:rIAllll~1 "NO 'ifIILING, ?=IIIJPlfION OF C1tnHCALLY A'iSI~.·f:.l) eLAfHFICAfloN, J=C()NVr:~:"lJN rfl r,XTENOEO AF;;QATION



TABL1!t IX-S Cc:ontinllled)
TReAnlliOlr cosr SUM'MARV - OIPfiCT OISCliARGE IolILLS IAJ-UPTIOH "
SUBCII Tl:GORY ---- "AS Tl:IIAPER-JAOLDED PRUDUC TS

TRl:ArIotFNT SYSTeM cosrs Fon MUOIFICATlONIR'

MILL :; Ill: r /01 E ,
---------A50 Al TFRN/\ rI vel F' ------

1 ? .1
AcrrV"Teo

SLUDGE
ox IOArlON

POND
PIH J,/"RY

TRF"TJAEHT

CJ1.....
'"

CAP I T/\L CIlS r
151000'

(J & ,.. clI!>r

IUOOO/YRI ICI

ENf:«GY cn~iT

I $ I 0 00/ 'I' R I I C I

TUTAL ANNUAL CUSI
($1000/'1'111 IC I

20 __Z12
235

so _.1!!~

3~l)

ISO ••lil
711

20 ---~
9

SO ___111
16

ISO ___Jl!

38

20
____1----,

I

so ---- ____1

3

ISO ___2
q

20 __-f!l
62

SO __12!!
106

150 __~1
20J

---- -- -- ------- --- -------------------- ---------- ----------:-- -- -------- ------------------------ ------------------------------------
IA I ALL CUS IS "lIE I N I S I ilUARTF. R 1976 OULLAIIS.
Ill' IF NO CO~I IS INllICATE.O IN " GoIVE~' TR~AIMENI SV5IEM. Nfl "'ILLS WITH IHAI SYSIF'M ClJl!l>E"'TLY ,=XIST IN TItIS 5UItCAlf..GIlRY.

VALUE I\l!OVf LINF. IS (11'>1 w/O PRODUCTION P~UCE:'S CIINrRlJI.'"
VALUE flELOW IS COST wITH PlllJOUCTION "!iOCESS CONTI-IUI.S SO AS HI ELIMINATF GUIIJE.LINF ALLOWANCES.

Ie I 0 & .. "NI> ENEllGY COSTS ARE NE:" T AFTER mUlICT I eN OF C05T 0;./\1/ ING!;.
rUTAL "NNUAL LOST INCLUUES: Il&~ • ENt~GY • FIKFO A"NUAL COSI51~~xt.

Il:l flUI.IIPLY I/t> UV .907 IU O'HA1N KKG/t>
1Ft I=AIl()IJI(JI~AL ",,'rIAlllJt-I ANO SETtLING. ?="UIJIIION lit' C11(MlCALLY A<;51:.Tf';) CLAlllFICATItI", l=crl"IVf:JlSI Otl TO l:XIFNOEl> Al:PAJlON

- ~ ~--_.- ------ ----------- ------------_._---------------- -------------------_.._----- ._---- ~--- --------------- ----------
___ - __ -- _0::,."_ --_-- - - ".-."'=-_ ---=.~ ---~ -~. - - - --. -. _ =_ - - . - -. - .-- -. _;::-:"_=-= .---- .- --_---- .-. -.-- ;.-. ---", - __ " -.-_-=--....::.0--_ .::...-__-:::_.".- ----. _.-- --. -."".::::-.""= ."'_-----.-~ _. __



TABLE IX-8 (continued)
ruEAfME.Nf CO~.f !.UMMA~Y - DIRECf OISCIiA~GE MILLS IAI-OPTION 4

!>Ul:ICATEGUqy ----- BUILDERS' PAPER & "OUFING FEL T

---------------------------------_.-------------------------
TP[ArMENf ~Y~ffM co~rs FOq MODIFICATloNtal

___________________________________' 4_

MILL SIZE T'OIEI

----~----AS8 ALT~"NATIVEIFJ------

I 2 ]
AC T'I V A TEO

~LUOGE

OK IDATION
POND

PRIMARY
fPEAfMENT

--------~------------------------------------------------------------------------------------------------------------------------*
C API TAL COS f

I ~ 1000 I

1011

225

0 & M COSI lOO ___lJ
I UOOO'YRI IC J 2J

225 __12
J?

c.n.....
W

ENE~GV COSf lOO --_!!
I:I>IOOO,YAI IC I R

225 ___1.12

16

rUfAL ANNUAL C05f

I tdOOO'VAI IC I
100

225

-----------------------------------------~._--------------------------------------------------------------------------------------
CAl ALL CuSP; ARE IN Isr CUARfFA 191K OULL'HI!i.
Illi IF NlJ CU'if I!; IMHCAlfl) INA G'VEN fqrA1ME~H SYSln~. Ntl MILLS wlTli fllAf SV',Il:\I CUIIPE~HLV "'KIS' IN fill:. "U,\CAfEGORV.

V/lUII: A!iOVE LHlt IS co~r 101'0 pqllOUCIIIJ'! P~()CF.~'j U'NfRIJL5.
VALUE 1Il:1.0W I:. COSf WIlIt PRO()UCraUN PHI.ICF-"S CUNTfIOLS SO AS fn £LI'4INl\fF. GUIIH:LHIF AI.LOWANCF.S.

ICI a I: .. ANn INEPc,V cos,:; ARE Nr.f AFH'1l DFOIJ<OflO.... OF co~, ',jAI/Hu;S.
fO'AL AlmlJAI. CO;,I I NCLlIOF.,,: 0&" • F:NfIIGV • fiXED AWilJAI. C05r'''2<,I:I'.

11:.1 "'lJl.lIPLV IIIJ flV ."101 fO OtIfAIN Kl<G'U
IF-I I~AI)Olrll,I"'AL A"PATllI"' AND ,;tT'LINlo. /=ft(H"lfIOi\l or ctU"lr.ALLV AS51',Hn CLAHIFIC·\lIl1to1. J"fJmVfP<;lrlN Til FKIF.I-lllf::ll Af!U\flON



TARLE IX-8 (contbued)
fHl:ATIoICNT cosr SU,",'IUI{Y - nlRecr OISCtlARGI'. '"'ILLS IAI-IIPflQ,N 4
SUaCArt:GUQY ----- NONINrt,GHATED-FINI;; PAPEQS

----------------------------------------------------------------------------------------------------------------------------------
MILL SIZE T/OIEI

---------ASO ALTfR~ATIVEIFI------

I 2 J
ACTIVATLO

~LUDGE

OXJI)ATlm,
POND

PRIIIARY
TRE"T"'F:NT

CAPITAL CUST

1~10001

a I; 101 CliS T
1$IOOO/YIll ICI

ENEHGY ('O~T

I " 10 00/ Y I~ I I C I,

lOTAL A~NUAL CO~T

1$1000/YRI lei

35 __~ill
?21

215 __122
7t>9

1000 _i::Z22
2209

35 __ZZ
22

215 __~l!

30

1000
___ll

'tl

.15 __Z
2

215 __ll

12

1000 ___~!l

58

35 ___ 13

73

215 __lU
? II

1000 _~U2

585

--------------------------------------------------------------------------------------------------~-------------------------------
1"'1 ALL eusIs AHE IN lSI QUARTER' I'HR OllLl.AI4S.
lui IF I~O co... , ... INUICATED W A GIVEN TR[AT"'l:NT SYSTU". Nr) "'ILLS WITH HIAT SYSTEM CUlmLNTLY EXIS1 IN HilS sunCAH GORY.

VALIJE AIJUVI' L I "If IS CUST w/U opoouer IU"I Plll)CESS CI1IIT~1I1.5.

VAl.UE otl.O", IS cn~T WITH PIIlJI)UCT IUN "llllCFS!) CONJRl1I C; !;lJ II!. 11) "LI"INlln: GUlllI'LINr: ALLO'tlANCFS.
lei 0 I. M AND 11;l~l{GY co... ,~ AflF.: NE' AFrLR or IJlJeTI ON llF up.r ..... VINe;'>.

lur ilL l\'~r'IUI\L ellST IIKLIl[)[~,: 0&'" • I:N"IU;Y • F I XED MINUAI. <:05'5 1,~2"J •
IL I "UL IIPI.Y T/;) IIY ,'JOT TO IIf'TAltl KKG/O

11'1 I=AuOlllfHIAL ArJ'IlIIIlN ANn '5l TiliNG, ~='(I~IJ 1[11. IJF ClIl'''ICALLY A,... I.r',1> CLAHIFICAIIO"l, 3=enNVl l l:.PIN to fxrr-NOFD AHI"TlnN

------------------------------------- -- ---- ----- - -- ~ ---- ------ -- --~~~--------------------------------------_. - ---
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TABLE 1X-8 (continued~

TREATM~NT COST SUMMAHY - OIIlE:CT Ol5CliARGE MILLS IAI-OPTION 4
SUBCATEGlJRY ----- NnNINT~(i~I\TED-Jt~'.UEPAPER',

------------------------------------------------------------
TREA'MFNT SYSTLM C03T~ FOR MOOIF'CATION(HI

---~-------------------------------------------------------------------------------~----------------------------------------------

MILL 5 liE TlUI E I
---------AS" AL'FPNATIVFIFI------

I 2 3
ACTIVATFO

SLtIOGF.

OX WATI ON
PONO

PRI .. AlIY
TREATMENT

----------------------------------------------------------------------------------------------------------------------------------
CAPI rAL CU:.'
I ~ 10001

n & " CUS T
I,uooo/yp, Ic'

ENERGY COST
I UIIOO/YR, I C I

TUTAL ANNUAL ~OST

IS IOOO/YIlI IC'

15 __jL~

575

IRO _ULQ
1370

1000 _J§2f!
J/lOIl

J5 __1~!1

158

180 __Jl~
)76

1000 _HI!!.
1274

35
____i

4

IRO
___ l:i

15

1000 -----
___l!i

16

15 __ aaa
2813

180 __1l2Z
692

1000 _ZlH
2144

---------------------------------------------------------------------~-----------------------------------~------------------------
IAI jiLL COSTS ARE IN 15'( QUARTER 1'l7A DOl.l.MIS.
ItJl IF NO ClJ~T IS Itlf)ICATI'.O IN A GIVEN fflEAHlf.NT SYSTEM. NI) ... ILLS WI"I HIAT S'l'5TEM CIJ~IlUHLY ..,xIST IN THIS SlII.lCAfI.GOlly.

VALUE AfJlIVL LINE IS CllST WIO PRlII)UCT'II1~1 PllOCESS CcmfllUUi.
VALUE Of-Lilli I:> Cll~' WI rll JlRonUC' ION PIHlCf.·~),,> CUNUlIlL,. .,0 /IS TO ELIMINAIF. GUlIlELI NE I\LLOWANCF5.

(ci 0 & M ANI> "NE-IIGY 1:05T5 Ant.: NFT AFT!"R nl'"OUCfION l.IF (US, SAVHIGS.
TO' AL /lNtHJAl COS' OI<:LUOFS: 1)£,·" • ENe:Rt:;y • F IXEO jI~NUAL COSTS 122"1 •

1t:1 "ULIIPl.Y flU HY .'101 TO OB'AIN KI(G/OH' I=AODII Ill/ML Af'llAtlON At-I) SET'LI"lCi. 2=AI>!)(fl at. OF C"(,'"I'CALLY A<;SI~;H./1 CLM'If ICIITliiN • .J=C'INVI-RSlml TO fll rENOEr) AI,f>Afll)'1



TABLE IX-8 (continued)
TREA""'ENT c;n:.T SUM,MARY - DIRECT OhCIIAnGE. MILL!> (AI-OPTION"
SUOCATl:.Gony ----- NON I NTEGRATEO-LTwT PAPERS (LTwTl

TR~~1"'~NT SYSTEM ellSTS Fon "'ODIFICATION(OJ

MilL SIZE r,olEI
---------ASO I\L TFRN" TI VEl F J-- ---

I Z 3
ACTIVATED

SLUDGE
oxIDATION

POND
PRI"'APY

TREAn.I'ENT

CAPI TAL COS r
110 10 00 I

o & II, COST
1'1000'YRI IC I

ENElHiY COST
I,IOOO/YRI IC I

TOTAL ANNUAL CO!.T

I' IUOO/YRI IC I

10 __!i!!
446

60 _11,12
1135

200 _2ZQf!.
2208

10 __!Z§.
121'\

60 __J!lf!
.'30b

200 __f!!.!~

6bb

10 ____l

:1

60 __u.
II

200 ___01~

34

10 __Zl2
229

60 __:lfi§
566

200 _1l!.l.~

IIK5

-- -- ---- -~- ------- --------.----,--------------------- ------------- -'--------- ---- -------- ---- ------------------ -- ----- ------------ --------
IAI ALL clIsrs AHE IN 1ST QUARTEll 1978 DOLLARS.

lui If 110 ClhT I> IMlICAIEIl HI A (;lV.EN H-lloA.H'tIlT ~.Y~rt:f~. Nil "'ILL'> WITt. HIAr ,.,y,.,rpol ClJIJlllONllY [KIST IN TillS SUIICATI GOllY.
VALUE AEll/V" Lllle IS CllSI 11'0 PROOUCTION PI-lfICESS CuNlI~lll.S.

VALUf' tlELUW IS cnSJ I'll IIi PIl(Jl)UCT ION °f-lOCFS'i CllNTlJllL'i ~'I A5 TO fll .... lr~J\Tf: r.lJiOFl. r NE ALLOWANCfS.
leI 0 E. ,.. AM) fNFlll'Y CO .• l', APL- NE'r AFrEII lJCDlJlTION OF co:.. ,>AVINr..,.

HHAL ANNlIAL Lusr I NLltJllf:S: IlI,M • I:NblGY • f- IXf£) AN "llJ.\l. COSI!> 122XI •
1[1 WlJLrrl-'LY r/I) UY .<Jor T(I O~J"lll KK<>/U

11'1 I:A;){llJl'Ir-.AL AllIAHlJN AND ~(:rrlING. ,?=fdJDITIIIN OFOI[MII.A1LY A'iSL~nfl CL",UfIC<\TIO'·I. _J=lll:-lV'lldlJ>' TO fKrF.NO(() AEoAJ.O"l
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TAB~E 1X-8 (continued)

T,RE ATMENT <'115 T SUr4MA~Y - [) I REC T 01 SCIl ARGE MILL 5 (A 1-01' T ION ...
!>UIJCATEGUQV ----- NllNINnr.RATfO-LTWT PAPH1,~ (ELECT)

TP~AT~~T 5YST~M COSTS FUR MOO1FIC4TION(8)

MILL SIlE TI'OIEI

-----:-----ASIJ ALTElmATlVEIF'------

I l 3
ACTIVATE,O

sl UQGF.
OXIDATION

POND

PRIMAHY

HIEIITI-lENT

CAPI TALCll~T

I to 1000 I

o & M CUsT
l'loIOOOI'VRI ICI

F.NE.RGV C()~T

I 'loIOOOI'Y~' IC I

tUTAL ANNUAL COST
I ~ 1000 I' VH' (C I

10 -_:!!!~
51:04

60 _l!!.Ql
141>.J

200 _l!!!2
2819

10 __1~f!

156

60 __9.Q~

405

200 __2,12 ';;.

CJjQ

10
____.J

,)

(,U __._ll
;~

11

200 ___~,Z

52

10 ----- __al!!!.
2".4

60 __!Ho
1i,4

200 _.l.!il~

1625

. .
------------------------------------------------------------------------------------------------------------~---------------------
CA I ALL CIISTS AilE IN 1ST lIUARTER 1918 DOl.LIIII!>.
CUI IF NO CllSI IS INOICA.TI:D IN II GIVE"! TRt;I\TMI:"" 5VSTE". Nfl J'llLS \OlIn, HIAT 5V5T1,/4 CUIHlENTlV E.lli .. , IN TIII~. ;,U!lC:AHGIJf1V.

VALUr. AIlOVf Lt"',,- IS CIl"T WJ'I.) PROOlJCnnN PRnCf:~5 CO"lHIIJl.'••
VALUE nLLll~ 15 COST Willi PRODUCTIUN P~~eF5S CONTRULS 50 ~s TO ~LIMINIITf GUIUFL'NE ALLO~ANCE5.

H.I 0 L .. IINI> rcNFI>r,v CO~T5 APf~ NET AF:TE~ Of'llUC.flCN Of Cll51 SlIv·INCoS.
TlIrAI.. ANNUAL ell:,! INCl.'JOE.: (H.M • F:NfPr,V • F IICEO ANNUIIL C,O~T·.C;!2"I.

11.1 MUL IIPl.Y 11'0 11'1' .'107 HI nflrAIt~ KtcGII)
If I 1=.\ullIlIONAl Af:flAJlll"' .\NO SfTTLINl;. 1=lIon1TlON or: CHHlICALL:V ASSl,Tel) CLAIHI 'CAflON. :1"CONVf."'dON rll I lllfNIJ"-1) A£:IIAJlON



TABLE IX-8 (continued)
TRF"T~NT cnsr SU...""AflY - IllncCr OISCHAR(fI;, MILLS IA'-UPTION 4
SUUCATEGORY ----- NUNINTf..CiRAreO-FILT AND NONltOV PAPF.:R!>

T~EAT"'I;,NT SYSTL'" COSTS FOP MOOIFICATlnNIB,

----------------------------------------------------------------------------------------------------------------------------------
MILL SI7E T.... oIE"

---------A5H ALTfHNATIVEIF'------
I ? 3

AC TI VA Teo
SLUoGl:"

OX IOATI ON

PONO
Pfll"!APY

T~EAIMENT

----------------------------------------------------------------------------------------------------------------------------------
CAPITAL COST
(JlOOOI

o & " CUST
luooo .... vR, ICI

ENEllGV co~r

I$IUOO .... VRI Ie,

TUTAL ANNUAL c.Q~r

I HUOU .... VRI ICI

S __1lH.
JSI

20 -_.!!!.!
107

4~ _HUll
1007

5 __ l.Qfl
106

20 __121
191

45 __l2l
292

5
----~

2

20
----~

5

45 ___in
10

5 __i!i5
Itl5

20 __J:ll
l51

45 __5!!.l
541

----------------------------------------------------------------------------------------------------------------------------------
I A I 'ALL Cll~ .... AilE' I N IS I DlJARTFR 197B DULU....' ...

1111 IF NO CO';I IS INf)ICAH,O IN " GIVEN TPI"""'rNT SYSTEM. NO "'ILLS WIH. HIAT SYSrE'" ClJllflt'''ITLV £,lIIST IN THIS SUIICAHGOIlY.
VALUE A HOVE LINE 15 ens r w.... o PROOlJC I I liN PflO<. ES5 CON TPlJL».

VALUE lIELUW 15 UJ51 Willi PIIOOUCTION PWI((':'S CUNrRul" "'I A:, TIl EL''''''''''Tf:: CiIIlIlELINE IILLOw./lNCF....
lcl 0 & ... A!IID lNEflCiY <.0:.. •• Alll NFT AFTER l.J'uucrlcr~ OF COST SAVINf.5.

rUI AL AN"'lJAL C051 INCI.UUFS: Of..... ENEIlGY • F 11IEO AW~UAL CQSTS Il2'11 •
Il.l "lJLIIPLY r/LI BY .'107 10 lIllIAlll' KKC, .... I)
If I I=ALJIlIl 1I11,.AL M.IlAII"'" ANIl 'if I Tt. 1"'(.. ?=AI)"lrIIlN OF CIlf"ICALLV A'... I,.TEf) CLARlf U:ATlfJ"I. 3=C.Ot~V[fbl"N TO EKTFNOH) AERATION

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

---- -.- -:-._-~"-----"---.------:::----_. ---- -- .::--:-=-~-:--- .....~---=-~--------""-------- -.""" - .... -. - -~~-.,,- --_.-.---- -- --;:--. - ~ -;-.- ......-. ,...--.~---._--.-- ---=-~=--



TABLE lX-8 (continued)
TREAT~ENr COST SUMMARY - DIRECT DISCHARGE MILLS IAI-OPTION it

SUBCAIEGORY ----- NONINTEGR"'TED-PAPER~OARO

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

~--------~------------------------------------------------------------------------------------------------------------------------

MIl.L 5 I ZE I loll' I
-------- -ASH AL f1:IlIM H VE f F 1--- ---

I 2 3

ACTIVATED
~LlJOGE

OX 10AT I liN
POND

PRIMARY

rREATMENT

~---------------------------------------------------------------------------------------------------------------------------------

cjAPI TAL COSI

1':1> 10001

ri r. II CU 5 T
liS. 10 OO/YIH IC I

~NE'I GY C. 0" 1
($IOOO/YfI, I C I

IUlAL ANNUAL LOSI
li:l> 100U/YRI IC I

10
__n2.

23<)

40
__Hi

471

75 -_!!~~

652

io
___L2

7q

40
__111

131

15
__1!1

173

10
____1

I

40
____ ;1

I

75 ----~

"
10 __111

13.1

40 __lJ~
238

75 __ JZL
1<'1

-~--------------------------------------------------------------------------------------------------------------------------------
IAI ALL CllSIS AilE IN 1ST OUAlnf:1I 1976 (1I1l.LAn.,.
1~1I IF NO CO'iT 1'0 IMHCAIrO IN A GIVEN IR"""~HH sysrr"', "Ill "ILLS wlTlI rHAT SYSrEM CUflP,ENfI.Y FXISr IN HilS 5UIlC:AI~GlJIlY.

VALliE:" AI'IOVE LINE IS COST ""/tl PROOUC'IO"l PROCESS CUNrROL5 •.
VAl.UE (H:LOw 15 C051 Wlttt fJ4110UCTIlJN PROC,f"S CUNlJHJLS 511 AS TO r:LI"'I"IAT~ I;UIIJELINF. ALLOWANCE."
Or." AND EN~f1GY C0'... T'. AIIF. "lEI AFrr:R DfUlI<.rION UF co.... r ;,AVING:..
rurAL ANNUAL COS' I NCL\.lOe;: 0&.., • ENf.'fH:;Y • F IKEU ANNUAL cos,,; 122"'.
"ut. r IPL Y 1/U IIV • <J07 10 0111 A I N "-K(dl>
I=AIJOIIIIlNAL AfPAHllrl AND 5~rllINc:.;. ~=AIJDlllfJN Ill' C1H.MICALLY A.... :.I .• H.fl CLA"Ir'ICArlu"l, J=CONVHhION 111 fKJENIlFD AH~ArION



TABLE IX-9

PULP, PAPER, AND PAPERBOARD
INTEGRATED SEGMENT

COST OF IMPLEMENTATION OF BCT TECHNOLOGY OPTIONS
(Costs in $1000)

Capital Cost Total Annual Cost
Options Options

Subcategory 1 2 3 4 1 2 3 4

Disso~ving Kraft 10,520 39,120 53,210 25,030 3,530 23,120 27,110 7,700
Market Bleached Kraft 22,740 90,800 111,550 72,540 8,750 49,180 53,860 21,950
BeT Bleached Jraft -20,230 75,390 96,540 55,930 7,570 39,580 46,700 16,630
Alkaline-Fine 70,940 117,340 194,030 102,210 19,400 61,490 77,060 31,270
Unble~ched Kraft

Linerboard 16,190 77 ,490 92,760 61,590 5,030 37,490 39,770 19,030
CJ1 Bag 9,680 51,470 63,200 46,140 3,130 24,260 27,530 13,630Na Semi-Chemical 28,540 48,410 75,870 31,930 8,370 20,750 27,469 9,880

Unbleached Kraft &
Semi-Chemical 20,390 64,640 81,910 58,980 6,360 32,850 36,570 17 ,370

Dissolving SulfitezPulp 81,370 55,590 136,980 61,900 27,610 30,340 55,620 21,470
Papergrade Sulfite 31,950 64,400 98,140 57,510 8,300 33,010 39,550 18,040
Groundwood-Thermo-Mechanical 440 7,050 7,450 4,330 110 2,800 2,800 1,420
Groundwood-CMN Papers 2,140 15,460 18,070 9,510 500 6,660 7,460 2,920
Groundwood-Fine Papers 4,350 21,140 34,240 11,210 950 8,730 11 ,940 3,390
Integrated-Miscellaneous 151,600 347,950 500,400 344,230 47,550 150,230 192,560 104,780

Total 471,080 1,076,250 1,564,350 943,040 147,160 520,510 645,990 289,480

1Inclndes Fine Bleached Kraft and Soda Subcategories.

2 .
Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.Incl~des Papergrade

- ~ • __ ._ - • - - - ~ • - • - - _0 _

__ .- .. =__-. _ .-",_ _ _"'_-"_ - - ",,-_ - -_.-. _ - _- -_ ~ .. " - - -- _.'~_ "".- _"'-". __ . ,,- - __ -. -- .__ -_---.-- -,. __. __ - _"",0. -':"",", =.'; .___ - - -_-_ ""'" -_ _ =--.,.,.-.- - _ - ;0-._," ,- ,,_ -_



TABLE IX-10

PULP, PAPER, AND PAPERBOARD
SECONDARY FIBERS SEGMENT

COST OF IMPLEMENTATION OF BCT TECHNOLOGY OPTIONS
(Costs in $1000)

Capital Cost Total Annual Cost
Options Options

Subcategory 1 2 3 4 1 2 3 4

Deink
Fine Papers 380 9,640 9,920 1,350 90 4,100 3,630 380

Tissue Papers 1,770 21,270 22,530 9,370 440 9,230 9,060 3,140

Tissue from Wastepaper 1,890 9,560 10,930 1,890 670 3,840 4,530 670

Paperboard from Wastepaper 2,550 40,460 32,440 2,550 740 14,920 13,450 740

Wastepaper-Molded Products 1,180 3,210 3,930 1,180 320 1,290 1,440 320

U1 Builders' Paper and Roofing Felt 660 1,380 2,080 660 180 530 840 180
N
........ Secondary Fibers-Miscellaneous 4, 3812 1..1,700 13,930 4,900 1,150 3,970 -!!.,270 1,750

Totals 12,810 97,220 95,760 21,900 3,590 37,880 37,220 7,180



TABLE IX-ll

PULP, PAPER, AND PAPERBOARD
NONINTEGRATED SEGMENT

COST OF IMPLEMENTATION OF BCT TECHNOLOGY OPTIONS
(Costs in $1000)

Capital Cost Total Annual Cost
Options Options

Subcategory 1 2 3 4 1 2 3 4

Nonintegrated-Fine Papers 14,270 36,920 44,000 11,700 3,280 14,900 15,250 3,230
Nonintegrated-Tissue Papers 1,080 12,740 13,160 4,240 240 4,120 4,440 2,130Nonintegrated-Lightweight Papers 0 1,510 4,240 1,740 0 500 1,380 790Nonintegrated-Filter and

Nonwoven Papers 0 800 900 0 0 270 330 0Nonintegrated-Paperboard 600 1,680 2,400 1,740 150 600 1,230 730U1
Nonintegrated-Miscellaneous 3,270 10,780 12,230 2,720 750 3,220 3,530 1,260

N
N --

Total 19,220 64,430 76,930 22,140 4,420 23,610 26,160 8,140



TABLE IX-12

A. Capital

As an example of the details of the annual cost, Item 3 - additional
brown stock washer, is used. This is based on a 544 kkg/d pulp line.

97

Cost*

$ 0.73/kkg

$ 1.29/kkg

$ 0.73/kkg

$-0. 17/kkg

-5
-36

152

-14

Cost*

566,100
140,300

70,100
127,300

Reduction/
Increase in

Steam Use
(kg/kkg)

68,600

$383,900

$261,800
53,400

o

292,000
2,827,400

153,500

$5,741,900

$ 33,800
24,400

1,189,800
317,200

3.31
0.50
1.49
0.00

1.65
2.31

0.33
1.32
8.27
2.65

0.50

22.33

523

TOTAL

Fixed cost = 22% of $1,189,800 capital cost
Maintenance = 4.5% of capital cost
Added labor
Electric power = 250 kw x 24 hrs/day x 352

operating days/yr x $0.0325/kwh

Cost of electric power $0.0325/kwh x 22.32 kwh/kkg
Steam saving = (14 + 5 + 36) kg/kkg x 2425 Btu/kg x

$1.24/million Btu
Steam cost for added evaporation = 152 kg/kkg

x $4.81/kkg

Increase In
Electricity Use

(kwh/kkg)

TOTAL

Segregate cooling water
Reuse condensates
Fourth stage washer
Spill collection in pulp mill
Sp~ll collection for liquor stqrage and
in evaporator
Countercurrent washing
Spill collection fn bleach plant and
paper machine areas
Spill collection in color plant area
Machine white water used on vacuum pumps
Increased white water; storage and use
Lagoon for boiler blowdown and water
treatment backwash

TOTAL

areas
Spill collection in color plant area
Machine white water used on vacuum pumps
Increased white water storage and use in pulp mill
Lagoon for separate discharge of boiler blowdown
and water treatment backwash

Segregate cooling water in wood room
Reuse of relief and blow condensate
Fourth stage brown stock washer
Spill collection for pulp mill brownstock area
Spill collection for liquor storage and in
evaporator areas
Countercurrent washing in bleachery
Spill collection in bleach plant and paper machine

PRODUCTION PROCESS CONTROLS
SAMPLE COST CALCULATION - DIRECT DISCHARGER

726 kkg/d Alkaline-Fine Mill,

8
9

10
11

*First quarter 1978 dollars

Net Increase in Cost of Energy

C. Annual

Item No.

1
2
3
4
5

6
7

8
9

10
11

B. Energy Reguirements

Item No.

1
2
3
4
5

6
7



Consequently, it is assumed that it will be necessary to construct an
effluent pumping facility that is capable of pumping the maximum daily
flow of the treatment facility.

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), the use of two parallel units,
each capable of handling 50 percent of the daily flow, is assumed.

At mills where activated sludge treatment is employed, the chemical
clarification design reflects an additional solids-contact
clarifier(s) following the existing secondary clari£ier(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 is determined that such
a system is economically advantageous.

The primary flocculant used in the design is alum. The alum dosage
rate used for the purpose of cost estimates is 300 mg/l for all
integrated subcategories except the three groundwood subcategories.
For the three groundwood subcategories, the secondary fibers
subcategories, and the nonintegrated-fine papers subcategory, the
dosage rate is 150 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. (143)(144)
Provision for the addition of sulfuric acid is 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,
neutralization with sodium hydroxide is included in all cases where
alum assisted clarification is considered.

Design criteria for the activated sludge treatment system applicable
to the nonintegrated-tissue papers, nonintegrated-lightweight papers,
nonintegrated-filter and nonwoven papers, and nonintegrated-paperboard
subcategories are presented in Table IX-13.

524



TABLE IX-13

DESIGN CRITERIA BCT OPTION 2 ACTIVATED SLUDGE
FOR THE NONINTEGRATED-TISSUE PAPERS, NONINTEGRATED-LIGHTWEIGHT PAPERS,

NONINTEGRATED-FILTER AND NONWOVEN PAPERS, AND
NONINTEGRATED-PAPERBOAlID SUBCATEGORIES

Wastewater Pumping
Design flow: 1~3 to 2.0 x average annual flow depending on subcategory
Basis for power cost: 12 m total dynamic head, 70% efficient

Neutralization
Number of units: 1
Detention time: 1 min at peak daily flow
Mixer: 264 hp/l000 cu m
Dosage: 10 mg/l sodium'hydroxide

Secondary Clarification
2 units for flows greater than 18,927 cu mid
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 BODS applied/cu m/day
6 hr hydra~lic retention time

Nutrient feed: BODi removed:N:P = 100:5:1

Aeration design requirements:
1 kg O£/kg BODi removed
17 kg 02/aerator hp/d

Length/width-ratio: 4/1
Sidewater depth: 4 m
Side slope: 1/1

Dissolved Air Flotation Thickening for Secondary 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 Landfill
Sludge content: primary and biological sludge at 30 percent solids (wjw)
Landfill design: normal landfill compaction and covering techniques
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Option 1

BCT Option 3 is BCT Option 1 plus the addition of chemically assisted
clarification for all integrated and secondary fibers subcategories
and for the nonintegrated-fine papers subcategory (those subcategories
for which BPT is based on biological treatment). For the remaining
nonintegrated subcategories, as with Option 2, BCT Option 3 is BCT
Option 1 plus the addition of biological treatment. BCT Option 3
costs, therefore, include BCT Option 1 costs plus the cost of the
end-of-pipe treatment systems identical in design to that discussed in
BCT Option 2; lower raw waste loadings characteristic of Option 1, .are
assumed.

Option !

The costs of achieving BCT Option 4 effluent limitations are based on
upgrading of the technology on which BPTeffluent limitations are
based to attain effluent levels characteristic of best performing
mills. The design bases for cost estimates relating to each of the
major types of treatment systems used throughout the industry are
presented in Table IX~14.

Design parameters for upgrading of an activated sludge system operated
at a 910 kkg/day (1,000 t/d) dissolving kraft mill are presented in
Table IX-15. Corresponding end-of-pipe unit process treatment costs
are presented in Table IX-16. .

COSTS FOR IMPLEMENTATION OF BAT OPTIONS

The costs of removal of toxic and nonconventional pollutants from
wastewaters generated by the pulp, paper, and paperboard industry have
been determined for two BAT options. The BAT options that have been
developed for the control of toxic pollutants from direct discharging
mills (see Section VIII) include: (a) application and operation of the
technologies that formed the basis of BPT effluent limitations and (b)
substitution of slimicides and fungicides containing trichlorophenol
and/or pentachlorophenol with those that do not. The costs associated
with, these respective technology options are presented below.

Option 1

The technology on which existing BPT regulations are based includes
biological treatment for all subcategories except the
nonintegrated-tissue papers subcategory, where regulations are based
on primary clarification, and the nonintegrated-filter and non-woven
papers, nonintegrated-lightweight papers, and nonintegrated-paperboard
subcategories, where BPT limitations are proposed on the basis of
primary clarification. In addition, effluent limitations have also
been established to control the discharge of zinc from mills in the
groundwood-fine papers, groundwood-CMN papers, and groundwood-thermo
mechanical subcategories. Zinc was regulated on the basis of
precipitation with lime. The technology actually employed at mills in
these subcategories to comply with BPT effluent limitations was the
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TABLE IX-14

DESIGN BASIS FOR ESTIMATES OF COSTS OF ATTAINMENT
OF OPTION 4 BCT LIMITATIONS

I. ' Integrated Segment

A. Activated sludge

1. Spill collection system with shock pond
2. Equalization

a. 12 hr at peak flow
3. Increase in aeration basin capacity

a. 50 percent additional aeration overBPT
b. 50 percent additional detention over BPT
c. Include costs to allow operation in a contact stabilization

mode
4. Additional clarification to decrease overflow rate from 20 to

16 cu m/d/sq m
5 Expand solids handling system based on increase in solids pro

duction over BPT

B. Aerated Stabilization Basin

1. Spill collection system with shock pond
2. Three options of upgrading system

a. Additional aeration and settling
(1) Increase aeration to a total of 2.6 hp/1000 eu mcapaeity
(2) Additional 9 days of settling beyond BPT

b. Conversion to activated sludge (extended aeration)
(1) Configuration includes 12 hr of 'equalization at peak

flow, 2 days of aeration capacity, clarification
(16 cu m/d/sq 111), and settling basin (size depends on
remaining basin capacity after conversion)

(2) Relocate existing aerators in equalization basin
(3) Install new aerators in aeration basin

(a) Design basis of 1.5 kg 02/kg BODS removed
(4) Install solids handling equipment -

c. Addition of chemically assisted clarification (cac)
(1) Same design criteria as other options including cac

C. Oxidation Ponds

1. Addition of mixed media filtration to control algae
,a. Design basis of 235 cu m/d/sq m
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TABLE IX-14 (Continued)

II. Secondary Fibers Segment

A. Deink subcategories (fine, tissue)

1. Activated sludge
a. Same design basis as integrated subcategories

2. Aerated stabilizat~on basins
a. Same design basis as integrated subcategories

B. Wastepaper sUbcategori~s (board, tissue, builders' paper, molded)

1. BPT end-of-pipe treatment
2. Option 1 internal controls

III. 'Nonintregrated Segment

A. Fine paper subcategory (BPT =biological treatment)

1. Activated sludge and rotating biological contactors
a. All attain best performance levels

2. Aerated Stabilization Basins
a. Addition of 12 hr of equalization at peak flow
b. Additional 1 day of quiescence

3. Primary treatment attaining BPT limits
a. Addition of an aerated stabilization basin of the same

overall design as above.

B. All other nonintegrated subcategories (BPT =primary treatment)

1. Biological treatment
a. Generally, all attain best performance levels
b. Two special cases

2. Primary treatment
a. Additional clarification to decrease overflow rate from 24

to 16 cu m/d/sq m
b. Addition of chemica~ly assisted clarification (flash mixing

prior to clarifiers)
c. Expand solids handling system based on increase in solids

production over BPT
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TABLE IX-ls

Biological Solids Produced:

230
4.1
6.2

BeT

230
6.9

11.05

BPT

907 kkg/d Dissolving Kraft Mill

Assuming, all of TSS removed becomes solid,s:

907 kkg/d x [0.32 x'(6.9 kg/kkg-4.1 kg/kkg)] =813 kg/d

907 kkg/d x (11.05 kg/kkg-6.2 kg/kkg) = 4 399 kg/d

DESIGN PARAMETERS FOR OPTION 4
EXAL'1PLE CALCULATION

.
Assuming 32 percent of BODS removed becomes solids:'

Total solids removed: 813 kg/d + 4,399 kg/d = 5,212 kg/d

BODS Removed: 907 kkg/d x (6.9 kg/kkg -4.lkg/kkg) = 2540 kg/d

Flow: 907 kkg/d x 230 k1/kkg x ell m/k1 = 209,000 ell mId

Flow (k1/kkg)
BODS (kg/kkg)
TSS- (kg/kkg)

Effluent Guidelines:

'Design Parameters:



TABLE IX-16

COST SUMMARY FOR OPTION 4 ACTIVATED SLUDGE SYSTEM MODIFICATION
EXAMPLE CALCULATION - UNIT PROCESS END-OF-PIPE TREATMENT COSTS

907 kkg/d Dissolving Kraft Mill

Effluent Flow = 230,000 cu mid
BOD1 Removed = 2540 kg/d
Total Solids Produced (Dry Basis) = 5212 kg/d

Amortized Total
Capital Capital o & M Energy Annual Cost

Treatment ($1000) ($1000/yr) ($1000/yr) ($1000/yr) ($1000/yr)

Process Spill Collection
System 320 70 10 31 111

Spill Basin 63. 14 1 0 15
Pumping from Spill Basin 35 8 2 1 10
Spill Neutralization 53 12 7 0 19
Flow Equalization with Aeration

(peaking factor"'" 1.3) 1,686 371 20 72 463
Wastewater Pumping (peaking

factor :l!l 1. 3) 1,849 407 25 121 553
Activated Sludge Basin

Modification 1,816 400 41 0 441
Additional Aeration 1,278 281 40 391 712
Secondary Clarifier

Modification 2,028 446 51 35 532
Nutrient Addition 0 0 24 0 24
Flotation Polymer 0 0 41 0 41
Flotation Thickening 677 149 37 9 195
Dewatering Polymer 0 0 41 0 41
Horizontal Belt-Filter 670 147 27 4 178
Primary and Biological Sludge

Transportation 0 0 131 0 131
Primary and Biological Sludge

Landfill 148 33 46 0 79

Subtotal 10,623 2,338 544 664 3,545
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substitution of zinc hydrosulfite, a bleaching chemical, with sodium
hydrosulfite.

As this technology option is identical to BPT, there are no
incremental costs associated with implementation of this technology
option. Substantial reductions in the discharges of chloroform and
zinc are anticipated when compared to raw waste loadings of these
toxic compounds.

Option ~

Slimicide and biocide formulations containing chlorophenolics can be
replaced with formulations that do not contain these toxic pollutants.
Based on the results of verification sampling, process chemicals
containing pentachlorophenol were used at ten of the 60 sampled mills
and process chemicals containing trichlorophenol at five of the
sampled mills. Correspondence with mill personnel indicate that at
three of the mills, pentachlorophenolic-containing process chemicals
are no longer used and at two of the mills,
trichlorophenolic-containing process chemicals are no longer used.
Inquiries of chemical suppliers as to the relative costs of
substitution to the use of process chemicals that do not contain these
toxic pollutants indicate that no definable cost difference will
result from implementation of this technology option.

COSTS FOR REMOVAL OF NONCONVENTIONAL POLLUTANTS

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 have been prepared for two
alternative treatment technologies: minimum lime coagulation and alum
coagulation. Costs are presented in Table IX-17 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 total wastewater discharge. This is done because the
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TABLE IX-17

COSTS FOR COLOR REDUCTION
FOR DIRECT DISCHARGERS

Amortized o & M Total
Subcategory and Capital Capital Labor Chemicals Energy Annual Cost

Mill Size ($1,000) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr)

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
<.T1 Alum 5,752 1,313 476 912 75 2,776w
N

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 3,450 759 111 370 545 1,785
Alum 8,996 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 2{)5 6,743



TABLE IX-17 (Continued)

Amortized o & M Total

Subcategory and Capital Capital Labor Chemicals Energy Annual Cost

. Mill Size ($1,000) ($1, OOO/yr) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr)

Alkaline-Fine
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

01 Unbleached Kraftw
w (Linerboard and Bag)

408 kkg/d
Lime 2,724 599 100 308 355 1,363

Alum 3,481 791 342 362 38 1,533

907 kkgjd
Lime 4,350 957 132 684 781 2,555

Alum 5,511 1,260 472 800 68 2,600

1361 kkgjd
Lime 5,572 1,226 158 1,027 1,166 3,578

Alum 6,984 1,602 560 1,198 95 3,455



TABLE IX-17 (Continued)

Amortized o & M Total
Subcategory and Capital Capital Labor Chemicals Energy Annual Cost

Mill Size ($1,000) ($l,OOO/yr) ($1 ,OOO/yr) ($I,OOO/yr) ($I,OOO/yr) ($l,OOO/yr)

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

tTl Unbleached Kraft & Semi-Chemicalw
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 5,988 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

Dissolving Sulfite Pulp
408 tId

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
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flow is much lower for these mills and the color d6es not'tend' to be
concentrated in streams of lesser flow.

The cost for the minimum lime system is 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 is 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.

Sludge from the clarifier is pumped to a sludge holding and mixing
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 is
assumed.

In those cases where the total mill wastewater is treated using
minimum lime coagulation, the decolored wastewater is treated to lower
the pH below the maximum discharge allowable (9.0). Sulfuric acid is
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 an
identical system as that identified in the discussions of BCT Option
2.

Ammonia Removal

Estimates of the costs of ammonia removal at direct discharging mills
where ammonia-based cooking chemicals are used have been prepared.
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These costs have been 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 IX-18 for the semi-chemical, dissolving sulfite pulp, and
papergrade sulfite subcategories.

Costs for substitution of chemical bases have been developed and are
presented in Table IX-18. The costs include installation of a new'
spent liquor furnace, although this may not be necessary, and the
substitution of sodium-based cooking for ammonia-based cooking. The
capital costs for a new furnace do not include increased evaporator
capacity or other auxiliary items.(210) A major ~ost item would be the
increased cost of chemicals, with costs for NH~ and Na~CO~ reported at
$0.088/kg ($O.04/lb), and $0.154/kg ($0.07/lb), respectively. At this
cost penalty of $O.066/kg ($0;03/lb), an increased cost of $5.50/kkg
($5/ton) of pulp is realized. No cost credit is taken for the
recovery or resale of chemicals. Energy costs for the suggested
change, after calculating losses and savings, are estimated to be
zero.

Costs for ammonia removal through 'the appl ication of end-of-pipe
treatment were also developed. It has been assumed that existing
mills are meeting BPT effluent limitations u$ing the technology on
which BPT effluent limitations are based. Existing biological systems
can be converted to the extended aeration mode of activated sludge.
Ammonia removal would be accomplished through single-stage
nitrification. Nitrification is the process where specific bacteria
convert ammonia to nitrIte nitrogen and then to nitrate nitrogen (see
Section VIII). Conventional activated slUdge systems and aerated
stabilization basins can be converted to the extended aeration mode by
system modification. Design criteria are a volumetric loading of 0.24
kg B005/cu m/day (15 Ib B005/1000 ft3/day), air requirements of 1.5 kg
02/kg -B005 removed (1.5 Ib 02/lb B005 removed) and 3.1 kg 02/kg NH3
removed (371 lb 02/lb NH3 removed), -aeration capacity of- 17 kg
O~hp/day (37 lb- O~hp/day), and a 48 hour aeration basin detention
time. All other criteria are equivalent to that considered in
estimating' the cost of activated sludge sY$tems in, developing
estimates of the cost of attainment of BPT effluent limitations. (40)

Table IX-18 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 IX-18 also
presents an estimate of costs assuming that raw waste load reductions
to BCT Option 1 levels have been implemented. These estimates assume
no reduction in the ammonia raw waste load.

COSTS FOR IMPLEMENTATION OF PSES AND PSNS

Toxic pollutants being considered for control under PSES and PSNS
include zinc, trichlorophenol, and pentachlorophenol. The methodology
for reduction of these pollutants is substitution of process
chemicals. Slimicide and fungicide formulations containing
chlorophenolics can be replaced ,by those that do not. Based on the
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TABLE IX-18

COSTS FOR AtlHONIA REMOVAL
FOR DIRECT DISCHARGERS

Mill Amortized Total
Size Capital Capital o & M Energy Annual Cost

Subcategory (kkg/d) Control* ($1,000) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr) ($l,OOO/yr)

Semi-Chemical 181 I 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 4,275 941 455 ° 1,396

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 9,084 1,998 966 0 2,964

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 12,825 2,822 1,364 0 4,186

Dissolving Sulfite 408 I 12,640 2,780 161 889 3,830
Pulp II 2,841 625 77 612 1,314

III 5,429 1,194 115 9Z 1,401
IV 700 154 0 0 154
V 23,787 5,233 779 0 6,012

544 I 16,181 3,560 181 1,185 4,9Z6
II 3,785 833 9Z 816 1,741

III 6,886 1,515 129 123 1,767
IV 930 205 0 0 205
V 31,685 6,971 1,038 0 8,009

Popergrllde Sulfite 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 4,882 1,074 264 0 1,338

408 I 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 14,600 3,212 1,188 0 5,762

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 30,200 6,644 2,640 0 12,511

*Note - Controls are as follows:

I - Modification of Activated Sludge at BPT flow
11- Modification of ASE at EPT flow

III - Modification of Activated Sludge at Option 1 flow
IV - Modification of ASE at Option I flow
V - Change chemical base and add recovery system
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results of verification sampling, the use of these chemicals is not
widespread. Inquiries of chemical suppliers as to the relative costs
of substitute chemicals indicate that no defineable cost difference
will result from chemical substitution.

PSES and PSNS regulations for the control of the toxic pollutant zinc
are also proposed for the groundwood-thermo-mechanical, groundwood-CMN
papers, and groundwood-fine papers subcategories. The technology
basis of the proposed PSES and PSNS is substitution of zinc
hydrosulfite, a bleaching chemical, with sodium hydrosulfite. The
costs of this substitution have been estimated and are presented in
Table IX-19.

COSTS FOR IMPLEMENTATION OF NSPS

Option 1

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 nonintegrated-tissue papers, nonintegrated-filter
and non-woven papers, nonintegrated-lightweight pa~ers, and
nonintegrated-paperboard, where end-of-pipe treatment is in the form
of primary clarification. For all integrated and secondary fibers
subcategories and the nonin~egrated-fine papers subcategory, cost
estimates are based on the installation of the contact stabilization
activated sludge process. For the remaining nonintegrated
subcategories, cost estimates are based on the installation of
chemically assisted primary cl~rification at a dosage rate of 150 mg/l
of alum. NSPS model mill costs associated with the implementation of
NSPS Option 1 are presented in Table IX-20.

Option £

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 do not contain these
toxic pollutants indicate that no definable cost difference will
result from the implementation of this control technology.

In the groundwood subcategories, zinc hydrosulfite, a bleaching
chemical, can be replaced by sodium hydrosulfite. The costs of this
substitution at new sources in these subcategories are presented in
Table IX-19.

ENERGY AND NON-WATER QUALITY IMPACTS

Energy Reguirements

The implementation of some of the various control and treatment
options considered as the basis of proposed rules are expected to
affect existing energy demand. Estimates of the energy requirements

539



TABLE IX-19

COSTS FOR SUBSTITUTING SODIUM HYDROSULFITE
FOR ZINC HYDROSULFITE

Cost Increase Due
Mill Size Sodium Hydrosulfite Used to Substitution

Subcategory (kkg/d) (kg/kkg) (kkg/yr) ($I,OOO/yr)

PSES, PSNS (Indirect Dischargers - EXisting and New)

Groundwood-Thermo-Mechanical 272 1.0 95.2 37.8

Groundwood-CMN Papers 45 3.7 58.9 23.3
544 712.5 279.1
907 1,188.0 465.2

Groundwood-Fine Papers 68 6.7 160.8 63.4
L.54 1,073.8 422.6
680 1,608.3 633.8

NSPS (Direct Dischargers - New)

Groundwood-Thermo-Mechanical 454 1.0 158.9 63.0
Groundwood-CMN Papers 454 3.7 594.6 232.6
Groundwood-Fine Papers 454 6.7 1,073.8 422.6
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TABLE IX-20

COST SUMMARY FOR NSPS

Tot"l
Mill Size Capital 0& M Energy Annual Cost

Subcategory (kkg/d) ($1,000) (Sl,OOO/yr) ($l,OOO/yr) ($1 ,OOO/yr)

Integrated Segment

Dissolving Kraft 907 33,102 3,383 1,865 12,530
Market Bleached Kraft 680 20,654 1,695 781 7,019
BCT Bleached ~raft 454 17 ,069 1,433 655 5,843
Alkaline-Fine 680 19,037 1,949 655 6,791
Unbleached Kraft

Linerboard 454 .8,180 737 140 2,677
Bag 907 13,601 1,146 292 4,430

Semi-Chemical 454 8,941 694 303 2;965
Unbleached Kraft &

Semi-Chemical 1,361 21,225 1,536 950 7,155
Dissolving Sulfite Pulp

Nitration 454 40,406 2,405 2,376 13,671
Viscose 454 40,217 2,416 2,3,77 13,641
Cellophane 454 40,358 2,540 2,382 13,801
Acetate 2 454 43,002 2,959 2,672 15,091

Papergrade Sulfite 68Q 39,788 2,463 2,168 13,385
Groundwood-Thermo-Mechanical 454 9,138 1,004 231 3,245
Groundwood-CMN Papers 454 10,177 1,136 228 3,602
Groundwood-Fine Papers 454 10,944 1,070 162 3,640

Secondary Fibers Segment

Deink
Fine Papers 454 11,189 2,207 280
Tissue Papers 91 4,943 806 75

454 13,249 2,316 331
Newsprint 454 12,027 2,167 211

Tissue from Wastepaper 9 1,286 209 11
Paperboard from Wastepaper 91 1,856 224 38

454 4,371 453 168
Wastepaper-Molded Products 45 1,476 209 13
Builders' Paper and Roofing Felt 68 1,741 272 36

136 2,469 369 66
Nonintegrated Segment

Nonintegrated-Fine Papers 227 4,446 518 41
Nonintegrated-Tissue Papers 45 1,647 366 8

227 4,077 847 49
Nonintegrated-Lightweight Papers

Lightweight 45 2,711 504 14
Electrical 45 2,948 546 17

Nonintegrated-Filter and Nonwoven
Papers 23 1,698 322 7

Nonintegrated-Paperboard 45 1,616 353 7

1Includes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
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4,949
1,969
5,561
5,023

503
670

1,583
547
691
978

1,537
736

1,793

1,114
1,212
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of each specific technology option are presented in this section. In
some cases/ production process controls are expected to 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.

Total energy usage prior to implementation of the various technology
options (baseline energy usage) has been determined based on data
contained in the API monthly energy reports. Average power and fuel
usages have been determined from information obtained as a result of
the data request program. An energy balance has been developed for
each model mill; the balance takes into account the energy of spent
liquor and hogged fuel, if appropriate.

Table IX-21 summarizes the estimate of total energy used at direct
discharging mills for the base case and after application of each
specific technology option. Total energy is presented in heat energy
units (Btu). In order to properly reflect energy requirements of the
respective alternatives/ electrical energy (kwh) is converted to heat
energy (Btu) at a conversion of 10,500 Btu/kwh, which reflects the
average efficiency of electrical power generation.

Air Pollution

Most of the proposed BCT Option 1 production process controls are
expected to have little direct impact on air emissions. However, if
additional steam is required, more sulfur dioxide generation could
occur. Such an increase would be directly proportional to the
increased boiler firing rate and the sulfur content of the fuel used.
This situation is no~ 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 relief and blow condensates, neutralization of
spent sulfite liquor before evaporation, and more complete use of
evaporator condensates. These controls tend to retain more
sulfur-containing compounds in the liquor system. As sulfur levels
increase along with increased total liquor solids to 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 in BCT Option 1.

Noise Potential

There is no identifiable potential for substantially increased noise
associated with any of the proposed control and treatment technology
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TABLE IX-21

TOTAL ENERGY USAGE AT EXISTING DIRECT DISCHARGING MILLS
THROUGH IMPLEMENTATION OF BCT OPTIONS(a)

(billions of Btu/yr)

Subcategory Baseline(b) Option Option 2(c) option 3(c) bption 4

Integrated Segment

Dissolving Kraft 50,538 976 262 1,220 494
Market Bleached Kraft 68,856 1,823 386 2,022 1,185
BCT Bleached Kraft 87,326 2,121 377 2,466 1,171
Alkaline-Fine (d) 128,775 2,428 547 2,893 1,394
Unbleached Kraft

Linerboard 139,382 557 323 819 516
Bag 86,048 344 200 505 451

Semi-Chemical 51,786 248 177 364 421
Unbleached Kraft &

Semi-Chemical 124,954 532 302 793 877
Dissolving Sulfite Pulp 40,529 2,319 279 2,573 1,540
Papergrade Sulfite(e) 56,305 354 362 625 849
Groundwood-Thermo-Mechanical 3,628 5 27 31 74
Groundwood-CMN Papers 9,061 -40 60 12 124
Groundwood-Fine Papers 17 ,301 -192 111 -104 71
Integrated-Miscellaneous 454,353 6,262 1,945 7,849 4,966

Secondary Fibers Segment

Deink
Fine Papers 3,486 -5 29 19 77
Ti.ssue Papers 8,715 -14 130 108 185

Tissue from Wastepaper 2,634 -17 43 21 0
Paperboard from Wastepaper 30,725 26 180 163 20
Wastepaper-Molded Products 1,345 1 12 8 3
Builders' Paper and Roofing Felt 1,705 8 19 18 4
Secondary Fibers-Miscellaneous 7,425 -106 47 -71 20

Nonintegrated Segment

Nonintegrated-Fine Papers 27,947 -831 134 -718 64
Nonintegrated-Tissue Papers 7,639 -40 87 35 13
Nonintegrated-Lightweight Papers 6,777 -100 81 .,33 5
Nonintegrated-Filter and

Nonwoven Papers 796 -11 23 10 0
Nonintegrated-Paperboard 1,362 -1 21 17 5
Nonintegrated-Miscellaneous 6,066 -102 -TI. ~ ~

Total 1,425 ,464 16,545 6,221 21,591 14,54!1
Resigual Fuel Oil

2.6 3.4(10 barrels/yr) 227 1.0 2.3
Percent of Baseline Energy 1.1 0.4 1.5 1.0

(a)Minus sign indicates a net energy savings a

(b) Baseline energy use is based on data contained in API monthly energy reports.

(c)Based on an alum dosage of 300 mgll in chemically assisted clarification for subcategories Dissolving Kraft
through Papergrade Sulfite, and Integrated-Miscellaneous; 150 mgll for Groundwood-Thermo-Mechanical, Groundwood
CMN Papers and Groundwood-Fine Papers, Deink, Tissue from WasCepaper, Paperboard from Wastepaper, Wastepaper
Molded Products, Builders' Paper and Roofing Felt, Secondary Fibers-Miscellaneous, and Nonintegrated-Fine
Papers. Nonintegrated-Tissue Papers, Nonintegrated-Lightweight Papers, Nonintegrated-Filter and Nonwoven
Papers, Nonintegrated-Paperboard, and Nonintegrated-Miscellaneous energy usage was based upon operating an
activated sludge system.

(d)lncludes Fine Bleached Kraft and Soda Subcategories.

(e) Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
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options. Existing effluent treatment processes are not a significant
source of noise.

various solid
and paperboard
of wastewater

and other types

Installation of chemically assisted clarification is expected to have
a significant impact on the amount of wastewater sludge generated. To
assess this impact, the amount of primary and biological sludges
generated at each model mill in each subcategory has been estimated.
The amount of additional sludge resulting from implementation of
chemically assisted clarification has also been estimated. These
estimates have been based on sludge production criteria outlined in

A study by Energy Resources Company quantified the
wastes generated in 1977 in the pulp, paper,
industry. (211) Along with sludge generated as a result
treatment, chemical ash, pulping wastes, wood wastes,
of solid waste are generated.

Solid Waste Generation

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.

Miscellaneous pulp, paper, and paperboard industry solid waste
includes wastepaper reclamation waste (i.e., strapping, dirt, metal,
and ink) at 1,700,000 metric tons (1,900,000 tons) in 1977.(211) 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).(40) This source of solid
waste is insignificant when compared to process-related sources.

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.(211)

About 2,700,000 metric tons (3,000,000 tons) of landfilled bark and
wood waste and in 1977. approximately 1,000,000 metric tons
(1,100,000 tons) of coal ash were generated in 1977. (211)
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that theoretically could be
mill wastewater treatment

sludge is converted to
be used as a soil

Pyrolysis-gasification may playa future role in solid waste disposal.
Commercial-scal~ units from which economic effectiveness has been
proven or operating experience obtained have yet to be utilized.

Environmental safety procedures and knowledge of proper landfilling
practices have increased widely in recent years. The EPA has
established operating and d~sign criteria for several landfill
techniques for sludges ranging from 20 to 30 percent solids. (206)
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. Information on existing landfill practices and site
conditions is limited. It is not anticipated that environmental
problems would result from the landfilling of the chemical sludge, as
long as appropriate disposal techniques are employed.

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.

Acceptable techniques for solid waste disposal include incineration,
composting, pyrolysis - gasification, and landfill. In 1975, it was
reported that about 10 percent of wastewater sludges were incinerated
and about 85 percent were disposed of by land application. (212)
Incineration is a preferred method for disposal of organic wastes with
low moisture contents. For the pulp, paper, and paperboard industry
these include log sorting and mill yard wastes.

Composting is an emerging technology
applied to pulp, paper, and paperboard
sludges. Through proper composting,
non-pathogenic organic material that may
conditioner.

The potential exists for recovery of chemical coagulants (e.g., alum)
used for effluent clarification. However, at this time an economical
recovery technology has not been employed on a full-scale basis.
Should technology become available to economically recover and reuse
alum, chemically assisted clarification would become less expensive
and sludge disposal requirements would be reduced.

Section VII. A summary of anticipated'sludge generation is shown
in Table IX-22.
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TABLE IX-22

TOTAL WASTEWATER SOLID WASTE GENERATION AT EXISTING DIRECT DISCHARGING MILLS
THROUGH IMPLEMENTATION OF BCT OPTIONS

(1000 kkg/yr, dry solids)

Baseline(a)
Subcategory Primary Biological Option 1 Option 2(b) Option 3(b) Option 4

Intllgrated Segment

Dissolvins Kraf: 91.0 35.3 0 31. 7 30.0 4.2
Xarke: Bleached Kraf: 65.2 32.6 0 35.1 41.2 11.4
BCT Bleached Kraf: 112.6 43.0 0 41.3 38.5 9.5
Alkaline-Fine (c) 199.1 65.0 0 62.5 55.8 12.2
Unbleached Kraf:

Linerboard 81.6 35.7 0 29.4 24.5 5.7
Bas 50.4 22.0 0 18.1 17.0 3.4

Sllmi-Ghcmical 23.4 22.6 0 11.1 8.7 3.3
Unbleached Kraf: &

Semi-Chemical 71.7 36.5 0 29.1 25.6 6.7
Dissolving Sulfite Pulp 68.7 65.0 0 28.7 26.5 11.6
Papergrade Sulfi:e(d) 118.3 64.8 0 38.6 31.0 5.9
Groundwood-Ther~-Mechanical 6.6 3.4 0 1.5 1.5 0.4
Ground~ood-cHN Papors 19.2 5.2 0 4.4 4.0 0.6
Groundwood-Fine Papers 38.9 9.9 0 8.3 7.3 0.7
Integra:ed-Miscellaneous 543.2 213.5 0 196.9 176.2 42.0

Secondary Fibers Segment

Dcink
Fine t'apers 26.7 5.7 0 4.0 3.8 0.8
Tillsue Papers 66.7 14.0 0 9.9 9.4 1.5

Tissue frOID Wastepaper 10.2 1.5 0 1.7 1.5 0
Paperboard from Wastepaper 17.4 5.6 0 4.4 3.1 0
Wastepaper-Molded Products 0.5 0.1 0 0.3 0.1 0
Builders' Paper and Roofing Felt 3.3 0.7 0 0.7 0.5 0
Secondary Fibers-Miscellaneous 17.6 3.7 0 3.1 2.6 0.7

Nonintegrated Segment

Nonintegrated-Fine Papers 34.4 6.5 0 7.9 6.5 1.9
Nonintegrated-Tissue Papers 10.9 0 0 2.1 1.9 0.9
Nonintegrated-Lightweight Papers 8.1 0 0 1.6 1.4 0.3
Nonintegrated-Filter and

Non~oven Papers 0.5 0 0 0.1 0.2 0
Nonin:egratcd-Paperboard 1.5 0 0 0.3 0.3 0.1
Nonintegrated-Miscellaneous ~ --.Q:.l _0 -l:..§. -!.:.i --!..:1.
Total 1,695.5 692.8 0 574.4 520.5 125.1
Percent of baseline wastevater

lolid \/as:e 0 24.1 21.8 5.2
Percent of baseline total

solid waste 0 9.5 8.7 2.1

(a) Baseline wastewa:er solid waste production is based on es:imated BpT raw waste loads; baseline solid waste
other than waste~ater solids is 6,016,600 kkg/yr.

(c)B.sed on an alum dosage of 300 mg/l in chemically assisted clarification for subcategories DissolVing Kraft
through Papergrade Sulfite, and Integrated-Miscellaneous; 150 mg/l for Groundwood-rhermo-Mechanical. Groundwood
CHN Papers and Groundwood-Fine Papers. Deink, Tissue from Wastepaper, Paperboard from Wastepaper, Wastepaper
Molded Products, Builders' Paper and Roofing Felt, Secondary Fibers-Miscellaneous, and Nonintegrated-Fine
Papers. Nonintegrated-Tissue Papers, Nonintegrated-Lightweight Papers, Nonintegrated-Filter and Nonwoven
Papers, Nonintegrated-Paperboard, and Nonintegrated-Miscellaneous wastewater solid waste production was based
upon operating an activated sludge system.

(c) Includes Fine Bleached Kraft and So~a Subcategories.

(d) Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.
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Implementation Reguirements

Availability of Equipment. It is expected 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.(213)
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. The production process controls considered do
not involve major process changes. Therefore, any implementation of
production process controls could be accomplished in ~cheduled

shut-down periods between now and July 1, 1984. Additional time is
available for completion of certain projects during routine
maintenance and clean-up, typically done every two to three weeks.

For end-of-pipe treatment facilities, normal construction techniques
and crews would be required. The bar graph presented in Figure IX-1
shows the estimated time required to implement the BCT Option 2 and 3
technologies, respectively. It is anticipated that the time required
for implementation of BeT Option 4 technology would be comparable to
that required for implementation of the end-of-pipe technology
considered in BCT Options 2 and 3. However, due to the wide variety
of treatment schemes employed at mills in the industry; implementation
time is expected to vary from mill to mill. -

Other Considerations

Benefits other than improved water quality can result from production
process technology modifications. As noted earlier, these benefits
include savings resulting from improved raw material usage and better
operating efficiency.' The economic savings associated with these
benefits have been estimated and are presented in Table IX-3.
Improved by-product recovery may also resultj however, no estimates of
savings resulting from by-product recovery have been included in the
cost estimates presented previously.
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SECTION X

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY AVAILABLE

GENERAL

TQe effluent limitations wqichwere required to be achieved by July 1,
1977, are based on the degree of effluent reduction attainable through
the application of the best practicable control technology currently
available (BPT). The best practicable control technology currently
available generally is based upon the average of the best existing
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 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». While besr-practicable control
technology currently available focuses on end-of-pipe treatment
technology rather than process changes or internal controls, it can
include process changes or internal controls when the changes or
controls are normal practice within an industry.

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». In balancing costs in relation--ro
effluent reduction benefits, EPA considers the volume and nature of
existing discharges, the volume and nature of discharges expected
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, 11 ERC
2149 (D.C. Cir. 1978».

REGULATED POLLUTANTS

Pollutants proposed for regulation under BPT are BODi, TSS, and pH.

IDENTIFICATION OF THE BEST PRACTICABLE CONTROL TECHNOLOGY CURRENTLY
AVAILABLE

As stated above, 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
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currently available for the wastepaper-molded products 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.

It has also been 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 has been identified as primary clarification,
which is the technology on which BPT limitations are based for the
nonintegrated-tissue papers subcategory.

BPT EFFLUENT LIMITATIONS

BPT effluent limitations are presented in Table X-l.

RATIONALE FOR THE SELECTION OF BEST PRACTICABLE CONTROL TECHNOLOGY
CURRENTLY AVAILABLE

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. 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 for the four new subcategories, 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 BOD5 and TSS from BPT to BCT. Therefore, the
Agency is proposing BPT- limitations for the wastepaper-molded
products, nonintegrated-lightweight papers, nonintegrated-filter and
nonwoven papers, and nonintegrated-paperboard subcategories.

METHODOLOGY USED FOR DEVELOPMENT OF BPT EFFLUENT LIMITATIONS

Biological treatment has been identified as the best practicable
control technology currently available for the wastepaper-molded
products subcategory. The long-term average BPT f~nal effluent ,BODi
concentration for the wastepaper-molded products subcategory has been
developed from the equation presented in Section VIII that relates
final effluent BOD5 concentration to the BOD5 concentration entering a
biological treatment system. A relationship has also been developed
from which a determination has been made of the anticipated final
effluent TSS concentration resulting from the application of
biological treatment to wastewaters resulting from the production of
molded products from wastepaper. Long-term average final effluent
loads have been calculated by multiplying attainable final effluent
concentrations by the effluent flow rate characteristic of this
subcategory.
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Subcategory

Secondary Fibers Segment

TABLE X-I

BPT EFFLUENT LIMITATIONS
CONTINUOUS DISCHARGERS

(kg/kkg or Ibs/l000 Ibs)

Maximum 30-Day Average
BODS ISS

Maximum Day
BODS TSS

Wastepaper-Molded Products

Nonintegrated Segment

2.3 5.8 4.4

Nonintegrated-Lightweight Papers
Lightweight
Electrical

Nonintegrated-Filter and
Nonwoven Papers

Nonintegrated-Paperboard

13.2 10.6 23.9 21.6
20.8 16.7 37.9 34.0

16.2 13.0 29.4 26.6
3.5 2.8 "6.3 5.8

BPT EFFLUENT LIMITATIONS
NON-CONTINUOUS DISCHARGERS

Subcategory

Secondary Fibers Segment

Annual Average
(kg/kkg or Ibs/lOOO Ibs)

BOD5 TSS

Maximum 30-DayAverage
(mg/l)

BODS TSS

Maximum Day
(mg/l)

BODS TSS

Wastepaper-Molded Products

Nonintegrated Segment

Nonintegrated-Lightweight Papers
Lightweight
Electrical

Nonintegrated-Filter and
Nonwoven Papers

Nonintegrated-Paperboard

1.3

7.4
11.6

9.1
2.0

3.2

6.0
9.5

7.4
1.6

27

65
65

65
65

66

52
52

52
52

51

118
118

118
118

122

106
106

106
106
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with
per

Primary treatment has been identified as the best practicable control
technology currently available for the nonintegrated-lightweight
papers, nonintegrated-~ilter 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 have been transferred from the nonintegrated-tissue
papers subcategory to the nonintegrated-lightweight papers,
nonintegrated-filter and nonwoven papers, and npnintegrated-paperboard
subcategories. Long-term average final effluent loads have been
calculated by multiplying attainable final effluent concentrations by
the effluent flow rates characteristic of these subcategories.

Maximum 30-day and maximum day effluent limitations were determined by
multiplying long-term average effluent limitations by appropriate
variability factors calculated through statistical analysis of
long-term conventional pollutant data. The statistical analysis is
described in detail in Section VIII.

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS

The total costs (1978) of attainment of BPT effluent limitations
been estimated to be about $6.01 million dollars in capital cost
an associated to~al annual cost of about $1.84 million dollars
year.

Conventional pollutant removals from industry raw waste discharges
have been estimated to be 3.5 million kg/yr (7.7 million lbs/yr) of
BODS and 13.S million kg/yr (29.8 million lbs/yr) of TSS. These
represent removals of 66 percent BOD~ and 89 percent TSS from the BPT
raw waste levels of these pollutants for the four new subcategories.

NON-WATER QUALITY ENVIRONMENTAL IMPACTS

Non-water quality environmental impacts have been considered in
Section IX. The impacts of the BPT pollutant controls are discussed
below.

Energy

Attainment of BPT will require the use of the equivalent of 604
thousand liters (3.8 thousand barrels) of residual fuel oil per year,
a 0.0017 percent increase over estimated current industry energy
usage. This is a 1.8 percent increase in current energy usage at
mills in the wastepaper-molded products subcategory.

Solid Waste

Attainment of BPT will result in an' additional 100 kkg/yr (110
tons/yr) of wastewater treatment solids.
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Air and Noise

Attainment of BPT will have no measurable impact on air or noise
pollution.
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SECTION XI

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
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 techniques, 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" cc>sts, but does not
requlre a balancing of costs against effluent reduction benefits (see
Weyerhaeuser v. Costle, 11 ERC2149 (D.C. Cir. 1978)). However, in
assessing the proposed 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

Nonconventional Pollutants

No nonconventional pollutants are proposed for regulation by BAT. The
regulation of color was considered but it has been concluded that the
discharge of color in pulp, paper, and paperboard effluents is not of
uniform national concern and is more appropriately controlled on a
case-by-case basis as diGtated by water quality considerations. The
Agency proposes to withdraw BAT color regulations that were previously
promulgated for the unbleached kraft, sodium-based neutral sulfite
semi-chemical, ammonia-based neutral sulfite semi-chemical, and
unbleached kraft-neutral sulfite semi-chemical (cross-recovery)
subcategories.
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Toxic Pollutants

Limited information exists on the levels of resin acids, fatty acids,
and bleach plant derivatives present in wastewater discharges from the
pulp, paper, and paperboard industry. This sparcity of data makes it
impossible at this time to establish uniform national standards
limiting the discharge of these compounds. As discussed in Section
VI, significant reductions of resin acids, fatty acids, and bleach
plant derivatives are attained through application of existing
biological treatment systems. Low levels of these compounds were
generally present in final treated effluents at mills where
verification sampling was conducted.

AVAILABLE TECHNOLOGY ECONOMICALLYBESTTHEOFIDENTIFICATION
ACHIEVABLE

Four different toxic pollutants of concern are discharged from mills
in the pulp, paper, and paperboard industry: chloroform, zinc,
trichlorophenol, and pentachlorophenol. The toxic pollutants proposed
for regulation in all subcategories are trichlorophenol and
pentachlorophenol. Chloroform is proposed for regulation in the
dissolving kraft, market bleached kraft, BCT (paperboard, coarse, and
tissue) bleached kraft, fine bleached kraft, papergrade sulfite
(blowpit wash), papergrade sulfite (drum wash), dissolving sulfite
pulp, soda, and deink subcategories. Zinc is proposed for regulation
in the groundwood-thermo-mechanical, groundwood-CMN papers, and
groundwood-fine papers subcategories.

The Agency has 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 proposed 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,
it has been determined that zinc discharges from mills in the
groundwood subcategories have been greatly reduced to levels in
compliance with BPT effluent limitations guidelines through the
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The regulation of ammonia was also considered. However, at the
present time, no treatment processes are known to be utilized in the
pulp, paper, and paperboard industry to specifically remove ammonia.
Only limited data are available on the levels of ammonia being
discharged at nine mills in the semi-chemical, dissolving sulfite
pulp, and both papergrade sulfite subcategories where ammonia is used
as a cooking chemical. The Agency is currently seeking public comment
on ammonia discharges from integrated mills where ammonia-based
cooking chemicals are used. Information is sought on raw waste and
final effluent levels of ammonia, available end-of-pipe technologies
and their capability to remove ammonia, the feasibility of change to a
different chemical base, and the costs associated with the application
of end-of-pipe or production process controls.



substitution of sodium hydrosulfite, a bleaching chemical, for zinc
hydrosulfite.

The control of chloroform is based on the application and proper
operation of biological treatment, which forms the basis of existing
BPT regulations. The necessity for additionalend-of-pipe treatment
or production process controls is not required.

BAT EFFLUENT LIMITATIONS

BAT effluent limitations are presented in Table XI-l.

RATIONALE FOR THE SELECTION OF BEST AVAILABLE TECHNOLOGY ECONOMICALY
ACHIEVABLE

Fungicide and Slimicide Substitution

The substitution of fungicides and slimicides not containing
trichlorophenol or pentachlorophenol has been selected as the basis
for BAT limitations as it represents a no cost alternative that will
virtually eliminate the discharge of these toxic pollutants. At
facilities where trichlorophenol and pentachlorophenol were detected
and used as a slimicide or fungicide, the average concentrations were
found to be 67.9 ug/l and 20.0 ug/l, respectively. At those
facilities where these chemicals were not used, average concentrations
of trichlorophenol and pentachlorophenol were 6.9 ug/l and 7.2 ug/l,
respectively. Alternatives to chemical substitution would involve the
addition of costly end-of-pipe treatment; an evaluation of
verification data indicates 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 projects that alternative chemicals are
~urrehtly 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.

Zinc Removal

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 has been
substantially reduced by the substitution of sodium hydrosulfite for
zinc hydrosulfite. Regulation of zinc at BPT levels has, therefore,
been selected as the basis of BAT effluent limitations.

Chloroform Removal

Biological treatment, the basis of BPT effluent limitations for all
subcategories where chlorine or chlorine-containing compounds are used
to bleach pulp, has been selected as the basis for limitation of
chloroform. Biological treatment systems are capable of substantial
removals of chloroform. Chloroform levels that averaged 1.58 mg/l in
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TABLE XI-1

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

Maximum Day

Subcategory PCP2 TCP3 Zinc Chloroform

Integrated Segment
Dissolving Kraft 0.0057 0.0069 NA 0.055
Market Bleached Kraft 0.0043 0.0052 NA 0.042
BCT Bleached Kraft 0.0037 0.0044 NA 0.035
Fine Bleached Kraft 0.0032 0.0039 NA 0.031
Soda 0.0032 0.0039 NA 0.031
Unbleached Kraft

o Linerboard 0.0013 0.0016 NA NA
o Bag 0.0013 .0.0016 NA NA

Semi-Chemical 0.0011 0.0013 NA NA
Unbleached Kraft and Semi-Chemical 0.0015 0.0018 NA NA
Dissolving Sulfite Pulp

o Nitration 0.0069 0.0083 NA 0.066
o Viscose 0.0069 0.0083 NA 0.066
o Cellopane 0.0069 0.0083 NA 0.066
o Acetate 1 0.0069 0.0083 NA 0.066

Papergrade Sulfite See Equations Below
Groundwood-Thermo-Mechanical 0.0022 0.0026 0.26 NA
Groundwood-CHN Papers 0.0025 0.0030 0.30 NA
Groundwood-Fine Papers 0.0023 0.0027 0.27 NA

Secondary Fibers Segment
Deink

o Fine Papers 0.0025 0.0031 NA 0.024
o Tissue Papers 0.0025 0.0031 NA 0.024

Tissue from Wastepaper 0.0017 0.0020 NA NA
Paperboard from Wastepaper 0.00032 0.00039 NA NA
Wastepaper-Molded Products 0.00059 0.00071 NA NA
Builders' Paper and Roofing Felt 0.0015 0.0018 NA NA

Nonintegrated Segment
Nonintegrated-Fine Papers 0.0016 0.0019 NA NA
Nonintegrated-Tissue Papers 0.0020 0.0024 NA NA
Nonintegrated-Lightweight Papers

o Lightweight 0.0040 0.0048 NA NA
o Electrical 0.0070 0.0084 NA NA

Nonintegrated-Filter & Nonwoven Papers 0.0050 0.0059 NA NA
Nonintegrated-Paperboard 0.0013 0.0016 NA NA

Non-continuous dischargers shall not exceed the following maximum day effluent
concentrations:

Chloroform z 0.240 milligrams/liter
PCP = 0.025 milligrams/liter
TCP = 0.030 milligrams/liter
Zinc =3.0 milligrams/liter

Papergrade Sulfite Equations:

Chloroform =(0.009l2x2-0.485X+30.72)/1000

PCP = (0.000950x2-0.0506x+3.2)/l000

TCP = (0.00114x2-0.0607x+3.84)/1000
Where x equals percent sulfite pulp in the final product

1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Dr_.
Wash) Subcategories

2pcP Pentachlorophenol

3TCP =Trichlorophenol

NA =Not applicable
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pulp, paper, and paperboard raw wastewaters were reduced to an average
of 0.052 mg/l after the application of biological treatment at mills
where BPT effluent limitations are attained.

METHODOLOGY ~ FOR DEVELOPMENT QE §AI EFFLUENT LIMITATIONS

Chloroform

The methodology used for determination of the BAT maximum day effluent
limitations for chloroform involved the ranking of final effluent data
for chloroform discharges from mills in those subcategories where
chlorine or chlorine-containing compounds are used to bleach pulp.
The highest concentration found in effluents from mills where
biological treatment was employed and BPT effluent limitations are
attained was 240 parts per billion. That concentration was selected
as the maximum day effluent concentration for the establishment of
chloroform limitations. Mass limitations for each subcategory in
kg/kkg ~lbs/l,OOO Ibs) were then 'determined by multiplying this
concentration by the flow upon which BCT was based for each
subcategory.

Pentachlorophenol,

The methodology used for determination of the BAT maximum day effluent
limitations for pentachlorophenol involved the ranking of raw waste
data for pentachlorophenol discharges from mills where it was known
that pentachlorophenol was not used during verification sampling. The
highest concentration found at facilities where pentachlorophenol was
not used was 24.4 parts per billion. Therefore, the maximum day
effluent concentration was set at 25 parts per billion, a level that
was not exceeded at any facilities where pentachlorophenol was not
used. Mass limitations for each subcategory in kg/kkg (lbs/1000 lbs)
were determined by multiplying this concentration by the flow on which
the proposed BCT limitations are based for each subcategory.

Trichlorophenol

The methodology used for determination of the BAT maximum day effluent
limitatiohs for trichlorophenol involved the ranking of raw waste data
for trichlorophenol discharges from mills where it was known that
trichlorophenol was not used during verification sampling. The
highest concentration found at facilities where trichlorophenol was
not used was 26 parts per billion. Therefore, the maximum day
effluent concentration was set at 30 parts per billion, a level that
was not exceeded at any facilities where trichlorophenol was not used.
Mass limitations for each subcategory in kg/kkg (lbs/1000 lbs) were
determined by multiplying this, concentration by the flow on which the
proposed BCT limitations are based for each subcategory.
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COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS

Fungicide and Slimicide Substitution

There is no cost associated with this technology; substitute chemicals
are available at comparable costs. The total mass of regulated
pollutants removed from industry wastewaters that are discharged
directly to navigable waters has been estimated to be about 61,000
kg/yr (135,000 lb/yr) of trichlorophenol and 21,000 kg/yr (46,000
lb/yr) of pentachlorophenol.

Zinc Removal

There is no cost or ,pollutant removal associated with this technology.
BAT limitations are being proposed that are equivalent to existing BPT
limitations.

Chloroform Removal

There is no cost associated with this technology; it is assumed that
BPT effluent limitations have been attained through implementation of
biological treatment technology at all mills where chlorine or
chlorine-containing chemicals are used to bleach pulp. The total mass
of chloroform removed from raw wastewaters discharged directly to
navigable waters through attainment of BPT effluent limitations has
been estimated to be 4.8 million kg/yr (10.6 million lb/yr).

NON-WATER QUALITY ENVIRONMENTAL IMPACTS

No non-water quality impacts have been identified resulting from
implementation of proposed BAT effluent limitations. 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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SECTION XII

EFFLUENT REDUCTION ATTAINABLE THROUGH THE APPLICATION OF
BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY

EFFLUENT LIMITATIONS GUIDELINES

GENERAL

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) - BOD, TSS, Fecal Coliform, and pH and any additional
pollutants defined by the . Administrator as "conventional" (oil and
grease) .

BCT is not an additional limitation, but replaces BAT for the control
of conventional pollutants. BCT requires that limitations for
conventional pollutants be assessed . in light of a new
"cost-reasonableness" test, which involves a comparison of the cost
and level of reduction of conventional pollutants from the discharge
of POTWs to the cost and level of reduction of such pollutants from a
class Or category of industrial sources. As part of its review of BAT
for certain "secondary" industries, the Agency promulgated the
methodology for this cost test (see 44 FR 50732 (August 29,
1979)).(214) This methodology compares subcategory removal costs
(dollars per pound of pollutant, measuring from BPT to BCT) with· costs
experienced at POTWs.

REGULATED POLLUTANTS

Pollutants proposed for regulation under BCT are BOD~,.f TSS, and pH.

IDENTIFICATION OF THE BEST CONVENTIONAL POLLUTANT CONTROL TECHNOLOGY

The Agency has considered four technology options for consideration in
establishing BCT effluent limitations, including (1) BPT technology
plus the implementation of additional production process controls to
reduce raw waste loads,' ensuring additional removal of BOD and TSS;
(2) BPT technology plus the addition of chemically assisted
clarification for those subcategories where BPT was based on
biological treatment, or BPT technology plus the addition of
biological treatment for those subcategories where BPT was based on
primary treatment only; (3) BCT Option 1 plus the addition of
chemically assisted clarification for those subcategories wh~re BPT
was based on biological treatment, or BCT Option 1 plus the addition
of biological treatment for those subcategories where BPT was based on
primary treatment only; and (4) upgrade of existing BPT to attain
effluent levels characteristic of best performing mills. Best mill
performance for a subcategory is generally the average performance at
all mills where BPT effluent limitations are attained. Because the
various control and treatment technologies employed at different
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facilities within the respective subcategories differ, implementation
of BCT Option 4 technology is specific to the in-place effluent
treatment technology employed.

The Agency has selected Option 4 as the basis for BCT effluent
limitations for all subcategories for which the BCT
cost-reasonableness test is passed with two exceptions (the dissolving
sulfite pulp and builders' paper and roofing felt subcategories). In
those subcategories where the cost-reasonableness test is not passed,
the less stringent Option 1 has been selected as the basis for BCT
effluent limitations if it passes the cost-reasonableness test.
Option 1 forms the basis of BCT for the nonintegrated-tissue papers,
nonintegrated-lightweight papers, and the nonintegrated-filter and
nonwoven papers subcategories.

For the dissolving sulfite pulp and builders' paper and roofing felt
subcategories, BCT is proposed to be equal to BPT effluent limitations
because of projected severe economic impacts. For the nonintegrated
paperboard subcategory, which is a new subcategory, the basis for BCT
was selected at a level equivalent to proposed BPT as the Agency was
unable to identify a technology beyond BPT that passes the BCT
cost-reasonableness test.

BeT EFFLUENT LIMITATIONS

BCT effluent limitations are presented in Tables XlI-1 and XII-2.

RATIONALE FOR THE SELECTION OF BEST CONVENTIONAL POLLUTANT CONTROL
TECHNOLOGY

EPA has selected Option 4 as the basis for proposed effluent
limitations for all subcategories for which the BCT
cost-reasonableness test passes. EPA has determined that costs at
POTWs are $1.27 per pound of BODi and TSS removed (1978 dollars); if
removal costs for a subcategory are less than that cost, they are
considered reasonable (44 FR 50732 (August 29, 1979). In those
subcategories where the cost-reasonableness test fails, the less
stringent Option 1 forms the basis of BCT if it passes the
cost-reasonableness test. The only exceptions are the dissolving
sulfite pulp and the builders' paper and roofing felt subcategories
for which BCT is established at the BPT level because of projected
severe economic impacts. The results of the BCT cost test for Option
1, Option 2, Option 3, and Option 4 are presented in Tables XII-3,
XII-4, XII-5, and XII-6. These tables present ranges of costs and
average costs for each subcategory. In Table XII-7, the results of
the BCT cost-reasonableness test are summarized for the technology
options selected as the basis for BCT effluent limitations.

There are several factors that weighed heavily in the Agency's
decision to select Option 4 as the primary basis of proposed BCT
limitations. This option yields significant removals of BODS and TSS
at significantly lower costs to the industry than Options 2-and 3 and
has been proven through full-scale operation throughout the entire
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TABLE XII-1
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1Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories

6.2
6.3
5.9

6.2
7.2
7.2
8.7

70.6
70.6
70.6
70.6

18.6
13.2
10.8
9.2
9.2

3.5
4.5
5.3
5.3

12.2
10.5

7.5
5.9
5.9

Maximum Day
BODS TSS

41.4
44.3
48.1
52.0

Below
3.9
4.5
4.1

3.7
4.4
4.4
5.3

11.3
8.0
6.6
5.6
5.6

38.0
38.0
38.0
38.0

See Equations
3.7
3.8
3.5

2.3
2.7
2.4

2.0
2.7
3.1
3.1

7.2
6.2
4.5
3.5
3.5

21.5
23.1
25.0
27.1

Maximum 30-Day Average
BODS TSS

BCT EFFLUENT LIMITATIONS
(kg/kkg or Ibs/1000 Ibs)

Secondary Fibers Segment
Deink

o Fine Papers 5.3 7.6 8.9 12.5
o Tissue Papers 5.8 9.1 9.8 15.0

Tissue from Wastepaper 3.9 4.7 6.6 7.8
Paperboard from Wastepaper 0.74 0.89 1.2 1.5
Wastepaper-Molded Products 1.1 2.1 1.8 3.5
Builders' Paper and Roofing Felt 3.0 3.0 5.0 5.0

Nonintegrated Segment
Nonintegrated-Fine Papers 2.3 2.5 3.9 4.1
Nonintegrated-Tissue Papers 5.2 4.1 9.4 8.5
Nonintegrated-Lightweight Papers

o Lightweight 10.4 8.3 18.9 16.9
o Electrical 18.1 14.4 32.8 29.5

Nonintegrated-Filter and Nonwoven Papers 12.9 10.3 23.4 21.1
Nonintegrated-Paperboard 3.5 2.8 6.3 5.8

Papergrade Sulfite Equations:

Maximum 30 day average:

BODS = 0.0020x2-0.104x+6.61

TSS-= 0.0033x2-0.177x+ll.2

Maximum Day:

BODS = 0.0033x2-0.176x+ll.l

TSS- 0.0055x2·0.291x+18.4
Where x equals percent sulfite pulp in the final product

pH-Within the range 5.0 to 9.0 at all times

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

Subcategory



pH-Within the range 5.0 to 9.0 at all times

lIncludes Papergrade Sulfite (Blow Pit Wash) and Pape~grade Sulfite (Drum Wash) Subcategories

Maximum Day
(mg/l)

BODS TSS

53 81
61 76
51 73
45 71
45 71

66 117
86 137

122 168
90 149

132 228
141 228
153 228
166 228
87 144
45 70
45 63
45 64

87 122
96 177
97 115
96 114
75 145
83 83

62 64
118 106

118 106
118 106
118 106
U8 106

31 49
36 46
30 44
27 43
27 43

39 71
51 83
73 102
53 90

78 138
84 138
91 138
98 138
52 87
27 42
27 39
27 39

52 74
57 89
58 70
57 69
45 88
50 50

37 39
65 52

65 52
65 52
65 52
65 52

Maximum 30-Day Average
(mg/1)

BODS TSS

1.4
2.4

4.7
8.2
5.9
1.6

4.2
5.0
2.6
0.49
1.2
1.6

3.0
3.3
2.2
0:42
0.60
1.6

1.3
2.9

5.8
10.1
7.2
2.0

4.1 6.2
3.5 4.4
2.5 3.6
2.0 3.1
2.0 3.1

·1.2 2.1
1.5 2.4
1.8 2.4
1.8 2.9

BODS TSS

12.1 20.9
13.0 20.9
14.1 20.9
15.2 20.9
See Equations Below

1.3 2.1
1.5 2.1
1.4 2.0

Annual Average
(kg/kkg or 1bs/1000 lbs)

Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintesrated-Paperboard

80D2 Annual Average: Haximum 30 day average + 1.78
TSS Annual Average =Maximum 30 day average + 1.82
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TABLE XII-2

BCT EFFLUENT LIMITATIONS
NON-CONTINUOUS DISCHARGERS

SUbcatea;ory

Papergrade Sulfite (see BCT Equations Table I-I)

Intesrated Segment
Dissolving Kraft
Market Bleached Kraft
BCT Bleached Kraft
Fine Bleached Kraft
Soda
Unbleached Kraft

o Linerboard
o Bag

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

o Nitration
o Viscose
o Cellopane
o Acetate 1

Papergrade Sulfite
Groundwood-Thermo-Mechanical
Groundwood-CHN Papers
Groundwood-Fine Papers

Secondary Fibers Segment
Debit

o Fine Papers
o Tissue Papers

Tissue From Wastepaper
Paperboard From Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing Felt
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2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

0.20-2.10
0.35-0.86
0.~7-3.24

0.71-3.65
2.89-17.86

0.09-0.70
0.17-1.94
0.05-0.31
0.53-1.04
0.31-0.58

1.00-1.07
0.25-0.40
0.28-0.45
0.89~1.63

0.27-1.28
0.43-0.80
0.31-0.69
0.58:-1.10
0.16-0.44
0.07-0.11

·0.31-1.83
0.60-1.82

Range of Cost
($/lb)

0.37
0.44
0.75

0.14
0.51
0.10
0.64
0.44

0.78
3.95

1.04
0.29
0.31
0.g5
0.40
0.65
0.42
0.77
0.20
0.08
0.44
0.73

Subcategory
Average Cost

($/lb)

BCT ANALYSIS - OPTION 1

Nonintegrated Segment

Nonintegrated-Fine Papers
Nonintegrated-Tissue P~pers

Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven

Papers
Nonintegrated-Paperboard

1Includes Fine Bleached Kraft and Soda Subcategories.

Deink
Tissu.e from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing Felt

Secondary Fibers Segment

Integrated Segment

Dissolving Kraft
Market Bleached Kraft
BCT B~eached Iraft
Alkaline-Fine
Unbleached Kraft
Semi-Chemical
Unbleached Kraft & Semi-Chemical
Dissolving Sulfite2Pulp
Papergrade Sulfite
Groundwood-Thermo-Mechanical
Groundwood-CMN Papers
Groundwood-Fine Papers

Subcategory



TABLE XII-4
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0.34-1. 76
1.01-5.05
0.93-6.47
2.30-4.97
2.57-3.72

4.91-9.81
13.41-40.15

0.50-3.17
4.03-12.69
3.48-16.66 -

0.46-0.49
0.50-0.75
0.42-0.63
0.64-1.16
0.50-1.03
0.48-0.83
0.42-0~62

0.29-0.31
0.37-0.66
0.57-0.86
0.84-2.44
0.93-2.39

Range of Cost
($/lb)

0.60
2.00
1.84
2.85
3.16

0.48
0.61
0.46
0.74
0.64
0.54
0.48
0.30
0.42
0.64
1.06
1.13

0.78
5.62
5.23

6.09
14.63

Subcategory
Average Cost

($/lb)

BeT ANALYSIS - OPTION 2

lIncludes Fine Bleached Kraft and Soda Subcategories.

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

Subcategory

Integrated Segment

Nonintegrated Segment

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven

Papers
Nonintegrated-Paperboard

Secondary Fibers Segment

Dissolving Kraft
Market Bleached Kraft
BCT Bleached ~raft

Alkaline-Fine
Unbleached Kraft
Semi-Chemical
Unbleached Kraft & Semi-Chemical
Dissolving Sulfite2Pulp
Papergrade Sulfite
Groundwood-Thermo-Mechanical
Groundwood-CMN Papers
Groundwood-Fine Papers

Deink
Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper & Roofing Felt



'"

TABLE XII-5
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0.29-1. 73
0.87-4.66
0.52-4.16
1.33-2.93
0.96-1.64

2.65-5.40
8.31-31.04

0.42-3.17
1. 93-6.17
1.52-7.82

0.52-0.55
0.51-0.79
0.47-0.73
0.74-1.34
0.49-1.12
0.69-0.86
0.41-0.66
0.49-0.58
0.31-0.67
0.48-0.78
0.67-2.22
0.80-2.22

Range of Cost
($/lb)

0.52
1.80
1.05
1.66
1.30

3.33
9.56

0.68
2.67
2.54

0.53
0.63
0.52
0.82
0.62
0.65
0.49
0.53
0.38
0.55
0.92
0.97

Subcategory
Average Cost

($/lb)

BCT ANALYSIS - OPTION 3

Nonintegrated Segment

2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

Nonintegrated-Fine Papers
Nonintegrated Tissue Papers
Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven

Papers
Nonintegrated-Paperboard

1Includes Fine Bleached Kraft and Soda Subcategories.

Secondary Fibers Segment

Deink
Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper & Roofing Felt

Dissolving Kraft
Market Bleached Kraft
BCT Bleached lraft
Alkaline-Fine
Unbleached Kraft
Semi-Chemical
Unbleached Kraft & Semi-Chemical
Dissolving' Sulfite2Pulp
Papergrade Sulfite
Groundwood-Thermo-Mechanical
Gro~dwood-CMN Papers
Groundwood-Fine Papers

Integrated Segment

Subcategory



TABLE XII-6
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0.29-0.35
0.36-0.81
0.30-0.83
0.31-0.72
O. lj·4-2. 07
0.55-1. 82
0.68-2.10
0.26-0.77
0.25-0.97
0.60-0.62
0.54-1.57
0.62-1.59

0.58-3.74
0.79-15.05

0.43-1. 75
0.23-1.52
0.05-0.31
0.53-1.04
0.54-0.61

0.15-0.79
0.81-4.31
0.52-3.87

Range of Cost
($/lb)

0.31
0.48
0.44
0.46
0.67
1.02
0.98
0.43
0.42
0.62
0.65
0.75

1.44
3.45

0 ..68
0.47
0.10
0.64
0.43

0.23
1.56
1.44

Subcategory
Average Cost

($/lb)

BCT ANALYSIS - OPTION 4

Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers
Nonintegrated-Filter and Nonwoven

Papers
Nonintegrated-Paperboard

2Includes Papergrade Sulfite (Blow Pit Wash) and Pap~rgrade Sulfite (Drum
Wash) Subcategories.

1Includes Fine Bleached Kraft and Soda Subcategories.

Nonintegrated Segment

Integrated Segment

Subcategory

Secondary Fibers Segment

Dissolving Kraft
Market Bleached Kraft
BeT Bleached lraft
Alkaline-Fine
Unbleached Kraft
Semi-Chemical
Unbleached Kraft & Semi-Chemical
Dissolving Sulfite

2
Pulp

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

Deink
Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing Felt



2Includes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

Integrated Segment

Dissolving Kraft 0.31 0.29-0.35 4
Market Bleached Kraft 0.48 0.36-0.81 4
BCT Bleached !raft 0.44 0.30-0.83 .4
Alkaline-Fine 0.46 0.31-0.72 4
Unbleached Kraft 0;67 0.44-2.07 4
Semi-Chemical 1.02 0.55-1.82 4
Unbleached Kraft & Semi-Chemical 0.98 0.68-2.10 4
Dissolving Sulfite2Pulp * * BPT
Papergrade Sulfite 0.42 0.25-0.97 4
Groundwood-Thermo-Mechanical 0.62 0.60-0.62 4
Groundwood-CMN Papers 0,65 0.54-1.57 4
Groundwood-Fine Papers 0.75 \ 0.62-1.59 4

Secondary Fibers Segment

Deink O~68 0.43-1. 75 4
Tissue from Wastepaper 0.47 0.23-1.52 4
Paperboard from Wastepaper 0.10 0.05-0.31 4
Wastepaper-Molded Products 0.64 0.53-1.04 4
Builders' Paper and Roofing Felt * * BPT

Nonintegrated Segment

Nonintegrated-Fine Papers 0.23 0.15-0.79 4
Nonintegrated-Tissue Papers 1.44 0.35-0.86 1
Nonintegrated-Lightweight Papers 0,.75 0.47":3.24 1
Nonintegrated-Filter and Nonwoven

Papers 0.78 0.71-3.65 1
Nonintegrated-Paperboard ~'o:* '** BPT

*BCT equals BPT due to severe economic impact.

Selected
BCT Option

Range of Costs
($/lb)

TABLE XII-7
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Subcategory
Average Costs

($/lb)

BCT ANALYSIS ~ PROPOSED REGULATION

1Includes Fine Bleached Kraft and Soda Subcategories.

**BCT equals BPT as no regulatory option passes. the BCT cost test.

Subcategory



range of process types found in the pulp, paper, and paperboard
industry. Option 4 effluent limitations are being attained at 21, 20,
and 29 of the direct discharging mills in the integrated, secondary
fibers, and nonintegrated segments, respectively. Reliance on Option
2 would mean that effluent limitations would now be attained at only
5, 15, and 22 mills in the integrated, secondary fibers, and
nonintegrated segments, respectively. Option 3 effluent limitations
are now being attained at only 3, 6, and 20 mills in the integrated,
secondary fibers, and nonintegrated segments, respectively. While
chemically assisted clarification is a proven and available
technology, uncertainties exist as to the chemical dosage rate
required to effect optimum treatment plant performance. Chemical
dosage rate has a direct bearing on costs. Because of the heavy
reliance on the determination of aCT based on a cost-reasonableness
test, these uncertainties d~ dosage rate could have a significant
impact on a final determination of BCT. The Agency feels that it is
reasonable to establish BCT effluent limitations that are currently
being attained at a significant number of mills through the
application of readily available technology, biological treatment (all
subcategories except nonintegrated-tissue papers, nonintegrated
lightweight papers, and nonintegrated-filter and nonwoven papers) or
primary treatment. The ,proposed limitations allow considerable
flexibility to the industry in their approach to achieving BCT.
Combinations of internal controls, treatment system modifications, and
even additional end-of-pipe treatment in the form of chemically
assisted clarification can be employed to attain the proposed
limitations in the most cost effective manner.

METHODOLOGY USED FOR DEVELOPMENT OF BCT EFFLUENT LIMITATIONS

The methodology used for development of BCT Option 4 effluent
limitations involved the assessment of conventional pollutant removal
capability at the best performing mills in each subcategory. Best
performing mills are mills where both BOD~ and TSS annual average 'BPT
effluent limitations are attained using end-of-pipe technology that is
similar to that which forms the basis of BPT. In general, the
long-term average final effluent BODS and TSS discharges per kkg (ton)
of product that are attained at- the best performing mills were
averaged and corresponaing concentrations calculated at BPT flow.
These concentrations have been rev~ewed to determine if they are
attainable through the application ,of treatment technology similar to
that which forms the basis of BPT effluent limitations. If it has
been determined that these concentrations are not generally attainable
through the application of end-of-pipe treatment only, the effluent
concentrations have been adjusted upward to attainable levels. The
attainable final effluent concentrations have been multiplied by the
effluent flow rate used in the establishment of BPT effluent
limitations to establish long-term average mass limitations. This
methodology has been modified in certain subcategories, as described
in Section VIII, where sufficient data does not exist or where no best
performing mills have been identified. For four subcategories in the
secondary fiber segment (paperboard from wastepaper, tissue from
wastepaper, wastepaper-molded products, and builders' paper and'
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roofing felt), it has been determined that BCT Option 4 is identical
to BCT Option 1; at best performing mills"in these four subcategories,
extensive use is made of production process controls to reduce
wastewater disch~rge.

The methodology used for the development of Option 1 effluent
limitations involves the prediction of the capability of the
end-of-pipe technology on which BPT effluent limitations were based
for each subcategory after the application of production process
controls to reduce flow and BOD5 raw waste load. This methodology is
explained in detail in Section VIII. BCT Option 1 forms th~ basis of
proposed BCT effluent limitations for the nonintegrated"-tissue papers,
nonintegrated-lightweight papers,' and nonintegrated-filter and
nonwoven papers subcategories.

For the nonintegrated-paperboard subcategory, BCTeffluent limitations
identicai to proposed BPT effluent lfmitations have been developed by
transferring technology from the nonintegrated-tissue papers
subcategory. Attainable.effluent concentrations are based on those
that form the basis of BPT for' the nonintegrated-tissue papers
subcategory because of the similar characteristics of wastewaters
discharged from mills 1n these two subcategories. Attainable effluent
concentrations have been multiplied by the average flow from mills in
the nonintegrated-paperboard subcategory to yield long-term average
mass limitations. .

For the dissolving sulfite pulp and bU~lders'~a~er and roofing felt
subcategories, BCT effluent limitations are equal to those previously
promulgated under BPT because of projected severe economic impacts.

Maximum 30-day and daily maximum effluent limitations have been
determined by mul tiplying long-ter'm average effluent 1 imLtations by
appropriate variability factors calculated through statistical
analysis of long-term conventional pollutant data available from 36
mills. The statistical analysis is described in detail in Section
VIII.

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS

The total costs (1978 dollars)' of attainment of BCT effluent
limitations have been. estimated to be approximately $918 million in
capital cost with an associated total annual cost of $280 million per
year at current industry capacity.

Conventional pollutant removal from' industry wastewaters has been
estimated to be 57 million kg/yr (126 million lbs/yr) of BOD~ and 111
million kg/yr (245 million lbs/yr) of TSS. These represent removals
of 34 percent BODi anq 40 percent TSS from total BPT discharge levels
of these pollutants.
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NON-WATER QUALITY ENVIRONMENTAL IMPACTS

Non-water quality environmental impacts have been considered and are
discussed in detail in Section IX. The impacts of the selected BCT
pollutant control option are discussed below.

Energy

Attainment. of BCT will require the use of the equivalent of 320
million liters (2.0 million barrels) of residual fuel oil per year, a
0.9 percent increase over estimated current energy usage.

Solid Waste

Attainment of BCT will result in an additional 112,000 kkg/yr (123,000
tons/yr) of wastewater treatment solids. This amounts to about 1.3
percent of current total industry solid waste generation and about
five percent of current wastewater treatment solids generation.

The solid wastes generated through wastewater treatment at pulp,
paper, and paperboard mills have not been listed as hazardous in
regulations recently promulgated by the Agency under Subtitle C of the
Resource Conservation and Recovery Act (RCRA) (see 45 FR 33066
(May 19, 1980». A recent study by EPA's Office of Solid Waste
indicates that most leachates from this industry are non-hazardous
under RCRA testing protocols. (211) Accordingly, it does not appear
likely that the industry will be subject to the comp~ehensive RCRA
program establishing requirements for persons handling, transporting,
treating, storing, and disposing of hazardous waste.

Air and Noise

Attainment of BCT will have no measurable impact on air or noise
pollution.
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SECTION XIII

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 toxic pollutants be attained by
application of in-plant control measures, but it is expected that the
toxic pollutants present in the discharges from the industry today
will also be present in tha discharges from new sources.

REGULATED POLLUTANTS

Conventional Pollutants

Conventional pollutants proposed for regulation under NSPS are the
same as for BCT: BODi, TSS, and pH.

Toxic Pollutants

Toxic pollutants proposed for regulation under NSPS, as for BAT, are
chloroform, pentachlorophenol, trichlorophenol, and zinc.

Nonconventional Pollutants

No nonconventional pollutants are proposed for regulation under NSPS.

IDENTIFICATION OF THE TECHNOLOGY BASIS OF NSPS

Conventional Pollutant Control

The technology basis for control of conventional pollutants under NSPS
is a variation of the combination of those production process controls
that form the basis of BPT and BCT Option 1 with end-of-pipe treatment
identical to BCT Option 4. The conventional pollutants BODS and TSS
are controlled at levels comparable to or more stringent than BCT
Option 4 for all subcategories because of further reductions
attainable at new plants where retrofit problems do not exist.

Toxic Pollutant Control

The technology basis on which effluent limitations have been proposed
for zinc, trichlorophenol, and pentachlorophenol is substitution of
chemicals. The technology basis for the limitation of chloroform in
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NEW SOURCE PERFORMANCE STANDARDS

nine
used

raw

METHODOLOGY USED FOR DEVELOPMENT OF NSPS EFFLUENT LIMITATIONS

Conventional Pollutants

Application of biological treatment at mills in those
subcategories where chlorine or chlorine-containing compounds are
to bleach pulp ensures that high levels of chloroform in
wastewaters will be substantially reduced.

NSPS long-term average mass limitations have been established by
multiplying (a) effluent concentrations determined from analysis of
control technology performance data and (b) typical wastewater flow
for new sources in each subcategory. For each subcategory, the NSPS
wastewater flow was based on either (a) the average of flows less than
the flow basis of BCT Option lor (b) the flow basis of BCT Option 1.
Long-term average effluent concentrations for BOD5 and TSS are
equivalent to those developed in BCT Option 4.

Maximum 30-day and daily maximum mass limitations have been calculated
by multiplying attainable long-term av~rage final effluent loads by
appropriate variability factors as discussed in Section VIII.

substitution of chemicals for control of zinc, trichlorophenol, and
pentachlorophenol has been selected as the basis of NSPS as it ensures
that virtually no trichlorophenol or pentachlorophenol and only low
levels of zinc will be discharged from new sources in the pulp, paper,
and paperboard industry.

Conventional Pollutant Control Technology

The production process cqntrols to be implemented under NSPS represent
the best demonstrated technology in the industry. In a new mill, they
can be integrated in the overall process design to provide maximum
effectiveness in minimizing water use and wastewater discharge. The
controls to be implemented are a combination of those considered in
the establishment of BPT effluent limitations and those considered in
BCT Option 1 and have been well-demonstrated within the pulp, paper,
and paperboard industry. The end-of-pipe treatment technologies on
which NSPS are based are identical to those that form the basis of BCT
Option 4.

Toxic Pollutant Control Technology

RATIONALE FOR THE SELECTION OF THE TECHNOLOGY BASIS FOR NSPS

the nine subcategories where chlorine or chlorine-containing compounds
are used to bleach pulp is biological treatment.

New source performance standards for conventional pollutants are
presented in Tables XllI-1 and XIII-2. New source performance
standards for toxic pollutants are presented in Table XIII-3.



TABLE XIII-1
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lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories

2.3
4.4
3.6

3.7
5.8
4.5
5.7

38.5
38.5
38.5
38.5

17.1
10.2
8.4
6.0
6.0

2.1
3.6
3.3
3.4

11.2
8.2
5.8
3.8
3.8

Maximum Day
BODS TSS

3.6 4.3 6.0
5.6 6;0 9.2
6.0 5.1 9.9
4.7 6.6 7.8
0.89 1.2 1.5
2.1 1.8 3.4
1.3 1.5 2.2

1.6 2.5 2.6
2.6 6.1 5.3

5.1 12.1 10.4
8.9 21.2 18.1
6.3 15.0 12.9
1.5 3.5 3.1

2.5
3.6
3.1
3.9
0.74
1.1
0.87

6.6 10.4
4.8 6.2
3.5 5.1
2.3 3.6
2.3 3.6

1.2 2.2
2.1 3.5
1.9 2.7
2.0 3.4

12.0 23.4 20.3
12.8 23.4 21.6
13.9 23.4 23.5
15.0 23.4 25.4

See Equations Below
0.89 1.4 1.5
1.9 2.7 3.2
1.5 2.2 2.6

Maximum 30-Day Average
BODS TSS

NSPS EFFLUENT LIMITATIONS
CONVENTIONAL POLLUTANTS

(kg/kkg or lbs/1000 lbs)

Maximum day:

BOD5 = 0.0025x2-0.134x+8.46

TSS- 0.0042x2-0.221x+14.01
Wh~re x equals percent sulfite pulp in the final product

Maximum 30 day average:

BODS = 0.0015x2-0.079x+5.02

TSS-= 0.0025x2-0.134x+8.50

Nonintegrated Segment
Nonintegrated-Fine Papers 1.5
Nonintegrated-Tissue Papers 3.4
Nonintegrated-Lightweight Papers

o Lightweight 6.7
o Electrical, 11.7

Nonintegrated-Filter and Nonwoven Papers 8.2
Nonintegrated-Paperboard 1.9

pH-Within the range 5.0 to 9.0 at all times

Papergrade Sulfite Equations:

Secondary Fibers Segment
Deink

o Fine Papers
o Tissue Papers
o Newsprint

Tissue from Wastepap~r

Paperboard from Wastepaper
Wastepaper-Molded Products
Builders' Paper and Roofing Felt

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

Subcategory



pH-Within the range 5.0 to 9.0 at all times

lIncludcs Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum Wash) Subcategories.

Maxium Day
(mg/l)

BODS TSS

31 49 53 81
36 46 61 76
30 44 51 73
27 43 45 71
27 43 45 71

39 71 66 117
51 83 86 137
73 102 122 168
53 90 90 149

49 95 82 156
52 95 88 156
57 95 95 156
61 95 103 156
52 87 87 144
27 42 45 70
27 39 45 63
27 39 45 64

52 74 87 122
57 89 96 147
45 88 76 146
58 70 97 115
57 69 96 114
45 88 75 145
78 117 131 193

37 39 62 64
42 32 77 66

42 32 76 66
42 32 76 65
42 32 75 65
42 33 76 67

BODS TSS

Maximum 30-Day Average
(mg/l)

5.7
3.4
2.8
2.0
2.0

1.2
1.9
1.5
1.9

2.0
3.1
3.3
2.6
0.49
1.1
0.73

0.86
1.5

2.9
5.0
3.6
0.87

12.8
12.8
12.8
12.8

Equations Below
0.8
1.5
1.2

3.7
2.7
2.0
1.3
1.3

0.69
1.2
1.1
1.1

6.8
7.2
7.8
8.5
See
0.5
1.1
0.85

1.4
2.0
1.7
2.2
0.42
0.60
0.49

0.82
1.9

3.7
6.5
4.6
1.1

NSPS EFFLUENT LIMITATIONS
CONVENTIONAL POLLUTANTS

NON-CONTINUOUS DISCHARGERS

Annual Average
(kg/kkg or Ibs/IOOO lbs)

BODS TSS

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

TABLE XIII-2

Subcatesory

BOD5 Annual Average =Maximum 30 day average + 1.78
TSS-Annual Average =Maximum 30 day average + 1.82
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Secondary Fibers Segment
nc.ink

o Fine Pape rs
o Tissue Papers
o Newsprint

Tissue from Wastepaper
Paperboard from Wastepaper
Wastepaper-Molded Products
BUilders' Paper and Roofing Felt

Nonintesrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

Papergrade Sulfite (See Equations in Table 1-4)
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Non-continuous dischargers shall not exceed the following maximum day effluent
concentrations:

Maximum Day

TCP3 Zinc Chloroform

TABLE XIII~3

NSPS EFFLUENT LIMITATIONS
TOXIC POLLUTANTS

(kg/kkg or lbs/1000 lbs)

lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite" (Drum
Wash) Subcategories

2PCP Pentachlorophenol

3TCP Trichlorophenol

NA =Not Applicable

Chloroform = 0.240 milligrams/liter
PCP =0.025 milligrams/liter
TCP = 0.030 milligrams/liter
Zinc =3.0 milligrams/liter

Papergrade Sulfite Equations:

Chloroform = (0.00693x
2

-0.369x+23.4)/1000

PCP =(0.000722x2-0.0384x+2.43)/1000

TCP = (0.000866x2-0.0461x+2.92)/1000
Where x equals percent sulfite pulp in the final product

Secondary Fibers Segment
Deink

o Fine Papers 0.0012 0.0015 NA 0.012

o Tissue Papers 0.0016 0.0019 NA 0.015

o Newsprint 0.0017 0.0020 NA 0.016
Tissue from Wastepaper 0.0017 0.0020 NA NA
Paperboard from Wastepaper 0.00032 0.00039 NA NA
Wastepaper-Molded Products 0.00059 0.00071 NA NA

Builders' Paper and Roofing Felt 0.00027 0.00033 NA NA

Nonintegrated Segment
Nonintegrated-Fine Papers 0.0010 0.0012 NA NA
Nonintegrated-Tissue Papers 0.0020 0.0024 NA NA
Nonintegrated-Lightweight Papers

o Lightweight 0.0040 0.0048 NA NA
o Electrical 0.0070 0.0084 NA NA

Nonintegrated-Filter & Nonwoven Papers 0.0050 0.0059 NA NA
Nonintegrated-Paperboard 0.0012 0.0014 NA NA

Integrated Segment
Dissolving Kraft 0.0053 0.0063 NA 0.051

Market Bleached Kraft 0.0034 0.0040 NA 0.032
BCT Bleached Kraft ().0029 0.0034 NA 0.028
Fine Bleached Kraft 0.0021 0.0025 NA 0.020

Soda 0.0021 0.0025 NA 0.020

Unbleached Kraft
o Linerboard 0.00078 0.. 00094 NA NA

o Bag 0.0011 0.0013 NA NA

Semi-Chemical 0.00067 0.00080 NA NA

Unbleached Kraft and Semi-Chemical 0.00095 0.0011 NA NA

Dissolving Sulfite Pulp
o Nitration 0.0062 0.0074 NA 0.059

0 Viscose 0.0062 0.0074 NA 0.059

0 Cellopane 0.0062 0.0074 NA 0.059

o Acetate 1 0.0062 0.0074 NA 0.059

Papergrade Sulfite See Equations Below
Groundwood-Thermo-Mechanical 0.00083 0.0010 0.10 NA
Groundwood-CMN Papers 0.0018 0.0021 0.21 NA

Groundwood-Fine Papers 0.0014 0.0017 0.17 NA

Subcategory



Toxic Pollutants

The methodology used for development of NSPS maximum day effluent
limitations for chloroform, pentachlorophenol, trichlorophenol, and
zinc involves the multiplication of (a) the maximum anticipated
concentrations of these pollutants and (b) typical wastewater flow for
new sources in each subcategory. The flow basis of NSPS toxic
limitations is the same as that used in the development of NSPS
conventional pollutant limits.

COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS

The cost of attainment of NSPS varies by subcategory as discussed in
Section IX. Substantial reductions of BOD5, TSS, chloroform, and zinc
are ensured while discharges of trichlorophenol and pentachlorophenol
will be virtually eliminated.

NON-WATER QUALITY ENVIRONMENTAL IMPACTS

Non-water quality environmental impacts have been considered and are
discussed in Section IX. Energy costs and the cost of disposal of
solid wastes have been included in 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. Attainment of NSPS will have no measurable impact on air
or noise pollution.
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SECTION XIV
~ b.o

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 prevent the
discharge of pollutants that pass through, interfere with, or are
otherwise incompatible with the operation of POTWs. The Clean Water
Act of 1977 adds a new dimension by requlrlng pretreatment for
pollutants, such as heavy metals, that pass through POTWs in amounts
that would violate direct discharger effluent limitations or limit
POTWs' sludge management alternatives, including the beneficial use of
sludges on agricultural lan9s. 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. The general pretreatment regulations (40 CFR Part 403),
which serve as the framework for these proposed pretreatment
regulations for the pulp, paper, and paperboard industry, can be found
at 43 FR 27736 (June 26, 1978)~

REGULATED POLLUTANTS

Toxic Pollutants

The toxic pollutants proposed for regulation in all sUbcategories are
trichlorophenol and pentachlorophenol. It is also proposed that zinc
be limited 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
EXISTING SOURCES--

The Agency has 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 EFFLUENT LIMITATIONS

PSES effluent limitations are presented in Table XIV-l.
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TABLE XIV-l
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Maximum Day*

PCP2 TCP3 Zinc

0.0057 0.0069 NA
0.0043 0.0052 NA
0.0037 0.0044 NA
0.0032 0.0039 NA
0.0032 0.0039 NA

0.0013 0.0016 NA
0.0013 0.0016 NA
0.0011 0.0013 NA
0.0015 0.0018 NA

0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.0083 NA
See Equations Below

0.0022 0.0026 0.26
0.0025 0.0030 0.30
0.0023 0.0027 0.27

0.0025 0.0031 NA
0.0025 0.0031 NA
0.0025 0.0031 NA
0.0026 0.0032 NA
0.00075 0.00090 NA
O. 0017 0.0021 NA
0.0015 0.0018 NA

0.0016 0.0019 NA
0.0024 0.0029 NA

0.0051 0.0061 NA
0.0080 0.0096 NA
0.0062 0.0075 NA
0.0013 0.0016 NA

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

PCP =0.025 milligrams/liter
TCP =0.030 milligrams/liter
Zinc =3.0 milligrams/liter

Subcategory

Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tissue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

PSES EFFLUENT LIMITATIONS
(kg/kkg or lbs/lOOO lbs)

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

*Note: Maximum day concentration limitations for all subcategories:

Papergrade Sulfite Equations:

PCP = (0.000950x2-0.0506x+3.2)/1000

TCP = (0.001l4x2-0.0607x+3.84)/1000
Where x equals percent sulfite pulp in the final product

lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

2PCP =Pentachlorophenol

3TCP =Trichlorophenol

NA = Not Applicable
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COST OF APPLICATION AND EFFLUENT REDUCTION BENEFITS

Fungicide and Slimicide Substitution

the control of pentachlorophenol,
been developed using the same

BAT effluent limitations for control

There is no cost associated with this technology; substitute chemicals
are available at comparable costs. The total mass of regulated
pollutants removed from discharges to POTWs has been estimated to be
10,000 kg/yr (22,000 Ib/yr) of trichlorophenol and 3600 kg/yr (8000
lb/yr) of pentachlorophenol.

Zinc Hydrosulfite Substitution

The cost (1978 dollars) of implementation of this technology is
estimated to be $23,300 per year. Only one indirect discharging
groundwood mill has been identified where zinc hydrosulfite is used to
bleach pulp. The total mass of zinc removed from discharges to POTWs
from groundwood subcategory wastewaters is estimated to be 20,000
kg/yr (44,000 lb/yr).

METHODOLOGY USED FOR DEVELOPMENT OF PSES EFFLUENT LIMITATIONS-- -- -- ---

Proposed PSES effluent limitations are expressed as allowable maximum
daily concentrations (milligrams per liter). 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 are determined by multiplying maximum
allowable concentrations by'the flow on which BPT limitations are
based for each subcategory.

PSES effluent limitations for
trichlorophenol, and zinc have
methodology as for development of
of these toxic pollutants.

The substitution of fungicides and slimicides not containing
trichlorophenol or pentachlorophenol represents a no cost alternative
that will virtually eliminate the discharge of these toxic pollutants
to POTWs. The substitution of sodium hydrosulfite for zinc
hydrosulfite to control the discharge of zinc represents a low cost
alternative that 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 it has been determined that substitution
of zinc hydrosulfite with sodium hydrosulfite has been widely
practiced at direct discharging groundwood mills to attain existing
BPT effluent limitations.

RATIONALE FOR SELECTION OF PRETREATMENT STANDARDS FOR EXISTING SOURCES



NON-WATER QUALITY ENVIRONMENTAL IMPACTS

The non-water quality impacts
Compliance with PSES will result in
will it result in any increase in
solid waste generation.

of PSES have been considered.
no increase in energy usage nor
air pollution, noise pollution, or
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S:e;CTION xv

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 including process changes,
in-plant control measures, and end-of-pipe treatment and to use plant
site selection to ensure ~eequate treatment system installation.
Pretreatment standards for new sources (PSNS) are to prevent the
discharge of pollutants that pass through, interfere with, or are
otherwise incompatible with the operation of POTWs. The Clean Water
Act of 1977 adds a new dimension by requiring pretreatment for
pollutants, such as heavy metals, that limit POTWs sludge management
alternatives, including the beneficial use of sludges on agricultural
lands. The general pretreatment regulations (40 CFR Part 403), which
serve as the framework for these proposed pretreatment regulations for
the pulp, paper, and paperboard industry, can be found at 43 FR 27736
(June 26, 1978).

REGULATED POLLUTANTS

Toxic Pollutants

The toxic pollutants proposed for regulation in all subcategories are
trichlorophenol and pentachlorophenol. It is also proposed that zinc
be limited 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 PRETREATMENT STANDARDS FOR NEW SOURCES- , ----
As for PSES, the Agency has selected substition 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.

~ EFFLUENT LIMITATIONS

PSNS effluent limitations are presented in Table xv-to
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*Note: Maximum day concentration limitations for all subcategories:

lIncludes Papergrade Sulfite (Blow Pit Wash) and Papergrade Sulfite (Drum
Wash) Subcategories.

Maximum DaY"

PCP2 TCP3 Zinc

0.0057 0.0069 NA
0.0043 0.0052 NA
0.0037 0.0044 NA
0.0032 0.0039 NA
0.0032 0.0039 NA

0.0013 0.0016 NA
0.0013 0.0016 NA
0.0011 0.0013 NA
0.0015 0.0018 NA

0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.0083 NA
0.0069 0.0083 NA
See Equations Below

0.0022 0.0026 0.26
0.0025 0.0030 0.30
0.0023 0.0027 0.27

0.0025 0.0031 NA
0.0025 0.0031 NA
0.0025 0.0031 NA
0.0026 0.0032 NA
0.00075 0.00090 NA
0.0017 0.0021 NA
0.0015 0.0018 NA

0.0016 0.0019 NA
0.0024 0.0029 NA

0.0051 0.0061 NA
0.0080 0.0096 NA
0.0062 0.0075 NA
0.0013 0.0016 NA
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Nonintegrated Segment
Nonintegrated-Fine Papers
Nonintegrated-Tisaue Papers
Nonintegrated-Lightweight Papers

o Lightweight
o Electrical

Nonintegrated-Filter and Nonwoven Papers
Nonintegrated-Paperboard

PCP =0.025 milligrams/liter
TCP = 0.030 milligrams/liter
Zinc =3.0 milligrams/liter

Integrated Segment
Dissolving Kraft
Market 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 Cellopane
o Acetate 1

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

TABLE XV-I

PSNS EFFLUENT LIMITATIONS
(kg/kkg or Ibs/l000 Ibs)

Subcategory

Secondary Fibers Segment
Deink

n Fine Papers
o Tissue Papers
o Newsprint

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

Papergrade Sulfite Equations:

PCP = (0.000950x2-0.0506x+3.2)/1000

TCP = (0.00114x2.0.0607x+3.84)/1000
Where x equals percent sulfite pulp in the final product

2pCp = Pentachlorophenol

3TCP =Trichlorophenol

YA =Not Applicable



RATIONALE FOR SELECTION OF PRETREATMENT STANDARDS FOR NEW SOURCES

The substitution of fungicides and slimicides not containing
trichlorophenol or pentachlorophenol represents a no cost alternative
that will virtually eliminate the discharge of these toxic pollutants.
The substitution of sodium hydrosulfite for zinc hydrosulfite to
control the discharge of zinc represents a low cost alternative that
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 it has been determined that substitution
of zinc hydrosulfite with sodium hydrosul~ite has been widely
practiced at direct discharging groundwood mills to attain existing
BPT effluent limitations.

METHODOLOGY USED FOR DEVELOPMENT OF PSNS EFFLUENT LIMITATIONS

PSNS effluent limitations for the control of pentachlorophenol,
trichlorophenol, and zinc have been developed using the same
methodology used in the development of PSES effluent limitations for
control of these toxic pollutants.

Proposed PSNS effluent limitations are expressed as allowable maximum
daily concentrations (milligrams per liter). Mass limitations ,(kg/kkg
or Ib/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 are determined by multiplying maximum
allowable concentrations by the flows on which BPT limitations are
based for each subcategory.

COST OF APPLICATION

Fungicide and Slimicide Substitution

There is no cost associated with this technology; substitute chemicals
are available at comparable costs.

Zinc Hydrosulfite Substitution

The cost (1978 dollars) of substitution to the use of sodium
hydrosulfite results in an increased cost of from $0.40 to $2.63 per
kkg ($0.36 to $2.39 per ton) of pulp bleached depending on the product
produced.
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NON-WATER QUALITY ENVIRONMENTAL IMPACTS

The non-water quality impacts of PSNS have been considered.
Compliance with these regulations 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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Bagasse - Crushed stalks' of sugarcane after the sugar has been
removed.

" "I""¥'~'~4ftiiNDIX A .:i\li;:r;~,<;)l u·

GLOSSARY

being supplied or impregnated with air.
treatment to dissolve oxygen in the
oxygen is required by microorganisms as
the wastewater.

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.

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
30x30x13 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.

Air Dry Ton (ADT) - Measurement of production including a moisture
content of 10 percent by weight.

Alkali - NaOH + Nal0, expressed as Nal0 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.

Aeration The process of
Aeration is used in biological
wastewater. This dissolved
they feed on organic matter in

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.

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~O.
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Blow Ejection of the chips~from a digester, or waste solids from a
boiler.

afromej~cted

, .
waste materialsBlowdown - The liquid and soiid

pressure vessel such ~s 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 biochemica) oxidation of organic ~atter in a specified
time (5 days) and at, a specified temperature. It is not related to
the oxygen requirements .in chemical combustion, being determined

Biological Oxidation - The process by which bacterial and other
microorganisms oxidiz~ 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 Liquor - The us~d COb~irtg'1i~ubr r~covered from the digester.
It may also be referred to as spent cooking liquor. Strong black
liquor refers to the liquor after it has been concentrated by an
evaporator to a level suitable for combustion. Prior to evaporation,
it is referred to as weak black liquor.

. . . .
Bleaching - The brightening ,anddelignification of pulp by the
addition of oxidizing chemicals such as chlorine or reducing chemicals
such as sodium hypochlorite.,

Barker - A piece ~f equipment ~~signed 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'barke~, or by ~~e.micalmea.ns.

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 m.chin~ con~istin~'of a,tank or "tub," usually with a
partition or "midfeathet~" and containing a heavy roll revolving
against a bedplate. Both roll and bedplate may contain horizontal
metal bars set on edge. Pulp o~ 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 b~ added to the beater and thus
incorporated with the paper stock. Many modifications in design have
been developed without cha~ging the basic principles. See also
Refiner. .



entirely by the biodegradabil itY:'Jof 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 pipel ines.

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 st9ck 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 NaaCOl 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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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.

measure of the oxygen-consuming
matter present in water or

amount of oxygen consumed from a

A tank used for storage of wet fiber or

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 ihdustrial papers.

Chemical Oxygen Demand (COD) A
capacity of organic and inorganic
wastewater. It is expressed as the
chemical oxidant in a specific test.

Chest (or Stock Chest)
furnish-.--

Chipper - A ma~hine 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 CIO~ 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.

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.

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
p and variance T2/N if the sample size is large.



Coated A term applied to paper and paperboard, whose surface has
been treated with clay or some other pigment and adhesive mixture or
other sui table' material, "t'o?'!lghmprovE#~.l'lth'e 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
methodS:--

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 likely to contain the population value, with some
specified assurance.

Consistency The percent~ge, 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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pulp. It
applied to
pull water

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 ?f the stock slurry.

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.

Digester 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 ~ater or wastes.
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Esparto - A grass whose bast fibers are used to produce high-class
book and printing papers and medium class writing papers.

Dissolving Pulp - A special grade of chemical pulp made from wood or
cotton linters for use in the, manufact,uJ;'e of regenerated cellulose
(viscose rayon and cellophane) ... or ce1lulose derivatives such as
acetate and nitrate.

The inert rejects from the green liquor clarifier of.a pulp

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.

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.

~ 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.

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.

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.

Dregs
mill.

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 Washer - A piece of equipment used to wash the green liquor
(Na~C01) 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.
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Flume - A sloped trough with flowing water used to transfer pulpwood
from one point to another.

Sometimes called

employed in the
It may be divided
the d~ier section,

The mixture 'of fibers and chemicals used to manufacture

A term applied to the fine fibers or fiber fragments of a
They are also known as fines.

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.

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 re~ponsible 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.

Furnish
paper.

Gland - A device utilizing a soft wear-resistant material used to
minimize leakage between a rotating shaft and the stationary portion
of a vessel such as a pump.

Gland Water - Water used to lubricate a gland.
ilpacking water".

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.

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.

Flour
pulp.
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Hot Ponds - Heated ponds of water used to thaw frozen logs.

Headbox - The area of the papermachine that uniformly spreads and
distributes the dilute stock suspension and from which the stock flows
through a slice onto the wire.

of wood
weight)

Indian plants of the
burlap and twine. In
washed sugarbagging and
used as raw material

secondary component of cell walls
of short-chained. (low molecular

Pap~ 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.

Jumpstage Count~rcurrent 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.

Impregnation The process of treating a sheet or web of paper or
paperboard with a liquid such as hot a~phalt 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.

Inteqrated 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.

Hemicellulose The
consisting primarily
polysaccharides.

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~

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.

Groundwood
other than
mechanical
mainly for

Grindstone A natural", ,or...ij,i:tifical~I",,~tone which is channeled or
grooved and used for the manufacture of mechanical, chemi-mechanical,
and groundwood pulp.
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Lap - See Wet Lap.

of Fit Test A nonparametric
or- fit for--an observed continuous

expected frequency distribution

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 the lime 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 80£
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

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 CaD, which is used again with
green liquor to form white liquor.

Knots An imperfection in paper or lumps in paper stock resulting
from: 1) incompletely defibered textile materials; the term applies
especially to rag paper manufacture; 2) small undefibered clusters of
wood pulp; and 3) the basal portion of a branch or limb which has
become incorporated in the body of the tree.

Knotter A mechanical device, usually a screen, for removing knots
from wood pulp.

Kolmogorov 8mirnov Goodness
statistical test of goodness
frequency distribution to the
representing the hypothesis.

Kraft - A descriptive term for the (alkaline) sulfate pulping process,
the resulting pulp, and paper or paperboard made therefrom.



in which biological
. Dissolved oxygen is

as wind, algae,

fibers from a pulp slurry onto a forming mold of the contour and shape
desired in the product.

~ Filter A piece of equipment used to thicken and wash lime mud
prior to burnillig it in the lime ki In.

~ 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.

Nip - The point at which two adjacent rolls come together.

Nonparametic ~ethods 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, orIon, 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, qr compounds, essential as raw mate'rials for
organism growth and development (as in activated sludge process).

Opaci ty A measure of the indeJt 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 1000 to 1050C (2120 to 2210F).

-t.:

Oxidation Pond - A low-rate biological process
treatment takE!S place in a. man-made pond.
supplied by natural aeration processes such
photosynth~sis, and partial pressure.

Paperboard One of the two broad subdivisions of paper products.
Paperboard is heavier in basis weight, thicker, and more' rigid than
paper. In gEmeral, all sheets' 12 points (0.012 in.) or mdre~in

thj,ckness are· classified as paperboard. There are a number of
exceptions. basE!d upon traditional nomenclature. For example, blotting
paper, fel ts, and drawing paper in eJtcess ,of 12 points are classified
as paper while corrugating medium, chipboard, and linerboard less than
'12 points are c:lassified as paperboard. Paperboard is made from a
wide variety of furnishes on a number of types of machines,
principally cyli.nder and fourdrinier. The broad classes ~re: 1)
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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 LK 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 0.1 N potassium
permanganate solution absorbed by 1 gram of moisture-free pulp under
specified control'conditions.

Peroxide - A chemical used in bleaching of wood pulps, usually
groundwood pulps.

Porosity A measure of time required for 100 cm3 of air to flow
through a sample area. Also termed "air resistance" (in seconds per
100 cm 3 ).

Precipitators Equipment used to remove ash and other fine solids
from gases exiting the boilers and furnaces in a mill.

Precook - Prehydrolysis.
,:1

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.

pth 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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Rewinder The term rewinder is often used for the winder in the
fini.shing 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.

resin that is
wood rosin, ,and

applied to the untrimmed roll of paper of full
on a large shaft at the dry end of the
shaft on which the 'paper is first wound when' it
A term for the operation of winding paper .into

A naturally occuring organic compound in wood.
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Rosin - A brittle yellow or amber-colored ,natural
obtained from southern pine, (types: gum rosin,

Resin Acid

Refiner A l:nachine 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 pape~machine. See also Deflaker, Disk Refiner,
Jordan.

Refining - A g<eneral term applied to several operations, all of which
involve the mechanical ~reatment 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 ope~ation of rewetting and fiberizing pulp or paper
for subsequent sheet formation. See also Pulper.

Resin - A special additive used to produce wet-strength in paper or
board.

Reel l} A term-machine width wound
papermachine. 2} The
leaves the driers. 3}
a reel.

Pulpwood Those woods which are suitable for the manufacture of
chemical or mechanical wood pulp.' The wC)od may be in the £orm of logs
as they come fr4)ln the forest or'c:fiJt into':shorter lengths sui table 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 cottl)n linters, as well as rags.

Recovery Furna~'~ Recovery Boiler - A boiler which burns the strong
black liquor.

Red Stock - Sul:Ei te pulp after the pulping process, prior to' other
treatments, such as ,bleaching.



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-! Process - A modification of the Mathieson process.

Saltcake~ - The loss of cooking chemical from the kraft cycle,
primarily at 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· - 1) The operation of passing chips over screens to remove
sawdust, slivers and oversize chips. 2) The operation of passing 'pulp .
or paper stock through a screen to reject coarse fibers, slivers,
shives, 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 washer~.

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 separ~ted fibers which may appear in
the finished sheet as an imperfection.

Side-Hill Screens - Steeply sloped screens usually used to remove some
water from suspensions of stock or other solids while retaining the
solid on the screen surface.

Size - Any material used in the internal sizing or surface sizing of
paper and paperboard. Typical agents are rosin, glue and gelatin,
starch, modified celluloses, synthetic resins, latices, and waxes.

Size Press - A unit of a paper machine, usually located between! two
drier sections, used to apply, meter and distri'bute evenly size onto
paper.
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Slurry - A suspension of solid particles in a liquid.

Slitter A set of knives used to slit a reel of paper into the
desired widths a.s th.e reel is rewound.

several operations which occur
formation of the web on a
example, repulping, beating,

The molten inorganic cooking chemicals from the recovery
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Stock Preparation A term for the
between pulping (or bleaching) and
papermachine. It may include, for
refining, and cleaning.

Smelt
boiler.

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
sizing, color, filler, etc. and which, after dilution, is ready.to be
formed into a sheet of paper. 2) Wet pulp of any type at any stage in
the manufacturing process. 3) Paper in inventory or in storage. 4)
Paper or other material to be printed, especially the paper for a
particular pieCE! of work. 5) A term used to describe a paper suitable
for an indicated use, such as coating raw stock, milk carton stock,
tag stock, and towel stock.

Sludge - Semi-fluid mixture of fine solid particles with a liquid.
May contain fibrous and filler materials, and/or biological solids.

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.

Sizing - 1) Relates to a property of paper resulting from an
alteration of fiber surfacectH~racter.Js.tics. 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) The addition of materials to a papermaking furnish or the
application of materials to the surface of paper and paperboard to
provide resistance to liquid penetration and, in the case of surface
sizing, to affect one or more of the properties listed in 1).
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stone - See Grindstone.

Provides an interval within which at least a
population lies with probability l-a or more (i.e,
observations lie below a given value with 70 percent

Tolerance Level
proportion of the
99 percent of the
confidence) .

Sulfidity - 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.

Virgin Wood Pulp - Pulp made from wqod, as contrasted to waste~aper
sources of fiber.

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.

Viscosity - The resistance'to flow in a liquid; a measurement used in
stock preparation as an ~n~icatorof.pu}p conditiqn: ,.

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. 1 news, new kraft corrugated cuttings, old "corrugated
containers, manila tabulating cards, coated soft white shavings, etc.,
which are used as a principal~ngredient. in the. manufacture of certain
types of paperboard, particula!=,ly boxboard made on cylinder machines
where the lower grades may go into 'filler stock., and the higher grades
into one or both 1 iners. .;,

~ - The sheet of paper coming from the papermach~ne in i,ts, full
width or from a roll of paper in any converting' ·operation.

Wet End - That portion 'of thepapermabhineb~tweenth~:headbox and the
drier section. See Fourdrinier Machine:

Wet Lap Machine - A machine ul?~d ,to form pulp fnto thic:krough 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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Yield - In pulp and papermaking, the ratio of product to raw material.

Finely ground w06d or fine sawdust used chiefly as aWood Flour
filler.

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.

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.

Wire - An endless moving belt made of metal or plastic, resembling a
window screen, upon whic~ a sheet of paper is formed on a Fourdrinier
machine.

Winder - The machine which winds into rolls, the paper coming from the
papermachine reel.

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.

Wet Press The dewatering unit used on a papermachine between the
sheet-forming equipment and the drier section.

'Wobd Preparation - A series of operations utilized to prepare wood to
"a sui table st.ate 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.





APPENDIX B

LEGEND OF ABBREVIATIONS

A: Acid or Dechlorination

AA: Atomic Adst:>rption

ADT: Air Dry Tt:>ns

APHA: American Public Health Association

API: American l~aper Insti to.te

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

BOD.2.: Biochemical Oxygen Demand (five day)

BP: Blow Pi t l\'ash

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

CAe: Chemically Assisted Clarification
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CaO: Calcium Oxide

CFR: Code of Federal Regulations

Chg: Change

CMN: Coarse, Molded, Newsprint

CMP: Chemi-Mechanical Pulp

COD: Chemical Oxygen Demand

Cont: 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. Envi.ronmental Protection Agency

Est: Est imatE~

Excl: Excludi.ng

F:. Fine

fps: feet per second

OF: degrees Fahrenheit

ft: feet

ft 3 : cubic feE~t

FW: Fresh Water

Fwp: From walstepaper

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: Groundwlood

GW. Spec.: Groundwood Specialties

H: Hypochlorite stage (bleach)

ha: hectare

hp: horsepower

hr: hour

HS: Hydrosulfite (bleach)

HW: Hardwood

HzOz : Hydrogen peroxide

HWK: Hardwood Kraft

Ind: Industrial



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: 1000 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 iter

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 Liqw:>r 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

NaZC03 : Sodium Carbonate (Soda Ash)

NaOH: Caustic Soda (Sodium Hydroxide)

NazS: Sodium Sulfide

NaZS04: Salt Calke (Sodium Sulfate)

NaZS03 : 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: Perfluorotributylamine

pH: alkalinity

PIMA: Paper Industry Management Association

pkg: packaging

POTW or POTWs: Publicly Owned Treatment Works

pp~: 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 gage

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: Sulfite 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 fe!et

sq m: square meter

sq m/g: square meter per gram

SRP: Sal t RecovE~ry Process

SS: Stainless Steel

SSL: Spent Sulfi.te Liquor

Std Meth: Standard Methods

Str: Structural

SW: Softwood

SWK: Softwood Kraft

t: ton

TAPPI: Techniciil Association of .the Pulp and Paper Industry

TCP: Trichlorophenol

TDH: Total Dynamic Head

Tech: Technical

Temp: Temperature

TMP: Thermo-Mechanical Pulp
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TO~: 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
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ug/l: micrograms per liter

yr: year

Z/A: Zurn/Attisholz

<: less than

s: less than or equal to

>: greater than

~: greater than or equal to

+" plus"

-" minus"
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CONVERSION ~LE

--~

"
Multiply (Engli~h Units) By To Ob.tain (Metric Units)

English Unit Conversion Metric Unit

~;.
acre

.~ ac 0.465 ha' hectares

acre-feet ac ft 1233.5 cu m cub ic meter s

British Thermal. BTU 0.252 kg cal kilogram-
Unit calories

British Thermal Broiib 0.555 kg callkg kilogram calor-
Unit/pound ies per kilo-

gram"

cubic feet cfm 0.028 cu ulIm'in cubic meters
per minute per minute

cubic feet cfs 1.7 cu mlmin cubic meters
per second per minute

cubic feet cu ft 0.028 cu m cubic meters

cubic feet cu ft 28.32 1 liters

cubic inches cu in 16.39 cu em cubic centi-
meters

degree Farenheit of 0.555(1"-32)* ·C degree Centi-
grade

feet ft 0.3048 m meters

gallon gal 3.785 1 liter

gallon per gpm 0.0631 .l/sec liters per
minute second

pounds per psi 0.06803 atm atmospheres
square inch (absolute)

* Actual conversion, not a multiplier



gallon per ton gal/ton 4.173 l/kkg liters per
metric ton

horsepoifer hp 0.7457 kw kilowatts

inches in 2.54 cm centimeters

million gallons MGD 3.7 x 10-3 cu' m/day cubic meters
per day per day

pounds fer square psi (0.06805 psi + 1)* atm atmospheres
inch gauge)

pounds Ib 0.454 kg kilograms

board feet b.f. 0.0023 cu m, m3 cubic meters

ton ton 0.907 kkg metric tons

mile mi 1.609 km kilometers

square feet ft 2 0.0929 m2 square meters

*Actual conversion, not a multiplier
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